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ABSTRACT 

This study optimized the chemical reaction of Jatropha curcas methyl ester with ethylene glycol 

(EG) as a polyol using a central composite design involving 20 experimental runs. The effects 

of temperature (100–160 oC), reaction time (1.0–5.0 hours) and molar ratio of EG to fatty acid 

methyl ester (biodiesel) (2:1–5:1) under vacuum conditions were studied. The results revealed 

that the optimum conditions for biolubricant synthesis were a temperature of 130oC, reaction 

time of 3.0 hours and molar ratio of 3.5:1. The corresponding percentage yield of biolubricant 

was 88.74%. The quadratic model could adequately predict the biolubricant yield, with a co-

efficient of determination (R2) of 0.9960. The biolubricant produced was consistent with the 

ASTM D 445 standard for automobile transmission lubricant. 
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1.0 INTRODUCTION 

The depletion of the global crude oil reserve, high crude oil consumption rate, increase in 

petroleum prices, and conservation-related issues have aroused interest in the utilization of bio-

based materials. Thus, developing renewable, biodegradable, and environment-friendly 

industrial fluids, such as biodiesel, biolubricants and other bio-based fuels is vital (Sadiq et al. 

2018).  

Fossil fuel in the form of crude oil accounts for 97.6% of energy consumed in the transportation 

sector (Bilal et al. 2013). Given the expected depletion of fossil fuels and the environmental 

problems associated with the burning of fossil fuels, several researchers have investigated the 

possibility of using alternative fuels, among which biodiesel is very promising (Hossain and 

Mazen 2010). According to the International Energy Agency (IEA) report (2007), the world 

will need 50% more energy by 2030 of which 45% will be accounted for by China and India. 

Biolubricant has numerous advantages, including renewability, biodegradability, and lower 

gaseous emission profile and thus can supplement or replace conventional lubricants. 

Lubricants have been classified into mineral oil lubricant and biolubricant, according to their 

sources (Said et al. 2014). Mineral oil lubricants are obtained from crude oil and are 

environmentally harmful. Synthetic or animal fat lubricants can replace petroleum-based 

lubricant. However, owing to the favorable physical properties of lubricants derived from 

vegetable oil, they have received greater attention. Biobased lubricants possess high lubricity 

and much lower friction than petro-based lubricants. Furthermore, the high flash points of 

biobased lubricants make them effective in high-temperature environments, as they are less 

prone to evaporation or dissipation. They also have relatively stable viscosity indexes and are 

thus useful over a large temperature range. Moreover, biobased lubricants are generally derived 

from vegetable oils and are processed via clean and pollution-free methods, and their non-

toxicity and biodegradability ensures easy disposal, unlike petroleum-based lubricants. The 

above-mentioned properties make biobased lubricants attractive alternatives to petroleum-

based lubricants. The demand for environmentally compatible lubricants, particularly in areas 

where lubricants come into contact with water, food or people, is increasing (Heikal et al. 

2017). 

Biolubricants are generally produced via a transesterification reaction between fatty acid 

methyl esters (FAMEs) and polyhydric alcohol. Transesterification reaction may be conducted 

with an acid catalyst, a base catalyst or an enzyme (Ayoub et al. 2016). Numerous studies have 

been conducted on the transesterification reaction of vegetable oil methyl esters with ethylene 

glycol (EG) as the polyol. However, model-based studies in this area are few. 

Jatropha curcas is a non-edible plant available worldwide and famous for its medicinal usage 

as a laxative. Moreover, it has great potential as feedstock for biodiesel and biolubricant 

production  (Van Gerpen 2005). The oil is considered non-edible oil owing to the presence of 

toxic esters (Ozor et al. 2014), and it has high survival rate in any season in the temperate 

region. Thus, it can be used as low-cost feedstock for fuel oil and its derivatives, with no 

competition with food uses (Ayoub et al. 2016). Plant oil-based lubricants can be attractive to 

global consumers because of their environmental benefits and renewable sources. 

https://www.sciencedirect.com/topics/engineering/transesterification
https://www.sciencedirect.com/topics/engineering/fatty-acid-methyl-ester
https://www.sciencedirect.com/topics/engineering/fatty-acid-methyl-ester
https://www.sciencedirect.com/topics/engineering/polyols
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Petroleum-based lubricants are widely used. However, their non-biodegradable properties have 

been a critical environmental concern (Walters and Walters 2006). Thus, developing lubricants 

from non-fossil sources is important; however, most vegetable oils exhibit poor flow, 

cloudiness and solidification at cold temperatures (Ajithkumar, 2009). Jatropha oil has been 

used in biodiesel and biolubricant production. Tiwari et al. (2006) prepared a lubricant from 

Jatropha oil by esterification and transesterification processes. Given the above interesting 

properties of Jatropha curcas seed oil, this study investigated the optimization of biolubricant 

production from FAME derived from Jatropha curcas with a homogeneous catalyst via 

response surface methodology (RSM) using a central composite design (CCD) with three 

independent variables (temperature, reaction time and EG-to-FAME ratio). RSM is a collection 

of statistical and mathematical techniques used for modelling and analyzing problems in which 

several variables influence a response of interest (Ba and Boyaci 2007). 

2.0 METHODOLOGY 

Jatropha oil and EG (99.5% pure, produced by JHD, Shatou, Guondghuo, China) were 

purchased from a local chemical store in Benin City, Edo State. Sulphuric acid and Sodium 

hydroxide obtained at the highest purity were produced by CDH, New Delhi, India. A Pensky 

Martins SYD-261 flash point tester was used. The FTIR-8400S instrument (Shimadzu, Japan) 

was used for Fourier-transform infrared (FTIR) spectroscopy measurements. 

2.1 Experimental procedure 

Jatropha seed oil was extracted from Jatropha seeds using a 500 ml Soxhlet Apparatus 

assembled on a heating mantle. First, 500 g of seeds was sun-dried for 24 h to reduce moisture 

content. The dried seeds were then ground to very small particles with table top manual 

mechanical grinder. Afterward, 100 g of the ground seeds was charged into the Soxhlet 

apparatus assembled on a heating mantle. The extraction process was conducted with n-hexane 

as the solvent and was allowed to reflux several times for maximum extraction of oil. This 

procedure was repeated 10 times until oil was extracted from the whole ground seeds. The 

extracted oil was recovered from the hexane-oil mixture via distillation and then oven-dried. 

The oil was then characterized to obtain its physical and chemical characteristics, including 

acid value, free fatty acid (FFA) concentration, peroxide value, iodine value, specific gravity 

and viscosity, using standard methods of analysis approved by the American Society for 

Testing and Materials (ASTM). 

2.2 Synthesis of FAME 

Jatropha oil was esterified to form FAME (biodiesel). First, exactly 1000 g of Jatropha oil, 

25wt% of methanol, and 1.0 wt% of H2SO4 as a catalyst was poured into a 1000 ml round-

bottom flask reactor equipped with a condenser and heated up to 60°C for 90 min. 

The product from the reactions was poured into a 500 ml separating funnel and allowed to stand 

overnight, after which it settled into two distinct layers of biodiesel and glycerol. After 

maximum separation, the crude biodiesel was washed with warm distilled water for separation 

and purification (Atadashi et al. 2011). Biodiesel was oven-dried at 105°C for 180 min to 

eliminate any moisture and then characterized using ASTM standard methods (D6751) for 

flash point, density, and viscosity determination. 
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2.3 Synthesis of biolubricant from Jatropha-derived FAME 

Biolubricant was synthesized from Jatropha-derived FAME as described by  Ocholi et al. 

(2018), but with some modification. A batch experimental setup comprising a double-necked 

1000 ml flat bottom flask, reflux condenser and constant-temperature magnetic stirrer was 

used. 

A batch transesterification was performed at predetermined conditions: EG:FAME [2:1–5:1], 

temperature [100–160 oC], and time [1.0–5.0 h] in a 50 mL three-necked round-bottom flask 

equipped with a reflux condenser, thermometer, and magnetic stirrer. Predetermined amounts 

of EG and FAME were added to the flask according to the respective EG:FAME molar ratio, 

and the resulting mixture was heated to the desired temperature. A required amount of NaOH 

(1 wt% of the EG:FAME mixture) as catalyst was then introduced into the reaction mixture as 

a catalyst, and the mixture was allowed to react for varying times (1.0–5.0 h). Afterward, the 

product mixture was cooled to room temperature in an ice bath and filtered to separate the solid 

catalyst from the liquid mixture (i.e., biolubricant stock). 

2.4 Design of experiment 

The synthesis was optimized using a three-factor CCD in Design Expert version 11.0. Each 

variable to be optimized (reaction temperature, EG-to-biodiesel (BD) molar ratio, and time) 

was coded at three levels: −1, 0, +1. The variables and corresponding ranges were as follows: 

reaction temperature (T): 1.0–5.0oC; EG-to-BD molar: 2:1–5:1; and time (t) (1.0–5.0 h), and 

the biolubricant yield was the response. The experimental design involved 20 runs. 

Experimental observations from the reaction process were analyzed and fitted using a second-

order polynomial quadratic model. Analysis of variance (ANOVA) and response surface plots 

were generated by Design Expert. The optimized value of the independent variables for 

optimum response was determined via numerical optimization.   

The physical and chemical properties of biolubricant, including density, dynamic viscosity, 

viscosity index and acid number, were analyzed. Density was determined with a 50 ml 

pycnometer according to ASTM D1217. Kinematic viscosity at 30oC to 100oC was determined 

with a rotary viscometer according to ASTM D445. The viscosity index was calculated 

according to ASTM D2270, and acid number was determined via titration according to ASTM 

D974. 

The biolubricant was analyzed using an FTIR spectrometer (Shimadzu Prestige 6400) to 

determine its functional group according to wavelength. The compounds formed in the product 

can be verified through comparison with functional groups in the related references. Basically, 

the FTIR analysis was conducted to prove that the reaction successfully produced the 

biolubricant. 

3.0 RESULTS AND DISCUSSION 

Jatropha seed oil was analyzed, and the results are presented in Table 1. The amount of FFA 

in the oil was found to be 27%. A high FFA content reduces catalyst effectiveness and 

production yield; the recommended FFA content in Jatropha seed oil is ≤1wt% (Kawentar and 

Budiman 2013; Jain and Sharma 2010). The saponification value (238 mg KOH/g) was slightly 

https://www.sciencedirect.com/topics/engineering/transesterification
https://www.sciencedirect.com/topics/engineering/magnetic-stirrer
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high owing to the fatty acid composition (9.0%), which and also affected the iodine value 

(Ariharan et al. 2013). 

 

Table 1. Results of Jatropha seed oil analysis 

Properties Unit Value 

Acid value  mgKOH/g 10.532 

Saponification value  mgKOH/g 238 

FFA content  % 5.266 

Water content  wt% 0.21 

Peroxide value  Meq/kg 9.4 

Iodine content I2g/100g 108.4 

Flash point  oC 186 

 

3.1 Properties of Jatropha-derived biodiesel and biolubricant 

The purified biodiesel was characterized according to ASTM D6751. ASTM identifies the 

parameters that pure biodiesel (B100) must fulfil before it can be used as a pure fuel or blended 

with diesel fuel (Silitonga et al. 2013). All of the biodiesel and biolubricant values obtained in 

this study were within the test limits (Tables 2 and 3). 

 

Table 2. Physicochemical properties of Jatropha seed oil methyl ester 

Properties measured Values obtained Standard ASTM values 

(D6751) 

Density @ 30oC (g/ml) 0.87 0.88 

Kinematic viscosity @ 30oC (mm2/s) 4.97 1.9–6.0 

FFA (%) 0.17 NA 

Flash point (oC) 133 100–170 

Calorific value (MJ/kg) 40.41 35> 

Note: NA: Not Available. 

Table 3. Physicochemical properties of obtained biolubricant 

Properties measured Values obtained 

Density (g/cm3 at 30 oC)  873 

Viscosity (mPa.s at 30 oC)  60.04 

Viscosity (mPa.s at 100 oC) 8.75 

FFA (%) 0.15 

Pour point (oC) -1.07 

Flash point (oC)  222 

 

3.2 Analysis of Jatropha biolubricant composition 

The FTIR spectrum of the biolubricant (Figure 1) exhibited absorption in the range from 3377.0 

cm-1 to 723.1 cm-1 (Figure 5.4). The spectrum exhibited a sharp and long peak in the range of 

4000–3700 cm-1, corresponding to hydroxyl group (-OH) without hydrogen bonding. The IR 
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spectrum exhibited a broad peak in 2643–1707 cm-1, corresponding to acidic group (3233.2 

cm-1 and 2363.4 cm-1 for carboxylic acids), and 3140.2 cm-1, corresponding to alkynes.  

A sharp peak at 1558 cm-1 indicated the presence of (C = C) group in the compound. The sharp 

peak at 723 cm-1
 indicated a C = C group with a cis geometry. The sharp peaks at 1244.9 and 

1084.7 cm-1 respectively indicated the presence of –C = O (esters) and >C - O (ethers) groups 

in the compound. Moreover, the peak at 2922 cm-1
 corresponded to aliphatic C-H stretching, 

and those at 1220–1017 cm-1 corresponded to the O-CH3 group. 

 

 

Figure 1. FTIR spectrum of synthesized biolubricant 

Table 4. FTIR spectrum analysis of Jatropha-derived biolubricant 

Wavenumber (cm-1) Intensity Functional Group Compound 

1558.02722 Strong C = C Stretching Cyclic alkene 

3004.23430 Strong broad O = H Stretching Carboxylic acid 

3376.96808 Strong sharp O = H Stretching Alcohol 

879.65173 Strong C = H Bending 1,2,4– trisubstituted 

1244.93084 Strong C–O Stretching Alkyl aryl ether 

1457.38909 Medium C = H Bending Alkane  

723.10354 Strong C = C Stretching Akene cis disubstituted 

1084.65531 Strong C–O Stretching Primary alcohol 

1170.38408 Strong C–O Stretching Ester 

1736.93943 Strong C = O Stretching Aldehyde 

Note: Data are based on the National Standard Reference Data Series, National Bureau of 

Standards (NSRDS-NBS) 

The FTIR spectrum region comprised blending and stretching peaks. Broad and sharp peaks of 

varying intensities (large, medium and weak) were observed. The peak observed at 3377.0 cm-

1 is attributable to alcohol O–H, terminal alkyne C–H, and amine or amide N–H bonds. The 

alcohol peak is usually broad and wide and can be easily distinguished. The more the O–H 

https://www.nist.gov/data/nsrds/NSRDS-NBS-39.pdf
https://www.nist.gov/data/nsrds/NSRDS-NBS-39.pdf
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concentration in the solution, the more likely it is to form hydrogen bonds because less energy 

will be required to form stretching hydrogen bonds. Alkyne C–H bonds have strong peaks at 

around 3300cm-¹. Amine or amide N–H are usually broad and have medium intensity. The next 

set of peaks observed (3004.2, 2922.55, 2851.4) in this zone is attributable to absorption by 

alkane C–H bonds, aryl and vinyl C–H bonds, aldehyde C–H bonds and carboxylic acid C–H 

bonds. The sp³ C–H bonds are located slightly to the right of 3000 cm-1 mark. The C–H bonds 

are located slightly to the left of the 3000 cm-1 mark. Both C–H bonds have multiple peaks. 

The peaks around 2700cm-1 and 2900cm-1 are attributable to aldehyde. Lastly, the carboxylic 

acid O–H bonds appear as a broad peak in the spectrum. The peak band at 2922.55 cm-¹ is 

attributable to the C–H bonds of sp³(alkanes), as it is located to the right of 3000 cm-¹ mark. 

The peaks at 1736.9cm-1) indicate the presence of a carbonyl C = O group; these peaks are 

usually very strong and intense and indicate the presence of esters, aldehyde, ketone, ester and 

acids. 

3.3 Optimization of process parameters for Jatropha biolubricant synthesis 

The biolubricant synthesis optimization process was performed using CCD, to determine the 

optimum conditions for biolubricant production. The empirical model was developed using 

three optimization factors as independent variables (temperature, time, and molar ratio) and the 

biolubricant yield as the response (dependent variable). The combined effects of the 

independent variables were examined. CCD generally comprises six center points, 2n factorial 

runs and 2(n) axial runs, where n denotes the number of factors (Ayoub et al. 2016; Aliozo et 

al. 2017). CCD was used to analyses the correlation between the biolubricant production 

variables and percentage yield. 

The highest percentage of Jatropha tri-ester (JTE) yield of 88.74% was obtained at 130oC, 3.0 

hours (180 min), and EG:FAME molar ratio of 3.5:1. 

 

Table 5. Central composite design (CCD) of biolubricant production experiment 

Run EG:FAME  

(mol/mol) 

Time  

(hours)  

Temperature  

(oC) 

 Biolubricant 

Yield (%)  

1 3.50 3.00 130.00 88.63 

2 3.50 5.00 130.00 75.34 

3 2.61 1.81 112.16 42.19 

4 3.50 3.00 130.00 88.02 

5 3.50 3.00 130.00 88.74 

6 3.50 3.00 160.00 76.25 

7 4.39 1.81 112.16 53.06 

8 2.61 1.81 147.84 57.38 

9 3.50 3.00 130.00 88.74 

10 5.1 3.00 130.00 72.92 

11 3.50 3.00 100.00 51.42 

12 3.50 1.00 130.00 48.74 

13 2.61 4.19 147.84 75.45 
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14 4.39 1.81 147.84 65.05 

15 4.39 4.19 147.84 79.63 

16 3.50 3.00 130.00 86.74 

17 4.39 4.19 112.16 61.12 

18 2.61 4.19 112.16 54.41 

19 3.50 3.00 130.00 88.47 

20 2.00 3.00 130.00 57.72 

 

Table 6. Fit Summary of biolubricant yield 

Source Sequential p-value Lack of Fit p-value Adjusted R² Predicted R² 

Linear 0.0498 < 0.0001 0.2615 0.1626 

2FI 0.9865 < 0.0001 0.1006 -0.6570 

Quadratic < 0.0001 0.0501 0.9924 0.9739 

Cubic 0.1962 0.0407 0.9948 0.7808 

 

The summary of P-values statistics is shown in Table 6. The CCD module suggested a quadratic 

model. CCD does not contain enough runs to support a full cubic model; therefore, the cubic 

model is always aliased. A significance level of 0.05 was used; hence, all terms with P-values 

less than 0.05 were considered significant. 

 

 
Figure 2. Predicted versus actual plot of residuals for biolubricant synthesis 

3.4 ANOVA 

According to the ANOVA results (Table 6), the model variables and their interactions (A, B, 

C, BC, A2, B2 and C2) were all significant. At P < 0.05 (95% confidence level), 𝐹model = 278.24, 

which indicates the high significance of the fitted model. The regression model adequacy, 

significance of model coefficients and lack of fit were tested. The significance of the 
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coefficients were tested according to the P values. A higher F-test value and smaller the P-

values indicates higher significance of the corresponding coefficient (Mansourpoor 2012). 

Table 7. ANOVA results for biolubricant yield 

Source Sum of Squares dof Mean Square F-value p-value 

Model 4693.48 9 521.50 278.24 < 0.0001 

A- EG:FAME 221.45 1 221.45 118.15 < 0.0001 

B-Time 698.45 1 698.45 372.65 < 0.0001 

C-Temperature 861.83 1 861.83 459.82 < 0.0001 

AB 7.32 1 7.32 3.90 0.0764 

AC 4.10 1 4.10 2.19 0.1697 

BC 19.13 1 19.13 10.21 0.0096 

A² 1006.98 1 1006.98 537.27 < 0.0001 

B² 1305.76 1 1305.76 696.68 < 0.0001 

C² 1137.45 1 1137.45 606.88 < 0.0001 

Residual 18.74 10 1.87   

Lack of Fit 15.64 5 3.13 5.04 0.0501 

Pure Error 3.10 5 0.6203   

Cor Total 4712.23 19    

P < 0.05 indicates that the model terms are significant; thus, A, B, C, BC, A², B², C² are 

significant. Likewise, model terms with P values exceeding 0.05 (i.e., AB, AC, and BC) are 

non-significant. The 𝑃 value of the lack of fit is 0.0501, which indicates that the lack of fit is 

not significant. 

3.5 Final equation in terms of coded factors 

G = + 88.28 + 4.03A + 7.15B + 7.94C–0.9563AB–0.7163AC + 1.55BC – 8.36A2 – 9.52B2 – 8.88C2 

(1) 

where G denotes biolubricant yield. 

The equation can be used to predict the response for given levels of each factor. By default, the 

high and low levels of the factors are coded +1 and -1, respectively. The coded equation can 

indicate the relative impact of the factors according to the factor coefficients. 

Figure 2 presents a plot of the experimental results versus predicted data by empirical model. 

The adjusted and predicted determination coefficients were 0.9924 and 0.9739, respectively. 

The difference is <0.2, which indicates excellent correlation between the independent variables 

and a high significance of the model. 

3.6 Response surface analysis of interactions  

The effects of interactions between EG:FAME ratio, temperature and time on the biolubricant 

yield are demonstrated in Figure 3 to Figure 5. Figure 3 shows the surface plot of the 

biolubricant yield as a function of EG:FAME molar ratio and time  (Mansourpoor 2012). Figure 
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3 shows that time and EG:FAME molar have a direct effect on the yield of tri-ester poly-ol 

(bio-lubricant). The yield decreased with increasing time and the EG:FAME molar ratio. 

Temperature has an important influence on reaction speed and led to higher conversion of 

FAME to tri-ester poly-ol. With increasing reaction temperature, the biolubricant yield rapidly 

increased. 

The biolubricant yield reduced when EG:FAME molar ratio increased beyond 3.5:1 (Figure 4), 

because with increasing EG concentration, the contact between FAME and methanol reduced 

and thus, a lower amount of biolubricant was formed. The excess EG do not only lower  tri-

ester poly-ol conversion, but also causes other phase separation-associated problems (Heikal 

et al. 2017). 

 
Figure 3. Effect of the interaction of time and EG:FAME on biolubricant yield 

 

 
Figure 4. Effect of the interaction of temperature and EG:FAME on biolubricant yield 
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Figure 5. Effect of the interaction of time and temperature on biolubricant yield 

 

4 CONCLUSION  

RSM was applied to optimize biolubricant production from FAME. The second-order 

polynomial model well fitted the experimental data, as demonstrated by the high regression 

coefficients. The ANOVA results implied that reaction time, reaction temperature and the 

EG:FAME molar ratio significantly affected the biolubricant yield. The optimum reaction 

conditions within the experimental range were predicted as follows: a reaction time of 180 min, 

EG:FAME ratio of 3.5, and temperature of 130°C. At the optimum conditions, a yield of 

88.74% was obtained. The tri-ester poly-ol produced at optimum conditions exhibited 

acceptable properties and agreed well with the standard. Therefore, this biolubricant is a 

suitable alternative to petroleum-based lubricant in automobile without any engine 

modifications. The properties of the lubricant stock can be tailored by adding suitable additive 

formulations for end-use applications. 
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