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ABSTRACT 

Waste milk fat from dairy industry was collected and oil was separated. Synthesised nano MgO was used as a catalyst and 

characterization studies was done using TEM, XRD and TGA analyses. The transesterification in the presence of the catalyst proceeded 

with a maximum yield of 97.3% under optimized conditions [0.5% (w/w) MgO, methanol/oil molar ratio 6/1, reaction time 45 min, 

reaction temperature 60 °C, and stirring rate 250 rpm]. Thus, MgO is an effective catalyst for transesterification of waste milk fat. The 

results indicated that transesterification reaction is of first order rate reaction. 
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INTRODUCTION 

Biodiesel is an alternate fuel that's created by the transesterification of vegetable oils or animal fats with alcohols, like methyl 

alcohol and ethyl alcohol. Biodiesel, that is defined because the mono alkyl esters of fatty acids, has no aromatics, high biodegradability 

and low SOx and particulate matter content. Biodiesel in addition has properties almost like those of petroleum-based diesel and will 

be used in typical diesel engines without modification (Demirbas, 2003; Lin et al., 2006; Ma and Hanna, 1999; Van Gerpen, 2005). The 

cost of biodiesel is around 1.5 times more than that of fossil fuel diesel. this can be attributable to the utilization of vegetable oils for 

the production of biodiesel, that led to the search for different sources of biodiesel like waste grease, waste oil, waste animal oil, farm 

waste scum oil (Yan et al., 2012, Lertsathapornsuk et al., 2008, Chakraborty and Sahu, 2014, Sivakumar et al., 2011). The cost also can 

be reduced by increasing biodiesel yields. Parameters such as type of catalyst, quantity of catalyst, reaction time, reaction temperature, 

alcohol to oil ratio, and stirring speed are vital in biodiesel production. The production of biodiesel is typically accomplished by 

transesterifcation within the presence of either acids or bases, like vitriol or caustic soda (Deng et al., 2010). The chemical process 

efficiency of base catalysts is higher than that of acid catalysts; however, attributable to the particular proven fact that crude oils and 

fats contain very little amounts of free fatty acids (FFAs) or water, use of homogeneous basic catalysts will result in the formation of 

soap and a decrease in biodiesel yield (Ma and Hanna, 1999; Kawashima et al., 2008). The typical downside could be a profusion of 

the waste water, which is attributable to the purification to scrub the homogeneous catalyst off the crude biodiesel with water. And 

besides, emulsification of biodiesel happens throughout the purifying operation, which causes not only obstruction of the strategy 

operation but also loss of biodiesel. Moreover, removal of these homogeneous catalysts after reactions is difficult. Compared with 

homogeneous basic catalysts, heterogeneous catalysts will avoid saponification of FFAs, and are simply separated from product 

mixtures. Examples include Mg-Al hydrotalcites (Deng et al., 2011), K2CO3/γ-Al2O3 (Liu et al., 2010), TiO2-MgO (Wen et al., 2010), 

Zr-La oxides (Sun et al., 2010). Although a number of those catalysts may be used for an improved biodiesel yields, they will operate 

only at high temperatures, need long reaction times, sensitive to wetness and high in cost. 

MATERIALS AND METHODS 

Dairy waste scum was collected from scum removing tank of the effluent treatment plant in a fresh condition. It was processed 

immediately to avoid further biological actions which in turn increase free fatty acid (Sivakumar et al., 2011). Scum is turbid white and 

semi-solid in texture. Collected scum was heated to the temperature of 50-60 °C to melt into liquid condition. It was then centrifuged 

to remove unwanted suspended materials and waste water. The top layer was then heated to the temperature of 110 °C until the oil 

becomes substantially anhydrous for transesterification (Wright et al., 1944). Oil yield from scum was 60-70%. The acid value of dairy 

waste scum oil was less than 2 mg of KOH g-1. Magnesium nitrate, oxalic acid, dehydrated methanol, acetic acid (99.5%), and acrylic 

acid (98%) were purchased from Merck. Glycerol (99.9%) was obtained from Sigma-Aldrich (Shanghai, China). Deionized water was 

used in all experiments. 

Synthesis of MgO nanoparticles: First, 200ml solutions of Mg(NO3)2.6H2O and (COOH)2.2H2Owere separately ready in ethyl alcohol 

and used as precursor materials for MgO nanoparticle synthesis. The Mg(NO3)2.6H2O solution was mixed drop wise into the 

(COOH)2.2H2O solution with vigorous magnetic stirring and kept vigorously stirred for 12 h. the solution was after dried at 100 °C for 

24 h. The reaction scheme of the precursor mixture will be expressed by eq. (1). The dried reaction mixture was ground and sieved 

through a 270-mesh screen to urge the MgO nano-crystal powders. The oxidization was performed for 2 h in air flowing beneath air 

pressure and cooled at a rate of 10 °C/min. The reaction of the oxidization step is given in eq. (2). 

Mg(NO3)2.6H2O + (COOH)2.2H2O→ MgC2O4.2H2O + 2HNO3 +6H2O --------(1) 

MgC2O4.2H2O + 0.5O2 → MgO + 2CO2 +2H2O -------(2) 

Biodiesel production: Synthesised nano MgO was firstly dehydrated at 200 °C for 20 min, then calcinated at 600 °C for 2 h, and finally 

triturated and passed through a 200 mesh sieve as catalyst for biodiesel production. The transesterification of waste milk fat to biodiesel 

was carried out in a 250 mL three-necked round-bottom flask equipped with a mechanical stirrer and a water-cooled condenser. The 

flask was loaded with 30 g of waste milk fat, heated to the desired temperature (e.g., 60 °C), and the desired amount of methanol and 

catalyst without preheating were added to start the transesterification with stirring for the desired reaction time. The heating time was 

considered negligible compared with reaction time (e.g., 60 min). After completion of the reaction, catalyst and excess methanol were 

recovered by centrifugation at 5000 rpm for 15 min and distillation, respectively. 
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Product analyses: X-ray diffraction (XRD) patterns were obtained with the CuK radiation (= 1.5418Å) which identified the phase(s) 

and gave the average crystal size of the catalysts. Biodiesel was analyzed with a gas chromatography (CLARUS 680, Perkin Elmer) 

equipped with a capillary column Rtx-Wax (30 m x 0.25 mm x 0.25 µm) and a flame ionization detector. Samples (1 µL) were injected 

at an oven temperature of 220 °C. Helium was used as carrier gas. The temperatures of injector and detector were 250 °C and 260° C, 

respectively. An internal standard (heptadecanoic acid methyl ester) was used for quantitative analyses. 

RESULTS AND DISCUSSION 

 
Figure 1. XRD pattern of MgO nanoparticles 

Sample of MgO nanoparticles from the calcining process of 600 °C for 2 h were further used. The X-ray diffraction pattern of 

the supported MgO nanocatalysts is shown in Fig. 1. From the characteristic peaks, only the peaks corresponding to MgO are present. 

5 different peaks were obtained for MgO nanoparticles. Peaks obtained at 2θ values namely 20.09°, 28.35°, 52.64°, 67.56° and 72.58° 

are associated with (111), (200), (220), (311) and (222) lattices respectively. 

TEM image confirms the elongate shape of MgO nanoparticles. This shape is due to the formation of intermediates such as 

magnesium oxalate. Similar particles were obtained by Rakmak et al. The particle size MgO is ranging from 10 nm to 30 nm. Catalyst 

having such a nano-size will show a better catalytic activity in biodiesel production. 

 
Figure 2. TGA plot for MgO nanoparticles 

From the TGA plot obtained for MgO nanoparticles, thermal stability of synthesized nanoparticle was studied. Until the 

temperature 250 °C there was no weight loss observed. After that there was a gradual decrease of 12% in weight of MgO. This weight 

loss is due to the magnesium carbonate present in the sample. When the temperature was further increased till 600 °C there was no 

weight loss of the sample. This shows that the synthesized nano MgO has good thermal stability. 

Biodiesel production 

Catalyst optimization: The amount of alkali catalyst MgO used affects the conversion efficiency of the process. The catalyst amount 

is varied in the range of 0.3-1 wt.% for six different values (0.3, 0.5, 0.7, 0.8, 0.9 and 1 wt.% MgO). It is noted that during the present 

experiments, the excess addition of MgO increased the yield. The Optimum was achieved using 0.5 wt.% of MgO, which produced an 

91% yield of transparent ester.  

Reaction temperature optimization: With increase in temperature the conversion takes place at a quicker rate. The optimum 

temperature for the reaction is found to be within the range of 60 °C. Maximum yield of 93.1% esters occurred at this temperature 60 

°C. This result clearly shows that the speed of the reaction was powerfully influenced by temperature. But there was a small decrease 

in yield after 60 °C because of the enhancement of transesterification and saponification reaction. The necessity of higher temperature 

in yield was because of difference in raw feed stock oil. 

Reaction time optimization: It has been determined that the ester yield will increase with the rise in reaction time. The dependency of 

reaction time was studied at completely different time intervals starting from 20-70 min. Results obtained from the present experiments 

with oil discovered that concerning 45 min of reaction are sufficient for the completion of the esterification. The utmost yield of 95.3% 

happens at 45 min. the increase in reaction temperature accelerates the reaction rate and shortens the reaction time. 

Alcohol optimization: The molar ratio of alcohol to waste milk fat is one in all the vital factors that have an effect on the conversion 

efficiency further as production cost of bio-diesel. The conversion efficiency is defined because the yield of the method portrayed in 

terms of weight proportion. Molar ratio is that the ratio of number of moles of alcohol to number of moles of glycerides within the oil. 

In theory, transesterification reaction needs 3 moles of alcohol for every mole of oil. However, in practice the molar ratio ought to be 

beyond that of stoichiometric ratio in order to drive the reaction towards completion. The methyl alcohol of regarding 25-150% excess 

was studied. The utmost conversion efficiency is achieved at the molar ratio of 6:1. The methyl ester yield achieved in 45 min is 97 

when the methyl alcohol was 100% excess (6:1, Methanol:Oil). 
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Stirring optimization: Stirring is extremely necessary within the transesterification reaction, as oils or fats are immiscible with MgO-

methanol solution. Once the two phases are mixed and also the reaction is started stirring is not any longer needed. Methanolysis is 

conducted with completely different rate of stirring like 150, 200, 250, 300, 350 and 400 revolutions per minute. The reaction is 

incomplete at the speed of 150-200 revolutions per minute and rate of blending was insignificant for methanolysis. The yield of bio-

diesel at 250 and 300 revolutions per minute was same after 45 min i.e. 97.3%. The optimum of 250 revolutions per minute is 

recommended. Reaction time is that the dominant issue for decisive the yield of methyl esters. This means that the stirring speed 

investigated exceeds the edge demand on intermixture. 

Kinetics of transesterification of waste milk fat: The kinetic studies of transesterification of waste milk fat have been carried out at 

the optimum conditions of temperature, catalyst concentration and stirring speed. The whole reaction is assumed to proceed as first 

order reaction as a function of concentration of ME. The rate constant of the reaction can be determined based on the increased amount 

of the product that occurs in some reaction time interval. In this work, the increased amount of one reactant that is ME was chosen. 

Accordingly, the kinetics of transesterification has been studied with respect to % ME yield as a function of time. Therefore the first 

order rate constant of the reaction can be expressed by Eq. (3). 

𝑅𝑎𝑡𝑒 = −
𝑑(𝑀𝐸)

𝑑𝑡
    --------(3) 

where (ME ) represents the %ME yield. 

𝑙𝑛
(𝑀𝐸𝑡)

𝑀𝐸0
= 𝑘𝑡 

or 

𝑘 =
ln(𝑀𝐸𝑡)−ln(𝑀𝐸0)

𝑡
    --------(4) 

If the slope of ‘ln k’ vs ‘1/T’ is a straight line then the assumption that are taken for the reaction, i.e., first order are going to be correct. 

Using Eq. (4), the reaction rate constant under optimum conditions of temperature, catalyst concentration, methyl alcohol and rate of 

stirring, has been computed as 0.092475 min-1 for transesterification reaction. Further, a plot of dME/dt vs yield using log graph gives 

straight line for transesterification reaction as shown in Fig. 3 which indicates that the transesterification reaction is of first order. This 

additionally indicates that the speed of reaction varies linearly with yield. The slope of straight line for transesterification is given by 

Eq. (5) which indicates that rate of reaction varies linearly with yield. 

 
 

Figure 3. Plot of reaction rate vs yield on logarithmic graph 

(%) for transesterification of waste milk fat 

Figure 4. Plot of Arrhenius equation (ln k v/s 1/T) 

 

For transesterification: 

ln
𝑑𝑀𝐸

𝑑𝑡
= −0.834 ln(𝑀𝐸) + 3.942(𝑅2 = 0.9682)    --------(5) 

The slope of the straight line in Fig. 3 was found as -0.834 with a value of R2 of 0.9682 indicating that the data collected is 96.82% 

accurate for transesterification reaction. 

Determination of activation energy: Activation energy is calculated through Arrhenius equation which includes activation energy 

‘Ea’ and frequency factor ‘A’, given below: 

𝑘 = 𝐴𝑒−𝐸𝑎/𝑅𝑇    --------(6) 

Where, R the universal molar gas constant and T is the temperature (K). Since the activation energy is dependent on temperature and 

therefore the rate constants at any temperature (within the validity of the Arrhenius equation) can be computed using Eq. (7): 

ln 𝑘 = ln𝐴 − 𝐸𝑎/𝑅𝑇    --------(7)  

Eq. (7) is a linear equation and therefore a plot of ln k and 1/T is given in Fig. 4 also validates the first order of the reaction. Activation 

energy (Ea) has been calculated using Fig. 4 which is 80,589.27 J/mol. A number of investigators studied the kinetics of supercritical 

transesterification at various temperatures and pressures and reported that reaction rate constants increase with increase in temperature 

(Kusdiana and Saka, 2001) while the present study was carried out at an optimum temperature of 60 °C for transesterification under 

optimum conditions of concentration, methyl alcohol to oil ratio, temperature, rpm, etc. under atmospheric pressure conditions. This 

can be first study of straightforward transesterification dynamics carried out at pre-determined temperature and atmospheric pressure 
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the speed of reaction of transesterification was studied with respect to % ME yield. The simple heterogeneous catalysed 

transesterification of waste milk fat for biodiesel production has also been reported for the first time. 

CONCLUSIONS 

The optimum transesterification conditions were determined to be 0.5% (w/w) catalyst, a 6:1 ratio of methanol and oil, a 

reaction time of 45 min, a reaction temperature of 60 °C and a stirring rate of 250 rpm. These conditions are similar to those reported 

previously (Guo et al., 2010; Xiu and Guo, 2010). A yield of 97.3% was achieved when nano MgO was used as a catalyst and the 

reaction follows first order kinetics. 
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