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Abstract 

 In the present work, the catalytic activity and stability of the Fresh-water Clamshells-derived CaO 

catalyst were investigated by the transesterification reaction of lard oil. The physicochemical properties of 

lard oil as a raw material for biodiesel production compared with palm oil were also studied. The obtained 

CaO_FWC was characterized by various analytical techniques to evaluate the physicochemical properties 

consisting of TGA, SEM, XRD, XRF, BET surface area, FT-IR, Hammett indicator method, and CO2-TPD. 

The results found that the fresh CaO_FWC showed the specific surface area, percentage of Ca element, 

total basic site, and basic strength of 8.293 m2g−1, 98.6 wt.%, 8.450 mmol g−1, and 15 < H_< 18.4, 

respectively which similar to CaO commercial grade. In addition, the fresh CaO_FWC catalyst also 

presented high catalytic activity that gave %FAME of lard oil more than 96.5 %. However, the CaO_FWC 

catalyst could only reuse 3 times with the catalytic activity slightly decreased, and %FAME remained 

higher than 95 %. While the stability of the CaO_FWC catalyst was tested by storage for a long time to 180 

days, this experimental data suggested that the CaO_FWC catalyst could preserve for only 30 days, with 

the catalytic efficiency remaining similar to the fresh CaO_FWC. Furthermore, the preservation and 

reusability of the catalyst were also studied in terms of the kinetic rate of reaction for use as a database to 

optimize the reaction conditions. Finally, the fuel properties of biodiesel products derived from lard oil and 

palm oil as raw materials and catalyzed by CaO_FWC catalyst met the specified standards both of EN-

14214 and ASTM-D6751. Therefore, all the results of this work were excellent databases for utilizing and 

adding value to the Fresh-water Clamshells and lard oil as biomass sources for further development and 

development as renewable and alternative energy in Thailand. 

Keywords: Biodiesel, Fresh-water Clamshells, CaO catalyst, Reaction kinetics, Transesterification 

reaction, Heterogeneous catalyst 
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Introduction 

 Biodiesel is a renewable and clean energy providently from vegetable oils or animal fats as a 

triglyceride and it is an alternative petroleum diesel engine, friendly environment, non-toxic, low-emission, 

and biodegradability. Moreover, the global concern of warming exhaust pollutants from the engine such as 

CO2, SOx, CO, NOx, HC, and particulate matter (PM 2.5) as greenhouse caused combustion diesel fuel. 

Therefore, biodiesel oil is one of the best ways to substitute petroleum diesel oil because they have similar 

properties to petroleum diesel oil and can also decrease the amount of pollutant since the chemical structure 

of it is an organic compound and can be combusted cleanly [1-3]. Additionally, biodiesel oil is cheaper than 

petroleum diesel oil because it is produced from renewable sources such as palm oil, jatropha oil, soybean 

oil, castor oil, waste animal fat, and waste cooking oil through transesterification reaction [3-5]. 

 The transesterification process is a reaction of triglyceride versus small molecule alcohol such as 

methanol or ethanol in the presence of a catalyst to convert the chemical structure of triglyceride, which 

was large molecule to mono alkyl ester (methyl ester or ethyl ester) as a small molecule [6,7]. Generally, 

the homogeneous base catalyst namely NaOH and KOH were used in the transesterification reaction to 

generate biodiesel products. However, these homogeneous catalysts can be reacted with free fatty acid 

(FFA) and moisture contents in the feedstock of oil to form soap products in the case of FFA and moisture 

higher than 0.5 and 0.1 wt.%, respectively. Moreover, removing these catalysts from biodiesel products is 

very difficult and requires large amounts of water to clean up the final biodiesel product. Hence, this process 

causes severe problems in the leading case environment and increases production costs [6-9]. To address 

this issue, developing solid base catalysts is an attractive choice for biodiesel production. The advantages 

of heterogeneous solid base catalysts are simple catalyst recovery and reusability, non-corrosive, more 

environment-friendly, easy and convenient for the purification of biodiesel products, and less energy and 

water consumption requirement [9-11].   

 Alkaline-earth metal oxides are usually applied as a solid base catalyst for transesterification because 

they have high basicity and are suitable for biodiesel production. The order of solid heterogeneous catalysts 

activity such as alkaline-earth metal oxide activity is BaO > SrO > CaO > MgO, respectively [12,13]. 

Calcium oxide (CaO) is one of the heterogeneous catalysts and one of the most promising catalysts for 

biodiesel production with excellent catalytic performance. Furthermore, it is also less solubility in 

methanol, very cheap due to being easy to generate from natural material sources, low toxicity, and 

environmentally friendly [10,11,14]. Several types of calcium sources from a natural waste material were 

studied and reported by many researchers to synthesize CaO catalysts such as river snail shells [9,15], 

eggshells [14,16,17], waste obtuse horn shells [18], chicken manure [19], walnut shell [20,21] and lobster 

shells [22]. 

 There are several reports of biodiesel production through transesterification reactions using CaO as a 

heterogeneous catalyst derived from the calcination of natural raw materials. Niju et al. [14], presented that 

calcination-hydration-dehydration of eggshells obtained the high catalytic performance of the CaO catalyst. 

This catalyst at 5 wt.%, 12:1 methanol to oil molar ratio, and reaction temperature of 65 °C could be 

provided a biodiesel product of 94.52 % within the reaction time of 1 h. Lee et al. [18], studied the use of 

obtuse waste horn shell-derived CaO catalyst for the transesterification of palm oil to biodiesel. They found 

that the palm oil conversion was 86.75 % to biodiesel product under the reaction conditions of 6 h, methanol 

to oil ratio of 12:1, and 5 wt.% of catalyst loading amount. Additionally, they have also investigated the 

catalyst reusability. The results showed that the catalyst could reuse up to 3 times with catalytic activity 

higher than 70 % of palm oil conversion after the third cycle. Risso et al. [23], utilized waste shells of 

eggshells, oyster shells, and clam shells for biodiesel production of soybean oil. The results found that 

treated raw material in the process of catalyst preparation showed catalytic activity higher than the untreated 

sample by 2.5 times. Borah et al. [24], reported that 1 wt.% of Zn doped on eggshells to generate CaO 

nano-catalysts exhibited excellent catalytic activity to give a maximum biodiesel product of 96.74 % under 

the reaction of 20:1 methanol to oil molar ratio, 5 wt.% catalyst loading, 65 °C of reaction temperature, and 

4 h of reaction time. Rabie et al. [25], applied the diatomite supported by CaO/MgO nanocomposite as a 

heterogeneous catalyst for biodiesel production from waste cooking oil. They found that under the optimum 

condition, namely 120 min of reaction time, the temperature at 90 °C, 6 wt.% of the catalyst loading amount, 

and a 1:15 oil: Methanol ratio could be provided the maximum biodiesel yield of over 96 %. 

 From the data of the report, using waste and natural raw materials to synthesize CaO catalysts for 

biodiesel production decreases the production process cost and reduces the impact on the environment. The 

utilization of these materials catalysts is the main objective of this research work. Thus, this work focused 

on studying the catalytic performance of the CaO catalyst prepared from Fresh-water Clamshells 

(Pilsbryoconcha exilis compressa) and used lard oil as a raw material for biodiesel production compared 
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with palm oil. The main point of this work consisted of studying the effect of reusability and preservation 

of the CaO_FWC catalyst on the performance catalytic activity. The synthesized CaO catalyst was studied 

for physical and chemical properties using techniques such as Thermogravimetric analysis (TGA), 

Scanning electron micrograph (SEM), X-ray diffraction (XRD), X-ray fluorescence (XRF), Brunauer-

Emmett-Teller (BET) surface area, Fourier transforms infrared (FT-IR), and Temperature-Programmed 

desorption (CO2-TPD). Furthermore, the preservation and reusability of the catalyst were also studied in 

terms of the kinetic rate of reaction for carefully investigating the catalytic activity. Finally, the qualities of 

biodiesel products were tested by following European Standard methods (EN14214), American Society for 

Testing and Material (ASTM) methods, and biodiesel product specifications in Thailand. 

 

Materials and methods 

 Materials and catalyst preparation  

 Lard oil and palm oil were used as starting raw materials without any purification and they were 

purchased from commercial sources in the local market of Sakon Nakhon province, Thailand. Table 1 

presented the physicochemical properties of lard oil as a raw material for biodiesel production in this study 

compared with palm oil. The methanol analytical grade and Hammett indicators including phenolphthalein 

(pKa = 9.3), thymolphthalein (pKa = 9.9), indigo carmine (pKa = 12.2), 2,4-dinitroaniline (pKa = 15) and 

4-nitroaniline (pKa = 18.4) were obtained from Sigma-Aldrich and Fluka, Thailand. Fresh-water 

Clamshells were collected from the local market in Ubon Ratchathani province, Thailand. The impurity 

and contaminants were cleaned with distilled water several times and then air-dried at 100 °C for 6 h. The 

cleaned and dried Fresh-water Clamshells were crushed, sieved to small particles, and calcined in a furnace 

at 800 °C for 3 h followed by the TG/DTA analysis result as shown in Figure 3(a) following the method 

of Phewphong et al. [6], Roschat et al. [9], and Niju et al. [10,14] The powder resulting material obtained 

(denoted as CaO_FWC) was preserved within the glass bottle that was completely sealed. As a commercial 

grade, calcium oxide (denoted as CaO_com), calcium carbonate (denoted as CaCO3_com), calcium 

hydroxide (Ca(OH)2), and potassium hydroxide (KOH) were purchased from Acros Chemical Co. Ltd. 

 

Catalyst characterization  

The obtained CaO_FWC powder was characterized by XRD using a PHILIPS X΄Pert-MDP X-ray 

diffractometer, XRF with a PHILIPS MagiX spectrophotometer, and FT-IR spectrometer with a Perkin-

Elmer RXI spectrometer. The physical properties namely the surface area and morphology were determined 

by BET by using Bel-sorp-mini II (Bel-Japan) and SEM using a JEOL JSM 5410LV. While the basic site 

value as the chemical properties were evaluated using the Hammett indicators method and CO2-TPD with 

Chemisorption Analyzer (Belcat B) and the use of CO2 as an investigation molecule. TGA was carried out 

on a Rigaku TG-DTA 8120 thermal analyzer to test the thermal decomposition and determine the suitable 

temperature for calcinating Fresh-water Clamshells to produce a CaO_FWC catalyst. In this research, the 

process to characterize, analyze, and evaluate the physicochemical properties of the obtained CaO_FWC 

powder followed referring to the method from the reports of Roschat et al. [9,26], Risso et al. [12], Niju et 

al. [10,14], Lee et al. [18], and Borah et al. [24].    

 

Transesterification of lard oil using a CaO derived from Fresh-water Clamshells 

Catalytic performance testing of the CaO_FWC via transesterification reaction of lard oil was carried 

out with a 250 mL 3-neck round-bottom flask batch reactor equipped with a reflux condenser, thermometer 

sensor, and magnetic stirrer. The first step of the process, the mixed methanol against CaO_FWC catalyst 

following the reaction conditions consists of catalyst loading amount of 5.0 wt.% to oil weight, methanol 

to oil molar ratios of 12:1 mol, reaction temperatures of 65 ± 2 °C, and reaction time of 60 - 360 min, 

respectively. Afterward, the operational reactor carefully added an amount of heated lard oil or palm oil of 

50 mL (65 ± 2 °C). The reaction mixture was carefully controlled at a particular magnetic stirring rate of 

500 rpm. The sampling method was applied to observe the reaction progress. A solution of the reaction 

mixture was sampled proximately 0.5 mL, evaporated excess methanol by a hot oven, and centrifuged to 

separate the CaO_FWC catalyst, glycerol as a by-product, and biodiesel product before the process of 

analysis of biodiesel yield.     
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Figure 1 1H-NMR spectrum of the final biodiesel product obtained from lard oil and using a CaO_FWC as 

a catalyst. 

 

 The yield of biodiesel product was determined by nuclear magnetic resonance (1H-NMR) technique 

on a Brüker AVANCE III HD (600 MHz) spectrometer in terms of the percentage of fatty acid methyl ester 

(%FAME) for the study of the kinetics rate reaction following the research reports of Roschat et al. [5,6,26] 

and Niju et al. [10,14]. The 1H-NMR spectrum of the final biodiesel product obtained from lard oil and 

using a CaO_FWC as a catalyst was presented in Figure 1. A gas chromatograph analyzed the quality 

biodiesel product following the EN14214 standard method (GC-7890A) using a capillary column of DB-

WAX with 30 m × 0.15 mm and a flame ionization detector according to the reports of Roschat et al. 

[5,6,26] and Cruz-Merida et al. [29]. Figure 2 displayed a GC-chromatogram of the final biodiesel product 

obtained from lard oil using a CaO_FWC as a catalyst. For the reused experiment, the CaO_FWC solid 

catalyst was recovered by filtration for the next reactions, and all the reactions were run under the same 

conditions. Furthermore, the kinetics study of the transesterification reaction of lard oil catalyzed by the 

CaO_FWC catalyst was investigated via the reaction rate coefficient (k) value. The experimental method 

for the kinetics study in this work referred to the report of Roschat et al. [2,6,9], Krishnamurthy et al. [11], 

and Hebbar et al. [30]. Finally, the fuel properties of the obtained biodiesel were tested according to ASTM 

D6751 and EN 14214 standards method for bio-auto fuels [25-28]. 

 

 

Figure 2 GC-chromatogram of the final biodiesel product obtained from lard oil using a CaO_FWC as a 

catalyst. 
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Table 1 Quality indices of lard oil as a raw material for biodiesel production in this study compared with 

palm olein oil.   

Propertiesa Lard oil Palm oil 

Kinematic viscosity @ 40 °C (cSt) 30.08 31.36 

Density @15 °C (Kg m-3) 910.12 915.05 

Acid number (mg KOH/g of oil) 1.94 0.31 

FFAs content (wt.%) 0.98 0.16 

Saponification value (mg KOH/g of oil) 192.44 196.38 

Water content (%w/w oil) 0.51 0.67 

Iodine value (g I2/g of oil) 48.47 51.60 

Fatty acid composition (%)   

- Decanoic acid (C10:0) 0.13 - 

- Lauric acid (C12:0) 0.43 - 

- Myristic acid (C14:0) 1.92 0.11 

- Palmitic acid (C16:0) 23.53 36.73 

- Palmitoleic acid (C16:1) 2.55 3.33 

- Stearic acid (C18:0) 15.18 1.20 

- Oleic acid (C18:1) 41.84 46.07 

- Linoleic acid (C18:2) 12.67 12.03 

- Linolenic acid (C18:3) 1.09 0.38 

- Arachidic acid (C20:0) 0.66 0.15 

Total saturated fatty acids composition (%) 41.85 38.19 

Total unsaturated fatty acids composition (%) 58.15 61.81 

 

Results and discussion 

 Physicochemical properties of lard oil as a raw material compared with palm oil  

 The physicochemical properties of lard oil as a raw material compared with palm oil were presented 

in Table 1. The obtained data found that lard oil and palm oil have similar properties except for acid number 

and free fatty acid. Lard oil has a higher acid number and free fatty acids than that palm oil due to the frying 

process of extracting the oil. Notwithstanding, both the acid number and free fatty acid of lard oil have a 

value that does not exceed the specified threshold of about 3 wt.% or 1.5 mg KOH/g of oil to affect 

transesterification reaction in biodiesel production. If the acid number and free fatty acid value were higher 

than the threshold, soap products would be produced instead of a saponification reaction [4,5,31]. 

Furthermore, the fatty acid composition of lard and palm oil was similar, especially oleic and palmitic acid, 

which were the major components. However, lard oil also consists of other fatty acid components, such as 

stearic acid and myristic acid, resulting in a higher total saturated fatty acids composition than palm oil. 

According to the results of the iodine value, the lard has a lower iodine value than that palm oil due to the 

presence of saturated hydrocarbons in the fatty acid molecular structure. The results of this study were 

consistent with the research report of Roschat et al. [26], and Ezekannagha et al. [32]. Accordingly, lard 

oil is another alternative raw material with suitable properties and potential for biodiesel production.       

 

Catalyst characterization and catalytic tested  

Fresh-water Clamshells powder was characterized by using X-ray diffraction (XRD), and the results of 

XRD patterns indicated that it was a CaCO3 compound with a mixed orthorhombic and rhombohedral 

structure (Figure 3(b)). The resulting TG/DTA thermograms (Figure 3(a)) showed the phase 

decomposition of Fresh-water Clamshells powder sample in the range of 100 - 300 °C to be water and 

organic compound loose around 2.5 wt.%. In the range of 300 - 400 °C displayed Ca(OH)2 phase 
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decomposition at approximately 2.5 wt.%. The significant decomposition occurred in the range of 650  -

800 °C which the CaCO3 loose molecule of CO2 to give the CaO phase about 53 wt.%. Thus, the 

temperature of 800 C was suitable for producing the CaO phase as an active material for transforming the 

lard oil into biodiesel oil. These results and discussion were also agreeable to the reports from Phewphong 

et al. [6], Krishnamurthy et al. [20], and Sani et al. [33], who have researched the synthesis of CaO material 

from natural shells. In addition, Figure 3(b) also illustrated XRD patterns of CaO_FWC derived from 

calcination of Fresh-water Clamshells material. The data revealed that the obtained CaO FWC matched the 

CaO phase and showed the structure as a simple cubic similar to CaO_com (PDF No. 00-048-1467).  

 

 

Figure 3 (a) TG/DTA thermograms of the Fresh-water Clamshells and (b) XRD patterns of CaO_FWC, 

CaO_com, Fresh-water Clamshells, and CaCO3_com.     

 

The percentage of Ca element investigated by X-ray fluorescence (XRF) technique indicated that 

CaO_FWC has an amount of Ca element composition over 98 wt.% and close with CaO_com as shown in 

Table 2. While the specific surface area, total basic site (CO2-TPD desorption), and basic strength of the 

CaO_FWC catalysts showed a trend value higher than that of CaO_com. Corresponds to %FAME of lard 

oil which used the CaO_FWC as a catalyst has a higher yield than CaO_com at the same reaction conditions. 

The possible reasons for explaining the results of this experiment were the CaO_com adsorbed moisture in 

the air and became Ca(OH)2 species [2,6,10]. The clear evidence showed that the Ca(OH)2 minor phase 

revealed peaks mixed within the XRD patterns of CaO_com at 2 degrees of 28.6, 34.1, 47.1 and 50.8 °, 

respectively. The morphology of the CaO FWC sample was proved by using the SEM technique and the 

SEM image depicted in Figure 4(a). The apparent morphology was like a small sheet overlapping and 

agglomerated lumpenly. Moreover, it has a porosity distribution throughout the particle, and the particle 

size of the CaO FWC sample was about 5 - 30 μm. 

 

Table 2 The specific surface area, percentage of Ca element, total basic site, basic strength of the 

CaO_FWC catalysts, and %FAME of lard oil using a CaO_FWC as a catalyst. 

Catalyst 
Specific surface area 

(m2g−1) 

Ca 

(wt.%) 

Total basic site 

(mmol g−1) 

 

basic strength 

(H) 

%FAME 

of lard oilc 

CaO_com 8.013 99.4 5.528 15 < H_ < 18.4 96.83 

CaO_FWC 8.293 98.6 8.450 15 < H_ < 18.4 97.52 

CaO_pre 180a 6.201 98.3 4.248 12 .2 < H_ < 15 64.49 

CaO_deactb 3.329 98.3 1.883 9.3 < H_ < 12.2 22.47 

aCaO_pre 180 was denoted as the preserved CaO_FWC for 180 days. 
bCaO_deact was denoted as the deactivated catalyst.  
cThe transesterification reaction conditions: Catalyst loading amount of 5 wt.%, methanol to oil molar ratio 

of 12:1, reaction temperature of 65 ± 2 °C, and reaction time of 180 min. 
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Figure 4 SEM image of (a) the fresh CaO_FWC, (b) the CaO_FWC catalyst after being preserved for 30 

days, (c) the CaO_FWC catalyst after being preserved for 180 days, and (d) the deactivated CaO_FWC 

catalyst. 

 

The effect reusability of the CaO_FWC catalyst on the catalytic activity   

The effect reusability of the CaO_FWC catalyst on the %FAME of lard oil was revealed in Figure 

5(a). After each reaction, the CaO_FWC catalyst was filtered and washed with hexane and methanol to 

remove the reactant and product. Then it was reused without modification to run as a catalyst with the same 

condition. This study found that the CaO_FWC catalyst could be reused 3 times, and the catalytic activity 

was only slightly decreased. The biodiesel yield of lard oil was also higher than 95 %. However, the 

catalytic activity of the CaO_FWC catalyst drastically reduced after using it more than 3 times. At the reuse 

of the CaO_FWC catalyst 9 times, the resulting %FAME was reduced to about 20 %. The reasons 

explaining the deactivation of the catalyst were the active site of them damaged from the reaction mixture 

such as lard oil, biodiesel, and glycerol coverage over the surface area as demonstrated in Figure 4(d). 

Agreement with the specific surface area, total basic site (CO2-TPD desorption), and basic strength of the 

CaO_FWC catalysts were significantly decreased as shown in Table 2.   

 

 

Figure 5 (a) the effects of reusability of the catalyst on the % and (b) comparison of the kinetics study on 

biodiesel production between using the fresh CaO_FWC and the deactivated CaO_FWC catalyst. The 

reaction conditions: Catalyst loading amount of 5 wt.%, methanol to oil molar ratio of 12:1, and reaction 

temperature of 65 ± 2 °C (the reaction time of 180 min for Figure 5(a)).   
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Figure 6 (a) TG/DTA thermograms of the deactivated CaO_FWC catalyst and (b) XRD patterns and FT-

IR spectra of the CaO_FWC, Ca(OH)2, and the deactivated CaO_FWC catalyst.      

 

Moreover, TG/DTA thermograms, XRD patterns, and FT-IR spectra of the deactivated CaO_FWC 

catalyst were presented in Figure 6. TG/DTA thermograms results indicated that the deactivated 

CaO_FWC catalyst transformed into a Ca(OH)2 and CaCO3 compound followed the phase decomposition 

in the range of 400 to 800 °C denoted Ca(OH)2 and CaCO3 decomposed. While the XRD pattern and FT-

IR spectra of the deactivated CaO_FWC catalyst found the Ca(OH)2 and CaCO3 specie, when compared 

with the fresh CaO_FWC catalyst, showed only the CaO phase. To confirm this phenomenon, the 

comparison of the kinetics study on biodiesel production between using the fresh and the deactivated 

CaO_FWC catalyst was also displayed in Figure 5(b). The rate constant (k) value of using fresh and the 

deactivated CaO_FWC catalyst were 12.80×10−3 and 1.49×10−3 min−1, respectively. This information 

suggested that both the catalysts exhibited very different catalytic activity under the same reaction 

conditions. All these results were supported by the research report of Roschat et al. [34,35], Changmai et 

al. [36], and Mohamed et al. [37], who studied the reuse of catalysts in biodiesel production.   

 

The effect of the preservation CaO_FWC catalyst on the catalytic activity   

The preservation effect of the CaO_FWC catalyst on the catalytic activity of biodiesel production was 

one of the important factors because it involved the cost of the production process. Suppose the catalyst 

can be stored long without decreasing its catalytic activity. In that case, it means the mass synthesis of 

catalysts at a time that can reduce the cost of biodiesel production. In this study, the CaO_FWC catalyst 

was preserved in an amber glass bottle, sealed tightly, and kept at room temperature for 180 days (6 

months). The changes in chemical properties and catalytic activity of the CaO_FWC catalyst were 

monitored by taking the samples to be tested for the specified periods at 0 (fresh CaO_FWC), 30, 60, 90, 

and 180 days, respectively. The XRD patterns of the fresh CaO_FWC catalyst (0 days) compared with the 

Ca_FWC catalyst after being preserved for 30, 60, 90, and 180 days were displayed in Figure 7(a). This 

result indicated that the CaO_FWC catalyst reacted with moisture and CO2 in the air to give Ca(OH)2 and 

CaCO3 species after being preserved for 30, 60, 90, and 180 days [35,37,38]. This result was also consistent 

with the results of the FT-IR analysis as displayed in Figure 7(b), which could be observed in the strong 

peak of the O-H stretching of Ca(OH)2 at 3641 cm−1, C=O and C-O stretching of CaCO3 at 1577-1293 

and 878 cm−1, respectively. Furthermore, both the XRD patterns and FT-IR spectra of the CaO_FWC 

catalyst after being preserved for 180 days, showed more clearly the phase of the Ca(OH)2 and CaCO3 

compounds.     
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Figure 7 (a) XRD patterns and (b) FT-IR spectra of the fresh CaO_FWC (0 days) catalyst and CaO_FWC 

catalyst after being preserved for 30, 60, 90, and 180 days.  

 

Additionally, the CO2-TPD desorption curve of the fresh CaO_FWC (0 days), demonstrated in Figure 

8(a), also confirmed the result of the active site significantly decreasing after being preserved for 90 and 

180 days. This data agreed with the basic strength (H_) reduced to 12 .2< H_< 15 of the maintained 

CaO_FWC for 180 days compared with the fresh CaO_FWC catalyst (0 days), as shown in Table 2. While 

the TG/DTA thermogram of the CaO_FWC catalyst after being preserved for 180 days, as depicted in 

Figure 8(b), indicated that the significant mass loss was Ca(OH)2 phase approximately 20 wt.%. In 

addition, the SEM image of the CaO_FWC catalyst after being preserved for 30 and 180 days was also 

presented in Figures 4(b) - 4(c). The results indicated that the morphology of the CaO_FWC catalyst after 

being preserved for 30 days, slightly changed and remained intact. On the other hand, the CaO_FWC 

catalyst, after being stored for 180 days, markedly changed its morphology. Figure 4(c) showed that the 

morphology of the CaO_FWC catalyst was neatly together and agglomerated spheres more giant than the 

fresh CaO_FWC catalyst. This data accorded with the specific surface area of the preserved CaO_FWC for 

180 days which significantly decreased from 8.293 m2g−1 (the fresh CaO_FWC catalyst) to 6.201 m2g−1. 

The specific surface area of the preserved CaO_FWC for 180 days was reduced by 25.23 % compared to 

the fresh CaO_FWC catalyst. 

 

 

Figure 8 (a) CO2-TPD desorption curve of the fresh CaO_FWC (0 days), CaO_FWC catalyst after being 

preserved for 90 and 180 days, and the deactivated CaO_FWC catalyst. (b) TG/DTA thermogram of the 

CaO_FWC catalyst after being preserved for 180 days. 
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Figure 9 (a) comparison of the kinetics study and (b) the effects of catalytic activity on biodiesel production 

between using the fresh CaO_FWC (0 days) and the CaO_FWC catalyst after being preserved for 30, 60, 

90, and 180 days. The reaction conditions: Catalyst loading amount of 5 wt.%, methanol to oil molar ratio 

of 12:1, and reaction temperature of 65 ± 2 °C (the reaction time of 180 min for Figure 9(b)).    

  

 Furthermore, the results displayed in Figures 9(a) - 9(b) also presented the comparison of the kinetics 

study and the effects of catalytic activity on biodiesel production between using the fresh CaO_FWC (0 

days) and the CaO_FWC catalyst after being preserved for 30, 60, 90, and 180 days. The rate constant (k) 

value of the transesterification reaction with the used fresh CaO_FWC (0 days) was equal to 12.80×10−3 

min−1, higher than that of the preserved catalyst. In comparison, the k value of the used CaO_FWC catalyst 

after being kept for 30, 60, 90, and 180 days was 12.21×10−3, 8.64×10−3, 7.33×10−3 and 6.79×10−3 min−1, 

respectively which has decreased significantly. This data has a similar trend with %FAME of the lard oil 

used in the same reaction conditions namely catalyst loading amount of 5 wt.%, methanol to oil molar ratio 

of 12:1, and reaction temperature of 65 ± 2 °C and the reaction time of 180 min. The results found that the 

fresh CaO_FWC (0 days) and CaO_FWC catalyst after being preserved for 30 days could be catalyzed to 

give %FAME higher than 95 %. In contrast, the experimental data also revealed that the CaO_FWC catalyst 

after being preserved for 60, 90, and 180 days had reduced catalytic efficiency with drastically decreased 

in the %FAME value. All these experimental data could be explained the decreased efficiency of the 

CaO_FWC catalyst after being preserved due to CaO as a major phase changing to Ca(OH)2 and CaCO3 

phase. Several reports indicated that the CaO phase has a higher catalytic activity than Ca(OH)2 and CaCO3 

phases because of the excellent properties of the total basic site and the basic strength of CaO meant the 

active site of the catalyst. These experimental results were consistent with the research report of 

Krishnamurthy et al. [11], Yaşar [16], Roschat et al. [35], Giammaria and Lefferts [39], Athar and Zaidi 

[40], Trisupakitti et al. [41]. Therefore, it could be concluded that the CaO catalyst derived from the Fresh-

water Clamshells as a raw material could preserve for only 30 days (1 month), and the catalytic efficiency 

has also remained.     

 

Fuel properties of biodiesel product catalyzed by using CaO_FWC catalyst 

The fuel properties of biodiesel products derived from lard oil and compared with palm oil catalyzed 

by using CaO_FWC catalyst were presented in Table 3. The European standard test method (EN-14214) 

and the American Society for Testing and Material (ASTM-D6751) standard test method were applied to 

evaluate the physicochemical properties of the final biodiesel product following the reports of Roschat et 

al. [26,27], Cruz-Merida et al. [29], Paola et al. [42], Afzal et al. [43], Mohiddin et al. [44], and Taghipour 

et al. [45]. The yield of biodiesel products (% v/v) was calculated by the volume of the obtained biodiesel 

product divided by the volume of lard oil or palm oil as a starting material. The results found that the yield 

of lard oil biodiesel products was 88.54 %, while the yield of palm oil biodiesel products was 86.88 %. The 

percentage of fatty acid methyl ester content (%FAME) determined by GC and H-NMR technique has 

higher than 96.5 % for both lard oil and palm oil as raw material and catalyzed with CaO_FWC catalyst. 

This case indicated that lard oil and palm oil have a high potential for use as raw materials to produce 

biodiesel due to their lower acid value and free fatty acid. 

In addition, the fuel properties of biodiesel products derived from lard oil and palm oil as raw materials 

and catalyzed by CaO_FWC catalyst met the specified standards both of EN-14214 and ASTM-D6751. In 

particular, the lard oil biodiesel product from this study showed physicochemical properties similar to the 
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research report of Roschat et al. [26] and Ezekannagha et al. [32], who studied the physicochemical 

properties of biodiesel products derived from lard oil and using eggshells as a green catalyst. Hence, all this 

study data indicated that lard oil as a raw material and Fresh-water Clamshells as a starting material to 

generate CaO_FWC catalyst for biodiesel production have great potential. Moreover, both raw materials 

were abundant biomass locally in Thailand and used relatively little. Therefore, all the results of this work 

were excellent databases for utilizing and adding value to biomass sources for further development and 

development as renewable and alternative energy.     

 

Table 3 Fuel properties of biodiesel product derived from lard oil and palm oil as raw materials and 

catalyzed by CaO_FWC catalyst. 

Fuel properties Standard biodiesel Lard oil biodieselc Palm oil biodieselc 

Yield of biodiesel product (% v/v) - 88.54 86.88 

Methyl ester content (%) by GC 

techniquea > 96.5 96.86 97.69 

Methyl ester content by 1H-NMR 

technique 
- 97.35 98.12 

Kinematic viscosity @ 40 °C (cSt)a 3.5 - 5.0 3.92 4.36 

Density at 15 °C (kg/m3)a,b 860 - 900 870 878 

Acid number (mg KOH/g oil)a,b < 0.5 0.30 0.30 

Copper strip corrosiona,b No. 1 No. 1 No. 1 

Oxidation Stability (h)a > 6 > 12 > 12 

Carbon residue (%w/w of oil)a  0.05 0.024 0.036 

Sulfated ash (%w/w of oil)a,b  0.02 0.011 0.015 

Total contamination (ppm)a < 24 12.6 19.3 

Flash point (°C)a > 120 182 188 

Cloud point (°C)b Report +8 0 

Pour point (°C)b Report +5 +8 
aEuropean standard (EN-14214) test method. 
bAmerican Society for Testing and Material (ASTM-D6751) standard test method. 
cThe reaction conditions: Catalyst loading amount of 5 wt.%, methanol to oil molar ratio of 12:1, reaction 

temperature of 65 ± 2 °C, and reaction time of 3 h. 

 
 

Conclusions 

 This research work demonstrated the utilization of the Fresh-water Clamshells-derived CaO catalyst 

for producing biodiesel production from lard oil. The main point of this work consisted of studying the 

effect of reusability and preservation of the CaO_FWC catalyst on the performance of the catalytic activity 

and physicochemical properties, which were changed by this obtained catalyst. The results found that the 

properties of the CaO_FWC catalyst have a high performance equivalent to the CaO commercial grade 

under the same reaction conditions. The stability of the CaO_FWC catalyst was evaluated by reusing and 

preserving it for a long time to 180 days. The experimental data revealed that the reusability and 

preservation of the CaO_FWC catalyst were only able to reuse 3 times and kept for 30 days with the 

catalytic performance slightly decreased and %FAME was still more than 95 %. The reaction rate 

coefficient (k) value of the applied fresh and after being preserved for 30 days of CaO_FWC catalyst was 

12.80×10−3 and 12.21×10−3 min−1, respectively, whose values were not significantly different. The quality 

of biodiesel products derived from lard oil as a starting material and using CaO FWC as a catalyst met all 

the specified standards parameters of EN-14214 and ASTM-D6751 for biofuel products. Therefore, all the 

resulting data of this study suggested that using lard oil and the CaO_FWC catalyst for biodiesel production 

was another excellent option to utilize and add value to biomass materials in terms of the development of 

alternative and renewable energy in Thailand. 
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