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ABSTRACT 

Biodiesel is an alternative fuel made from renewable biological sources such as vegetable oils (both edible and non-

edible oil) and animal fats. This study aimed to produce biodiesel from Zizipus abyssinica using magnetic sand as 

heterogeneous catalyst. The catalyst was characterized using both physical and X-ray diffraction, (XRD) techniques. 

X-ray diffraction (XRD) analyzed the crystal structure and particle size in order to obtain information on the surface 

area of catalyst. Physicochemical analysis of Zizipus abyssinica seed oil revealed that ash content was 0.04 %, specific 

gravity (0.98), moisture content (0.07 %), acid value (4.38 %), free fatty acid (2.19 %), viscosity (4.93 cSt) and pH 

6.8.  The energy dispersive X-ray of magnetic sand revealed that silicon and potassium have the higher atomic and 

weight concentration while iron and titanium show no concentration as presented. The characterization results 

revealed high atomic concentration of Si (77.14 %), followed by K (10.92 %), Al (4.77 %), Ca (1.50%), Fe (1.36 %), 

S (1.11%), Ag (0.66 %), Mg (0.60 %), Zr (0.60 %) and Na (0.27 %). The main peaks of 19.40, 21.50 250 270, 280, 

28.80, 370. 400, 40.70, 50.70, 55.30, 60.30, 650 and 690 were all present in the XRD spectrum of' Sand/MgO, 

intensities have significantly increased. The size of the crystal was measured to be 100 μm with uniform distribution. 

The variation of amount of catalyst [W%] was methyl ester yield, the most notable catalyst used in producing biodiesel 

is the homogeneous alkaline catalyst which is due to their higher kinetic reaction rates.  The magnetic sand was found 

to exhibit catalytic activity in the conversion of Ziziphus abyssinica seed oil to its methyl-ester as further proved by 

FT – IR analysis. A discovery such as this is indeed an addition to the indigenous catalyst that are cheaper and easily 

accessible.  
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INTRODUCTION 

Biodiesel is an alternative fuel made from renewable biological sources such as vegetable oils (both edible and non-

edible oil) and animal fats. Vegetable oils are usually esters of glycol with different chain length and degree of 

saturation [1]. Biodiesel, a promising substitute as an alternative fuel has gained significant attention due to the 

predicted scarcity of conventional fuels and environmental concerns [1]. This is a viable solution that can generate 

profits for small scale farmers and also create better life quality for rural workforce [2]. With the increase in petroleum 

price and the environmental concerns about pollution, Biofuel’s potentials have expanded because of many advantages 

such as its environmental friendliness and its better efficiency than fossil fuel [3]. Many countries throughout the 

world are trying hard to expand the utilization field of biodiesel in their industrial development [3]. Currently, more 

than 95% commercial productions of biodiesel are from edible oils such as soybean oil, rape seed oil and palm oil, 

which can be obtained on a large scale from the agro-based industry [4].   

Fossil fuels are also considered as the main source of local environmental pollution. Thus, alternative energy sources 

based on sustainable, renewable and environmentally friendly processes are urgently needed. One of the most 

prominent alternative energy resources, attracting more and more interest in recent years with the price for crude oil 

reaching record heights, is biodiesel, which is a possible substitute for petroleum-based diesel fuel. Many studies have 

shown that the properties of biodiesel are very close to diesel fuel [5].  

Biodiesel is produced through esterification and transesterification reactions of vegetable oil and animal fats with an 

alcohol; methanol or ethanol is usually the alcohol for biodiesel preparation. The reaction is facilitated with a suitable 

catalyst either homogeneous or heterogeneous. Today, biodiesel compared with petroleum is considered an 

environmentally friendly fuel due to low carbon dioxide emissions, biodegradable fuel, high cetane number, high 

combustion efficiency, lower aromatic, and sulphur content in comparison to petroleum diesel. These makes biodiesel 

a competitive fuel in the market [6].   

Biodiesel production aims to get good qualities and quantities by choosing suitable and cheap feedstock such as virgin 

vegetable oils, spent cooking oils and animals’ fats. In this study, Ziziphus abyssinica oil was used for biodiesel 

production. Other types of edible vegetable oil can be used, for instance; soybean oil, sunflower, palm oil, canola and 

peanut oil or even non-edible oils such as sea mango, jatropha, rubber seed and pongamia pinnata [4]. In the present 

work, the most matured and wildly-used method in biodiesel production is adopted i.e. using a heterogeneous catalyst 

[7]. Four instrumental analyses were carried out to analyze the catalyst, the biodiesel products, and seed oils in detail. 

X-ray diffraction (XRD), which is used to analyze crystal structure and particle size in order to obtain information on 

the surface area of the catalyst, X-ray fluorescence is used to determine the chemical composition of magnetic sand, 

viscometer was used to determined viscosity, and Fourier transform infrared spectroscopy (FTIR), was used to 

characterize the Ziziphus abyssinica methyl-ester.   

Ziziphus abyssinica [Fig. 1], commonly called Catch thorn and “Magarya” in Hausa language is a spiny shrub or tree 

that grows up to 4m high in the Sahel and drier part of tropical Africa. The Z. abyssinica is a tree/shrub or climber of 

1.8-8m. Its bark is grey, deeply furrowed and branches are almost zigzag, with single or paired thorns of up to 12 mm. 

It is found in wooded grassland, bushed grassland and along rivers. Its cream pulp and outer skin are edible. The pulp 

has a sweet to slightly bitter taste but edible portion is small. It is also used for construction, as firewood and as fodder 

[8].  

 

 

 

 

Fig. 1: Ziziphus abyssinica plant in its natural habitat 
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In Eritrea, it is used for charcoal, medicine, bees forage and as live fence [9] The result of phytochemical evaluation 

of the leaves of Ziziphus abyssinica shows the presence of fat and oil [10]. The herbalists in the northern community 

in Nigeria utilise the decoction of the root in the treatment of many ailments including mental disorders, diarrhea and 

abdominal ulcer [7].  

 Previous studies on this plant revealed its antibacterial and antioxidant properties [11]. The phytochemical, acute 

toxicity and antiulcer properties of this plant have also been evaluated [12].  

Thus, this study aimed to produce biodiesel from Ziziphus abyssinica using magnetic sand as a heterogeneous catalyst, 

as a substitute to petroleum diesel.  

MATERIALS AND METHODS 

Sample Collection and Preparation  

Dry and mature Ziziphus abyssinica fruits were collected from Ngamboru market Maiduguri, Borno State, Nigeria. 

Ziziphus abyssinica seed (3kg) was used, the seeds were then removed. The seeds oil was roasted at temperature of 

100oC for about 30 minutes and ground to tiny coarse particle sizes which were sieved using a sieve prior to oil 

extraction. Oil was extracted from the seeds using soxhlet extraction method. On a dry matter basis, the percentage 

yield was calculated.  

Transesterification Procedure  

The method described by Taufiq-Yap et al. [13] and Veljkovic et al. [14] were adopted for the production of biodiesel 

from non-edible vegetable oil of Ziziphus abyssinica seed. The uniqueness of this investigation was the heterogeneous 

system that was created to investigate the production of biodiesel. It involved the use of heterogeneous base catalysts 

Fe3O4, MgO and Fe3O4/MgO. Biodiesel production was carried out in at two-neck round-bottom flask reactor equipped 

with a reflux condenser stirrer. The reaction flask was immersed in a glass chamber placed on the plate of a magnetic 

stirrer (800rpm).   

The temperature was varied between 45oC and 65oC by water circulating from a thermostat by means of a pump. 

Typically, MgO Fe3O4 and Mg/O/Fe3O4 (1-5wt %) were suspended in a required volume of methanol. Subsequently, 

oil was varied into the mixture under continuous stirring.   

The methanol/oil molar ratio was varied between 3:1-5:1 at the end of reaction (1-5hrs), the catalyst was separated via 

centrifugation and the reaction mixture was then loaded into a rotary evaporator to remove excess methanol. 

Experiment was carried out by varying different parameters like methanol/oil molar ratio, reaction time and catalyst 

amount. Conversion of Ziziphus abyssinica seed oil to biodiesel by MgO, Fe3O4 and MgO/Fe3O4 was compared. Since 

the transesterification of triglycerides can produce methyl ester (biodiesel) and by product glycerol, the conversion of 

oil was calculated based on the amount of recovered methyl ester (biodiesel).    

 

Oil Characterization  

Determination of Free Fatty Acid (FFA)  

Determination of free fatty acid is based on AOAC method [11].  About 0.5 g of sample oil was boiled with 5 mL of 

ethanol and was allowed to cool. About 2 drops of phenolphthalein indicator were added and titrated with 0.1M NaOH 

until pink colour disappears, free fatty acid was calculated using the expression below.  

                   FFA =  
V x Na x F

Ws
  ……………………………1  

Where, V= Titre value, Na= Normality of acid. F= equivalent weight of free fatty acid, Ws = Weight of sample  

Determination Acid Value  

Determination of Acid Value was done according to AOAC method [15]. The acid value of the sample oil was 

determined by dissolving about 5.0-5.5g of the sample oil in a hot mixture of 25 ml diethyl ether and 25 mL 95% v/v 

ethyl alcohol.   
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The hot solution was neutralized with 0.1 M NaOH using phenolphthalein as indicator. The acid value was then 

determined using the equation below.  

                  Av =  
𝑀 𝑥 𝐶 𝑥 𝑇

𝑊
……………………………………2  

Where M = Molar mass of KOH (56.1), C = Concentration of KOH (0.1 M).         

Tv = Titre value, W = Weight of oil sample  

 

Determination of Viscosity  

The viscosity was determined by the Cannon-Fenske viscometer and a circulatory bath with temperature control. 

Viscosity was calculated using ASTM method D445-97[16]. The viscometer was washed and dried. The sample was 

sucked into it and was immersed into a circulatory bath set at 30°C. The time of flow of sample from upper mark to 

lower mark of the viscometer was recorded using a stop watch. The experiment was repeated thrice and the average 

flow time was recorded. This was carried out on oil before and after trans-esterification. The instrumental constant 

was obtained from the viscometer Thus viscosity of the sample was calculated using the formula below:  

Viscosity (V) = KT……………………………………….3  

Where K = Instrumental constant. T= Efflux time (s)  

 

Specific Gravity Determination  

Specific gravity was determined according to the standard method contained in ASTM D5002 [17]. The sample oil 

was poured into a vertical glass cylinder and a hydrometer was placed in the oil and allowed to be stable, the value of 

the specific gravity was taken from the marking on the stem of the hydrometer at the surface of the oil. 

Determination of Moisture Content  

The ground seed (2g) was placed in a dried and weighed crucible. The crucible with the ground seed was placed in 

the Griffin temperature adjustable oven at 110°C. Heating and weighing was carried out at intervals of 1 (one) hour 

until a constant weight is obtained. The crucible was allowed to cool, the weight and percentage (%) moisture content 

was calculated [18].  

Biodiesel Characterization  

The physical and chemical properties of the biodiesel were investigated. Unlike the use of vegetable oils in the food 

industries, the petroleum industry has its own testing protocol for product evaluation [19]. The parameters assessed 

include: viscosities, density, acid value. Hash and pour point, moisture and ash content. Density and viscosity were 

measured using ASTM standards D129S and D445 respectively. Pour and flash points was determined using the 

ASTM methods D5773 and D 93 respectively.  

Characterization of Catalysts  

Analysis of catalysts using X-ray diffraction (XRD) technique  

The X-ray diffraction (XRD) characterization of the MgO, magnetic sand and MgO-magnetic sand catalysts were 

performed on a Empyrean (Panalytical model) based generator X-ray diffractometer. The analysed material was finely 

ground to pass through 63 microns, homogenized and average hulk composition was determined.   

The powdered sample was then be prepared using the sample preparation block and compressed in the flat sample 

holder to create a flat, smooth surface that was later be mounted on the sample stage in the XRD cabinate. The sample 

was analysed using the reflection-transmission spinner stage using the Theta- Theta settings. About 20 stalling position 

was 0.00483 and ends at 75.000 with a 20 step of 0.026 at 3.57 seconds per step. Tube current was 40 mA and the 

tension was 45VA. Fixed Divergent Slit size of 1° was used and the goinometer radius was 240 mm. particle size was 

evaluated by means of Scherrer's equation [13].   
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The catalytic activities of the various solid catalyst samples were determined by using Ziziphus abyssinica seed oil 

conversion reaction to methyl esters at different temperatures varying between 45 and 65°C.  

Crystal Size Determination  

A Fityk 0.9.8 version software was used to obtain the full width at half maximum (FWHM) of the XRD peaks. The 

crystallite size was obtained using a modified Scherrer equation.  

Analysis of Bulk Chemical Composition of Magnetic Sand using X-rav Fluorescence (XRF)  

X-ray fluorescence is an important analytical technique which is generally utilized in the determination of chemical 

composition of a given sample. Magnetic sand sample was prepared by reducing the particle size to less than 63 

microns using a Tema vibrating mill. The agate motor in the mill crushes the sample before sieving it to pass through 

63 microns. Beads used for the major elemental analysis expressed in oxide weight percent was prepared by first 

drying the sample powder in an oven at 110°C for 24hrs to remove the moisture in the sample. About 5.0 g of dry 

sample powder was weighed in the silica crucible and then ignited in the furnace at 1000 oC for 2 to 3h for the 

calcinations of impurities in the sample.   

The sample was then be removed from the furnace and allowed to cool to room temperature in a desiccators. The 

ignited sample powder was then be weighed again to determine the weight of the calcinated impurities which are H2O 

and CO2. About l.0 g of the stored ignited sample powder was weighed and exactly 5 times of flux [X-ray Flux-Type 

66:34% (66.0% Lithium Tetraborate: 34% Lithium metaborate)] was added to lower the verification temperature of 

the sample powder.    

The weighed mixture was mixed properly in a platinum dish and ignited in the pre-set furnace (Eggon 2 Automatic 

fuse bead maker) at 1500 °C for l0 minutes to form glass bead. The glass bead was then slotted into the computerized 

XRl- (Epsilon 5 Panalytical model) for major elemental analysis. Trace elemental analysis was carried out using 

compressed powder pellets. These pellets were prepared by weighing 3.0 g of oven dried powdered sample and 3.0g 

flux (cellulosic- powder) added as a binder and dispersive agent, and shaking in small plastic containers for 12 minutes. 

The well mixed mixture was then be compressed by applying pressure of 1500 Kg/m2 using both manual and electronic 

compressors. The pellets were placed in the computer- programmed XRl' and the conditions for trace elemental set to 

give the result in elemental.  

 

Ziziphus abyssinica a Seed Oil and its Methyl Ester Characterization using Fourier Transform Infrared 

Spectrophotometric (FT-IR) Technique  

FT-IR is an effective analytical instrument for detecting functional groups and characterizing covalent bonding 

information. FT-1R spectrum of the biodiesel was obtained between 4000 and 400cm-1 on a KBr powder using FT-lR 

spectrometer (Nicolet AVATAR 360).  

RESULTS  

Physicochemical Analysis 

The physicochemical analysis of the Ziziphus abyssinica seed oil revealed that ash content 004%, specific gravity 

0.98, moisture content 0.07%, acid value, 4.38 mg KOH/g , free fatty acid, 2.19% viscosity, 4.93 cSt and pH value 

6.86, were presented in Table 1.   

Biodiesel Quality 

Table 2 presents the biodiesel quality parameters of physical characteristic in relation to known standard. The result 

shows that the pour point 3°C, 4°C and 6°C cloud point 8°C, 7°C and 6°C. flash point 183°C, 208°C and 241°C 

viscosity 5.4 cSt, 5.6 cSt and 5.3 cSt and pH value 8.9,8.7 and 8.9.   

Energy Dispersive X-ray 

The energy dispersive X-ray of magnetic sand revealed that silicon and potassium have the higher atomic and weight 

concentration while iron and titanium showed no concentration as presented in Table 3 The characterization results 

revealed high atomic concentration of Si (77.14%), followed by K (10.92%), Al (4.77%), Ca (1.50%), Fe (1.36%), S 

(1.11%), Ag (1.06%), P (0.66%), Mg (0.62%), Zr (0.60%) and Na (0.27%).  
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Energy dispersive X-ray of catalyst sample (MgO) obtained (Table 4) shows that magnesium has the higher atomic 

and weight concentration of 40.92 and 40.59, while titanium has the least value as shown in Table 4.4. Results revealed 

high atomic concentration of Mg (40.92 %), followed by C (36.74%), Zn (2.21%), Ca (1.89%), O (1.87%), S (1.84%), 

N (1.75%), K (1.68%), Si (1.66%), P (1.65%) Cl (1.58%), I (1.52%), Ag (1.50%), and Na (0.67%).    

Energy dispersive X-ray of mixed magnetic Sand and MgO are presented in Table 5. The characterization results 

revealed high atomic concentration of Mg (48.71 %), followed by C (28.13%), Ca (3.21%), I (2.98%), Zn (2.21%), 

Ag (2.16%), K (2.01%), O (1.98%), N (1.94%), P (1.89%) Cl (1.84%), S (1.74%), Al (1.61%), Si (1.34%) and Na 

(0.45%). Magnesium has the higher atomic and weight concentration of 48.71 and 44.33, while Zn and Fe were not 

detected.   

Table 1: Physicochemical analysis of the Ziziphus abyssinica seed oil  

Property             Value  

Ash content              0.04% 

Specific gravity             0.98  

Moisture content             0.07 % 

Acid value             4.38 mg KOH/g  

Free fatty acid             2.19 % 

Viscosity             4.93 cSt 

pH value             6.86  

 

Table 2: Biodiesel Quality Parameters   

Fuel  

Property  

MOCZAME  MSCZAME  MOMSCZAME  (ASTMD6751)  

Limit  

  

   Specification  

US  UK  

Viscosity   5.4  5.6  5.3  1.9–6.0  1.9-6.0  3.5-5.0  

Flash point 

(◦C)  

183    

208  

  

241  

  

130   

  

315-350  

  

360  

Cloud point 

(◦C)  

8  7  10  -3 – 12  -3-12   -  

Pour point 

(◦C)  

3    

4  

  

6  

  

-3 – 16  

  

-15-10  

  

-   

pH value  8.9  8.7   8.9  - - - - - -      9  9  

KEY: MOCZAME=Magnesium oxide catalyzed Ziziphus abyssinica methyl ester,                     

MSCZAM=Magnetic sand catalyzed Ziziphus abyssinica methyl ester and MOMSCZAME=  

MgO/Magnetic sand catalysed Ziziphus abyssinica methyl ester 
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Table 3: Energy Dispersive X-ray of Magnetic Sand  

Element Name     Atomic Conc.    Weight Conc.  

Silicon  77.14  69.78  

Potassium  10.92  13.76  

Aluminium  4.77  4.14  

Silver  1.06  3.69  

Iron  1.36  2.45  

Calcium  1.50  1.93  

Zirconium  0.60  1.77  

Sulfur  1.11  1.14  

Phosphorus  0.66  0.66  

Magnesium  0.62  0.48  

Sodium  0.27  0.20  

Titanium  0.00  0.00  

 

Table 4: Energy dispersive X-ray of MgO  

Element Name  Atomic Conc.  Weight Conc.  

Magnesium  40.92  40.59  

Carbon  36.74  18.01  

Iodine  1.52  7.88  

Silver  1.50  6.60  

Zinc  2.21  5.89  

Calcium  1.89  3.10  

Potassium  1.68  2.69  

Sulfur  1.84  2.41  

Chlorine  1.58  2.29  

Titanium  1.10  2.15  

Phosphorus  1.65  2.09  

Silicon  1.66  1.90  

Aluminium  1.40  1.55  

Oxygen  1.87  1.22  

Nitrogen  1.75  1.00  

Sodium  0.67  0.63  

Iron  0.00  0.00  
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Table 5: Energy dispersive X-ray of mixed magnetic sand and MgO  

Element Name  Atomic Conc. Weight Conc.  

Magnesium  48.71  44.33  

Iodine  2.98  14.16  

Carbon  28.13  12.65  

Silver  2.16  8.74  

Calcium  3.21  4.81  

Potassium  2.01  2.95  

Chlorine  1.84  2.44  

Phosphorus  1.89  2.19  

Sulfur  1.74  2.09  

Aluminium  1.61  1.62  

Silicon  1.34  1.41  

Oxygen  1.98  1.19  

Nitrogen  1.94  1.02  

Sodium  0.45  0.39  

Zinc  0.00  0.00  

Iron  0.00  0.00  

 

Fourier Transform Infrared Spectral Study 

The result of the FTIR spectra of the Ziziphus abyssinica seed oil, magnesium oxide Ziziphus abyssinica methyl ester, 

magnetic sand catalyzed Ziziphus abyssinica Methyl ester and MgO/Magnetic sand catalyzed Ziziphus abyssinica 

methyl ester presented in Figure 2, 3, 4 and 5 respectively  

Figure 6 shows the XRD spectrum of magnetic sand pattern from 0º - 70º, 2θ angle revels the nature of the sand to 

have peaks at around19.4º, 21.5º, 25º, 27º, 28º, 28.8º 37º, 40º, 40.7º, 50.7º, 55.3º 60.3, 65º and 69º are presented.  

XRD Spectral Analysis 

Figure 7 the XRD spectrum of MgO have the main peaks 2θ= 28º that the powder is crystalline and their crystalline 

was shown at 2θ = 29.3º, 34.5º, 38º, 43º,51º, 59º and 62º their diffraction peaks was shown at 2θ= 38º was presented.  

Figure 8 shows the main peaks as follows, 19.4º, 21.5º, 25º, 27º, 28º, 28.8º 37º, 40º, 40.7º, 50.7º, 55.3º 60.3, 65º and 

69º were all present in the XRD spectrum of Sand/MgO but their intensities ha significantly increased. So also, their 

broadness ware all presented.  

Figure 9 show the image of sand, SEM analysis. The size of the crystal line was measured to be 100µm with uniform 

XRD.   

Figure 10 presents the image of MgO sample SEM analysis of MgO was highly agglomerated and porous in nature 

with uniform size distribution. Sample formed a group of non-uniform crystalline particles.       

Figure 11 shows the sand and magnesium structure, sand-MgO. It has been observed that the mixture of the two 

samples caused a substantial decrease in particle size, which may obviously account for the combined nature of the 

crystalline.   

The variation of methanol to oil mole ratio on methyl yield, is shown in Figure 12. It revealed the influence of MgO, 

magnetic sand and MgO/magnetic sand catalysts on the conversion of triglycerides to methyl-esters. The catalysts 

amount was varied in the range of 1.0wt% and 5.0wt% oil is presented in Figure 12.   
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Variation of reaction temperature on methyl ester yield temperature has a profound effect on the rate at which chemical 

reactions occur. In Figure 13 was presented.  

 

Figure 14 shows the conversion of Ziziphus abyssinica oil versus reaction time. The result revealed that, the slowness 

of the reaction within short reaction time can be attributed to the presence of heterogeneous mass transfer systems as 

presented in Figure 14.   

Figure 15 shows the variation of amount of catalyst [w%] on methyl ester yield. The most notable catalyst used in 

producing biodiesel is the homogeneous alkaline catalysts this is due to their higher kinetic reaction rates was presented 

in Figure 15. 
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  Fig. 2: FT-IR spectrum of the Z. abyssinica seed oil                                          Fig. 3: FTIR spectrum of magnesium oxide catalyzed Z. abyssinica methylester   

  

 

 

 

 

      

Fig. 4: FT-IR spectrum of magnetic sand catalyzed Z. abyssinica methyl ester  Fig. 5: FT-IR spectrum of MgO/Magnetic sand catalysed Z. abyssinica methyl 

ester  
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Fig. 6: XRD spectrum of the magnetic sand                                                                  Fig. 7: XRD spectrum of MgO  

  
Fig. 8: XRD spectrum of mixed magnetic sand and MgO  
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Figure 9: SEM of magnetic sand                Figure 10: SEM of MgO                                           Figure 11: SEM of mixed magnetic sand and MgO 

  

    

Fig. 12: SEM of mixed magnetic sand and MgO                               Fig. 13: Variation of methanol to oil molar ratio on methyl ester yield  
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Fig. 14: Variation of reaction temperature on methyl ester yield         Fig 15: Variation of reaction time on methyl 

ester yield  

DISCUSSION  

The ash content of the oil (Table 1) is 0.04%. This value is considered reasonable. The specific gravity was found to 

be 0.98%. The moisture content was determined to be 0.07%. Moisture content is the amount of water contained in 

the oil sample [20]. Higher moisture content in oils leads to enzymatic reactions which affect other properties of the 

oil such as acid value, free Fatty acid and peroxide value [21]. The measure of the free fatty acid content in oil can be 

indicated by its acid value. Acid value is an indicator of the edibility of oil and its suitability for industrial use [22]. 

The acid value of the oil was determined to be 4.38% which is so much higher than that reported by Babakura et al. 

[23] (0.140%); Danbature et al. [24] and Yelwa et al. [25] (0.15mgKOH/g). The low acid value demonstrates the 

feasibility of alkali – catalyzed transesterification (Danbature et al. [24]. Free fatty acids are produced by the 

hydrolysis of oils and fats. Fatty acids are carboxylic acids with a long aliphatic which may be either saturated or 

unsaturated [25]. The free fatty acid of this oil was determined to be 2.19%. Viscosity is a resistant to flow exhibited 

by the oil [25]. The viscosity of the oil obtained to be 4.93 cSt which is within the standard of ASTMD6751 value of 

1.9-6.0. The obtained specific gravity (0.98) competes favorably with those of Canolaoil (0.9;0.92g/ml) and soybean 

(0.92;0.89g/ml) as reported by Abayeh et al. [21]. The obtained specific gravity and density are important physical 

characteristics indicative of the handling and storage of oils and fuels [18].   

Table 2 shows the physical characteristic of the biodiesels in relation to known standard. From the table, it can be seen 

that the pour point, cloud point, flash point, density and the viscosity of the biodiesel were found to be within ASTM 

D6751 standard for biodiesel specification. A similar trend was obtained from the biodiesel produced from Khaya 

senegalensis seed oil by Babakura et al. [23]. Conversely, the viscosity and pour are higher than that reported by 

Danbature et al. [24] while cloud point, and flash point are lower than those reported by same Danbature et al. [24]. 

Although, the flash point of the oil falls within the standards but it is lower than those of sunflower and rape seeds 

methyl esters (Reference?). Therefore, these biodiesels can ignite at a higher temperature than those of the other oils.  

Pour point represents the lowest temperature at which oil is capable of flowing under gravity. It is one of the important 

low-temperature characteristics of high-boiling fractions. Biodiesel were found to be within ASTM D6751 standard 

for biodiesel specification. A similar trend was obtained from the biodiesel produced from Khaya senegalensis seed 

oil [23]. Conversely, the viscosity and pour are higher than that reported by Danbature et al. [24]. The use of Zizipus 

abyssinica oil methyl esters in colder regions is limited. However, this value is also indicative of the high potential of 

this fuel as biodiesel particularly in Northern Nigeria where temperature is always above 20oC, a temperature at which 

the oil is fluid [23].  

Ash content represents the inorganic residue (minerals) remaining after ignition and complete oxidation of organic 

matter. All the biodiesel sample produced from Ziziphus abyssinica oil had ash content of 0.04% and were lower 

compared to that of crude oil which was obtained as 0.07%. The ash content describes the number of inorganic 

contaminants such as abrasive solids and catalyst residues, and the concentration of soluble metal soaps contained in 

a fuel sample [24].  
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The flash point is a general indication of the flammability. Flash points are lower than those reported by same [24]. 

Although, the flash point of the oil falls within the standards but it is lower than those of sunflower and rape seeds 

methyl esters. Therefore, these biodiesels can ignite at a higher temperature than those of the other oils. One of the 

most important characteristics of any fuel is its flash point.  Flash point is the temperature that indicates the overall 

flammability hazards in the presence of air; higher flash points make for safe handling and storage of biodiesel.  

Density is an important biodiesel parameter, with impact on fuel quality. Predicting density is of high relevance for a 

correct formulation of an adequate blend of raw materials that optimize the cost of biodiesel fuel production while 

allowing the produced fuel to meet the required quality standards. The biodiesel was found to be within ASTM D6751 

standard for biodiesel specification. A similar trend was obtained from the biodiesel produced from Khaya 

senegalensis seed oil by Babakura et al. [23]. The density of diesel oil is important because it gives an indication of 

the delay between the injection and combustion of the fuel in a diesel engine (ignition quality) and the energy per unit 

mass.  

Viscosity is the degree of a material’s resistance to flow, high viscous materials flow with great difficulty, while less 

viscous ones flow with ease. Linus et al. [26]. It causes the formation of engine deposits as it affects the atomization 

of a fuel upon injection into the combustion chamber, the higher the viscosity, the greater the propensity of the fuel to 

cause such problems. The kinematic viscosity value of the biodiesel decreases with increase in temperature [27]. The 

viscosity of the biodiesel was found to be within ASTM D6751 standard for biodiesel specification, a gradual decrease 

in viscosity was observed in the crude luffa oil and its methylesters with temperature. The result agrees with theoretical 

claims which opine that viscosity decreases with an increase in temperature.  

Electron Dispersive X-ray (EDX) is a useful technique to probe both the elemental composition of the surface of 

catalysts and the oxidation state and electronic environment of each component EDX data revealed the compositions 

of the synthesized materials from the sand, MgO and Sand/MgO. Table 3 present the compositional values obtained 

from the EDX analysis of the prepared sand. The characterization results revealed high atomic concentration of Si 

(77.14 %), followed by K (10.92%), Al (4.77%), Ca (1.50%), Fe (1.36%), S (1.11%), Ag (1.06%), P (0.66%), Mg 

(0.62%), Zr (0.60%) and Na (0.27%). This result is in different ratio has effect on chemical and physical properties. 

Recent investigation [15] shows that all types of soils have more or less complex mineralogical composition.  

A Typical EDX recorded in MgO powder is shown in Table 4. As can be seen, the powder is composed of O and Mg. 

The characterization results revealed high atomic concentration of Mg (40.92 %), followed by C (36.74%), Zn 

(2.21%), Ca (1.89%), O (1.87%), S (1.84%), N (1.75%), K (1.68%), Si (1.66%), P (1.65%) Cl (1.58%), I (1.52%), Ag 

(1.50%), and Na (0.67%).   

The characterization results revealed high atomic concentration of Mg (48.71 %), followed by C (28.13%), Ca 

(3.21%), I (2.98%), Zn (2.21%), Ag (2.16%), K (2.01%), O (1.98%), N (1.94%), P (1.89%) Cl (1.84%), S (1.74%), 

Al (1.61%), Si (1.34%) and Na (0.45%).   

The quantitative results of Mg thin films from Table 4.5 indicated that the atomic concentration for Mg increases from 

40.92 % to 48.71% this may be due to the Mg present in the Sand that happened to found itself as a result of mixing 

Sand with MgO. This also shows that the mixing ratio can be controlled. It can be seen that with increasing the size 

of the particle and the amount of Mg, the amount of C decreases from 36.74 to 28.13%. The amount of Zinc from the 

EDX of MgO was 2.21% which reduced to 0.00% in EDX of sand/MgO. The amounts of Ca increased from 1.89% 

to 3.21%, Ag increased from 1.50% in MgO to 2.16%, K increased from 1.68% in MgO to 2.01% in Sand/MgO. 

Oxygen increased from 1.87% to 1.98%, Nitrogen increased from 1.75% to 1.94%, Phosphorus from 1.68% to 1.89%, 

Cl increased from 1.68% to 1.84%, Al increased from 1.40% to 1.61%, However, Sulfur decreased from 1.84% to 

1.74%, Silicon decreased from 1.66% down to 1.34% and Na 0.67% down to 0.45%. The results of the EDX analysis 

confirm that the deposited films are very close to the nominal composition.   

FT-IR spectrometry is a rapid and precise method for identifies the main functional groups presence at both the 

optimally produced biodiesel sample and its parent waste vegetable oil [25]. The most characteristic absorption peaks 

of the vegetable oil were indicated in Figure 2. The sharp peaks observed at 2862.46 cm -1 and 2916.47 cm-1 are 

characteristic of C-H stretches associated with the methane hydrogen atoms. The band at 1743.971 cm-1 was assigned 

to the C = O stretching of saturated ester [25]. The band at 1450.52 cm-1 corresponds to the characteristics of C-H of 
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alkane bending vibration and the band at 1149.61 cm-1 was attributed to the C-O bond stretching [25]. The absorption 

peak appearing at 717.54cm−1 is representative of-CH2.  

Figure 3 showed the IR spectra of magnesium oxide catalyzed Zizipus abyssinica methyl ester in this spectrum a 

dominant band at 3309.96 cm−1 is due to the O-H stretching vibration, antisymmetric stretching vibration at 2955.04 

cm−1 and 2823.88 cm−1 were also due to - CH3 and - CH2 which is similar to one detected by [25]. The C=O stretching 

vibration associated with acetate groups with a molecular vibration at 1743.71 cm−1 was detected and complemented 

by one intense peaks at 1454.61 cm−1 due to the -CH3 bending vibration [25]. The peaks appearing at 1427.37 cm−1 

which is the methyl (- CH3) ester group (COO-CH3) and another intense peak was detected at 1026.16 cm−1 which 

correspond to the asymmetric stretching mode of - C - O- C- of ester groups [25].  

Figure 4 showed a peak at 3325.39 cm−1 which is due to the presence of O-H stretching vibration, intense peaks at 

2962.76 cm−1 and 2823.88 cm−1 correspond to the - CH3 and - CH2 anti-symmetric stretching vibration similar to the 

one obtained by Yelwa et al., 2017. A molecular vibration at 1790 cm−1 is an indicative of C=O stretching vibration. 

Intense peaks at 1454.61 cm−1 due to the -CH3 bending vibration [25]. The peaks appearing at 1419.66 cm−1 which is 

the methyl ester group (CO-O-CH3) and another intense peak was detected at 1018.45 cm−1 according to the 

asymmetric stretching mode of - C - O- C- of ester groups [25].  

Figure 5 showed a dominant band at 3309.96 cm−1 that is due to the O-H stretching vibration, different intense peaks 

at such as the doublet of the - CH3 and - CH2 anti-symmetric stretching vibration at 2962.76 cm−1 and 2823.88 cm−1 

were also detected [25]. C=O stretching vibration associated with acetate groups with a molecular vibration at 1705.13 

cm−1 was detected and complemented by one intense peaks at 1419.66 cm−1 due to the -CH3 bending vibration [25]. 

The peaks appearing at 1419.66 cm−1 which is the methyl ester group (CO-O-CH3) and another intense peaks was 

detected at 1026.16 cm−1according to the asymmetric stretching mode of - C - O- C- of ester groups [25]. Figure 6, 7 

and 8 depict the XRD patterns of the magnesium oxide, magnetic sand and magnesium oxide and magnetic sand (sand, 

MgO and sand/MgO). The XRD results are represented as A, B, and C. The XRD patterns from 0º - 70º, 2θ angle 

revealed the nature of the sand to have peaks at around 19.4º, 21.5º, 25º, 27º, 28º, 28.8º 37º, 40º, 40.7º, 50.7º, 55.3º 

60.3, 65º and 69º and the main peak at 2θ= 28º.   

The XRD spectrum of MgO powder at room temperature. From the peak width, it can be inferred that the powder is 

crystalline. The X-ray diffraction pattern of MgO consist of the main diffraction peaks at around 2θ = 29.3º, 34.5º, 

38º, 43º,51º, 59º and 62º), and the main peak at 2θ= 38º, this result is in agreement with the standard XRD of MgO 

reported by Edeh et al. [28]. The XRD patterns of sand/MgO catalyst. From the XRD spectrum of the sand sample it 

was observed that the peaks at around 19.4º, 21.5º, 25º, 27º, 28º, 28.8º 37º, 40º, 40.7º, 50.7º, 55.3º 60.3, 65º and 69º 

were all present in the XRD spectrum of Sand/MgO but their intensities has significantly increased; So also, their 

broadness.  

The SEM image of magnesium oxide, magnetic sand and magnesium oxide and magnetic sand (sand, MgO and 

sand/MgO) particles are shown in Fig. 9, 10 and 11. SEM analysis was remarkable method for showing the surface 

morphologies of solid materials. The sample A, B and C observed to have a definite morphology with a crystal 

structure (aligning with XRD pattern obtained), and the size of the crystalline was measured to be 100µm with a 

uniform distribution. It can be observed that there was a good dispersion from all the images from the samples.  A 

closely and neatly packed spherical granule was found in the sand (A). It is observed that the (B) MgO were highly 

agglomerated and porous in nature with uniform size distribution. Sample B and C formed a group of non-uniform 

crystalline particles. C) Shows the sand and magnesium structure change from MgO to sand-MgO. It has been 

observed that the mixture of the two samples caused a substantial decrease in particle size, which may obviously 

account for the combined nature of the crystalline.    

The conversion of Ziziphus abyssinica oil in the presence of the catalysts exhibited a strong dependence on the 

methanol to oil ratio. When the methanol loading amount was increased, the conversion was increased considerably. 

The maximum conversion of all three catalysts was obtained at a molar ratio of 15:1. As shown in Figure 12 which is 

catalyzed by heterogeneous catalysts. The most notable catalyst used in producing biodiesel is the homogeneous 

alkaline catalyst. The choice of catalysts is due to their higher kinetic reaction rates. However, because of high cost of 

refined feedstocks and difficulties associated with use of homogeneous alkaline catalysts to trans esterify low quality 

feedstocks for biodiesel production, development of various heterogeneous catalysts is now on the increase [29].  
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Temperature has a profound effect on the rate at which chemical reactions occur. Figure 13 shows how Ziziphus 

abyssinica methylester yield increased with increase in temperature. The MgO/ magnetic sand catalyst gave the highest 

yield followed by MgO and lastly magnetic sand at 65°C. higher reaction temperature increases the reaction rate and 

shortened the reaction time due to the reduction in viscosity of oils [30]. Insufficient amount of catalyst leads to the 

incomplete conversion of triglycerides into fatty acid esters [30].  

Figure 14 shows the conversion of Ziziphus abyssinica oil versus reaction time. The slowness of the reaction within 

short reaction time can be attributed to the presence of heterogeneous mass transfer systems [13]. The conversion was 

low at first 3 hours. However, it can be seen that the conversion for these three catalysts were increased gradually after 

4hours of reaction time. The MgO/ magnetic sand catalyst showed the highest conversion in shorter time as compared 

to MgO and magnetic sand. Heterogeneous catalysts are environmentally friendly, economical and have high chance 

for heat integration [31]. longer reaction time leads to the reduction of end product (biodiesel) due to the reversible 

reaction of transesterification resulting in loss of esters as well as soap formation [32].  

Figure 15 showed the biodiesel production is widely conducted through transesterification reaction, soap formation 

(saponification) leads to the loss of catalyst and decreasing yields in the reaction products, and the greater the amount 

of soap formation, the greater the consumption of oil. The loss of catalyst also reduces its reuse potential. Soap 

formation was determined after the conversion of oil to biodiesel, the biodiesel conversion as a function of the catalyst 

concentration and reaction time [33]. When the concentration of catalyst is increased with oil samples, the conversion 

of triglycerides into biodiesel is also increased. Catalyst concentration above 5% the conversion starts within a short 

time and then stabilizes. The best results were obtained when 5% of catalyst concentration was used [33].  

CONCLUSION     

The finding of this study revealed that, the magnetic sand obtained at a random from Gadabull river was found to 

exhibit catalytic activity in the conversion of Ziziphus abyssinica seed oil to its methyl-ester as further proved by FT-

IR analysis. A discovery such as this is indeed an addition to the indigenous catalysts that are cheap and easily 

accessible. The finding also shows that the pour point, cloud point, flash point, density and the viscosity of the 

biodiesel were found to be within ASTM D6751 standard for biodiesel specification hence the used of this plant in 

the production of biodiesel get scientific backing. Likewise, the temperature, amount of catalyst and reaction time has 

effect on the yield of biodiesel.  
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