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ABSTRACT
This study investigated biodiesel production from Hura crepitans seed oil, focusing on the

effects of temperature, catalyst amount, reaction time, and oil-to-methanol ratio on yield. The n-
ZnO was synthesized by direct precipitation method using zinc nitrate [Zn- (NO3)2.6H20] and
sodium hydroxide (NaOH) as precursor, while the oil extraction from Hura crepitans seeds was
performed using the Soxhlet extraction method with n-hexane as the solvent. In addition, the
experimental design was obtained from the response surface design on Minitab 17 statistical
software. The results shows that optimal conditions for achieving high yields are at temperature
of 65 °C, catalyst amount of 2.5-4 g, reaction time of 1.5 hours, and oil-to-methanol ratio of 1:8.
Under these conditions, a maximum yield of 96.23% was achieved. The findings are consistent
with recent studies on biodiesel production from various feedstock, thereby highlighting the

potential of Hura crepitans seed oil as a sustainable feedstock for biodiesel production.
Keywords: Biodiesel production, Hura crepitans seed oil, transesterification, sustainable energy.

INTRODUCTION
The increasing demand for energy, coupled with concerns over climate change and fossil fuel

depletion, have sparked interest in renewable energy sources [1]. Biodiesel, a biodegradable and
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non-toxic fuel, has emerged as a promising alternative to conventional diesel fuel [2]. Derived
from vegetable oils or animal fats, biodiesel offers a sustainable solution to reduce greenhouse
gas emissions and dependence on fossil fuels [3]. Hura crepitans, commonly known as the
sandbox tree, is a tropical plant species with seeds rich in oil. Recent studies have highlighted the
potential of non-edible oils, such as those from Hura crepitans, for biodiesel production due to
their favorable fatty acid composition and sustainability [4, 5]. Utilizing Hura crepitans seed oil
for biodiesel production could provide a new avenue for sustainable energy generation,
particularly in tropical regions where the plant is abundant.

Previous studies exist on the potential of Hura crepitans as a feedstock for biodiesel
production, using calcined snail shell (CSS) and potassium hydroxide (KOH) [6], alkali-catalytic
transesterification method [7] and hexane [8] as catalysts. Using n-ZnO as a catalyst in this
research could contribute to the development of sustainable biodiesel production processes and
promote the use of renewable energy sources [9].

This study investigates the potential of Hura crepitans seed oil as a feedstock for
biodiesel production using n-ZnO as catalyst, whereas the experimental design was obtained
from the response surface design on Minitab 17 statistical software, thereby investigating

reaction conditions to achieve high yields and quality of biodiesel.

MATERIALS AND METHODS

Chemicals and reagents

All chemicals and reagents utilized in this study, including n-hexane (99.9%), methanol (99.9%),
zinc nitrate (99.8%) and sodium hydroxide (98%), were of analytical grade and sourced from
British Drug House (BDH). These chemicals were used without further purification, ensuring

consistency and reliability in the experimental procedures.

Sample and sample collection

Hura crepitans (Sandbox tree) seeds were sourced from within Sokoto metropolis. The seeds
were dried and pulverized into a fine powder to enhance oil extraction efficiency.

Catalyst preparation

The n-ZnO was synthesized by direct precipitation method using zinc nitrate [Zn (NO3)2.6H>O]
and sodium hydroxide (NaOH) as precursor. In this method, aqueous solution of sodium

hydroxide (0.4 M) was slowly added to the aqueous solution of zinc nitrate (0.2 M) at room
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temperature under vigorous stirring until white suspended precipitate was formed. The white
product obtained was centrifuged at 5000 rpm for 20 min. It was washed three times with

distilled water and lastly, absolute alcohol. The product was calcined at 500 °C for 3 h [10].

Qil extraction

The oil extraction from Hura crepitans seeds was performed using the Soxhlet extraction method
with n-hexane as the solvent. A 20 g sample of powdered seeds was placed in a cellulose thimble,
covered with cotton wool, and inserted into the Soxhlet extractor. The extraction was carried out
at 60 °C for 3 hours using 100 cm?® of n-hexane. After extraction, the thimble was removed, and
the oil-containing flask was dried in an air oven at 65 °C for 30 minutes to remove residual n-
hexane. The oil yield was then calculated gravimetrically using the equation (1) as described by

Giwa et al. [10].

Weight of extracted oil (g)
Weight of sample (g)

% Oil yield= x 100 (1)

Transesterification process

The transesterification reaction was conducted in a two neck round bottom flask (250 cm?)
equipped with reflux condenser, temperature controller and magnetic stirrer. Suspended solution
of methanol (5.64 g) and the n-ZnO (2.5 g) catalyst was added to the warmed oil (50 g) in the
reactor. The reactor was then placed on the water bath and the reaction conditions were
maintained with constant stirring at 300 rpm. After the reaction was completed, the catalyst was
removed from reaction mixture by centrifugation. The content was transferred into a separatory
funnel and allowed to settle for 24 h. This permitted the glycerol to settle down since it is denser
than the biodiesel. The glycerol was removed from the separatory funnel [11, 12]. The same
method was adopted for the transesterification of each run based on the design of the experiment

in Table 1. The percentage yield of biodiesel was calculated using equation (2).

Weight of biodiesel
%Biodiesel yield = V%eightofo” x 100 )

Purification of the biodiesel
The biodiesel underwent a triple washing process with warm distilled water to remove impurities

such as residual glycerol, alcohol, catalyst, and soap. Subsequently, it was dried over anhydrous
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sodium sulfate and filtered to ensure purity and quality, aligning with established biodiesel

purification protocols [4, 11].

Experimental design
The experimental design was achieved by using response surface design on Minitab 17 statistical
software. The effect of four factors i.e. reaction temperature, catalyst loading, reaction time and

oil to MeOH ratio on the biodiesel yield were determined.

Table 1: Experimental design

Standard Order =~ Run Order  Temperature (°C) Catalyst (g) Reaction Time (H) Oil to MeOH
52 1 65 2.5 1.5 1:6
19 2 50 2.5 2 1:6
11 3 50 2.5 1.5 1:8
8 4 65 2.5 2 1:8
1 5 50 2 1.5 1:6
24 6 65 4 1.5 1:8
40 7 65 1 1 1:6
33 8 65 2.5 2 1:4
31 9 80 4 1.5 1:6
51 10 65 4 1.5 1:8
2 11 80 1 1.5 1:6
12 12 80 2.5 1.5 1:8
48 13 65 1 1.5 1:4
43 14 65 4 2 1:6
36 15 50 2.5 1.5 1:4
18 16 80 2.5 1 1:6
28 17 50 1 1.5 1:6
37 18 80 2.5 1.5 1:4
49 19 65 4 1.5 1:4
29 20 80 1 1.5 1:6
53 21 65 2.5 1.5 1:6
23 22 65 1 1.5 1:8
17 23 50 2.5 1 1:6
16 24 65 4 2 1:6
30 25 50 4 1.5 1:6
46 26 50 2.5 2 1:6
39 27 80 2.5 1.5 1:8
44 28 50 2.5 1 1:6
32 29 65 2.5 1 1:4
35 30 65 2.5 2 1:8
25 31 65 2.5 1.5 1:6
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6 32 65 2.5 2 1:4
41 33 65 4 1 1:6
9 34 50 2.5 1.5 1:4
21 35 65 1 1.5 1:4
42 36 65 1 2 1:6
26 37 65 2.5 1.5 1:6
50 38 65 1 1.5 1:8
47 39 80 2.5 2 1:6
3 40 50 4 1.5 1:6
13 41 65 1 1 1:6
7 42 65 2.5 1 1:8

43 80 4 1.5 1:6
20 44 80 2.5 2 1:6
15 45 65 1 2 1:6
34 46 65 2.5 1 1:8
5 47 65 2.5 1 1:4
38 48 50 2.5 1.5 1:8
14 49 65 4 1 1:6
45 50 80 2.5 1 1:6
54 51 65 2.5 1.5 1:6
22 52 65 4 1.5 1:4
10 53 80 2.5 1.5 1:4
27 54 65 2.5 1.5 1:6

RESULTS AND DISCUSSION
Biodiesel yield

The experimental design and results of the percentage biodiesel yield as shown in Table 2
include the resulting biodiesel yield percentage temperature, catalyst amount, reaction time and

oil-to-methanol ratio.
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Table 2: Experimental design and biodiesel yield

Standard  Run Order = Temperature Catalyst  Reaction Oil to %Yield
Order (°O) (2) Time (H) MeOH (%)
52 1 65 2.5 1.5 1:6 93.68
19 2 50 2.5 2 1:6 87.33
11 3 50 2.5 1.5 1:8 89.45
8 4 65 2.5 2 1:8 95.81
1 5 50 2.5 1.5 1:6 87.15
24 6 65 4 1.5 1:8 96.23
40 7 65 1 1 1:6 89.02
33 8 65 2.5 2 1:4 90.12
31 9 80 4 1.5 1:6 56.37
51 10 65 4 1.5 1:8 95.90
2 11 80 1 1.5 1:6 55.90
12 12 80 2.5 1.5 1:8 59.21
48 13 65 1 1.5 1:4 90.44
43 14 65 4 2 1:6 94.06
36 15 50 2.5 1.5 1:4 84.37
18 16 80 2.5 1 1:6 57.81
28 17 50 1 1.5 1:6 85.16
37 18 80 2.5 1.5 1:4 52.50
49 19 65 4 1.5 1:4 92.78
29 20 80 1 1.5 1:6 55.33
53 21 65 2.5 1.5 1:6 94.84
23 22 65 1 1.5 1:8 91.05
17 23 50 2.5 1 1:6 86.75
16 24 65 4 2 1:6 94.17
30 25 50 4 1.5 1:6 88.93
46 26 50 2.5 2 1:6 87.41
39 27 80 2.5 1.5 1:8 60.10
44 28 50 2.5 1 1:6 86.85
32 29 65 2.5 1 1:4 92.14
35 30 65 2.5 2 1:8 94.21
25 31 65 2.5 1.5 1:6 92.41
6 32 65 2.5 2 1:4 91.99
41 33 65 4 1 1:6 93.45
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9
21
42
26
50
47
3
13
7
4
20
15
34
5
38
14
45
54
22
10
27

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

50
65
65
65
65
80
50
65
65
80
80
65
65
65
50
65
80
65
65
80
65

2.5
1
1
2.5
1
2.5
4
1
2.5
4
2.5
1
2.5
2.5
2.5
4
2.5
2.5
4
2.5
2.5

1.5
1.5
2
1.5
1.5
2
1.5
1
1
1.5

1:4
1:4
1:6
1:6
1:8
1:6
1:6
1:6
1:8
1:6
1:6
1:6
1:8
1:4
1:8
1:6
1:6
1:6
1:4
1:4
1:6

86.17
89.99
91.10
92.63
90.47
58.23
88.76
89.95
94.75
56.45
54.98
90.33
93.92
91.51
87.39
95.50
55.57
91.31
92.88
53.11
94.30

The relationship between temperature and %Yield at 50 °C yields range from approximately

84% to 89%. At 65 °C yields (Figure 1) are generally higher, ranging from approximately 89%

to 96%. At 80 °C yields are significantly lower, ranging from approximately 52% to 60%. This

suggests that 65 °C is the optimal temperature for achieving high yields and is in agreement with

the research carried out by Oraegbunam et al. [13].
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Figure 1: Temperature vs %Yield of the biodiesel
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Figure 2: Amount of catalyst vs %Yield of the biodiesel

The relationship between catalyst amount and %Yield is shown in Figure 2. This indicates that
increasing the catalyst amount tends to increase yields, but the effect may plateau beyond a
certain point. Increasing the catalyst amount from 1 g to 2.5 g and then to 4 g results in
higher %Yields, specifically 91.05%, 95.8%, and 96.23%, respectively. The results suggest that
using 4 g of catalyst yields the highest result, but the difference between 2.5 g and 4 g is
relatively small, indicating that 2.5 g might be a sufficient amount. The amount of catalyst used

significantly affects the yield, with higher amounts generally resulting in higher yields. Further
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variation of catalyst amount might lead to even higher yields or more efficient use of resources.

The result is in agreement with the findings reported by Ulakom et al. [7].

2.5
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Figure 3: Reaction time (Hr) vs %Yield of the biodiesel
Figure 3 shows the relationship between reaction time and %Yield. Yield on 1.5 hours is the
highest result, with a %Yield of 96.23%. This suggests that 1.5 hours is the optimal reaction time
for achieving high yields. The yields at 1 hour (94.75%) and 2 hours (94.21%) are slightly lower
than the optimal yield at 1.5 hours. This indicates that 1.5 hours is a suitable reaction time for
achieving high yields. This result corroborates with the work carried out by Ulakom et al. [7].
The reaction time significantly affects the yield, and optimizing this parameter can lead to higher

yields.
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Figure 4: Oil to MeOH ratio vs %Yield of the biodiesel
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The ratio of oil to MeOH significantly affects the yield, and optimizing this parameter can lead
to higher yields. As shown in Figure 4, the relationship between oil-to-methanol (MeOH) ratio
and %Yield, indicates that the highest yield (96.23%) is achieved at a 1:8 oil-to-MeOH ratio. As
the MeOH ratio increases from 1:4 to 1:8, the yield also increases, suggesting that a higher
MeOH ratio favors the reaction.

This result is in conformity with research of recent studies on biodiesel production from
various feedstock reported by Kumar et al. [2] on biodiesel production from waste cooking oil in
which a maximum yield of 94.5% was achieved at 60 °C, 3 g catalyst, and 1:6 oil-to-MeOH ratio.
Also, Singh et al. [3] reported a yield of 92.1% from Jatropha curcas oil at 65 °C, 2.5 g catalyst,
and 1:8 oil - to-MeOH ratio, and Atabani et al, [4] achieved a yield of 95.6% from Moringa
oleifera oil at 60 °C, 4 g catalyst and 1:6 oil-to-MeOH ratio.

CONCLUSION

The study demonstrated that Hura crepitans seed oil is a promising feedstock for biodiesel
production, with optimal conditions identified as 65 °C, 2.5-4 g catalyst, 1.5 hours reaction time,
and 1:8 oil-to-methanol ratio. The results are consistent with previous studies, and the high yield
achieved under optimal conditions suggests that Hura crepitans seed oil can be a viable
alternative for sustainable biodiesel production. Further research can focus on scaling up the
process and exploring the economic and environmental feasibility of using Hura crepitans seed

oil for biodiesel production.
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