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Abstract 

In this work, biodiesel production from catalyzed transesterification of triglycerides with excess methanol was 
studied by using ion-exchanged Zeolite Beta and MCM-22 as heterogeneous catalysts. Zeolite Beta and MCM-22 
were synthesized with hydrothermal processes and, subsequently, modified by ion-exchanged with alkali ions. These 
as-obtained zeolite catalysts could yield a high conversion of triglycerides to biodiesel. The conversion efficiency 
was largely affected by crystallinity and frameworks of zeolite support, pH value of alkali ion-exchange solutions and 
alkali loadings onto the zeolite support. Furthermore, the effects of the duration of the sodium ion-exchange process 
on the final conversion efficiency of triolein to biodiesel, both the as-prepared Zeolite MCM-22 and Zeolite Beta 
catalysts were used. The effect of the duration of the sodium ion-exchange process is insignificant in 
transesterification using Na-ion-exchanged Zeolite MCM-22 catalysts from 0.5 to 4 h. In contrast, the conversion 
efficiency of triolein to biodiesel reached ca. 95% in 0.5 hours of transesterification using Zeolite Beta ion-exchanged 
with 3 mmol-eq. Na+/g cat for 0.5 hours.  

© 2014 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of ICAE 
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1. Introduction 

With the rapid development of industry, energy demands and the combustion of fossil fuels increase 
dramatically. As a result, severe environmental impacts have threatened the lives of human being. 
Therefore, it is necessary to develop a biodegradable and renewable alternative energy to alleviate this 
concern. Biodiesel, a mixture of long-chain fatty acid methyl esters (FAMEs) or ethyl esters (FAEEs) [1], 
is regarded as one kind of promising renewable energy resources. Biodiesel has not only many 
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advantages, such as proper viscosity, boiling point, and high cetane number [2], but also degradability, 
nontoxicity, and almost carbon-neutrality. 

Biodiesel is produced either by esterification of free fatty acids or transesterification of animal fats, 
vegetable oils and waste frying oil, with short-chain alcohols [3]. Among several methods for biodiesel 
production, transesterification have become more and more popular recently, since it posses many 
advantages such as higher performance for biodiesel production and less facility requirements, etc. 
Transesterification is a reaction of triglyceride with short-chain alcohol, commonly methanol, in presence 
of catalyst. The transesterification of triglycerides for biodiesel production could be expressed as follows: 

catalystTriglyceride + methanol  Fatty acid methyl esters (FAME, biodiesel) + glycerol  (1) 

Stoichiometrically, one mole of triglyceride reacts with 3 moles of alcohol. However, excess methanol 
or ethanol is always utilized in the transesterification reaction to drive the reaction equilibrium to the 
product side, in favor of biodiesel production. Nowadays, researchers have successfully achieved in 
biodiesel production. However, the homogeneous catalyst has some drawbacks and limitations, such as 
the sensitivity to the purity of reactants, especially in water and free fatty acids, the high cost of product 
separation, and environmental pollution by the liquid wastes. Hence, in this work, heterogeneous catalysts 
prepared from alkali-exchanged zeolite were attempted and studied to improve the conversion efficiency 
of catalyzed transesterification of triglycerides. 

2. Experimental

2.1. Synthesis 

Zeolite MCM-22 and Zeolite Beta were prepared with the following compositions: 1 SiO2: 0.031 Al2O3:
0.137 Na2O: 0.60 HMI (hexamethyleneimine): 30 H2O and 1 SiO2: 0.033 Al2O3 Na2O: 0.5 TEAOH 
(tetraethylammonium hydroxide): 13.3 H2O respectively, where HMI and TEAOH are the structure-
directing agent. Both Zeolite MCM-22 and Zeolite Beta were synthesized with hydrothermal treatments, 
and prepared under static condition at 150 C for 96 h and 160 °C for 24 h respectively. The products were 
filtered and washed thoroughly with deionized water. Finally, the as-synthesized materials were calcined 
for 8 h in air at 500 C to obtain the Zeolite MCM-22 and Zeolite Beta. 

2.2. Modification of the catalysts 

The modification and activation procedures of zeolite support were presented elsewhere [1, 3]. Zeolite 
powder was firstly soaked in Na+ containing solutions for a certain period, and these Na+-treated zeolite 
samples were rinsed thoroughly with deionized water at ambient temperature to remove any undoped 
sodium and other impurity. Subsequently, these Na+ -treated zeolite catalysts were dried in an oven and 
calcined at 500 C in air for 8 h.  

2.3. Transesterification reaction (biodiesel production) 

Catalyzed transesterification of triolein in excess methanol to produce methyl oleate as biodiesel was 
performed in a batch reactor; the reaction temperature was always maintained constant at 65 C. After 
reaching a preset reaction time, the reaction was quickly quenched. The reacting mixture was centrifuged 
at 6000 rpm for 20 min to separate the solid catalyst. Subsequently, the liquid phase with biodiesel was 
extracted with hexane. The production yield of biodiesel was mainly measured by using a GC-FID. 
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3. Results and discussion 

3.1. characterization of as-synthesized zeolite MCM-22 and Beta 

The structure and morphology of these catalysts and support were examined with powder XRD and 
SEM (Figure 1 and Figure 2). Zeolite Beta shown in Fig. 1(a) is synthesized hydrothermally at 160°C for 
2 days. The as-synthesized Zeolite Beta from hydrothermal reaction for 1 to 3 days had higher 
crystallinity. Interestingly, Fig. 2 (a) and (b) shows that as-prepared zeolite Beta was in oval-like shape. 
The particle sizes of Zeolite Beta ranged from 150 to 300 nm, while the Zeolite MCM-22 particles are 
larger, about 3 to 6 m. Fig. 2 (c) showed that aggregates of zeolite MCM-22 particle were formed after 2 
days, and gradually transformed from coin-shape to doughnut-shape over time. Formation of lamellar 
structures could be observed after crystallization for 4 days (Fig. 2(d)). 
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Fig. 1. XRD pattern of (a) and (b) as-synthesized Zeolite Beta at 160°C; (c) Zeolite MCM-22

                     

Fig. 2. SEM images of (a) (b) Zeolite Beta obtained with hydrothermal reaction at 160  for 1 day; and Zeolite MCM-22 obtained 
after crystallization for (c) 2 days, (d) 4 days, and (e) 6 days.

3.2. Transesterification of triglyceride using as-prepared modified zeolite 

To study the effect of the sodium ion-exchange process on the conversion efficiency of triolein to 
biodiesel using as-prepared modified zeolite MCM-22 and Beta catalysts, NaOH was chosen as the 
sodium source for the ion exchange process (Table 1 and 2). The results (Table 1 and Fig. 3) showed that 
the catalysis of Zeolite Beta loaded with 3 mmol-eq. Na+/g cat was higher. As a result, the conversion 
efficiency of triolein reached 85-99% within 0.5 to 1 h in transesterification. In general, conversion 
efficiency of triolein increased with increasing Na-loading on zeolite surface. A strategy to increase the 
Na-loading was adopted by extending the duration of the ion exchange process. Table 2 and Fig. 4 
showed that increasing the duration of the ion-exchange process did not guarantee an increment in the 
Na-loading on Zeolite MCM-22. For example, the Na loadings stayed almost constant, in between 3.93 
and 4.31 wt%, when using NaOH solution for the ion-exchange process for 0.5 to 4 h. The resulted 
conversion efficiency was similar and all exceeded 90% after 2h of reaction (Fig. 4). 
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Table 1.  Effect of NaOH concentration in solutions used in the sodium  
ion-exchange (IE) process on resulted Na contents of modified zeolite Beta.  

Na+ sources NaOH NaOH NaOH 
Na+ conc. in solution (mmol-eq/g cat)a 1.3 1.5 3 
Ion-exchange time (h) 0.5 0.5 0.5 
pHb 11.40 11.72 12.98 
Metal/cat (mmol/g) 0.84 0.96 1.58 

a Based on the mass of Zeolite Beta support. 
  b pH of solution was not adjusted. 

Table 2.  Effect of duration of the sodium ion-exchange (IE) process  
using NaOH solutions on resulted Na contents of modified Zeolite MCM-22.  

Na+ sources NaOH NaOH NaOH 
Na+ conc. in solution (wt%-eq.)a 10 10 10 
Ion-exchange time (h) 0.5 2 4 
pHb 13.25 12.83 12.25 
Metal/cat (wt%) 3.93 4.31 3.96 
Metal/cat (mmol/g) 1.71 1.87 1.72 

a Based on the mass of zeolite MCM-22 support. 
   b pH of solution was not adjusted.

4. Conclusion 

The as-synthesized zeolite Beta obtained from hydrothermal reaction for 1 to 3 days had higher 
crystallinity, and was in oval-like shape. The particle sizes of zeolite Beta ranged from 150 to 300 nm. 
The catalysis of Zeolite Beta loaded with 3 mmol-eq. Na+/g cat in transesterification was higher. The 
conversion efficiency of triolein using Na-ion exchanged zeolite Beta exceeded 85% within reaction 
duration from 0.5 to 1 h. The process duration of the sodium ion-exchanged process would damage the 
crystalline structures of zeolite MCM-22, but did not influence the conversion efficiency of triolein to 
biodiesel. A conversion yield of triolein to biodiesel at 65°C as high as 94.5% was achieved after 1h using 
the zeolite MCM-22 catalysts prepared from the NaOH ion-exchange process. 
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Fig 4. Transesterification of triolein in excess 
methanol using as-prepared zeolite MCM-22 
catalyst 

Fig 3.Transesterification of triolein in excess 
methanol using as-prepared Zeolite Beta catalyst


