
 

 

 

Abstract— Rare earths obtained from decomposition of monazite 

ore by alkali process were used to synthesize the solid catalyst for 

biodiesel production.  In this work, the pure rare earth oxide catalysts 

such as La2O3, CeO2 and Nd2O3 were prepared by precipitation 

method. They were used to catalyze the transesterification of palm oil 

with methanol. The catalysts were characterized by X-ray powder 

diffraction (XRD), Nitrogen adsorption isotherm (BET) and 

Scanning electron microscope (SEM). Under the operating 

conditions:  amount of catalyst of 10% wt., the molar ratio of 

methanol to palm oil of 30:1, stirring speed of 600 rpm, reaction 

temperature of 200 °C and reaction pressure of 39 bar for 5 h. The 

fatty acids methyl ester (FAME) content of 90.25%, 88.92% and 

89.1% for La2O3, CeO2 and Nd2O3, respectively were obtained. 

 

Keywords— Biodiesel, Rare earth oxides, Solid catalyst, 

Transesterification  

I. INTRODUCTION 

N increasing problem of the petroleum oil price in the 

world oil market causes by the consuming large amounts 

of energy of human in the form fuel and natural gases. These 

energies are finite and can be used within a short period of 

time [1]. Therefore, research is now being directed towards the 

use of alternative renewable fuels. In term of technical and 

economic potential, biodiesel is more efficient than other 

alternative fuels. Biodiesel has many advantages. It is 

biodegradable, safer, non-toxic and simple to use. 

Biodiesel can be produced from transesterification of 

vegetable oils and fats with methanol in the presence of a  
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suitable catalyst. The catalyst used to synthesize biodiesel it 

can be divided into 2 types including homogeneous and 

heterogeneous catalysts. Even though homogeneous catalyst 

has benefits in term of fast reaction rate and high yield and 

mild operating condition, the drawback of this application is 

that difficult removal of catalyst, and a large amount of 

wastewater during biodiesel separating and cleaning. 

Therefore, the use of heterogeneous catalyst can be 

advantageous since simply catalyst separation, nontoxic, non-

corrosive and minimizing of environmental pollution. [2]. 

Rare earth elements are found in nature minerals such as   

Monazite ore [3]. They are used in a variety of industrials such 

as ceramic, glass, electronic, nuclear and petroleum. In the 

petroleum industry, the rare earth was used as catalyst and 

catalyst support in the distillation of petroleum oil [4]. 

In this work, pure rare earth oxides such as La2O3, CeO2 

and Nd2O3 were prepared by precipitation method. The 

textural property, crystalline structure and morphology of these 

catalysts were characterized by different techniques. They 

were also used to catalyze the transesterification of palm oil 

with methanol to produce biodiesel.  

II.   EXPERIMENTAL 

A. Materials 

All rare earth EDTA solutions (Lanthanum, Cerium and 

Neodymium) were obtained from the decomposition of 

monazite ore by alkaline process [5], Rare Earth Research and 

Development Center, Thailand Institute of Nuclear 

Technology (TINT). Palm oil was purchased from commercial 

sources in Thailand. The average molecular weight of palm 

olein is 838 g mol-1.  Oxalic acid and methanol were 

purchased from Ajax Fine chem Pty., Ltd.  

B. Catalyst preparation 

A solution of 10 g oxalic acid in 100 ml water was added in 

1,400 ml of the rare earth EDTA solution with stirring rate of 

4   rpm   he flow rate was maintained at 1 ml min   he 

suspension was allowed to stand at room temperature 

overnight   he precipitate was washed several times with 

deionized water and then filtered off   he rare earth oxalate 

was dried at 11     for 12 h and calcined at 9      for 3 h   

C. Catalyst purification 

The purification of rare earth oxide catalysts was analyzed 
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from the energy dispersive X-ray fluorescence (ED-XRF) 

(Epsilon 5, PANalytiacl, Almelo, Netherland). 

D. Catalyst characterization 

The specific surface area, total pore volume and average 

pore diameter of the samples were evaluated from nitrogen 

adsorption isotherms (Autosorb-1, Quantachrome).  

The powder X-ray diffraction patterns (XRD) of the 

samples were recorded on a Bruker D8 Advance powder 

diffractometer using  u Kα radiation (3 kV and 3 mA)   he 

diffractograms were recorded in the 2θ range of 5-1     with a 

2θ step size of    4   

The morphology of the prepared catalysts was characterized 

by SEM microscopy using a HITACHI S3400n scanning 

electron microscope. 

E. Transesterification procedure 

The transesterification reaction of palm oil with methanol 

was carried out in 600 ml of Parr stirred batch reactor (model 

4568). The reactor vessel was constructed from stainless steel. 

The reactor was equipped with a four-blade impeller, 

thermocouple, sampling tube and pressure sensor. The palm 

oil and pure rare earth catalyst were added into the reactor. 

After the reactor was closed, nitrogen was purged to remove 

the air in the reactor. When the reactant and catalyst were 

heated to the desired reaction temperature, with constant 

stirring rate at 600 rpm, nitrogen was introduced to pressurize 

the system to ensure that the reactants were forced to be liquid. 

The reaction was started when methanol was added into the 

reactor by nitrogen gas. After the reaction completion, the 

sample was separated from catalyst by centrifuge. 

F. Biodiesel analysis 

The fatty acid methyl ester content in samples were 

analyzed by GC–MS (Agilent 6890). The conditions of GC–

MS were listed as follows: HP-5 capillary column; diffluent 

ratio 10:1; carrier gas He; feed temperature 280 °C; 

temperature programmed from 120 °C to 180 °C at 20 °C/min 

and then to 280 °C at 5 °C/min, the temperature of 280 °C was 

kept constant for 3 min. EI ionic source 230 °C, interface 

temperature 280 °C. The target compounds were identified by 

mass spectrometry in both SCAN and SIM mode. Spectra of 

the compounds was obtained and compared with those in 

library. 

III. RESULTS AND DISCUSSION  

A. Catalyst purification 

The ED-XRF analysis revealed the presence of several trace 

elements such as Na2O, Al2O3, SiO2, CaO, Fe2O3, La2O3, 

CeO2, Nd2O3, Pr2O3 and Sm2O3. Table 1 shows purification of 

pure rare earth oxide catalysts. Which results show that, the 

high purification of La2O3 (95.85%), CeO2 (97.13%) and 

Nd2O3 (95.59%) were obtained. 

 

 

 

TABLE I 

ED-XRF ESTIMATION OF ELEMENTAL CONCENTRATION (%) IN RARE EARTH 

OXIDE CATALYSTS 

Compounds Concentrations (%) 

La2O3 CeO2 Nd2O3 

Na2O 0.90 - - 

Al2O3 0.80 1.51 - 

SiO2 0.23 0.23 - 

CaO 1.58 0.21 0.19 

Fe2O3 0.13 0.22 - 

La2O3 95.85 0.59 0.22 

CeO2 0.51 97.13 2.03 

Nd2O3 - 0.11 95.59 

Pr2O3 - - 0.80 

Sm2O3 - - 1.17 

 

B. Catalyst characterization 

Fig. 1 demonstrates the XRD patterns of different rare earth 

oxides with 2θ from 5 to 90. The X-ray powder diffraction 

patterns closely matched the well-known rare earth oxide 

structures [6]. Fig. 1a shows the diffraction peak of La2O3   he 

sharp peaks located at 26 11   29 96   39 48   46  9   52 16  and 

55 46  were o served   he diffraction peak of CeO2 is 

illustrated in Fig.1 b. Its strong shape peaks appeared at 2θ =  

Fig. 1 X-ray powder diffraction patterns of different rare earth oxides. 
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28 48   33  3   47 45  and 56 28    he sharp diffraction peaks of 

Nd2O3 at 2θ   26 85   29 77   4  53   47 45   53 48  and 57 64  

were o served as shown in Fig  1 c   esquioxides of trivalent 

rare earth metals have A-   -  and   type crystal structures at 

temperature lower than 2         he A-, B-, and C-type crystal 

structures are hexagonal, monoclinic, and cubic, respectively 

[7].  The crystal structures of La2O3 and Nd2O3 after calcined 

at 900oC were A-type hexagonal. A cubic structure of CeO2 

was found at the same calcination temperature. 

 

TABLE III 

BET SURFACE AREA, TOTAL PORE VOLUME AND AVERAGE PORE DIAMETER OF 

RARE EARTH OXIDE CATALYSTS 

 La2O3 CeO2 Nd2O3 

BET Surface area (m2/g) 5.146 5.287 3.166 

Total pore volume (cc/g) 0.014 0.034 0.028 

Average  pore diameter (nm) 10.97 25.95 35.17 

 

The BET surface, total pore volume and average pore 

diameter are important characterizations of solid catalyst. Due 

to, it is closely related to the catalytic activity. Particularly, the 

reactivity is directly proportional to the external surface area 

of catalyst [8]. Table 2 shows BET surface area, total pore 

volume and average pore diameter of rare earth oxide 

catalysts. Pure La2O3, CeO2 and Nd2O3 showed a surface area  

of 5.146, 5.287 and 3.166 m
2
/g, respectively. The average pore  

 

size diameters of all samples were under the meso-pore 

category in the range of 10-50 nm. That is advantageous for 

the reaction of large reactants such as triglycerides because the 

internal mass transfer limitation in the transesterification can 

be reduced using meso-pore catalysts [9].  

The morphology of the rare earth oxide catalysts was were 

investigated by SEM. Fig. 2 shows SEM images of rare earth 

oxide catalysts. All rare earth oxides are in the form of 

irregular-shaped crystalline particles. However, the sizes of 

most particles were very fine. It shows the surfaces comprise a 

large number of conglomerations of catalyst particles. And 

each particle was mixed in the range of meso to macro particle 

size. Most of these particles congregate to form agglomerates. 

Within the particles, fewer meso-pores are observed (10–50 

nm) because the catalyst crystals are almost solid with 

moderate surface areas. 

C.  Transesterification reaction 

Pure rare earth oxide catalysts including La2O3, CeO2 and 

Nd2O3 were prepared the catalytic activities for 

transesterification reactions of palm oil with methanol were 

investigated.  

 he reactions were carried out at molar ratio of methanol to 

oil 3 :1  catalyst loading 1  wt  reaction temperature 2       

reaction temperature 39 bar and stirring rate 600 rpm for 5 h. 

 

 

Fig. 2 SEM images of rare earth oxide catalysts. (a-c are 3,000 magnification, d-f are 10,000 magnification.) 
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Fig. 3 Fatty acid methyl ester content of pure rare earth oxides 

 

Fig. 3 shows the fatty acid methyl ester (FAME) contents of 

pure rare earth oxide catalysts such as La2O3, CeO2 and 

Nd2O3. A little difference between the catalytic activities of 

their catalysts for transesterification of palm oil with methanol 

was found. The high FAME contents of La2O3 (90.25%), CeO2 

(88.91%) and Nd2O3 (89.10%) were obtained. 

IV. CONCLUSION 

Rare earth solid base catalysts such as La2O3, CeO2 and 

Nd2O3 were prepared by simple precipitation method. These 

catalysts showed high catalytic activity for the 

transesterification of palm oil with methanol. This probably 

caused by large pore volume of their catalysts. The high 

FAME content of 90.25%, 88.92% and 89.1% for La2O3, 

CeO2 and Nd2O3, respectively were obtained under the 

condition as follows: molar ratio of methanol to oil 30:1 

catalyst loading 10%wt, reaction temperature 2       reaction 

pressure 39 bar and stirring rate 600 rpm for 5 h.  The results 

indicate that rare earth oxide catalysts have great potential for 

biodiesel production from vegetable oil. 
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