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Abstract— This study was carried out to improve process of 

biodiesel production from castor oil by using functionalized 
mesoporous silica HMS and MCM-41 with amine and lysine as a 
catalyst. These catalysts have a high surface area about 1053 and 
1100 m2/gr, respectively. Both of them were synthesized at room 
temperature. We expected that more catalytic cites was emerged and 
better results were achieved in mesoporous state. The analysis is the 
proof of this claim. Transesterification reaction was performed at 60 
oC. At the end of reaction, application of catalyst was reviewed by 
gas chromatography-mass spectroscopy (GC-MS) method and 
betterment of reaction is followed. GC-MS shows that yield of 
reactions catalyzed with HMS and MCM-41, after 1h are 97% and 
99%, respectively. 
 
Keywords— biodiesel, catalyst, mesoporous silica, Trans 

esterification,  

I. INTRODUCTION 
Non-permanent nature of fossil fuels, growth of the 
contaminants emissions from fossil fuels combustion and 
rising costs of them caused many problems in the fields of 
energy production and consumption. Therefore, research is 
now focused on the finding alternative fuels and energy 
resources. Production of biofuels and biodiesels are an option 
for this purpose [1]. Biodiesel is non-toxic, renewable, high 
efficient and has lower emissions than diesel because of its 
renewable resources [2]. Biodiesel is defined as esters of 
vegetable oils or animal fats. The unique property of biodiesel 
makes it a good choice for numerous applications [3]. It is the 
best alternative fuel for diesel engines and burns like diesel 
fuel [4], [5]. Commercially, biodiesel is produced by 
transesterification of vegetable oils and animal fats. The 
transformational of triglyceride to alkyl ester of fatty acid in 
the presence of an alcohol (methanol or ethanol) and a catalyst 
 
 

 

 (basis, acid or enzyme) is named as transesterification in 
which the glycerol is also produced as a byproduct [6]. 
Vegetable oils are transesterified by heating them with an 
excess amount of anhydrous methanol and a catalyst. 
Transesterification reaction could be catalyzed by alkali [7], 
[8], acids [9], or enzymes [10], [11]. Various studies using 
different vegetable oils as raw material, different alcohols 
(methanol, ethanol, butanol) and also contains different types 
of homogeneous catalysts such as sodium hydroxide, 
potassium hydroxide, sulfuric acid and supercritical fluids has 
been conducted. Both of the homogeneous catalysts [12] and 
the heterogeneous catalysts [13] are utilized to increase the 
transesterification. Homogeneous catalysts have many 
problems; these compounds could not be recycled therefore 
application of them as catalyst resulted in the formation of 
stable emulsions which are difficult to separate from the ester. 
Also, the large amount of waste water is produced during the 
removal and cleaning of the reaction products [14]. Therefore, 
heterogeneous catalysts have been preferred to homogeneous 
catalysts due to their lower costs, recycling capability and 
reduced environmental pollutions. There are a wide variety of 
heterogeneous catalysts applied in transesterification reactions 
[15]. 
Mesoporous silica is a suitable choice to catalyze 
transesterification reaction because of its large surface area, 
high structure stability and great number of ordered pores.  
The pore size distribution of mesoporous silica is in the range 
of 2-50 nanometer (nm) making it suitable option for catalytic 
applications. The compound is an  ideal  choice  as  a  host  for  
catalyzing  of  guest  molecules  with  different  shape,  size  
and properties e.g. triglyceride molecules [15]-[17]. 
Herein, the synthesis of mesoporous silica (MCM-41) as a  
Eco-friendly Catalyst was synthesized and identified by using 
various techniques. Also, the HMS mesoporous silica due to 
its facile synthesis method, high surface area and porous foam 
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shape nature is a good option to catalyze transesterification 
reaction. Modifying of the silanol groups on the surface of 
HMS catalyst with the functional amine group, leads to the 
formation of alkaline catalyst with enhanced catalytic 
properties [18]. In this study, lysine amino acid was stabilized 
via covalent bonding onto the surface of mesoporous silica and 
applied as an alkaline catalyst for transesterification of 
glycerinetriacetate as well as edible oil. The optimized 
catalytic reaction condition was determined through analysis of 
biodiesel products by gas chromatography method. 

II. MATERIAL AND METHOD  

A. Materials 
Tetraethylorthosilicate (TEOS 99%), CTAB (cetyltrimethyl 

ammonium bromide), 3-aminopropyltriethoxysilane (APTS), 
hexadecylamine, lysine, solvents and all other chemicals has 
been purchased from Merck and utilized without further 
purification. 
 

B. Synthesis of spherical mesoporous silica MCM-41 
MCM-41 nanoadsorbent has been synthesized at room 

temperature in according to the procedure introduced by 
Melendez-Ortiz et al [17]. In a typical procedure 0.5 g of  
CTAB was dissolved in 96 ml of deionized water under mild 
stirring. After a clear solution has been obtained, 34ml of 
ethanol and 10ml of 25% ammonia solution have been added 
to the above transparent solution following by stirring for 5 
min again. Finally, 2ml of TEOS was added to this mixture, 
and obtained solution stirred for 3 h at room temperature and 
solid product was filtered, washed and dried at room 
temperature for 24 hours. CTAB template was removed by 
heat treatment of dry powder in a furnace at 540oC for 9h. 

C. Synthesis of spherical mesoporous silica HMS 
. HMS mesoporous silica catalyst has been synthesized at 

room temperature in according to the procedure introduced by 
Tanev-Pinnavaia et al. [20]. In a typical procedure, 3.14g of 
hexadecylamine was dissolved in 20 ml of ethanol at 40 oC. 
Then 24 ml of distilled water and two drops of concentrated 
HCl was added to the mixture (Solution A). 10 ml of TEOS 
dissolved in alcoholic solution of 0.4 ml of APTS in 5 ml 
ethanol under vigorous stirring (Solution B). The clear 
solution obtained was slowly added to another semiopaque 
stirred solution (Solution A). The dark solution obtained was 
stirred for 30 minutes. The suspension produced in this way 
was allowed to age for 3 days and then filtered, washed with 
distilled water and hot ethanol several times. The precipitate 
dried in air, and finally calcined at 550 oC for 3h to remove the 
alkylamine template. Hexadecylamine template was removed 
by heat treatment of dry powder in a furnace at 550 oC for 3h. 

D. Surface functionalizing 
Modification of the surface with amine 
The mesoporous silica was dried at 70o C for 1 day in an 

oven to remove water molecules adsorbed on the surface, and 
then was stirred vigorously in toluene containing 3-
aminopropyl trimethoxysilane. So, aminosilane groups were 
grafted on pristine HMS surface. The weight ratio of 
aminosilane/mesoporous silica was 1.0 in the initial mixture. 
In a typical procedure, 1 ml of APTS dissolved in a flask, 
containing 50 ml toluene, connected to a condenser and 1 g of 
mesoporous silica has been dispersed in the above solution by 
magnetic stirring of the suspension. Then, the temperature has 
been raised up to 110 oC (boiling point of the solution) and the 
whole system refluxed for 24 h. Amine functionalized silica 
filtered off and washed with toluene and absolute ethanol to 
remove the unreacted APTS. The sample has been dried at 
70oC and put aside for further functionalizing with lysine 
amino acid. 

Lysine grafting of the samples 
100 mg of the amine functionalized powder was stirred in a 

mixture of acetonitrile, triethylamine and N,N-
Dicyclohexylcarbodiim (DCC) with the amounts of 15 ml, 2ml 
and 150 mg, respectively. After 30 min, 100 mg of lysine was 
added to the mixture. The mixture was stirred for 2 days at 
room temperature. Then, the mixture washed with ethanol and 
water. The excess amount of lysine and triethylamine was 
removed by washing with ethanol and excess amount of DCC 
was removed by washing with water. After filtering and drying 
at 80 oC (for 1 day), it is utilized for transesterification 
reaction. 

E. Tranesterification reaction catalyzed by mesoporous silica 
at room temperature 
In a typical procedure, 4.56 g of castor oil, 7.65 g of methanol 
and 0.18 g of the prepared catalysts were added to in two 50 
ml glass flask equipped with a condenser separately, a 
thermometer and a rotor under refluxing conditions. The molar 
ratio of alcohol to oil is 9:1 and the catalyst is 4% oil by 
weigh. The reaction was carried out at 60o C (boiling point of 
methanol) for 24 h. Sampling has been performed 1, 4 and 24h 
after start time of reaction for analysis of products. After 
separation of solid catalysts powders by filtration, Samples 
diluted by hexane, washed by water and after phase separation, 
the upper ester phase has been retrieved, dried by MgSO4 and 
has been investigated by GC-MS. GC-MS results show that the 
yield of reaction for MCM-41 catalyst is 99% after one hour 
and the reaction is carried out almost entirely and then stays 
the same. Also yield of tranesterification reaction catalyzed 
with HMS catalyst after one hour, reached 97%, after 4 h 
reached 99% and this value remains constant. 
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III. RESULTS AND DISCUSSION  
Figure 1 shows small angle X-ray Scattering (SAXS) pattern 

of the prepared MCM-41 sample. Peaks observed in 2θ = 2.52, 
4.30, 4.94 and 6.47 are clearly in accordance with hexagonal 
structure of MCM-41. The low intensity  peaks  of  (110),  
(200)  and  (210)  observed in  this  figure  related  to  two  
dimensional hexagonal structure of sample. 

 
          Fig.1. SAXS pattern of synthesized MCM-41 sample.    

 
Surface analysis of samples using Barrett Joiner Halenda 

(BJH) model are shown in Fig. 2 which are in good agreement 
with type (IV) isotherms of IUPAC classification [21]. Mean 
pore diameter calculated by BJH models for the sample is 3.54 
nm. Table I lists the surface area as well as other data obtained 
by the BET-BJH models. 

 

 
Fig.2. Nitrogen adsorption–desorption isotherms of the prepared 

mesoporous silica sample (MCM-41)   
  

Table I. Properties of the prepared MCM-41 samples  
Total pore volume 

(cm3/g) 
     Surface area  

(m2/g) 
Mean pore diameter  
 (nm) 

         0.977          1106 3.54 
 
Figure.4. Shows SAXS pattern of the prepared HMS sample. 
Peak observed in 2θ = 2.084, is clearly in agreement with the 
structure of HMS. The broad peak of (100) observed in this 
figure related to mesoporous structure of sample. The large 

bandwidth of the diffraction peak could be associated with 
wide pore size distribution or the disordering in the assembly 
of the pore channels which is characteristic of HMS type 
mesoporous silica. 

 
Fig.3. Powder small angle X-ray diffraction pattern of HMS 

  
Surface analysis of samples using BJH model and 
adsorption/desorption isotherm are shown in Fig.4 which are 
in good agreement with type (IV) isotherms of IUPAC 
classification. Mean pore diameter calculated by BJH models 
for the sample is 4.6 nm. Table (II) lists the surface area as 
well as other data obtained by the BET-BJH models. 

 
Fig.4. Nitrogen adsorption–desorption isotherms of the prepared 

mesoporous silica sample (HMS) 
 
Table (II). Properties of the prepared HMS samples 

Total pore volume 
(cm3/g) 

Surface area BET  
(m2/g) 

Mean pore diameter 
(nm)  

1.53  1053.8  4.6  
 
Figure.5, 6 shows the SEM image of the mesoporous silica 
powders. It can clearly be observed that both of catalysts have 
homogeneous spherical morphology. The spongy structure of 
spheres for mesoporous silica HMS is a great advantage for 
the synthesized mesoporous particles and provides a high 
surface area and active site. The particle size of this spheres is 
in the range of 1-2 micromerter and the particle size of 
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mesoporous silica MCM-41 is in the range of 0.2-0.3 
micrometer. 
 
 
 
 
 
 
 
 

 
 
Fig.5. SEM image of the prepared MCM-41 samples 
 
 

 
Fig.6. SEM image of the prepared HMS samples 
 
 
 
 
 
Transesterification reaction progress using mesoporous silica 
catalysts 
 
Figure 7, 8 respectively show transesterification reaction 
catalyzed by mesoporous silica MCM-41 and HMS progress 
during 1h. According to the obtained results, the maximum 
extent of reaction takes place after 1h. Product efficiency for 
transesterification reaction catalyzed with mesoporous silica 
MCM-41 is more than 99% and for transesterification reaction 
catalyzed with mesoporous silica HMS is 97% in the first hour 
of reaction. Observed retention time at 12.58 min, shows the 
presence of methyl ester of recinoleic acid. Also retention 

times of the observed peaks at 8.41, 10.39, 10.45 and 10.73 
are associated with the hexadecanoic acid, 9, 12-octadecanoic 
acid and 9, 11- is octadecanoic acid methyl ester peaks, 
respectively. 
 
 
 

 
Fig.7. Gas chromatography spectrum of product for 

transesterification reaction catalyzed with MCM-41 after 1h 
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     Fig.8. Gas chromatography spectrum of product for 
transesterification reaction catalyzed with HMS after 1h 

 
 

IV. CONCLUSION 
 
Results showed that the ordered mesoporous silica type 

HMS and MCM-41 could be effectively catalyzed the 
biodiesel production after functionalizing with the basic 
amines. The high conversion efficiency more than 98% could 
be achieved after an hour.   
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In the current work, for the first time the surface of 
mesoporous silica has been modified by lysine as a low costs 
green basic catalyst which has capability to catalyze many 
other organic reactions and current work is the first attempt in 
the field. 
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