
Iran. J. Chem. Chem. Eng. Research Article Vol. 37, No. 2, 2018 

 

Research Article                                                                                                                                                                    33 

 

 

Catalytic Performance and Characterization of  

Promoted K-La/ZSM-5 Nanocatalyst for Biodiesel Production 
 

 

Feyzi, Mostafa*+ 

Department of Physical Chemistry, Faculty of Chemistry, Razi University,  

P. O. Box 6714967346 Kermanshah, I.R. IRAN 

 

Lorestani Zinatizadeh, Ali Akbar; Nouri, Parasto 

Department of Applied Chemistry, Faculty of Chemistry, Razi University, Kermanshah, I.R. IRAN 

 

Jafari, Fataneh 

Department of Physical Chemistry, Faculty of Chemistry, Razi University,  

P. O. Box 6714967346 Kermanshah, I.R. IRAN 

 

 

ABSTRACT: The promoted K-La nanocatalysts supported on ZSM-5 zeolite were prepared  

via wetness impregnation method and tested for biodiesel production from soybean oil. The effects 

of different weight percentage of La, loading of K as a promoter and calcination conditions  

on structure and activity of catalyst were investigated. Results showed that the supported catalyst 

containing 7wt.% of La was promoted with 1wt.% of K is an optimal catalyst for biodiesel 

production. The best operational conditions were the CH3OH/oil=12/1 molar ratio at 60˚C with 

mechanical stirring 500 rpm for 3 h. The biodiesel yield reached 90% under the optimal 

operational conditions. It was found that K-La/ZSM-5 nanocatalyst have high basic sites and 

catalytic activity for biodiesel production. Characterization of catalysts was carried out by using 

Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), Temperature 

Programmed Desorption (TPD), X-Ray Diffraction (XRD), Fourier Transform-InfraRed(FT-IR) 

spectroscopy and N2 adsorption-desorption measurements methods. 
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INTRODUCTION 

With the increase of environment protection 

consciousness and decreasing of petroleum reserves, 

biodiesel, defined as the mono alkyl esters of fatty acids, 

has been the focus of a considerable amount of recent  

 

 

 

research as an alternative renewable fuel. Fatty Acid 

Methyl Esters (FAMEs), commonly known as biodiesel, 

are a nontoxic, biodegradable, eco-friendly and 

renewable substitute for common diesel fuel [1].  
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Combustion of the biodiesel in engines causes pithy 

lesser emission of particulates, unborn hydrocarbons, 

carbon monoxide, carbon dioxide and SOx than 

conventional diesel fuels. The general method for  

the preparation of biodiesel is transesterification reaction 

of oil and alcohol with homogeneous catalyst [1-4]. 

Commonly, biodiesel is produced using homogeneous acid 

and alkaline catalysts [5]. Most of the works have shown 

that the use of heterogeneous catalysts would result  

in high biodiesel yields, simpler and cheaper separation 

processes, a reduced water effluent load, and a higher 

grade of glycerol could be obtained. On the other hand, 

the main drawbacks are the high temperature and 

pressure, as well as the higher methanol to oil ratio 

needed for the transesterification reaction as compared 

with homogeneous systems [6-8]. A new trend in the 

preparation of biodiesel is to use ‘‘green” method based 

on heterogeneous catalyst [9, 10].  Although the solid 

phase catalytic methods are intensively studied,  

the industrial applications are limited. This fact offers that 

further research is necessary to solve current problems [11, 12]. 

Heterogeneous catalytic methods are usually mass 

transfer resistant, time-consuming and inefficient [13].  

A variety of heterogeneous catalysts for the transesterification 

reactions were reported in the literature, including 

immobilized enzymes [14], calcium carbonate [15], 

alkali-earth metal compounds [15], sulphated zirconia [16], 

zeolites [19], alumina loaded with alkali metal salt [17-19], 

and calcium oxide loaded with lithium-ion [20].  

Recent studies have also found functionalized mesoporous 

silica, such as tin-oxide-modified mesoporous SBA-15 [21], 

titanium-grafted mesoporous silica [22], and magnesium 

supported MCM-41 [23] effective for catalyzing 

transesterification reactions using a variety of triglycerides. 

Nanocatalysts have high specific surface and high 

catalysis activities may solve the above problems.  

They have become the focus of recent research [24, 25]. 

In general, the best catalysts must have several qualities 

i.e., catalyze transesterification and esterification,  

not be deactivated by water, be stable, do not give rise to 

leaching, be active at low temperature, and have high 

selectivity [26]. Thus far, the use of solid catalysts to 

produce biodiesel requires a better understanding of the 

factors that govern their reactivity. To improve  

the performance of these catalysts, it is essential  

to understand the correlations between acid and base 

strength and catalytic activity. It is clear that the surface 

of these heterogeneous materials should display some 

hydrophobic character to promote the preferential 

adsorption of triglycerides and to avoid deactivation of 

catalytic sites by strong adsorption of polar by-products 

such as glycerol and water [27]. In the present work, 

novel La/ZSM-5 catalysts were prepared using the 

wetness impregnation method. The effect of the La ratio  

to support (wt.%), loading of promoter and calcination 

conditions on the catalytic performance were investigated. 

The effect of reaction variables, such as methanol to oil 

molar ratio, catalyst amount, reaction temperature and 

reaction time for biodiesel production were investigated. 

The prepared catalysts were characterized by FT-IR, 

TPD, XRD, SEM, TEM, and N2 adsorption-desorption 

measurements methods.  

 

EXPERIMENTAL SECTION 

Catalyst preparation 

All materials with analytical purity were purchased 

from Merck and used without further purification.  

At first, 5 g of ZSM-5 zeolite was washed with 30 mL  

of NaOH (2 M) for removal some atoms of Si in the 

framework of zeolite. In this media the ratio of Al/Si is< 6 

and resulting is decreasing acidic property of zeolite.  

The obtained zeolite was dried at 100 ◦C for 2 h then heated  

at 600 ◦C for 4 h. The ZSM-5 was impregnated with  

an aqueous solution of La(NO3)3.6H2O to generate a series 

of x(La)/ZSM-5 catalysts (x=2–10wt%). The catalysts 

were dried at 120 ◦C for 12 h after impregnation and then 

calcined in desired conditions. The promoted La/ZSM-5 

catalysts were prepared with different amounts of KNO3 

to generate a series of promoted K-La/ZSM-5 catalysts. 

The promoted catalysts were dried in an oven (120 ºC,  

12 h) to give a material denoted as the catalyst precursor, 

subsequently calcined in a furnace to achieve the final 

catalyst. 

 

Catalyst characterization 

N2 physisorption measurements 

The specific surface area, total pore volume, and the 

mean pore diameter were measured using an N2 

adsorption-desorption isotherm at liquid nitrogen 

temperature (-196ºC), using a NOVA 2200 instrument 

(Quanta chrome, USA). Prior to the adsorption-

desorption measurements, all the samples were degassed 
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at 110 ºC in an N2 flow for 2 h to remove the moisture 

and other adsorbents.  

 

Scanning Electron Microscopy (SEM) 

The morphology of catalyst and precursor was 

observed by means of an S-360 Oxford Eng scanning 

electron microscopy. 

 

Transmission Electron Microscopy (TEM) 

TEM investigations were carried out using a Hitachi 

H-7500 (120 kV). The sample for TEM study was 

prepared by ultrasonic dispersion of the catalyst in 

ethanol. The suspension was dropped onto a carbon-

coated copper grid.  

 

Fourier Transforms Infrared (FT-IR) spectrometry 

Fourier transform infrared (FT-IR) spectra of the 

samples were recorded using a Bruker Vector 22 

spectrometer in the region of 400–4000 cm-1 while the 

applied resolution was 1 cm-1. 

 

Temperature Programmed Desorption (TPD)  

NH3-TPD profile of ZSM-5 and La/ZSM-5  

were recorded using a micromeritic TPD–TPR 290 

system. The TPD analysis was performed using a mixture 

gas of 10%NH3/90%He (v/v). The samples were heated 

from ambient temperature to 700 °C at a heating rate of 

12 °C/min.  

 

X-Ray Diffraction (XRD) 

The XRD patterns of all the precursor and calcined 

samples were recorded on an Equinox 3000 (40 kV, 30 mA) 

X-ray diffractometer (Inel, France), using a Cu Kα 

radiation source (λ=1.542 Å) in the 2θ range of 5°-75°. 

 

Transesterification reaction 

The soybean oil was used in the transesterification 

reaction that provided from Mahidasht vegetable oil 

Company (Nazgol). The transesterification of 30 g oil 

was carried out in a 250 ml round bottomed flask fitted 

with a condenser and magnetic stirring system (reaction 

system). At first, the reaction system was heated to  

a selected temperature, when the mixture of methanol and 

the catalyst reached the desired temperature; oil was added 

with continuous stirring (300 rpm). After completion of  

the reaction, the solid catalyst was separated with filtration. 

For the filtration test, the reaction mixture was filtered off 

after 20 minutes reaction time using a 0.2 µm PTFE filter. 

The obtained products were heated for remove excess 

methanol in T= 70 °C for 30 min then settled in a separating 

funnel. The upper phase consisted of fatty acid methyl 

esters (biodiesel) and the lower phase contained  

the glycerol as the by-product.  

 

Catalytic test 

The type and quantity of methyl esters in the biodiesel 

samples were determined using gas chromatography-

mass spectrometry (GC Agilent 6890N model and Mass 

Agilent 5973N model) equipped with a Flame Ionized 

Detector (FID). A capillary column (HP-5) with 60 mm 

column length, 0.25 mm inner diameter and 0.25 m film 

thickness was used with helium as the carrier gas.  

The temperature program for oven started at 50 °C and 

ramped to 150 ˚C at 10 °C/min. The temperature was 

held at 150 ˚C for 15 min and ramped to 340 °C at  

10 °C/min. The holding time at the final temperature (340 °C) 

was 10 min. Also, the injector was used from kind 

Split/Splitless. The yield of biodiesel was calculated with 

equation (1): 

A As Cs Vs
y 100

As m

 
  


                                        (1) 

Y=Yield, ΣA = total peak area of methyl ester,  

AS = peak area of internal standard (methyl heptadecanoate), 

CS = concentration of the internal standard solution,  

VS = volume of the internal standard, m = mass of the sample 

 

RESULTS AND DISCUSSION  

Effect of La loading 

A series of La/ZSM-5 catalysts with a different 

weight percent of La (2.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and 

10.0 wt.% based on the ZSM-5 weight) were prepared at 

calcination conditions: T=600 °C for 6 h and heating rate 

of 3 °C/min. All calcined catalysts were tested under 

same reaction conditions including methanol/oil=12/1, 

catalyst dosage 3wt.% of oil, reaction temperature 60 °C, 

the stirring rate of 500 rpm and reaction time of 3 h.  

The catalytic performance of all tested catalysts is shown 

in Fig. 1.  

According to the obtained results, the catalyst 

containing 7wt.% of La showed the best catalytic 

performance for biodiesel production compared to the 
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Fig. 1: Effect of La/ZSM-5 (wt.%) on the catalytic 

performance at reaction conditions: methanol /oil = 12/1,  

T= 60 °C, the stirring rate=500 rpm and reaction time= 3 h. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Effect of K/La (wt.%) on the catalytic performance  

at reaction conditions: methanol /oil = 12/1, T= 60 °C,  

the stirring rate= 500 rpm and reaction time=3 h. 

 

other tested catalysts. This observation in catalytic 

performance can be explained as follows: Brønsted and 

Lewis acid sites are usually observed in calcined ZSM-5 

zeolite [25]. The Brønsted acid sites are related to 

aluminum located in the framework of the zeolites,  

and Lewis acid sites are related to the Extra Framework 

Aluminum (EFAL) or distorted aluminum in the 

framework. EFAL is usually changing during the 

synthesis, calcination conditions and ion exchange 

process. Impregnation of lanthanum as an active metal 

phase to ZSM-5 zeolite provides bifunctional properties  

for ZSM-5, where showing both acid and basic sites [25]. 

Thus, lanthanum can remove stronger Brønsted acid sites 

located on the external surface and increases the basic property 

of the surface. So, the La/ZSM-5 catalysts were modified with 

lanthanum is very effective for the produce of biodiesel. 

 
Effect of K loading on the catalytic performance 

To investigate the effect of K loading on the catalytic 

performance of optimal La/ZSM-5 catalysts for biodiesel 

production, a series of K/La ratio were prepared (K/La= 

0/5-6wt.%) and tested under the same reaction conditions 

(methanol/oil=12/1, catalyst to oil mass ratio of 3 wt.%, 

reaction temperature 60 °C, the stirring rate of 500 rpm 

and reaction time of 3 h). Fig. 2 shows the effect of  

K loading on the biodiesel yield and it indicates that the 

catalyst containing K/La=2wt.% has the maximum 

biodiesel production. Therefore, this catalyst was chosen 

as the optimal catalyst for the conversion of soybean oil 

to biodiesel. The promoted ZnO catalyst with Li has been 

prepared and using an impregnation method for the 

transesterification of soybean oil [28].  

It was shown that the activity of these catalysts  

for the transesterification reaction is closely related to the 

amount of Li. Li/ZnO catalysts exhibited good catalytic 

activities, and the catalytic performance was greatly dependent  

on the loading amount of lithium. Similar conclusions 

were achieved by Alonso et al. [29] who studied a series 

of the catalyst with different amounts of lithium supported 

on CaO. It was found that a lithium amount above 4.5 wt.% 

is required to promote the catalytic activity of CaO  

in the transesterification of sunflower oil.  

 

Effect of calcination temperature 

As the calcination temperature increases, the 

molecules covering the surfaces are successively 

desorbed according to the strength of the interaction with 

the surface sites. The molecules weakly interact with  

the surfaces are desorbed at lower calcination temperatures, 

and those strongly interacting are desorbed at higher 

temperatures. The sites that appear on the surfaces  

by calcination at low temperatures are suggested to be 

different from those appearing at high temperatures. So, 

the optimal K-La/ZSM-5 catalyst precursor was calcined 

at 500, 550, 650 and 700 °C for 6 hours, separately (air 

atmosphere and heating rate of 3°Cmin-1). Then, these 

calcined catalysts were tested at the same reaction 

conditions (methanol/oil=12/1, T= 60 °C, the stirring rate 

of 500 rpm and reaction time of 3 h). Moreover, the 

biodiesel yield of these calcined catalysts was measured, 

and the results were also presented in Fig. 3. 
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Fig. 3: Effect of calcination temperature on the catalytic 

performance of K-La/ZSM-5 catalyst at reaction conditions: 

methanol /oil = 12/1, T= 60 °C, the stirring rate of 500 rpm 

and reaction time of 3 h. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Effect of calcination time (hour) on the catalytic 

performance of K-La/ZSM-5 catalyst at reaction conditions: 

methanol /oil = 12/1, T=60 °C, the stirring rate of 500 rpm and 

reaction time of 3 h. 

 

It was found that increases in calcination temperature 

increased the biodiesel yield at first, and decreasing  

above 650 °C. Calcination K-La/ZSM-5 catalyst at 650 °C  

is favorable for the interaction between ZSM-5 and active 

component, which it generates new active sites and 

phases on the catalysts surface, increases catalysts 

basicity and forms of new crystals. In this condition,  

it is suggested that a sufficient amount of active K2O and 

La2O3 phases have been generated and modified surface. 

The nature of the surface basic sites varies with the severity 

of pre-treatment conditions. However, the surface sintering 

and the reduction of specific surface area, which leads to a 

reduction in catalytic activity, can react as the results of 

overheating of 650 °C [30, 31].  

 

Effect of calcination time  

Calcination condition is one of the important factors 

which can influence the texture, specific surface area and 

morphology of the catalyst. The influences of a range of 

calcination time were examined. At first, 5 samples of 

optimal K-La/ZSM-5 precursor were calcined separately in 

the air at 650 ºC with a heating rate of 3 ºC/min for 1, 2, 3,  

4 and 5 hours, respectively. The biodiesel yield percents 

for these calcined catalysts in reaction conditions 

(methanol/oil= 12/1, T=60 °C, the stirring rate of 500 rpm 

and reaction time of 3 h) are shown in Fig. 4. As can be seen 

in Fig. 4, the optimum calcination time is 3 h at 650 ºC 

with a heating rate of 3 ºC/min and these conditions 

optimal K-La/ZSM-5 catalyst has the highest yield of 

biodiesel. 

The BET specific surface area and other surface 

characteristic results for the calcined catalysts at different 

calcination times are shown in Table 1. The results 

showed that the optimal catalyst which calcined at 650 ºC 

for 3 h has a higher surface area value. As it mentioned, 

this catalyst showed a higher catalytic activity due to its 

higher BET surface area than the other prepared catalysts 

for biodiesel production. So, one of the origins of the 

higher activity of catalyst calcined in 3 h may be due to 

its higher BET surface area and pore volume than other 

prepared catalysts. As shown in Table 1 with the increase 

of calcining temperature, the catalyst gradually develops 

into crystal and its specific area increases. However,  

at high temperatures (>650 °C) the surface sintering and 

reduction of the specific surface area of the composite 

catalyst occurs, which leads to the decrease of the 

catalytic performance. 

Characterization of optimal K-La/ZSM-5 catalyst was 

carried out using various techniques such as SEM, XRD 

and FT-IR methods. SEM images of both precursor and 

calcined K-La/ZSM-5 catalysts are displayed in Fig. 5 

with irregular shapes.  

SEM observations have shown differences in morphology 

of precursor and calcined catalysts. The image obtained 

from the catalyst precursor depicts several larger 

agglomerations of particles (Fig. 5a). After the calcination 

at 650 ºC for 3 h and heating rate of 3 °C/min, the 

morphological and shape of the particle were more uniform 

and show that the agglomerate size in calcined catalyst  

is greatly reduced compared to the precursor (Fig. 5b). 
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Table 1: N2 adsorption-desorption measurements of catalysts at different temperatures calcination (oC) and precursor. 

Calcination temperature (oC) SBET (m
2/g) DP (nm) VP  (cm3/g) 

500 165.3 19.13 0.48 

550 167.1 19.17 0.50 

600 173.1 19.28 0.52 

650 183.3 19.56 0.55 

700 179.4 19.34 0.53 

precursor 145.3 16.23 0.43 

S BET: specific surface area,    Dp: pore diameter,     Vp: pore volume 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: The SEM images of K-La/ZSM-5 nanocatalyst, (a) precursor and (b) calcined catalyst. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: TEM image of calcined K-La/ZSM-5 nanocatalyst. 

 

Fig. 1S shows the XRD pattern of optimal K-La/ZSM-5 

catalyst. The actually identified phases for this catalyst 

were the La2O3 (hexagonal), K2O (cubic) and ZSM-5 

(tetrahedral). From the XRD data and using the Debye–

Scherrer equation, the crystallite size of optimal  

K-La/ZSM-5 catalyst was calculated to be 43 nm [32]. 

The calcined  K-La/ZSM-5 catalyst was characterized by 

TEM (Fig. 6).  

According to this Fig, the crystal sizes were between 

38-45 nm. This result confirmed the obtained results  

by using the Scherrer equation and SEM image.  

Bancquart et al. [33] compared the base-catalyzed activities 

of single metal oxides, La2O3, MgO, CaO and ZnO, and 

the results confirmed that stronger basicity of the catalysts 

resulted in their higher activity for transesterification. 

Sato et al. [34] investigated the use of rare earth oxides 

catalysts and reported that rare earth oxides have similar 

basicity as CaO and that the strength of the basic sites  

of heavy rare earth oxides are dependent upon the radius  

of the rare earth cation. The basic properties of rare earth 

oxides are related to lanthanide contraction: the number 

and strength of basic sites of rare earth oxides increased 

with increasing radius of the rare earth cation. The basic 

property of K-La/ZSM-5 catalyst was evaluated (Fig. 2S). 

The strength of basic sites was deduced from the work 
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by Pasupulety et al. [35], where it was suggested that 

desorption temperature between 400-600 °C indicates 

basic sites of weak and medium strength, and desorption 

temperature range of 600-850 ˚C indicates strong basic 

sites. The catalytic activity of La/ZSM-5 catalyst in the 

biodiesel production increased with the addition of 2wt.% of K. 

At this media the K-La/ZSM-5 catalyst is more basic  

in comparison of La/ZSM-5 catalyst. The total amount of 

CO2 desorbed for La/ZSM-5 catalyst is 1.1×1018 (atom/g). 

The peak in the 805 ˚C for K-La/ZSM-5 catalyst  

is desorption of CO2 which was adsorbed on the  

basic sites. It can be seen that the total amount of CO2 

desorbed is 1.9×1020 (atom/g). The high basic sites of the 

catalysts enabled high yield biodiesel to occur. Also, 

when different K loading was used in the biodiesel 

production over La/ZSM-5 catalyst, it was possible  

to observe how promotion of catalyst with K, increased the 

basic strength and the number of basic sites of the 

La/ZSM-5, increasing also the catalytic activity for 

producing biodiesel. Sun et al. discussed the relationship 

between transesterification activity and surface basicity 

of La2O3/ZrO2 catalyst and reported that the catalytic 

activities showed a correlation with their basic properties 

towards biodiesel production, which is that, the stronger 

basicity, the higher biodiesel yield was achieved.  

The La2O3 loaded on ZrO2 was an active catalyst for  

the production of biodiesel from sunflower oil. After calcined 

at 600 ˚C for 4 h, the La2O3 catalyst loaded on ZrO2  

was found to be with the highest basicity and catalytic activity 

for the transesterification reaction [36]. FT-IR spectroscopy 

is used to get detailed information about the surface 

structure through the modes of vibration and results  

are displayed in Fig. 3S. The broadband at 3454 cm-1 and 

1636 cm-1 is ascribed to the stretching and bending 

vibration of the OH groups of physically absorbed water 

in the surface of catalyst that was chilled in an air 

atmosphere, respectively. The bands of hydroxyl groups 

of ZSM-5 zeolite are divided to terminal silanols (3740 

cm-1), outside the crystal lattice OH (3680 cm-1) and 

hydroxyl groups at defect sites (3720 cm-1) and the bridge 

OH as Al-Si-OH with the character Brønsted acid sites 

(3600-3650 cm-1). The Lewis acid sites can be found  

in the region of 1490 cm-1 and, the Brønsted acid sites  

in the 1540-1630 cm-1 region [37]. The band at 844 cm-1 

is assigned to the Al-O-Al stretching mode, while the 

band in the range of 1095 cm-1 is related to K2O and La2O3 

and the bending modes of Al2O3 [38]. Also, the band 

in the region of 440 cm-1 can assign to Si-O-Si bending 

modes [37, 39]. The FT-IR spectra indicated that  

the surface of ZSM-5 was modified with La. 

 

Effect of operating conditions 

In biodiesel production, several process variables may 

influence the yield of biodiesel such as molar ratio of oil 

to alcohol and reaction temperature. The best combination  

of the process variables could save the production cost  

in an effective. To optimize the reaction conditions,  

the effects of these process variables were examined  

to evaluate the performance of optimal K-La/ZSM-5 

nanocatalyst for the biodiesel production. 

 

Effect of methanol to oil molar ratio on biodiesel yield 

Methanol to oil ratio (molar ratio) is an important 

factor which affects the yield of the biodiesel [40].  

To fully perceive the factors affecting the catalytic 

performance of optimal K-La/ZSM-5 nanocatalyst, a series of 

experiments were carried out at different methanol/oil 

from 9/1 to 12/1 molar ratios under the reaction conditions 

(T=60°C, the stirring rate of 500 rpm and reaction time of 3 h). 

The results are presented in Fig. 7.  

Comparing the obtained results in Fig. 7 leads to the 

conclusion that in methanol/oil=12/1 the biodiesel yield 

percent increases. The biodiesel yield percents are varied 

by increasing methanol to oil ratio. It was observed that 

the feed ratio and mixing of feed play an important role  

in the transesterification of oil. It was necessary to stir  

the mixture to enhance the contact between reactants and 

active sites of the catalyst. According to the chemical 

dynamics, the transesterification could be accelerated  

by increasing the amounts of methanol. The high molar ratio 

of methanol to oil could enhance the conversion yield of 

biodiesel. The required molar ratio of methanol to oil was 3/1, 

in order to produce three moles of FAMEs from one 

a mole of triglycerides. In practice, the amount of methanol 

used to produce biodiesel is higher than the theoretical 

value. The stoichiometric molar ratio of methanol to oil 

was 3/1. But when the mass transfer was limited due to 

problems of mixing, the mass transfer rate seems to be 

much slower than the reaction rate, so the methanol/oil 

molar ratio should be higher than that of stoichiometric 

ratio in order to drive the reaction towards completion and 

produce more methyl esters as a product. On the other 
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Fig. 7: Effect of oil/methanol on the catalytic performance of 

K-La/ZSM-5 nanocatalyst at reaction conditions: T= 60 °C, 

the stirring rate of 500 rpm and reaction time of 3 h. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Effect of reaction time on the catalytic performance of 

K-La/ZSM-5  nanocatalyst at reaction conditions: methanol 

/oil = 12/1, T= 60 °C and the stirring rate of 500 rpm. 

 

hand, increasing the amount of methanol reduces  

the concentrations of catalyst and reactant, which leads  

to delay of the reaction and aggravates recovery of solvents. 

The reaction was faster with a higher molar ratio of 

methanol to oil, whereas a longer time was required for 

the lower molar ratio to obtain similar conversion yields. 

However, it was laborious to recover solvent with a high 

ratio of methanol to oil, and emulsification could occur 

upon washing of products [39-43].  

 

Effect of reaction time on biodiesel yield 

Most of the studies have shown that reaction time 

significantly influence the transesterification reaction, 

especially the reactions catalyzed by heterogeneous 

catalysts [44]. To study the effect of reaction time  

on catalytic activity of optimal K-La/ZSM-5 catalyst,  

4 series of experiments were carried out to investigate the 

performance of optimal K-La/ZSM-5 nanocatalyst with 

the variation in reaction time in the range of 1-5 h, at the 

optimal reaction conditions (methanol/oil=12/1, T =60 ºC 

and the stirring rate of 500 rpm). As shown in Fig. 8, 

increasing the reaction time has an influence on the 

biodiesel yield percent production. The biodiesel yield 

percent increased slightly by increasing the reaction time. 

Hence, the reaction time of 3 h is considered the optimum 

reaction time for biodiesel production [45, 46].  

Increasing reaction time also increases the biodiesel 

yield, since the contact time between reactants increase, 

however, further increase of reaction time gave no 

significant effect on the yield of biodiesel since  

the equilibrium condition almost reached [47]. Also,  

it was observed that the reaction time of 3 h gave  

an optimum condition with a high yield of biodiesel. 

 

Effect of reaction temperature on biodiesel yield 

The effect of reaction temperature on the catalytic 

performance of optimal K-La/ZSM-5  catalyst studied  

at a range of temperatures between 45-65 ºC under the same 

reaction conditions (methanol/oil=12/1, the stirring rate 

of 500 rpm and reaction time of 3 h). The results  

are presented in Fig. 9, showing that by increasing  

the reaction temperature, biodiesel yield percent increased.  

In addition, for the reaction temperature at 60 ºC,  

the biodiesel yield percent was higher than the other reaction 

temperatures under the same reaction conditions. 

Previous studies [48-51] had proved that the yield of 

biodiesel could be increased by introducing an excess 

amount of methanol to shift the equilibrium to the right. 

A large amount of methanol is required to avoid  

the backward direction of transesterification from occurring. 

Besides, the reaction temperature was important in order 

to minimize the cost of production. When the reaction 

was carried out at 65 ºC, which is above the boiling point 

of methanol, the solvent vaporized and remained  

in the vapor phase in the reactor causing a reduction  

in the methanol in the reaction media. Because of high 

biodiesel yield percent, the temperature 60 ºC was considered 

to be the optimum operating temperature. The reaction 

temperature had a significant effect on the reaction rate  

of transesterification. The oil conversion yield increased 

with rising temperatures because in the presence of 

heterogeneous nanocatalyst, the reaction mixture 
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Fig. 9: Effect of reaction temperature (◦C) on the catalytic 

performance of K-La/ZSM-5 nanocatalyst at reaction conditions: 

methanol /oil = 12/1, the stirring rate of 500 rpm and reaction 

time of 3 h. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10: The K-La/ZSM-5 catalyst regeneration study at 

reaction conditions: T = 60 ºC, methanol /oil = 12/1, the 

stirring rate of 500 rpm and reaction time of 3 h 

 

 

constitutes a three-phase system, oil–methanol-catalyst, 

in which the reaction would be slowed down because of 

the diffusion resistance between different phases. 

However, the reaction rate can be accelerated at higher 

reaction temperatures and higher temperatures improved 

methanol dissolving and fastened the reaction. However, 

methanol vapor pressure rose with reaction temperatures 

with a rapid increase above 80 ºC. Taking conversion 

rate, reaction equipment, and production operations into 

account, and a reaction temperature of approximately 60 ºC 

was chosen for subsequent tests. Generally, a more  

fast reaction rate could be obtained at high temperatures, 

but at high temperatures, methanol was vaporized and 

formed a large number of bubbles, which inhibited the 

reaction on the three-phase interface. Therefore, the 

optimum reaction temperature was chosen 60 ºC [41, 52]. 

The K-La/ZSM-5 nanocatalyst recovered and then is 

reused for the biodiesel production at optimal reaction 

conditions (T=60 ºC, methanol/oil=12/1, the stirring rate 

of 500 rpm and reaction time of 3 h). As demonstrated in 

Fig. 10, after 4 times use, the biodiesel yield percent 

reached 88.1% for this nanocatalyst. The recovered 

catalyst was reused for other runs without significant 

degradation in catalytic performance.  

 
Biodiesel kinematic viscosity and refractive index 

Biodiesel viscosity and refractive index are very 

important parameters to appropriate with for its use  

in diesel engines. Because biodiesel is a blend of several 

FAMEs with each component contributing to the overall 

viscosity, it could be possible to find the relation 

between viscosity and the fatty acid methyl esters 

content of the biodiesel. Kinematic viscosity and 

refractive index value can be determinate by a fast, 

cheap and no destructive analysis with low-cost 

equipment [53,54]. As can be seen in Table 2, with 

increasing biodiesel yield, viscosity and refractive 

decreased. In fact, it can be concluded that the viscosity 

and refractive index can be used as an important 

parameter in the production of biodiesel. 

 
CONCLUSIONS 

The K-La/ZSM-5 nanocatalyst was prepared and 

modified for biodiesel production. The best calcination 

conditions were found to be air atmosphere at 600 ºC for 

3 h with a heating rate of 3 ºCmin-1. Due to fine particles 

and high specific surface area, the K-La/ZSM-5 

(La=7wt.% and K=2 wt.%) catalyst exhibited the best 

catalytic performance for biodiesel production.  

The reaction conditions have a significant effect on  

the catalytic activity. The optimal operational conditions 

were found to be methanol to oil 12/1, a reaction 

temperature of 60 ˚C, and a reaction time of 3 h with 

mechanical stirring for 500 rpm. The characterization of 

catalysts was performed by powder XRD, TPD, TEM, 

SEM, and N2 physisorption, also it is concluded that  

the preparation conditions has a marked effect on  

the morphology and texture of the catalysts. 
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Table 2: Effect of reaction temperature (◦C) on the catalytic performance of K-La/ZSM-5 nanocatalyst. 

Yield (%) Refractive index Viscosity (mm2/s) C)◦Reaction temperature ( 

78 1.4642 26.57 45 

81 1.4637 31.25 50 

82 1.4635 29.25 55 

90 1.4628 24.25 60 

80 1.4639 25.33 65 

 

Acknowledgment 

We gratefully acknowledge the Nanoscience and 

Nanotechnology Research Center (NNRC) of Razi 

University for their help and support of this research. 

 

Received: Feb. 14, 2016; Accepted: Aug. 14, 2017 

 

REFERENCES 

[1]  Dias J.M., Alvim-Ferraz M.C.M., Almeida M.F., 

Comparison of the Performance of Different 

Homogeneous Alkali Catalysts During Transesterification 

of Waste and Virgin Oils and Evaluation of 

Biodiesel Quality, Fuel., 87: 3572-3578 (2008). 

[2] Feyzi M., Shahbazi, Z., Preparation, Kinetic and 

Thermodynamic Studies of Al–Sr Nanocatalysts for 

Biodiesel Production, J. Taiwan. Inst. Chem. Eng., 

71: 145-155 (2017). 

[3]  Leung D,Y., Wu X., Leung M., A Review on Biodiesel 

Production Using Catalyzed Transesterification, Appl. 

Energy, 87: 1083-1095 (2010). 

[4] Feyzi M., Khajavy G., Investigation of Biodiesel 

Production Using Modified Strontium Nanocatalysts 

Supported on the ZSM-5 Zeolite, Ins. Crops. Prod., 

58: 298-304 (2014). 

[5]   Patil P.D., Gude V.G., Deng S., Biodiesel Production 

from Jatropha Curcas, Waste Cooking, and 

Camelina Sativa Oils, Ind. Eng. Chem. Res., 48: 

10850-10856 (2009). 

[6] Salamatinia B., Hashemizadeh Iman., Zuhairi A A., 

Alkaline Earth Metal Oxide Catalysts for Biodiesel 

Production from Palm Oil: Elucidation of Process 

Behaviors and Modeling Using Response Surface 

Methodology, Iran. J. Chem. Chem. Eng. (IJCCE), 

32: 113-126 (2013). 

[7] Sharma Y.C., Singh B., Upadhyay S.N., 

Advancements in Development and Characterization 

of Biodiesel: a Review, Fuel., 87: 2355-2373 (2008). 

[8] Meher L.C., Sager D.V., Naik S.N., Technical Aspects 

of Biodiesel Production by Transesterification A Review, 

Renew Sust Energy Rev., 10: 248-268 (2006). 

[9] Martyanov I.N., Sayari A., Comparative Study of 

Triglyceride Transesterification in the Presence of 

Catalytic Amounts of Sodium, Magnesium, and 

Calcium Methoxides, Appl Catal A, 339: 45-52 

(2008). 

[10] Granados M.L., Poves M.D.Z., Alonso D.M., 

Mariscal R., Galisteo F. C., Tost, R.M., Biodiesel 

from Sunflower Oil by Using Activated Calcium 

Oxide, Appl. Catal B., 73: 317-326 (2007). 

[11] Gryglewicz S., Rapeseed oil Methyl Esters Preparation 

Using Heterogeneous Catalysts, Bioresour. Technol., 

70: 249-253 (1999). 

[12] Liu X.J., He H.Y., Wang Y.J., Zhu S.L., Piao X.L., 

Transesterification of Soybean Oil to Biodiesel 

Using CaO as a Solid Base Catalyst, Fuel., 87: 216-

221 (2008). 

[13] Kouzu M., Kasuno T., Tajika M., Sugimoto Y., 

Yamanaka S., Hidaka J., Active phase of Calcium 

Oxide Used as Solid Base Catalyst for 

Transesterification of Soybean Oil with Refluxing 

Methanol, Appl. Catal A., 334: 357-365 (2008). 

[14] Kouzu M., Kasuno T., Tajika M., Sugimoto Y., 

Yamanaka S., Hidaka J., Calcium Oxide as a Solid 

Base Catalyst for Transesterification of Soybean Oil 

and its Application to Biodiesel Production, Fuel., 

87: 2798-2806 (2008). 

[15] Ngamcharussrivichai C., Benjapornkulaphong S., 

Bunyakiat, K., Al2O3-Supported Alkali and Alkali 

Earth Metal Oxides for Transesterification of Palm 

Kernel Oil and Coconut Oil, Chem. Eng. J., 145: 

468-474 (2008). 

[16] Reddy B.M., Patil M.K., Organic Syntheses and 

Transformations Catalyzed by Sulfated Zirconia, 

Chem. Rev., 109: 2185-2208 (2009). 

http://www.sciencedirect.com/science/article/pii/S0016236108002561
http://www.sciencedirect.com/science/article/pii/S0016236108002561
http://www.sciencedirect.com/science/article/pii/S0016236108002561
http://www.sciencedirect.com/science/article/pii/S0016236108002561
http://www.sciencedirect.com/science/article/pii/S1876107016304874
http://www.sciencedirect.com/science/article/pii/S1876107016304874
http://www.sciencedirect.com/science/article/pii/S1876107016304874
http://www.sciencedirect.com/science/article/pii/S0306261909004346
http://www.sciencedirect.com/science/article/pii/S0306261909004346
http://www.sciencedirect.com/science/article/pii/S0926669014002179
http://www.sciencedirect.com/science/article/pii/S0926669014002179
http://www.sciencedirect.com/science/article/pii/S0926669014002179
http://pubs.acs.org/doi/abs/10.1021/ie901146c
http://pubs.acs.org/doi/abs/10.1021/ie901146c
http://pubs.acs.org/doi/abs/10.1021/ie901146c
http://www.ijcce.ac.ir/article_5911_1162.html
http://www.ijcce.ac.ir/article_5911_1162.html
http://www.ijcce.ac.ir/article_5911_1162.html
http://www.ijcce.ac.ir/article_5911_1162.html
http://www.sciencedirect.com/science/article/pii/S001623610800029X
http://www.sciencedirect.com/science/article/pii/S001623610800029X
http://www.sciencedirect.com/science/article/pii/S1364032104001236
http://www.sciencedirect.com/science/article/pii/S1364032104001236
http://www.sciencedirect.com/science/article/pii/S0926860X08000318
http://www.sciencedirect.com/science/article/pii/S0926860X08000318
http://www.sciencedirect.com/science/article/pii/S0926860X08000318
http://www.sciencedirect.com/science/article/pii/S0926860X08000318
http://www.sciencedirect.com/science/article/pii/S0926337307000045
http://www.sciencedirect.com/science/article/pii/S0926337307000045
http://www.sciencedirect.com/science/article/pii/S0926337307000045
http://www.sciencedirect.com/science/article/pii/S0960852499000425
http://www.sciencedirect.com/science/article/pii/S0960852499000425
http://www.sciencedirect.com/science/article/pii/S0016236107001986
http://www.sciencedirect.com/science/article/pii/S0016236107001986
http://www.sciencedirect.com/science/article/pii/S0926860X07006497
http://www.sciencedirect.com/science/article/pii/S0926860X07006497
http://www.sciencedirect.com/science/article/pii/S0926860X07006497
http://www.sciencedirect.com/science/article/pii/S0926860X07006497
http://www.sciencedirect.com/science/article/pii/S0016236107004589
http://www.sciencedirect.com/science/article/pii/S0016236107004589
http://www.sciencedirect.com/science/article/pii/S0016236107004589
http://www.sciencedirect.com/science/article/pii/S1385894708002519
http://www.sciencedirect.com/science/article/pii/S1385894708002519
http://www.sciencedirect.com/science/article/pii/S1385894708002519
http://pubs.acs.org/doi/abs/10.1021/cr900008m
http://pubs.acs.org/doi/abs/10.1021/cr900008m


Iran. J. Chem. Chem. Eng. Catalytic Performance and Characterization of Promoted K-La/ZSM-5 ... Vol. 37, No. 2, 2018 

 

Research Article                                                                                                                                                                    43 

[18] Feyzi M., Mirzaei AA., Preparation and 

Characterization of CoMn/TiO2 Catalysts for 

Production of Light Olefins, Iran. J. Chem. Chem. 

Eng. (IJCCE), 30: 17-28 (2011) 

[19] Sasidharam, M., Kumar R., Transesterification Over 

Various Zeolites under Liquid-Phase Conditions,  

J. Mol. Catal. A. Chem., 210: 93-98 (2004). 

[20] Kumar D., Ali A., Nanocrystalline Lithium Ion 

Impregnated Calcium Oxide as Heterogeneous 

Catalyst for Transesterification of High Moisture 

Containing Cotton Seed Oil, Energy. Fuels., 24: 

2091-2097 (2010). 

[21] Shah P., Ramaswamy A V., Lazar K., Ramaswamy V., 

Synthesis and Characterization of tin Oxide-

Modified Mesoporous SBA-15 Molecular Sieves 

and Catalytic Activity in Trans-Esterification 

Reaction, Appl. Catal. A., 273: 239-248 (2004). 

[22] Gaudino M.C., Valentin R., Brunel D., Fajula F., 

Quignard F., Riondel A., Titanium-Based Solid 

Catalysts for Transesterification of Methyl-Methacrylate 

by 1-Butanol: the Homogeneous Catalysis 

Contribution, Appl. Catal A., 280: 157-164 (2005). 

[23] Georgogianni K G., Katsoulidis A P., Pomonis P J., 

Kontominas M G., Transesterification of Soybean 

Frying Oil to Biodiesel Using Heterogeneous 

Catalysts, Process. Technol., 90: 671-676 (2009). 

[24] Shu Q., Yang B., Yuan H., Qing S., Zhu G., 

Synthesis of Biodiesel from Soybean Oil and 

Methanol Catalyzed by Zeolite Beta Modified  

with La3+, Catal. Commun., 8: 2159-2165 (2007). 

[25] Bournay L., Casanave D., Delfort B., Hillion G., 

Chodorge J A., New Heterogeneous Process for 

Biodiesel Production: A Way to Improve the Quality 

and the Value of the Crude Glycerin Produced by 

Biodiesel Plants, Catal. Today., 106: 190-192 (2005). 

[26] Di Serio M., Tesser R., Pengmei L., Santacesaria, E., 

Heterogeneous Catalysts for Biodiesel Production, 

Energ. Fuels., 22: 207-217 (2008). 

[27] Feyzi M., Shahbazi E., Catalytic Performance and 

Characterization of Cs-Ca/SiO2–TiO2 Nanocatalysts 

for Biodiesel Production, J. Mol. Catal A: Chem., 

404: 131-138 (2015). 

[28] Xie W L., Yang Z Q., Chun, H., Catalytic Properties 

of Lithium-Doped ZnO Catalysts Used for Biodiesel 

Preparations, Ind. Eng. Chem. Res., 46: 7942-7949 

(2007). 

[29] Alonso D M., Mariscal R.. Granados M.L., 

Maireles-Torres P., Biodiesel Preparation Using 

Li/CaO Catalysts: Activation Process and Homogeneous 

Contribution, Catal. Today., 143: 167-171 (2009). 

[30] Wen L., Wang Y., Lu D., Hu S., Han H., Preparation 

of KF/CaO Nanocatalyst and Its Application in 

Biodiesel Production from Chinese Tallow Seed Oil, 

Fuel., 89: 2267-2271 (2010). 

[31] Hu S., Guan Y., Wang Y., Han H., Nano-Magnetic 

Catalyst KF/CaO–Fe3O4 for Biodiesel Production, 

Appl. Energy., 88:2685-2690 (2011). 

[32] Klug H P., Alexander L E., “X-Ray Diffraction 

Procedures: For Polycrystalline and Amorphous 

Materials”, 2nd ed., Wiley New York, (1974). 

[33] Bancquart S., Vanhove C., Pouilloux Y., Barrault, J., 

Glycerol Transesterification with Methyl Stearate 

Over Solid Basic Catalysts: I. Relationship between 

Activity and Basicity, Appl. Catal A., 218: 1-11 (2001). 

[34] Sato S., Takahashi R., Kobune M., Gotoh H., Basic 

Properties of Rare Earth Oxides, Appl. Catal A., 

356: 57-63 (2009). 

[35] Pasupulety N., Gunda K., Liu Y., Rempel G L.,  

Ng F T T., Production of Biodiesel from Soybean 

Oil on CaO/Al2O3 Solid Base Catalysts, Appl. Catal A., 

452: 189-202 (2013). 

[36] Sun H., Ding Y., Duan J., Zhang Q., Wang Z., Lou H., 

Zheng X., Transesterification of Sunflower Oil to 

Biodiesel on ZrO2 Supported La2O3 Catalyst, 

Bioresource. Technol., 101: 953-958 (2010). 

[37] Vieira S.S., Magriotis Z.M., Santos N.A., Saczk A.A., 

Hori C E., Arroyo P A., Biodiesel Production by 

Free Fatty Acid Esterification Using Lanthanum 

(La3+) and HZSM-5 Based Catalysts, Bioresource. 

Technol., 133: 248-255 (2013). 

[38] Verma R.. Kumar K., Rai, S., Inter-Conversion of 

Tb3+ and Tb4+ States and Its Fluorescence Properties 

in MO–Al2O3: Tb (M= Mg, Ca, Sr, Ba) Phosphor 

Materials, Solid. State. Sci., 12: 1146-1151 (2010). 

[39] Kaur R., Singh S., Pandey O P., FTIR Structural 

Investigation of Gamma Irradiated BaO–Na2O–

B2O3–SiO2 Glasses, Condens. Matter., 407: 4765-

4769 (2012). 

[40] Kim H.J., Kang B.S., Kim M.J., Park U.M., Kim D.K., 

Lee J S., Transesterification of Vegetable Oil  

to Biodiesel Using Heterogeneous Base Catalyst, 

Catal. Today., 93: 315-320 (2004). 

http://www.ijcce.ac.ir/article_6273_5cfb1a85cffc308eb2b7958b5f0ff9a0.pdf
http://www.ijcce.ac.ir/article_6273_5cfb1a85cffc308eb2b7958b5f0ff9a0.pdf
http://www.ijcce.ac.ir/article_6273_5cfb1a85cffc308eb2b7958b5f0ff9a0.pdf
http://www.sciencedirect.com/science/article/pii/S1381116903006551
http://www.sciencedirect.com/science/article/pii/S1381116903006551
http://pubs.acs.org/doi/abs/10.1021/ef901318s
http://pubs.acs.org/doi/abs/10.1021/ef901318s
http://pubs.acs.org/doi/abs/10.1021/ef901318s
http://pubs.acs.org/doi/abs/10.1021/ef901318s
http://www.sciencedirect.com/science/article/pii/S0926860X04005988
http://www.sciencedirect.com/science/article/pii/S0926860X04005988
http://www.sciencedirect.com/science/article/pii/S0926860X04005988
http://www.sciencedirect.com/science/article/pii/S0926860X04005988
http://www.sciencedirect.com/science/article/pii/S0926860X0400821X
http://www.sciencedirect.com/science/article/pii/S0926860X0400821X
http://www.sciencedirect.com/science/article/pii/S0926860X0400821X
http://www.sciencedirect.com/science/article/pii/S0926860X0400821X
http://www.sciencedirect.com/science/article/pii/S0378382008003275
http://www.sciencedirect.com/science/article/pii/S0378382008003275
http://www.sciencedirect.com/science/article/pii/S0378382008003275
http://www.sciencedirect.com/science/article/pii/S1566736707001434
http://www.sciencedirect.com/science/article/pii/S1566736707001434
http://www.sciencedirect.com/science/article/pii/S1566736707001434
http://www.sciencedirect.com/science/article/pii/S0920586105005043
http://www.sciencedirect.com/science/article/pii/S0920586105005043
http://www.sciencedirect.com/science/article/pii/S0920586105005043
http://www.sciencedirect.com/science/article/pii/S0920586105005043
http://pubs.acs.org/doi/abs/10.1021/ef700250g
http://www.sciencedirect.com/science/article/pii/S1381116915001685
http://www.sciencedirect.com/science/article/pii/S1381116915001685
http://www.sciencedirect.com/science/article/pii/S1381116915001685
../../../AppData/Local/Temp/pubs.acs.org/doi/abs/10.1021/ie070597s
../../../AppData/Local/Temp/pubs.acs.org/doi/abs/10.1021/ie070597s
../../../AppData/Local/Temp/pubs.acs.org/doi/abs/10.1021/ie070597s
http://www.sciencedirect.com/science/article/pii/S0920586108004513
http://www.sciencedirect.com/science/article/pii/S0920586108004513
http://www.sciencedirect.com/science/article/pii/S0920586108004513
http://www.sciencedirect.com/science/article/pii/S0016236110000360
http://www.sciencedirect.com/science/article/pii/S0016236110000360
http://www.sciencedirect.com/science/article/pii/S0016236110000360
http://www.sciencedirect.com/science/article/pii/S0306261911001115
http://www.sciencedirect.com/science/article/pii/S0306261911001115
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-0471493694.html
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-0471493694.html
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-0471493694.html
http://www.sciencedirect.com/science/article/pii/S0926860X01005798
http://www.sciencedirect.com/science/article/pii/S0926860X01005798
http://www.sciencedirect.com/science/article/pii/S0926860X01005798
http://www.sciencedirect.com/science/article/pii/S0926860X08007813
http://www.sciencedirect.com/science/article/pii/S0926860X08007813
http://www.sciencedirect.com/science/article/pii/S0926860X12006473
http://www.sciencedirect.com/science/article/pii/S0926860X12006473
http://www.sciencedirect.com/science/article/pii/S0960852409011560
http://www.sciencedirect.com/science/article/pii/S0960852409011560
http://www.sciencedirect.com/science/article/pii/S0960852413001302
http://www.sciencedirect.com/science/article/pii/S0960852413001302
http://www.sciencedirect.com/science/article/pii/S0960852413001302
http://www.sciencedirect.com/science/article/pii/S1293255810001391
http://www.sciencedirect.com/science/article/pii/S1293255810001391
http://www.sciencedirect.com/science/article/pii/S1293255810001391
http://www.sciencedirect.com/science/article/pii/S1293255810001391
http://www.sciencedirect.com/science/article/pii/S0921452612008149
http://www.sciencedirect.com/science/article/pii/S0921452612008149
http://www.sciencedirect.com/science/article/pii/S0921452612008149
http://www.sciencedirect.com/science/article/pii/S0920586104002263
http://www.sciencedirect.com/science/article/pii/S0920586104002263


Iran. J. Chem. Chem. Eng. Feyzi M. et al. Vol. 37, No. 2, 2018 

 

44                                                                                                                                                                    Research Article 

[41] Zhang S., Yuan-Gang Z., Yu-Jie F., Meng L., Dong-

Yang Z., Efferth T., Rapid Microwave-Assisted 

Transesterification of Yellow Horn Oil to Biodiesel 

Using a Heteropolyacid Solid Catalyst, Bioresource. 

Technol., 101: 931-936 (2010). 

[42] Demirbas A., Production of Biodiesel Fuels  

from Linseed Oil Using Methanol and Ethanol in 

Non-Catalytic SCF Conditions, Biomass. Bioenergy., 

33: 113118 (2009). 

[43] Wenlei X., Xiaoming H., Synthesis of Biodiesel 

from Soybean Oil Using Heterogeneous KF/ZnO 

Catalyst, Catal Lett., 107, 53-59 (2006). 

[44] Lam M.K., Lee K.T., Mixed Methanol–Ethanol 

Technology to Produce Greener Biodiesel from 

Waste Cooking Oil: A Breakthrough for  

SO4 2−/SnO2–SiO2 Catalyst, Fuel. Process. Technol., 

92: 1639-1645 (2011). 

[45] Srivastava A., Prasad R., Triglycerides-Based Diesel 

Fuels, Renew. Sust. Energy. Rev., 4:111-133 (2000). 

[46] Zhang L., Sheng B., Xin Z., Liu Q., Sun S., Kinetics 

of Transesterification of Palm Oil and Dimethyl 

Carbonate for Biodiesel Production at the Catalysis  

of Heterogeneous Base Catalyst, Bioresource. 

Technol., 101: 8144-8150 (2010). 

[47] Suryaputra W., Winata I., Indraswati N., Ismadji S., 

Capiz W., Waste Capiz (Amusium cristatum) Shell 

as a New Heterogeneous Catalyst for Biodiesel 

Production, Renw. Energ., 50: 795-799 (2013). 

[48] Felizardo P., Neiva Correia M J., Raposo I., Mendes J.F., 

Berkemeier R., Bordado J M., Production of 

Biodiesel from Waste Frying Oils, Waste. Manage., 

26: 487-494 (2006). 

[49] Jitputti J., Kitiyanan B., Rangsunvigit P., Bunyakiat K., 

Attanatho L., Jenvanitpanjakul. P., Transesterification 

of Crude Palm Kernel Oil and Crude Coconut Oil by 

Different Solid Catalysts, Chem. Eng J., 116: 61-66 

(2006).   

[50] Leung D.Y.C., Guo Y., Transesterification of Neat 

and Used Frying Oil: Optimization for Biodiesel 

Production, Fuel. Process. Technol., 87: 883-890 

(2006). 

[51] Wang Y., Pengzhan S., Zhang Z., Preparation of 

Biodiesel from Waste Cooking Oil via Two-Step 

Catalyzed Process, Energy. Convers. Manage., 48: 

184-188 (2007). 

[52] Fengxian Q., Yihuai L., Dongya Y., Xiaohua L., 

Ping S., Heterogeneous Solid Base Nanocatalyst: 

Preparation, Characterization and Application in 

Biodiesel Production, Bioresource. Technol., 102: 

4150-4156 (2011). 

[53] Lam M.K., K. Lee T., Mixed Methanol–Ethanol 

Technology to Produce Greener Biodiesel from 

Waste Cooking Oil: A Breakthrough for 

SO4
2−/SnO2–SiO2 Catalyst, Fuel. Process. Technol., 

92: 1639-1645 (2011)  

[54] Ramírez-Verduzco L.F., García-Flores, B.E., 

Rodríguez-Rodríguez J.E., Jaramillo-Jacob A.d.R., 

Prediction of the Density and Viscosity in Biodiesel 

Blends at Various Temperatures, Fuel., 90: 1751-

1761 (2011).  

 

http://www.sciencedirect.com/science/article/pii/S0960852409011328
http://www.sciencedirect.com/science/article/pii/S0960852409011328
http://www.sciencedirect.com/science/article/pii/S0960852409011328
http://www.sciencedirect.com/science/article/pii/S0961953408001141
http://www.sciencedirect.com/science/article/pii/S0961953408001141
http://www.sciencedirect.com/science/article/pii/S0961953408001141
http://www.springerlink.com/index/H5Q816554347651R.pdf
http://www.springerlink.com/index/H5Q816554347651R.pdf
http://www.springerlink.com/index/H5Q816554347651R.pdf
http://www.sciencedirect.com/science/article/pii/S0378382011001330
http://www.sciencedirect.com/science/article/pii/S0378382011001330
http://www.sciencedirect.com/science/article/pii/S0378382011001330
http://www.sciencedirect.com/science/article/pii/S0378382011001330
http://www.sciencedirect.com/science/article/pii/S1364032199000131
http://www.sciencedirect.com/science/article/pii/S1364032199000131
http://www.sciencedirect.com/science/article/pii/S0960852410009272
http://www.sciencedirect.com/science/article/pii/S0960852410009272
http://www.sciencedirect.com/science/article/pii/S0960852410009272
http://www.sciencedirect.com/science/article/pii/S0960852410009272
http://www.sciencedirect.com/science/article/pii/S0960148112005307
http://www.sciencedirect.com/science/article/pii/S0960148112005307
http://www.sciencedirect.com/science/article/pii/S0960148112005307
http://www.sciencedirect.com/science/article/pii/S0956053X05001236
http://www.sciencedirect.com/science/article/pii/S0956053X05001236
http://www.sciencedirect.com/science/article/pii/S1385894705004122
http://www.sciencedirect.com/science/article/pii/S1385894705004122
http://www.sciencedirect.com/science/article/pii/S1385894705004122
http://www.sciencedirect.com/science/article/pii/S0378382006000762
http://www.sciencedirect.com/science/article/pii/S0378382006000762
http://www.sciencedirect.com/science/article/pii/S0378382006000762
http://www.sciencedirect.com/science/article/pii/S0196890406001543
http://www.sciencedirect.com/science/article/pii/S0196890406001543
http://www.sciencedirect.com/science/article/pii/S0196890406001543
http://www.sciencedirect.com/science/article/pii/S0960852410020341
http://www.sciencedirect.com/science/article/pii/S0960852410020341
http://www.sciencedirect.com/science/article/pii/S0960852410020341
http://www.sciencedirect.com/science/article/pii/S0378382011001330
http://www.sciencedirect.com/science/article/pii/S0378382011001330
http://www.sciencedirect.com/science/article/pii/S0378382011001330
http://www.sciencedirect.com/science/article/pii/S0378382011001330
http://www.sciencedirect.com/science/article/pii/S0016236110006927
http://www.sciencedirect.com/science/article/pii/S0016236110006927

