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Abstract  

 

Eggshellderived calcium oxide (CaO) materials were used as a heterogeneous base catalyst for biodiesel production from 

palm oil with methanol at room temperature (30±2 C). The physicochemical properties of the catalyst were characterized by 

TGDTA, XRD, FTIR, SEMEDX, Hammett indicator method, BET surface area, and CO2TPD. The comparison of 

catalytic performance transesterification reaction at the temperature of 65 C against room temperature was investigated. 

Kinetics of the reaction were studied following pseudofirst order with under the optimal condition with catalyst loading 

amount of 15 wt.%, methanol to oil molar ratio of 15:1 and 10% v/v of the cosolvent in methanol. Under the optimal reaction 

conditions, the result showed that the yield of fatty acid methyl ester (FAME) was achieved 96.6% in 9 h and the obtained k 

value was 3.28×101 h1 which higher than that of without cosolvent system (3.07×101 h1). After purification with a 

cationexchange resin to remove calcium ion (Ca2+), highquality biodiesel product with the fuel properties of the biodiesel 

especially the major physicochemical properties meet both the ASTM and EN standard specifications. Utilization of waste 

eggshellderived CaO as catalysts and performing the reaction at room temperature were not only environmentallyfriendly 

technique but also decreasing biodiesel production cost. 

 

Keywords: Kinetics study, Room temperature, Eggshell, Transesterification, Biodiesel product 

 

 
Figure 1 The graphical abstract of this work. 
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1. Introduction 

 

 Biodiesel is one of the most interesting renewable energy 

to substitute petroleum diesel due to its biodegradability, less 

emission greenhouse gases (HC, CO, CO2, NOx, SOx), 

excellent lubricity and low toxicity [1-3]. Furthermore, 

biodiesel can be synthesized from vegetable oils (e.g. palm 

oil, rapeseed oil, jatropha oil, and rubber seed oil), waste 

cooking oil and animal fat (e.g. lard oil, chicken oil, and fish 

oil) as a triglyceride upon its reaction with a short-chain 

molecular alcohol such as methanol and ethanol in the 

presence of a catalyst throughout a transesterification or 

alcoholysis reaction [2, 4]. Typically, this reaction occurs at 

the reaction temperature around 6070 C to activate the 

substrates since the temperature affects the reaction kinetics 

[1, 5-6].  

Generally, the transesterification reaction occurs via the 

homogeneous base catalysts namely NaOH and KOH. This 

common way can provide a high yield of biodiesel in short 

reaction time under mild reaction conditions [7-8]. 

Nevertheless, the major problem of this way is the cost to 

purify biodiesel products by washing with water to get rid of 

unreacted soluble catalyst and then the energy required to 

heat the product for water elimination. Hence, the use of 

homogeneous catalysts leads to a large amount of wastewater 

and energy consumption which directly increases the 

production cost [1, 4-5]. To solve these problems, the 

heterogeneous solid base catalysts have become the best 

choice for biodiesel production via transesterification 

reaction. The advantages of this catalyst consist of easily 

separated from the biodiesel product, less soluble and 

potentially reusable [2, 9-10]. Therefore, the amount of 

wastewater and energy consumption in the process can be 

decreased, thus, the cost production is alleviated.   

Eggshell is one of the best raw materials for generating 

calcium oxide (CaO) as a heterogeneous solid base catalyst 

to be applied in the transesterification reaction. Many 

research articles have reported the utilization of eggshell 

derived CaO catalyst in biodiesel production because of its 

excellent and efficient catalytic properties, very cheap, 

environmentally friendly, less soluble in biodiesel product, 

easy to generate and nontoxic [1, 3, 11-13]. Viriyaempikul 

et al. [3, 12] found that the CaO obtained from calcination 

eggshell in air at 800 C for 24 h showed high catalytic 

activity to produce biodiesel product over 90% of fatty acid 

methyl ester (FAME) in 2 h and higher than CaO derived 

from golden apple snail shell and meretrix venus shell under 

the optimum conditions of methanol to oil molar ratio of 

12:1, catalyst loading amount of 10 wt.% and reaction 

temperature at 60 C. Niju et al. [14] reported that CaO 

obtained from eggshell by the calcination–hydration–

dehydration treatment exhibited higher catalytic activity than 

commercial CaO material. The results showed the methyl 

ester conversion of 67.57% for commercial CaO catalyst and 

94.52% for CaO derived from eggshell under the similar 

conditions at a 5 wt.% catalyst (based on oil weight), 

methanol to oil ratio of 12:1, reaction temperature of 65 C 

and reaction time of 1 h. Chavan et al. [15] presented the 

employing of CaO prepared from eggshell as a catalyst to 

synthesize biodiesel from jatropha oil. Following the 

optimum reaction conditions of methanol/oil molar ratio of 

8:1, 2 wt.% of catalyst at 65±0.5 °C for 2.5 h, the yield of 

biodiesel product was 90%. Roschat et al. [16] reported the 

use of CaO catalyst derived from eggshell in the 

transesterification reaction of rubber seed oil as substrate 

successfully to obtain biodiesel product with the FAME yield  

of 97% in 180 min under the conditions of catalyst content 

of 10 wt.%, methanol/oil molar ratio of 12:1 and reaction 

temperature of 60 C. Thus, the use of eggshell derived CaO 

as a solid heterogeneous catalyst for biodiesel production in 

the industrial scale as possible. 

Even though many researchers have reported the use of 

eggshellderived CaO as a lowcost, highefficiency and 

green basic heterogeneous catalyst for transesterification 

reaction to produce biodiesel product, most of the research 

has described that this reaction requires reaction temperature 

(6065 C) to activate the reaction mixture [11-16]. The 

energy consumption for the biodiesel production process is 

one of the major causes of high production cost [2]. 

Therefore, the present study focuses on using CaO obtained 

from the eggshell as a solid base heterogeneous catalyst and 

the applied technique of transesterification reaction at room 

temperature to synthesize biodiesel products. In addition, the 

novelty and emphasis of the present work also focus on the 

reaction kinetics of transesterification using CaO derived 

from eggshell both of the reaction at 65 C and room 

temperature. The optimum conditions (the effect of catalyst 

loading amount, the effect of the methanol to oil molar ratio, 

and the effect of cosolvent) and reaction kinetics at room 

temperature were investigated. Finally, the physicochemical 

properties of the obtained purification and treatment 

biodiesel product were tested followed by the main fuel 

properties by using European Standard methods (EN14214) 

and American Society for Testing and Material (ASTM 

D6751) methods.     

 

2. Materials and methods 

 

2.1 Materials 

 

Palm olein oil with the amount of free fatty acid of 0.31 

mg KOH/g of oil and water content of 0.011% w/w, 

respectively, was obtained from commercial sources in the 

local market which was brand from Morakot Industries 

PCL., Thailand. Methanol, tetrahydrofuran (THF) and 

acetone analytical grade, hexane and acetone commercial-

grade were purchased from Fluka. Calcium oxide (CaO), 

potassium hydroxide (KOH) and sodium hydroxide (NaOH) 

of analytical grade were obtained from Acros Chemical Co. 

Ltd. and Fluka. Phenolphthalein, thymolphthalein, indigo 

carmine, 2,4dinitroaniline, and 4nitroaniline applied as 

Hammett indicators in this work were purchased from 

Aldrich and Fluka. 

 

2.2 Catalyst preparation and characterization 

 

Eggshell as raw material for generating CaO catalyst in 

this present work was collected from local restaurant. It was 

washed with deionized water several times, dried in a hot air 

oven and then grinded by blender to get eggshell powder. 

The thermal gravimetric analysis (TGA) of eggshell by using 

a Rigaku TG/DTA 8120 thermal analyzer was employed to 

analyze the thermal decomposition and to determine the 

suitable temperature for calcination eggshell to produce CaO 

catalyst. Both the eggshell powder and resulting material 

after calcination eggshell powder were characterized by 

Xray powder diffraction (XRD) using a Brüker D5005 

Xray diffractometer with Cu K radiation (k = 1.5418 Å) 

at 1600 W, 40 kV, and 40 mA, and 0.02° per step. In addition, 

this work also used Fourier transform infrared (FTIR) 

spectroscopy for characterization of the functional group of  
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Figure 2 1H-NMR spectra of (a) palm olein oil as a starting material (triglyceride), (b) uncompleted transesterification 

(triglyceride + biodiesel) and (c) completed transesterification (biodiesel). 
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all material with PerkinElmer FTIR spectroscopy 

spectrum RXI spectrometer. 

The morphology of uncalcined eggshell compared with 

calcined eggshell was analyzed by scanning electron 

microscopy (SEM) with JEOL JSM 6010LV. The elemental 

chemical composition of eggshell was evaluated by 

EnergyDispersive Xray spectroscopy (EDX) with 

EDX720 (Shimadzu, Japan). The surface area of calcined 

eggshell was determined by Brunauer–Emmett–Teller 

(BET) using a Belsorpmini II (BelJapan) with adsorption 

and desorption isotherm at low temperature of N2 gas and 

using He as a carrier gas. The basic strength (H_) of all 

materials was evaluated by the Hammett indicator method. 

The temperature-programmed desorption method with CO2 

as an investigation molecule (CO2TPD) was applied to 

measure the total basic site property of calcined eggshell by 

using Chemisorption Analyzer of Belcat B and using He as 

a carrier gas. 

 

2.3 Transesterification process using CaO derived from 

eggshell 

 

 A 250 mL threeneck round bottom flask equipped with 

condenser and thermometer was used as a batch reactor for 

transesterification reaction at room temperature (30±2 C) of 

this study. Eggshellderived CaO as a catalyst was mixed 

with methanol for 30 min and then added to palm oil. 

Experimental study on the reaction conditions was designed 

as follows: methanol to oil molar ratio of 12:1 to 21:1, 

catalyst loading amount of 520 wt.% corresponding to oil 

weight, amount of cosolvent (THF or acetone) to methanol 

of 10% (v/v) and fixed magnetic speed of 500 rpm. To 

monitor the reaction progress, 1 mL of the reaction mixture 

was sampled into a vial every 1 h for 12 h, centrifuged to 

separate the glycerol and catalyst, after that the excess 

methanol and co-solvent were eliminated by hot air oven. 

The obtained biodiesel product was evaluated in term of fatty 

acid methyl ester yield (%FAME) by the use of proton 

nuclear magnetic resonance spectroscopy (1HNMR) on a 

Brüker AscendTM 600 MHz spectrometer and 0.03% v/v of 

tetramethylsilane (TMS) in CDCl3 was used as an internal 

reference (0.00 ppm) and a solvent following the report of 

Roschat et al. [8, 16], Mathimani et al. [17] and Shimamoto 

et al. [18]. The example of the 1HNMR spectra in this work 

was displayed in Figure 2 (a)(c). A gas chromatograph on a 

GC2010 Shimadzu was employed to determined %FAME 

of final biodiesel product according to EN 14214 standard 

methods referred to the report of Roschat et al. [5] and 

Mathimani et al. [17]. The example of the GC chromatogram 

of the final biodiesel product in this present work was 

illustrated in the Figure 3 following the method of 

Viriyaempikul et al. [3] and Roschat et al. [5]. Furthermore, 

the obtained biodiesel product was analyzed by FTIR 

technique as shown in Figure 4 (a)(c). The study of 

transesterification reaction kinetics in this work referred to 

the report of Roschat et al. [5], Muthukumaran et al. [19], 

Hebbar et al. [20], Feyzi and Shahbazi [21]. 

 

3. Results and discussion 

 

3.1 Catalyst characterization 

 

 The eggshell powder was characterized using XRD both 

before and after calcination and the result of XRD patterns 

was displayed in Figure 5(a). The XRD analysis indicated 

that eggshell powder used as a starting material to generate 

the catalyst was CaCO3 compound (PDF No. 000050586). 

This result conferred with the data from the EDX technique 

as specified that the major component of eggshell more than 

99% was CaCO3 as presented in Figure 6. To confirm the 

obtained result, TGA method was applied to analyze the 

decomposition of eggshell and the TG/DTA profile was 

shown in Figure 7. TG/DTA data showed the importance of 

decomposition of eggshell powder at 795 C, whereas, 

CaCO3 was changed to CaO phase. Hence, in this study, the 

calcination temperature at 800 C for 3 h was selected to 

produce CaO catalyst from the eggshell. 

 After the calcination process of eggshell powder, the 

obtained material was characterized by XRD to prove the 

chemical composition. Figure 5(b) demonstrated XRD 

pattern of calcining eggshell which was consisted of CaO as 

the main phase (PDF No. 000481467) and a minor phase 

included Ca(OH)2 (PDF No. 000441481) and CaCO3 due 

to moisture and CO2 in the air reacting with obtained CaO 

material. Additionally, the FTIR technique was used to 

confirm  the  decomposition  of  eggshells  to  generate  CaO  

 

 
 

Figure 3 GC chromatogram of final biodiesel product 
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Figure 4 FT-IR spectrum of (a) palm oil (triglyceride), (b) biodiesel product and (c) an enlarged image in the range wave 

number of 1350-1500. 

 

 
 

Figure 5 XRD patterns of (a) before calcination eggshell powder and (b) after calcination eggshell powder compared with 

CaO analytical grade (CaO_AR). 

  

material. The results found that after calcining eggshell 

revealed only small peak hydroxyl group stretching around 

35303545 cm1 which was Ca(OH)2 phase (Figure 8). This 

result clearly confirms that eggshell was completely 

transformed to CaO with calcining at 800 C for 3 h. The 

result and discussion agree with the report by Piker et al. [1], 

Viriyaempikul et al. [3] and Niju et al. [14] who have 

studied synthesis CaO from eggshell. 

 The morphology of eggshell powder compared with CaO 

material obtained from calcination eggshell powder at 800 

C for 3 h was investigated by SEM and the image illustrated 

in Figure 9. The SEM image of the eggshell (Figure 9(a)) 

was the rectangular shape and low porosity. After calcination 

of the eggshell (Figure 9(b)(c)), the obtained CaO material 

displayed high porosity and high surface area. This 

phenomenon can be described that CaCO3 compound of 

eggshell was transformed to be CaO by losing CO2 gas which 

produced high porous on the surface. Consequently, this 

physical property was expected not only to leading a highly 

active site but also directly to result in high biodiesel yield. 
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Figure 6 EDX spectrum of eggshell 

 

 
 

Figure 7 TG/DTA thermograms of eggshell 

 

 
 

Figure 8 FT-IR spectra of the calcined eggshell at 800 C for 3 h (CaO_egg) compared with CaO commercial grade (CaO_AR) 

and CaCO3 (calcite) 
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Figure 9 (a) SEM image of eggshell powder, (b) and (c) SEM image of CaO material obtained from calcination eggshell 

powder at 800 C for 3 h. 

 

 
 

Figure 10 CO2TPD desorption curve of CaO catalyst obtained from calcination eggshell at 800 C for 3 h. 

 

The BET surface analysis was performed on 

eggshellderived CaO catalyst due to the surface area of a 

solid catalyst directly impact on its active sites. The surface 

area of the obtained CaO material was found to be 2.8 m2g1 

which higher than that of the report by Piker et al. [1] (1.8 

m2g1), Viriyaempikul et al. [12] (1.1 m2g1) and Reddy et 

al. [22] (1 m2g1). The total pore volume and mean pore 

diameter of the sample were 7.011103 cm3g1 and 10.243 

nm, respectively. It is well known that the higher surface area 

of catalyst, the higher catalytic activity and it can be expected 

to lead to a higher yield of biodiesel product, respectively    

[1, 14, 23]. 

 The CO2TPD was employed to prove the total basic site 

of the CaO catalyst and the result was illustrated in Figure 

10. It can be seen that the CO2TPD curve of CaO catalyst 

obtained from calcination eggshell demonstrated a very 

small peak in the range of temperature from 100 to 330 C 

which was specific as a weak basic site (0.071 mmol/g). On 

the other hand, the major peak of CO2TPD curve appeared 

between temperatures of 330 to 630 C indicating a medium 

basic site (5.095 mmol/g). A strong basic site indicated at a 

temperature of 630 to 780 C was found to be 2.603 mmol/g. 

Thus,  the  total  basic site of CaO catalyst  in  this  work  was 
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Figure 11 (a) the effects of catalyst concentration on %FAME yield room temperature (30±2 C) without cosolvent system 

(reaction conditions consist of methanol to oil molar ratio of 12:1 and amount of palm oil as 50 mL). (b) the yield of FAME 

at different methanol to oil molar ratios from 12:1 to 21:1 (reaction conditions consist of reaction temperature at room 

temperature (30±2 C), catalyst loading amount of 15 wt.%, without cosolvent system, and amount of palm oil as 50 mL). 

 

7.796 mmol/g and the average basic site density calculated 

by total basic site divided BET surface area was to be 2.78 

mmol/m2. The basic strength (H_ value) of the obtained CaO 

catalyst was evaluated using a Hammett indicator method 

with observation a color of indicator change. This work 

found that the H_ value of the CaO catalyst was in the range 

of 15.018.4 because 2,4dinitroaniline indicator (pKa = 15) 

changed the color from yellow to purple, but 4dinitroaniline 

indicator (pKa = 18.4) did not change the color (yellow to 

orange). Therefore, all of the results of the catalyst 

characterization clearly indicated that the use of eggshells to 

derive CaO catalysts for biodiesel production was the high 

potential for expanding out of laboratory scale to the 

industrial scale. 

 

3.2 Optimization of the reaction conditions for the synthesis 

of biodiesel product     

 

3.2.1 The effect of CaO catalyst loading amount on the yield 

of biodiesel product 

 

 Since the focus of this work was to investigate the use of 

heterogeneous catalyst derived from calcination the eggshell 

to produce biodiesel product at room temperature, the 

influence of catalyst loading amount on the yield of the 

product was very important and interested. Several reports 

indicated that the surface area of the heterogeneous catalyst 

generated methoxide anion (CH3O) from methanol which 

was a nucleophile molecule as a highly reactive species. 

Hence, an increasing amount of the catalyst directly effect 

promotes affects the formation of methoxide anion and 

greatly affects the biodiesel yield [2, 5, 24]. All of the 

experiments were, in this case, done following the same 

reaction  condition  of  methanol  to  oil  molar  ratio  of  12:1, 

reaction temperature of room temperature (30±2 C), without 

cosolvent system, amount of palm oil as 50 mL and the 

catalyst loading amount was varied in the range of 520 

wt.%, respectively.  

 The results displayed that the trend of FAME yield was 

significantly increased as presented Figure 11(a) when the 

catalyst dosages was used from 5 wt.% to 15 wt.%. The yield 

of biodiesel gets a maximum at the condition of catalyst 

loading amount of 15 wt.% on the reaction time of 10 h. 

Beyond 15 wt.% of the catalyst loading amount, FAME yield 

of biodiesel was dramatically decreased due to the effect of 

viscosity of reaction mixture was increased and directly 

affected to lower mass transfer of the reaction mixture. In 

addition, the decreasing of biodiesel yield may be caused by 

the reaction between triglyceride against catalyst to generate 

the soap products. These result agreed with the report of 

Feyzi et al., [21], Dai et al., [25], and Mahesh et al., [26]. 

 

3.2.2 The effect of the molar ratio of methanol to palm oil on 

FAME yield 

 

 Methanol to oil molar ratio not only directly affects the 

yield of biodiesel in terms of the shift of the equilibrium 

toward the direction of methyl ester formation but it is also 

one of the major factors affecting the production cost of 

biodiesel fuel [2, 5, 27]. If the reaction process of biodiesel 

production applied methanol less than the optimal 

requirement, the yield of biodiesel product may be obtained 

lower than that of the theoretical expectation. On the other 

hand, adding the excess methanol into the reaction system, 

the reaction required to shift the equilibrium reaction forward 

to enhance product brought about to inhibit of reaction by the 

hindrance from the dissolution of glycerol byproduct in 

excessive methanol and this case led to increasing the overall 

cost of biodiesel product [27-28]. The result of the research 

found that methanol to oil molar ratio from 12:1 up to 15:1, 

%FAME yield and rate of reaction were increased and the 

reaction completed at 9 h in the case of using the molar ratio 

of 15:1 (Figure 11(b)). It is clear that 15:1 methanol to oil 

molar ratio was the optimal condition reaction. Beyond the 

molar ratio of 15:1, the yield of biodiesel has a tendency to 

decrease which corresponds to the reports of Takase et al. 

[27], Keera et al. [28], and Li et al. [29]. 

 

3.2.3 The effect of cosolvent on the yield of biodiesel 

product 

 

 In biodiesel production, the reaction system normally 

known that it consists of triglyceride as a starting material, 

alcohol (methanol or ethanol) as a reagent, and catalyst. In 

the part of the catalysts, they are separated into 2 types 

including homogeneous catalyst (e.g. NaOH, KOH, 

CH3ONa, HCl, and H2SO4) and heterogeneous catalyst (e.g.  
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Figure 12 (a) the effect of cosolvent on the yield of FAME and (b) the comparison of biodiesel production at the reaction 

temperature of 65 C with room temperature by the same reaction condition (reaction conditions; methanol to oil molar ratio 

of 15:1, catalyst loading amount of 15 wt.%, amount of palm oil loading of 50 mL; (a) reaction temperature at room temperature 

(30±2 C), 10% v/v of cosolvent system; (b) amount of cosolvent (THF) to methanol of 10% v/v). 

 

CaO, SrO, Zeolite Y, and Na/NaOH/Al2O3) [2, 5, 29-30].  

In this work focus on the heterogeneous catalyst system, the 

reaction mixture included 3 phase namely catalyst as a solid 

phase, methanol as a hydrophilic phase, and palm oil as a 

hydrophobic phase. Therefore, the mixing of all 3 phases is 

very difficult and it was generally known to be the major 

problem to yield biodiesel product and rate of the reaction 

[31-33]. Consequently, the addition of cosolvent that can 

dissolve both methanol and palm oil is the methods to 

enhance the yield of biodiesel product and rate of the 

reaction. 

 As shown in Figure 12(a), the data demonstrated the 

efficiency of cosolvent on the yield of FAME. In this work, 

tetrahydrofuran (THF) and acetone were selected to be a 

cosolvent following the reports of Roschat et al. [8], 

Akkarawatkhoosith et al. [32] and MohammedDabo et al. 

[34] who have studied the use of many types of cosolvent 

and they found that both of THF and acetone were the best 

cosolvent to improve biodiesel production process. The 

results showed that adding 10% v/v of cosolvent compared 

to the ratio of methanol can promote the rate reaction to give 

the higher yield of biodiesel product while the reaction time 

can decrease. This data indicated that the reaction of 

biodiesel production completed at the reaction time of 9 h 

with the FAME yield over 96% both of with and without 

cosolvent. 

 Nevertheless, the kinetics study of biodiesel production 

at room temperature of both with and without cosolvent 

revealed that the rate constant (k) of the applied THF as a 

cosolvent was higher than that the case of acetone and 

without cosolvent system as depicted in Figure 13. This 

result can be ascribed that polarity and boiling point of THF 

were suitable to provide better homogeneity of the biodiesel 

reaction mixture than that of acetone. Notwithstanding, both 

of %FAME yield and k value of all the use of THF and 

acetone as a cosolvent were not difference. This data agreed 

with the report of Roschat et al. [8], Akkarawatkhoosith et 

al. [32]. Accordingly, all of the results indicated that the 

optimal reaction condition of the biodiesel production 

process at room temperature was methanol to oil molar ratio 

of 15:1, catalyst loading amount of 15 wt.%, reaction 

temperature at room temperature (30±2 C), amount of 

cosolvent (THF or acetone) to methanol of 10% v/v, and 

amount of palm oil as 50 mL which can produce yield of 

FAME more than 96% at reaction time of 9 h. 

As shown in Table 1, the data of the kinetics study of 

biodiesel production at room temperature catalyzed by 

eggshellderived CaO as a catalyst can confirm the optimal 

reaction conditions by the k value which accorded against 

FAME yield at the time of 8 and 9 h. The results indicated 

that the reaction condition without a cosolvent system has 

a low k value while adding cosolvent in the reaction can 

improve the rate of the reaction. These results accorded to 

the report of Rosch et al. [8], Akkarawatkhoosith et al. [32], 

and MohammedDabo et al. [34] who presented adding a 

small amount of cosolvent in the reaction system which can 

enhance the kinetic rate of the reaction. However, the study 

also found that an increasing amount of cosolvent more 

than 10% v/v, the FAME yield showed decreasing in the 

trend of k value.  

 The excessive cosolvent loading amount may inhibit 

the transesterification reaction due to some molecule of the 

cosolvent may obstruct methanol molecule that reacted 

with triglyceride. In addition, it is possible that the overload 

of cosolvent might increase the polarity of the reaction 

system which had a great impact on the reaction mixture 

between palm oil with methanol. Moreover, the excessive 

cosolvent in the reaction also increases the viscosity of the 

reaction mixture which directly affected the dispersion of 

reactant and reagent into the catalyst. For these reasons, the 

addition of the cosolvent in a suitable quantity not only 

improves the kinetic rate reaction but also can reduce the 

reaction time and energy consumption. 

 

3.3 Comparison of the rate reaction constant (k) of biodiesel 

production between the reactions at room temperature 

against at 65 C 

 

 This study emphasized to compare the rate constant of 

the reaction performed at room temperature and at 65 C 

under the optimal reaction condition. The result as displayed 

in Figure 14 found that the k value of the reaction 

temperature at 65 C (6.93 x 101 h1) was higher than that 

of  the  reaction  at  the  room  temperature  (1.29  x  101 h1) 
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Figure 13 The kinetics study of biodiesel production at room temperature both with and without cosolvent system under the 

reaction conditions of methanol to oil molar ratio of 15:1, catalyst loading amount of 15 wt.%, reaction temperature at room 

temperature (30±2 C), and amount of palm oil as 50 mL. 

 

Table 1 The kinetics study of biodiesel production at room temperature catalyzed by eggshellderived CaO as a green catalyst. 

 

Transesterification parameters 

(reaction temperature at room temperature (30  2 C)) 

% FAME at 

reaction time 

Catalyst content 

wt.% 

MeOH : oil  

molar ratio 
Type of cosolvent 

(v/v) 

k constant 

(×101 h1) 

8 h  9 h 

5 12 : 1 non cosolvent 1.29 61.2 70.2 

10 12 :1 non cosolvent 2.56 68.7 77.5 

15 12 : 1 non cosolvent 2.87 84.4 91.3 

20 12 : 1 non cosolvent 2.66 61.7 70.9 

15 15 : 1 non cosolvent 3.07 85.6 95.6 

15 18 : 1 non cosolvent 2.92 81.0 87.2 

15 21 : 1 non cosolvent 2.78 77.0 82.3 

15 15 : 1 THF (10%) 3.28 90.6 96.6 

15 15 : 1 THF (15%) 3.10 93.6 96.0 

15 15 : 1 THF (20%) 2.73 88.3 90.1 

15 15 : 1 Acetone (10%) 3.22 91.3 95.0 

15 15 : 1 Acetone (15%) 3.02 93.3 92.8 

15 15 : 1 Acetone (20%) 2.66 89.8 92.0 

 

about 5.4 times. This data accorded that the reaction at the 

temperature of 65 C completed within the reaction time of 

3 h while the reaction at room temperature needs time around 

9 h for completing as illustrated in Figure 12(b). In general, 

the reaction temperature extremely impacts the rate of 

reaction because both the thermodynamics and kinetics of 

this reaction are very necessary to need the energy for 

transferring the reactant to the product [2, 26, 34-35]. The 

energy cost of biodiesel production is one of the most 

important  factors which  have  to  highly consider because it  
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Figure 14 The comparison of the rate reaction constant (k) between the reactions performed at room temperature with at 65 

C under the optimal reaction condition of methanol to oil molar ratio of 15:1, catalyst loading amount of 15 wt.%, amount of 

cosolvent (THF) to methanol of 10% v/v, and amount of palm oil loading of 50 mL 

 

Table 2 Physicochemical properties of biodiesel product 

 

Properties Unit Standard 

Biodiesel 
Highspeed 

diesel 

Palm oil Palm oil 

biodiesel 

(this study) 

Methyl ester content a % 96.5   96.6 

Kinematic Viscosity at 40 °C a (cSt) 3.5  5 3.2 31.8 4.4 

Density at 15 °C a °C 860  900 839.7 901 874 

Pour point b °C 15 to +16 5   8 

Cloud point b °C 3 to +12 5   0 

Flash point a °C > 120 73 > 250 188 

Oxidation Stability a H 6 > 18 8.2 12.7 

Copper strip corrosion a,b Number No. 1 No. 1 No. 1 No. 1 

Water content a %w/w oil < 0.050 < 0.010 0.011 0.025 

Total acid number a,b mg KOH/g < 0.5 <0.02 0.28 0.22 

Calcium ion content a ppm  5  1  1 3.9 

Total contamination a ppm  24 12.5 870.8 18.2 
a European standard (EN – 14214) 
b American Society for Testing and Material (ASTM – D6751) 

 

directly affected the price of biodiesel fuel. However, 

reducing energy consumption in the process of biodiesel 

production is one way to decrease the production cost which 

means to the cheaper biodiesel prices. Hence, the biodiesel 

production process in this study not only focuses on the use 

of CaO derived from eggshell as a lowcost green catalyst 

but also emphasize the reaction at room temperature to 

reduce the cost of energy consumption for utilizing in the 

industrial scale. 

 

3.4 Physicochemical properties of the produced biodiesel 

 

 The fuel properties of the biodiesel product are very 

important for an application in the diesel engine. In this case, 

the major properties of biodiesel automotive fuels including 

density, kinematic viscosity, flash point, acid number, water 

content, copper strip corrosion, methyl ester content, 

oxidation stability, pour point, cloud point, calcium ion 

content and total contamination were selected to evaluate 

following the ASTM D6751 and EN14214 standard 

methods as summarized in Table 2. This work separated the 

physicochemical properties of the biodiesel product into 3 

groups consisting of the properties that involved the fuel 

injection and ignition system in the engine (methyl ester 

content, kinematic viscosity, flash point, water content, and 

density), the oil properties that changed according to weather 

(pour point, cloud point, and oxidation stability) and the 

properties concerned with the corrosion and clogging in the 

engine (copper strip corrosion, total acid number, calcium 

ion content, and total contamination). The fuel injection and 

ignition system in the engine are some of the important 

factors of liquid fuel. Therefore, this is the main reason 

which vegetable oil or animal fat (biodiesel) was transformed 

into biodiesel oil (FAME) for reducing the viscosity [28]. In 

this case, the density and viscosity are likely in the same 

tendency and both properties depending on methyl ester 

content. 
 According to European standard (EN–14214) for 

biodiesel fuel, the methyl ester content must be at least 

96.5%. The results found that biodiesel products produced at 

room temperature displayed FAME yield 96.6% which met 

within the standard criteria. In addition, the results also 

showed that both the density and viscosity of the obtained 

palm oil biodiesel decreased when compared with palm oil 

as raw material and within the accepted standard range. 

These data  indicated  that  the  obtained  biodiesel oil can be  
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employed very well with the diesel engine as replacement 

petroleum diesel oil especially a singlecylinder diesel 

engine for agriculture. Additionally, the data in Table 2 

revealed that the biodiesel oil produced from 

eggshellderived CaO catalyst and reacted at room 

temperature has the fuel properties in the period of the range 

acceptable following the ASTM–D6751 and EN–14214 

standards namely the copper strip corrosion, total acid 

number, calcium ion content, and total contamination. Thus, 

it can be concluded that the use of the biodiesel product does 

not cause the problem involving the corrosion and clogging 

that damaged the engine. 

Finally, the factors of biodiesel fuel which are related to 

the physical and chemical change by environmental factors 

consisting of pour point, cloud point, and oxidation stability 

were accepted with the required standard of bioauto fuels. 

These results suggest that the obtained biodiesel oil can 

tolerate the decreasing of the temperature and it would be in 

a liquid phase that could flow to the combustion chamber. 

Furthermore, the storage of the biodiesel product under the 

atmosphere is one of the critical factors that should be 

carefully considered, since biodiesel oil can react with 

moisture and oxidation with air to produce carboxylic acid. 

This case directly increases the total acid number of biodiesel 

oil. It is generally known that the standard of biodiesel fuel 

required oxidation stability at least 6 h. This result found that 

the oxidation stability of the final biodiesel product was 

higher than 12 h which was 2 times higher than that of the 

defined standard. Consequently, biodiesel oil produced at 

room temperature in this work shows the highquality 

properties according to both the ASTM and EN standard 

specifications for biomass automotive fuel.    

 

4. Conclusions 

 

 Eggshellsderived CaO was used as a green catalyst for 

biodiesel production from palm olein oil at room 

temperature. The optimal reaction conditions, in this work, 

were; catalyst loading amount of 15 wt.%, methanol to oil 

molar ratio of 15:1 and adding 10% v/v of the THF as a 

cosolvent in methanol which could provide biodiesel yield 

of 96.6% within 9 h. The kinetics study of biodiesel 

production at room temperature found that the k value of the 

reaction temperature at 65 C was higher than that of the 

reaction at the room temperature around 5.4 times. The 

obtained biodiesel product from the reaction at room 

temperature has highquality properties and within the 

required standards specifications for biodiesel fuel. 

Eggshellderived CaO as a green catalyst, the performed 

reaction at room temperature, and adding the cosolvent are 

the way to produce biodiesel oil which can decrease 

efficiently the energy consumption and production cost.   
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