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A B S T R A C T   

KOH-modified metakaolin (KMK) was synthesized, characterized and utilized as a heterogeneous catalyst for 
biodiesel production from allamanda seed oil (ASO) for the first time. The effect of variables (temperature, time 
and catalyst concentration) affecting biodiesel production process was optimized using Box-Behnken design of 
response surface methodology. The biodiesel produced was consequently characterized to determine its fuel 
properties. Optimization results showed that maximum biodiesel yield of 90.67±0.14%. was achieved at fixed 
methanol/ASO molar ratio of 5:1 and at the optimum conditions of 52.5 ◦C reaction temperature, 180 min re
action time and 0.5 wt.% catalyst concentration. The properties of the produced biodiesel were comparable to 
the ASTM D6751 and EN 14214 specifications, thus indicating the suitability of the ASO biodiesel as a possible 
alternative to petroleum diesel.   

1. Introduction 

Biodiesel is a clean renewable fuel that can serve as a possible 
alternative to petroleum diesel. It is often derived from vegetable oil and 
animal fat through transesterification process [1–3]. Biodiesel is char
acterized by higher flash point, higher lubricity, higher combustion ef
ficiency, higher cetane number, biodegradability, renewability, 
non-toxicity, and longer durability in diesel engines and environmen
tally friendliness due to its lower carbon monoxide emissions compared 
to conventional fossil fuels [4]. 

In almost all commercial processes for biodiesel production, edible 
oils are used as feedstock. Commercial production of biodiesel from 
edible oil in the developing economy like Nigeria is not very feasible 
since the nation cannot satisfy the food requirements of these oils [5]. 
Furthermore, the high prices of these oils can also increase the overall 
cost of biodiesel production [6–8]. One way of reducing the biodiesel 
production cost is to use cheaply available non-edible oils, animal fats, 
waste cooking oil and algae [9–12,13]. Allamanda (golden trumpet) 
flowers bear seed that contains approximately 57 wt% oil, indicating 
that it could serve as an attractive bio-oil bearing feedstock for biodiesel 
synthesis [14]. Another approach will be to avoid the use of 

homogenous catalysts whose applications are limited to refined vege
table oils with free fatty acids (FFA) values of less than 0.5 wt-% [15]. 
The inherent insensitivity of heterogeneous catalysts to the presence of 
FFA, its lower toxicity, the recoverability and reusability, reduced 
corrosion tendency and ease of separation from the reaction product 
stream have made solid catalysts relatively promising catalysts for the 
synthesis of biodiesel from triglyceride-containing feedstock [16,17]. 

Kaolin is an aluminosilicate material which contains silica (SiO2), 
alumina (Al2O3), iron oxide (Fe2O3), titania (TiO2) and traces of other 
metal oxides. The large octahedral aluminium content makes kaolin 
resistant to acids. This type of clay material can be used as a heteroge
neous catalyst in transesterification reactions [18]. Raw kaolin clay has 
almost no acidic or basic sites, and to improve its activity, it is essential 
to modify its framework with acid or alkali, leading to formation of 
metakaolin which possesess characteristics similar to zeolite LTA [19]. 
The use of kaolin-based catalyst in transesterification and esterification 
of vegetable oils and FFA with alcohols has rapidly increased [20]. Dang 
et al. [19] transesterified soybean with methanol to produce biodiesel 
over NaOH-modified kaolin catalyst at 90 ◦C for 24 h which resulted in 
biodiesel yield of 97%. A tungstophosphoric acid impregnated kaolin 
was used as a catalyst for the esterification of oleic acid, resulting in 
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97.21% conversion [21]. Furthermore, the synthesis of biodiesel via the 
transesterification of used cooking oil over methoxide-modified kaolin 
has been reported. The highest triglyceride conversion of 99.48% was 
achieved, indicating better performance of the catalyst in methanolysis 
process [18]. 

However, several works showed that varying one variable at a time 
(OVAT) method was used to evaluate the impact of process variables. 
This method is time-consuming and requires an unreliable number of 
experiments. In addition to these, OVAT technique is not capable to 
optimize and achieve true optimal conditions in a multivariant system 
such as biodiesel production process. One of the experimental design 
techniques that are commonly used for process analysis and modeling is 
response surface methodology (RSM). RSM is an efficient statistical 
process optimization design for determining an optimal condition in a 
multivariable system. It involves a set of mathematical and statistical 
methods for modelling and process analysis [22]. This methodology is 
suitable for optimizing systems whose response is influenced by 
numerous parameters [23–25]. With the use of RSM, estimation of 
linear, interaction and quadratic effects of the process variables and 
prediction model for the process output (response) are possible. The 
experimental data required are dependent on the selected design: cen
tral composite or Box-Behnken designs [12]. These are different in the 
number of runs required and in the combinations of the levels used in the 
experiment. The Box-Behnken design (BBD) is thought to be more 
capable and powerful than the central composite design (CCD) because 
it requires fewer experiments and has been shown to be adequate in 
describing the majority of steady-state process responses [12]. 

However, studies on the alkaline treatment of typical Nigerian kaolin 
(Kutigi Kaolin) and characterization as a catalyst for biodiesel produc
tion using RSM to provide an explicit understanding of the effect of 
process variables on biodiesel yield have not been documented to the 
best of the authors’ knowledge. Thus, the present work aimed to 
investigate the potential of alkaline functionalized metakaolin as a 
heterogeneous catalyst for biodiesel production from allamanda seed 
oil. Box-Behnken design was applied to study the influence of process 
variables (temperature, reaction time and catalyst concentration) on 
biodiesel yield. Biodiesel produced was characterized to determine its 
physicochemical and fuel properties. 

2. Materials and methods 

2.1. Materials and chemicals used 

Allamanda seeds were sourced from Ciromawa Estate, Bosso Road, 
Minna, Nigeria. The entire chemicals used in this study, including 
methanol (CH3OH, 95%), n-hexane (95%, Analar BDH) carbon tetra
chloride (CCl4, 96%), potassium hydroxide pellet (KOH, 95%, Burgoyne 
& Co, India), Wij’s solution, potassium iodide solution (KI, 92% M & B 
England), sodium thiosulphate (95%, M & B England), Phenolphthalein, 
and hydrochloric acid, are of analytical grade. 

2.2. Oil extraction from Allamanda seeds 

The endocarp and mesocarp layers of the collected seeds were 
removed to obtain the nuts. Thereafter, the obtained nuts were pulver
ized using mortar and pestle, dried and ground using a mechanical 
grinder. To extract oil from the Allamanda seeds powder, 15 g of the 
powder was placed in the thimble and was inserted into the chamber of 

the Soxhlet extractor. 250 mL of n-hexane was poured into the round 
bottom flask and the Soxhlet was heated to 60–65 ∘C and was operated 
for 6 h. The extracted oil was poured into a beaker and heated on a hot 
plate at 105 ◦C to remove the residual solvent. The oil yield (Y) was then 
calculated using Eq. (1): 

Y =
weight of oil

weight of allamanda seed powder used on dry matter basis
× 100%

(1) 

Thereafter, the extracted Allamanda seed oil (ASO) was characterized 
to gain insights into its physicochemical properties (moisture content, 
specific gravity, acid value, viscosity, free fatty acid (FFA), saponifica
tion value, peroxide value and iodine value) which would reveal its 
suitability for biodiesel production. 

2.3. Preparation and characterization of KOH-modified metakaolin 
(KMM) catalyst 

The raw kaolin was first beneficiated, dried in an oven for 48 h at 170 
◦C and then sieved to obtain a particle size of 250 µm. The finely 
powdered kaolin was thereafter calcined in a furnance at 650 ◦C for 90 
min to obtain metakaolin which was later activated by adding 20 g of it 
to KOH solution and stirred on a magnetic stirrer at 90 ◦C for 3 h. The 
resultant slurry was then allowed to cool and then washed with deion
ized water until pH of of the washed water was almost neutral. The 
washed sample was dried in an oven at 100 ◦C overnight. The obtained 
KOH-modfied metakaolin will henceforth be reffererd to as KMM. 

The textural characteristics of the prepared KMM catalyst were 
evaluated using Quantachrome instrument (Autosorb-1 model No. 
11.03, Florida, USA) at 77 K using liquid nitrogen. Surface morphology 
of the as-synthesized KMM catalyst was determined by scanning elec
trom microscope (SEM, JEOL-JSM 5600 LV) equipped with a energy 
dispersive X-ray spectrometer (6587 EDS detector), while the phases and 
crystallographic structures of the catalyst were identified using 
Bragg–Brentano powder X-ray diffractometer with CuKα radiation (λ =
1.54184 Å). The elemental oxide compositions of the KMM catalyst were 
analysed by XRF spectroscopy (XRF—Oxford, ED-2000, England). 

2.4. Catalytic activity during transesterification of ASO 

The reactions were carried out in a 500 cm3 glass reactor placed on a 
magnetic stirrer at atmospheric pressure. The fixed 50 ml of ASO and the 
desired amount of the metakaolin activated with KOH catalysts (0.5- 
5.0 wt%) were charged into the reactor, and then the methanol was 
introduced to the oil at constant methanol to oil ratio of 5:1. The reac
tion was operated at 40-65 ∘C with a varied reaction time of 60-180 min. 
After the reaction was completed, the reaction mixture was allowed to 
stand for 5 min before it was poured into a separating funnel to separate 
the biodiesel phase from the glycerol phase. The biodiesel was repeat
edly washed with warm water until the wash water becomes colourless. 
The biodiesel was dried on a hot plate at 105 ∘C to remove residual 
water and the yield was calculated using Eq. (2). 

Yield =
mass of biodiesel

mass of oil
× 100 (2)  

2.4.1. Characterization of produced ASO biodiesel 
The physicochemical properties of the produced ASO biodiesel, such 

as kinematic viscosity, density, specific gravity, flash point, cloud point, 
pour point, fire point, smoke point, and acid value, were determined 
according to ASTM methods. 

2.5. Optimization studies 

For the conversion of ASO to its corresponding biodiesel, the Box- 
Behnken design of the response surface methodology was applied in 

Table 1 
Experimental design for biodiesel production process.  

Variables -1 0 +1 

Time (min) A 60 120 180 
Temperature (◦C) B 40 52.5 65 
Catalyst concentration (%wt.) C 0.5 2.75 5.0  
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evaluating the impacts of three independent variables (reaction tem
perature, reaction time and catalyst concentration) on ASO biodiesel 
yield. A total of 17 runs were performed. Statistical analysis of variance 
(ANOVA) was carried out using design expert 11.1.2.0 software. The 
range and levels of the variables investigated (see Table 1) were chosen 
based on literature survey [20,26–30]. It should also be mentioned that 
preliminary experiments were performed to determine the extreme 

values of the variables. 
The relationship between the biodiesel yield and the independent 

variables was established by fitting experimental data into a second- 
order model. The general form of the regression response model is in 
the form given in Eq. (3). 

Y= b0 +
∑k

i=1
bi Xi +

∑k

i=1
bii X2

i
+
∑k

i<1
bi jXiXj

+ e (3)  

where Y is the response (dependent); Xi and Xj are the variables (Inde
pendent) variable; bo is the intercept; bi is the first order coefficient of 
the model; bii is the quadratic coefficient of i factor; bij is the linear 
coefficients of the model for the interaction between i and j factors; k is 
the number of variables optimized in the experiment while e is the error 
associated with response. 

3. Results and discussion 

3.1. Characterization of extracted ASO 

Table 2 presents the physicochemical properties of the Allamanda 
seed oil. The oil yield from Allamanda seed was 64%, which is higher 
than the values of 52.79%, 50% and 56.7% reported for oils extracted 
from Allandanda cathertica seed [28], desert date seed [31] and Jatropha 
curcas seed [32], respectively. This appreciably high oil content ob
tained in this study established the potential of the seed as non-edible oil 
source for biodiesel production. The low moisture content (2.86%) 
confirms that the oil is of good quality and was not prone to rancidity 
easily. 

Higher moisture content causes emulsification during trans
esterification of the oil. The free fatty acid (FFA) value for ASO was 2.75 
mg KOH/g with a corresponding acid value of 5.89 mg KOH/g. The acid 
value for oil required for homogeneous base transesterification should 
not be greater than 1% (2 mg KOH/g). It is important to state that base 
activated metakaolin has tolerance for FFA. Hence the oil can be used 
directly without neutralization. This is an obvious advantage of this 
catalyst in the transesterification of vegetable oil. The specific gravity of 
the oil at 25 ∘C was 0.928 which is a bit higher than the standard value of 
0.816. The viscosity of ASO was found to be 20.5 mm2/s, hence the need 
to reduce viscosity through transesterification. Iodine value is used to 
measure the level of unsaturation in fatty acids in the oil. The limitation 
of unsaturation of fatty acids is important since heating highly unsatu
rated fatty acids result in the polymerization of glycerides which can 
lead to the formation of deposits [5]. The Iodine values of 40.7 gI2/100 g 

Table 2 
Physicochemical properties of ASO.  

Properties Unit Experimental value 

Oil yield % 64 
Moisture Content % 2.85 
Free fatty acid % 2.96 
Density g/cm3 0.92 
Acid Value mg KOH/g 5.89 
Viscosity mm2/s 20.5 
Specific Gravity  0.93 
Iodine Value gI2/100 g 40.66 
Peroxide Value Meq/kg 8.63 
Saponification Value mg KOH/g 158.48  

Table 3 
Oxide compositions of raw and calcined kaolin.  

Components Raw (%) Calcined (%) 

SiO2 58.41 59.96 
Al2O3 32.25 33.79 
SO3 0.01 0.12 
Na2O 0.47 0.40 
K2O 0.49 0.49 
CaO 0.05 0.06 
MgO 0.73 0.70 
TiO2 1.68 1.67 
Fe2O3 1.42 1.45 
MnO 0.01 0.01 
LOI 4.53 1.35  

Table 4 
Textural properties of raw kaolin, metakaolin and KOH-modified metakaolin.  

Sample Surface area (m2/g) Pore volume(cm3/g) Pore size (nm) 

Raw kaolin 173.516 0.086 2.126 
Metakaolin 636.531 0.3244 2.113 
KMM catalyst 706.906 0.4255 2.118  

Fig. 1. SEM images of (a) metakaolin and (b) KMM.  
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suggest that it is non-drying [33]. 

3.2. Catalyst characterization 

The results of oxides composition analysis conducted on the raw and 
calcined kaolin (see Table 3) revealed that the most abundant oxides in 
both samples are SiO2, Al2O3, TiO2, and Fe2O3, while SO3, K2O, Na2O, 
CaO, MgO, and MnO are present in small amount. The SiO2 and Al2O3 
compositions increased with about 2% from 58.41 to 59.96% and 
32.25% to 33.79% respectively after thermal treatment.The predomi
nance of SiO2 and Al2O3 associated mainly with quarts and kaolinite 
minerals. TiO2 and Fe2O3 are the main discolouring components and 
their presence can be associated with hematite, goethite and anatase 

materials [34]. 
Table 4 shows the textural properties of raw kaolin, metakaolin and 

KOH-modified metakaolin catalyst. It could be seen that raw kaolin had 
a specific surface area of 173.52 m2/g which increased to 636.53 m2/g 
upon its transformation to metakaolin via calcination process. This 
observation indicated that the calcination opened up pore on the surface 
of the calcined kaolin. Also, activation of metakolin with KOH resulted 
in catalyst with high surface area (706.91 m2/g) as indicated in Table 3, 
which suggested that the chemical activation had positive influence on 
the performance of the KMM catalyst due to the increasing BET surface 
area [35]. The results also indicated that the pore volume and pore size 
of the KMM catalyst were 0.4255 cm3/g and 2.118 nm, respectively, 
indicating that the active sites are present on the external surface of the 

Fig. 2. XRD patterns of (a) raw kaolin (b) metakaolin (calcined kaolin).  
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catalyst, and it can improve diffusion problems due to larger pore size, 
thus aiding better flow channel [36]. Furthermore, the values of pore 
size greater 2.0 nm for all the analyzed samples indicated that they are 
mesoporous materials. 

The SEM images of metakaolin and KOH-modified metakaolin are 
shown in Fig. 1. As seen in Fig. 1a, the metakaolin showed different 
layers of different sizes, indicating the order of silica and alumina layers 
in kaolinite [37]. However, alkaline treated metakaolin exhibited a 
uniform morphology, though with slight disorder as indicated in Fig. 1b. 

The XRD patterns of raw kaolin and metakaolin (calcined kaolin) are 
shown in Fig. 2. As seen from Fig. 2a, the metakaolin exhibited intense 
peaks showing an ordered structured which are typical of crystalline 
materials [38]. The peaks of 2Ɵ values at 12.5o, 25.0o, 38.5o, 55.2o, and 
62.0o represent the crystalline structure of kaolinite with quartz as 
major impurities having their main peaks at 20.94, 26.69, 36.59, and 
50.20o. This observation is consistent with the one reported by Teku 
[37]. The XRD characteristics peaks of raw kaolin almost disappeared 
after thermal treatment leading to the formation of metakaolin. 
Explicitly, disordered metakaolin was formed in this work after dehy
droxylation of kaolin at 650 ∘C for 90 min which could be observed on 
the XRD pattern of calcined kaolin as the crystalline peaks disappeared 
and transformed the crystalline kaolin to amorphous metakaolin. This is 
evident in the drastic drop in the peak intensity in Fig. 2b. The remaining 
peaks in this range could be ascribed to traces of mica and quartz in 
calcined kaolin [19]. 

3.3. Optimization of biodiesel production process 

The BBD matrix as generated by the design expert software and the 
experimental results obtained in the transesterification of ASO with 
methanol over KMM catalyst at different conditions are presented in 
Table 5. A second-order polynomial model that illustrates the relation
ship between the process response (biodiesel yield) and the studied 
variables (time, temperature and catalyst loading) is given by Eq. (4). 

%Yield = − 19.21520 + 0.098812A + 2.31295B + 5.91975C − 0.003333AB
− 0.040123AC − 0.082963BC + 0.001104A2 − 0.012427B2

+0.883951C2

(4) 

Positive sign in front of the terms suggests synergistic effect, whereas 
negative sign implies antagonistic effect. The adequacy of the regression 
model was evaluated by the coefficient of determination (R2) and 
standard deviation. The coefficient of determination (R2) measures the 
degree of fitness of the regression model. According to Akintunde et al 
(2015), a higher R2 value greater or equal to one depicts a good model 
fit. The R2 value of 0.9123 implies that 91.23% of the variability in the 
response is explained by the model. The value suggests that the 
regression model equation satisfactorily describes the relationship be
tween the biodiesel yield and variables investigated in this study. The 
standard deviation of 4.18 shows that the degree of deviation from the 
response average value is low. 

The quality of the model was further justified through analysis of 
variance (ANOVA). The ANOVA for the quadratic model for biodiesel 

Table 5 
Box Behnken Design matrix for biodiesel yield.  

Run Transesterification process variables Biodiesel yield % error  
A: Time (min) B: Temperature (◦C) C: Catalyst concentration (wt.%) Experimental value (%) Predicted value (%)  

1 60 65.0 2.75 78.67 77.04 1.63 
2 120 65.0 5.00 82.67 81.05 1.62 
3 120 52.5 2.75 76.67 72.47 4.20 
4 180 40.0 2.75 75.33 76.96 -1.63 
5 120 65.0 0.50 78.67 78.46 0.21 
6 60 52.5 5.00 82.00 85.25 -3.25 
7 180 52.5 0.50 90.67 87.42 3.25 
8 120 40.0 5.00 76.00 76.21 -0.21 
9 120 40.0 0.50 62.67 64.29 -1.62 
10 120 52.5 2.75 75.67 72.47 3.20 
11 120 52.5 2.75 71.67 72.47 -0.79 
12 180 52.5 5.00 85.67 83.83 1.84 
13 180 65.0 2.75 78.00 81.46 -3.46 
14 120 52.5 2.75 67.00 72.47 -5.47 
15 120 52.5 2.75 71.33 72.47 -1.14 
16 60 52.5 0.50 65.33 67.17 -1.84 
17 60 40.0 2.75 66.00 62.54 3.46  

Table 6 
Regression model fitting and statistical analysis.  

Source Sum of Squares Df Mean Square F Value p-value Prob>F  

Model 795.46 9 88.38 5.07 0.0219 significant 
A-Time 177.35 1 177.35 10.17 0.0153  
B-Temperature 180.50 1 180.50 10.35 0.0147  
C-Catalyst Concentration 105.12 1 105.12 6.03 0.0438  
AB 25.00 1 25.00 1.43 0.2702  
AC 117.36 1 117.36 6.73 0.0357  
BC 21.78 1 21.78 1.25 0.3007  
A2 66.53 1 66.53 3.81 0.0918  
B2 15.87 1 15.87 0.9100 0.3719  
C2 84.32 1 84.32 4.83 0.0639  
Residual 122.11 7 17.44   Not 
Lack of fit 62.42 3 20.81  0.3666 significant     

1.39      
14.92    

Pure Error 59.69 4     
Cor Total 917.571 16      
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yield is presented in Table 6. As contained in the Table, The Model F 
–value of 5.07 reveals that the model is significant. Values of p-value less 
than the 0.05 indicates that the model is significant. Herein, A, B, C and 
AC were significant model terms whereas AB, BC, A2, B2 and C2 were not 
significant to the biodiesel yield. Non-significant lack of fit is good as it 
confirms the adequacy of the model fit. The result of lack of fit evalua
tion revealed a p-value of 0.37 which is insignificant. This implies that 
the regression model developed correlated well with experimental data. 
Noordin et al. [39] reported that an insignificant lack of fit is highly 

desirable since it is a clear indication that nearly all contributions to the 
response are considered by the regression model. 

3.3.1. Effect of process variables as response surface plot 
The surface plot in Fig. 3(a-c) depicts the interaction effect of the 

transesterification process variables (reaction temperature, reaction 
time and catalyst concentration) on ASO biodiesel yield. Fig. 3a illus
trates the combined effect of temperature and time on biodiesel yield at 
constant methanol to oil molar ratio of 5:1 and catalyst loading of 2.75 

Fig. 3. The response surface and contour plots of biodiesel yield as the function of (a) reaction temperature T (◦C) and reaction time (min); (b) catalyst concentration 
(wt.%) and reaction time (min) and (c) catalyst concentration (wt.%) and reaction temperature (◦C). 
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wt%. The result shows that biodiesel yield increased with increasing 
reaction temperature and reaction time. The reason for this observation 
is that high temperature facilitates the diffusion of reactant and 
dispersion of catalyst particles [40]. Moreover, transesterification re
action reaches equilibrium at high reaction time [41]. The interaction 
effect of the variables revealed that continuous simultaneous increase in 
temperature and time improves the biodiesel yield. Fig. 3b shows 
response surface and contour plots of biodiesel yield as a function of 
catalyst concentration and reaction time. A rapid improvement in bio
diesel yield with increasing catalyst concentration and reaction time has 
been observed. The presumed reason is that when the amount of catalyst 
was increased, the amount of available catalytic active sites was 
enhanced [22]. This is also corroborated by the combined effect of 
catalyst concentration and reaction temperature (see Fig. 3c), indicating 
that three variables studied are significant to process response. 

3.4. Optimal conditions of transesterification of ASO over KMM catalyst 

The optimum values for the tranesterification process variables 
studied were numerically predicted to be 180 min, 0.5 wt.% and 52.5 ◦C 
for reaction time, catalyst concentration and reaction temperature, 

respectively, with 89.65% for ASO bioidiesel yield. The prediction was 
validated by using the best conditions in three replicates, resulting in an 
average ASO biodiesel yield of 90.67±0.14%. Thus, the model accu
rately represented the transesterification process for biodiesel produc
tion from Allamanda seed oil. It is worthy of note that the optimum 
reaction time and reaction temperature that resulted in maximum bio
diesel yield were high and low, repsectively. This is because either high 
temperature or time is required to push reversible transesterification 
reaction to equilibrium, thereby increasing the biodiesel yield [12]. 

3.5. Characterization of ASO biodiesel 

The fuel properties of ASO biodiesel are presented in Table 7 in 
comparison to fossil diesel and ASTM D6751 and EN 14214 biodiesel 
specifications. 

The kinematic viscosity of Allamanda biodiesel was determined to be 
1.04 mm2/s as against 20.5 mm2/s for raw Allamanda oil. The obvious 
reduction in viscosity was due to the efficiency of the completion of 
transesterification. The obtained value falls within the ranges specified 
by ASTM D6741 and EN 14214 standards for biodiesel. Acid values 
indicate the age and quality of the biodiesel. The acid value obtained in 
this work was 0.58 mg KOH/g. The flash point is the minimum tem
perature required for fuel to ignite when an ignition source is brought 
close to it. A fuel with a low flash point implies that the fuel is not safe for 
handling. The flash point obtained in this work is 152 ◦C, suggesting that 
the produced ASO biodiesel is safe to be stored and transported [12]. 
Cloud point is the temperature at which the smallest crystals become 
noticeable when cooled [42]. The cloud point obtained in this study was 
1.40 ◦C, indicating that the bioidiesel produced from ASO has a low 
tendency for gel formation and therefore can perform satisfactorily 
under cold climates. The pour point obtained in this work is -6.8 ∘C, 
which is within the ASTM D6751 and EN 14214 standard requirements 
[43]. 

Fig. 3. (continued). 

Table 7 
Fuel properties of ASO biodiesel in comparison with standard.  

Properties Diesel ASTM 
D6571 

EN This 
study 

Specific gravity 0.82- 
0.86 

0.88 0.860 0.88 

Flash point (◦C) > 55 93 min 130min 152 
Cloud point (◦C) -15 to -5 –3-10 - 1.40 
Pour point (◦C) -33 to -15 12 max –15-10 -6.8 
Kinematic viscosity (mm2/ 

s) 
2.5 - 3.5 1.9–6.0 3.5–5.0 4.04 

Acid value (mg /KOH) -0.35 ≤0.5 0.5 0.58 
Density (g/cm3) 0.88 0.86 0.86- 

0.90 
0.88  
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4. Conclusions 

The biodiesel synthesis from Allamanda seed oil via trans
esterification process using modified metakaolin catalyst was optimized. 
Effect of operational parameters on the biodiesel yield was evaluated by 
the Box-Behnken design of response surface methodology. The optimum 
values of the reaction temperature, reaction time and catalyst concen
tration were 52.5◦C, 180 min and 0.5 wt%, respectively. Analysis of 
variance revealed a high coefficient of determination (R2 = 0.9123 and 
Adj − R2 = 0.8896), thus ensuring a satisfactory adjustment of the 
second-order regression model with experimental data. The properties 
of the biodiesel produced under optimum conditions conformed to 
ASTM D6751 and EN 14214 specifications and as such can be used as a 
possible alternative to petrodiesel. This study has shown that the 
application of kaolin derived metakaolin, as well as allamanda seed oil, 
can be utilised as a potential precursor for eco-friendly and economic 
production of biodiesel in Nigeria. 
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