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Abstract 

Palm oil cannot be used directly as biofuel due to its high boiling point and viscosity. For its application as biofuel, the palm oil is 

converted to biodiesel through transesterification of palm oil and methanol with catalyst addition. This work is related to the synthesis of 

silica-titania as catalyst in association with titanium tetrahedral coordination and the study of the effect of titanium tetrahedral 

coordination on biodiesel production from palm oil. A solid state method is used to synthesize silica-titania catalyst applying mole 

variation of both solid silica and titania. The synthesis products are characterized by FTIR and DR UV-Vis, as well as the fraction of 

titanium tetrahedral coordination is calculated through deconvolution method of DR UV-Vis spectra.  The results show the tetrahedral 

coordination of titanium increased using both solid silica and titania in the solid state method compared to that using solid titania 

commercial as precursor in the reaction. The mole ratio of silica and titania of 1:0.5 gave the highest percentage of titanium tetrahedral 

coordination. The increasing of the fraction of titanium tetrahedral coordination in silica-titania catalyst applied in reaction of palm oil 

and methanol can reduce the boiling point, viscosity, and density of the oil product.  
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1. Introduction 

Based on several reasons in relation to (i) limitation of fossil fuel natural resources, (ii) current cost of crude oil, and (iii) 

environmental pollution generated by fossil fuel usage, some research on biodiesel energy have been investigated during 

recent decades. Biodiesel has been considered as one of alternative fuel energy due its special advantage over common 

fossil fuel energy. Furthermore, biodiesel has several benefits related to (i) its better lubricating properties compared to that 

of fossil fuel, (ii) reducing  too fast engine exhausted, and (iii) economic factor of engine maintenance (Gaurav, et al., 

2016; Ilmi et al., 2017).   

 Indonesia is a country rich with palm oil and therefore, biodiesel can be produced from palm oil through some 

treatments.  In addition, palm oil can live longer (about 25 years) and resist towards climate problem. According to 

Axelsson et al. (2012), the application of palm oil for biodiesel production is not reducing the availability of palm oil for 

consuming need.  

It is known that a homogeneous catalyst is required in the reaction of vegetable oil with high free fatty acid content with 

short chain alcohols. Meanwhile a heterogeneous catalyst is suitable for tranesterification reaction of vegetable oil with low 

free fatty acid and short chain alcohols such as methanol and ethanol. The homogeneous catalysts such as sulfuric acid, 

hydrogen chloride, sodium hydroxide, and potassium hydroxide yielded a problem related to separation process of product 

and catalyst. As a result, a higher cost factor is needed for the more complex separation. In addition to the incomplete 

separation between biodiesel product and catalyst may generate problem related to engine corrosion (Talebian et al., 2013). 

The limitation of homogeneous catalyst can be solved by the application of heterogeneous catalyst since the phase of 

heterogeneous catalyst is different from the phase of biodiesel product. The separation process is more easy and low cost. 

Moreover, the heterogeneous catalyst is reusable for other reactions (Chouhan et al., 2011).   

One of the famous heterogeneous and very versatile catalysts in the group of titano silicate is silica-titania (SiO2-TiO2). 

It is known that the role of titanium tetrahedral coordination is very important in catalytic activity of silica-titania. The 

formation of titanium tetrahedral coordination via Si-O-Ti bond yields acidity on silica-titania surface caused by different 

geometrical form and coordination between Si and Ti  (Nizar, et.al, 2013). Up to date, the application of surface acidity 

which occurred as the present of titanium tetrahedral coordination in silica-titania catalyst for biodiesel production has not 

been reported yet. However, a literature study ever reported a substituted sulfate group of silica-titania as catalyst in 

biodiesel production. Generally, the catalytic activity of silica-titania and titania sulfate is stronger with 90% achievement 

of conversion. According to Shao et al. (2013), the increased percentage of biodiesel production is not directly proportional 

with the increased percentage of sulfate group in silica-titania .  
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The mole ratio of Si and Ti believed as one of the factors affected the number of titanium tetrahedral coordination in 

which the mole of Ti must be small equal to Si mole. It was agreed when the mole ratio of titania higher than that of silica, 

the formation of Si-O-Ti had been blocked by Ti-O-Ti bonding. The presence of Ti-O-Ti bond indicates the formation of 

titanium in octahedral coordination that means the silica and titania precursors are not reacted. Therefore, the objectives 

this studies firstly, to investigate the effect of mole ratio of solid precursors to the formation of titanium tetrahedral 

coordination in silica-titania catalyst. Secondly is to study the effect of titanium tetrahedral coordination to the physical 

properties of biodiesel production yielded from transesterification reaction of palm oil and methanol.   

2. Method 

2.1. Materials 

Analytical grade of titanium oxide (Acros), silica (Sigma Aldrich), and toluene (Merck) were used in this study for the 

synthesis of silica-titania catalyst. Palm oil (Bimoli) and methanol (Merck) were used for biodiesel production through 

transesterification reaction using the proposed silica-titania catalyst.  

2.2. Synthesis of  silica – titania by solid state method 

The silica-titania catalyst is synthesized by reacting solid precursor of silica and titania in toluene using solid state 

method. In order to obtain the silica-titania catalyst with high percentage of titanium tetrahedral fraction, the mole ratio of 

titania should be the same or lower than that of silica, thus, the variation of mole ratio using titania of 1.0,  0.50 and 0.25 

compared to 1.0 mole of silica. A mixture of silica and titania in toluene was sonicated using ultrasonic apparatus for 1h to 

obtain homogeneous mixture.  Afterwards, the mixture was put in a fumehood for 24h to evaporate toluene. Next, the 

mixture was calcinated at 450
o
C for 8h and then the mixture was kept in a dessicator for characterization and biodiesel 

synthesis (Ningsih, 2015; Nizar et al., 2013; Shao et al., 2013).   

2.3. Characterization study of silica-titania catalyst 

 The FTIR examination was used to determine the chemical bonding in the mixture of silica and titania. The samples 

were detected in the range of 4000–400 nm
-1

. The DR UV-Vis investigation was used to determine tetrahedral and 

octahedral coordination in the sample and also to calculate the fraction of titanium tetrahedral based on UV spectral 

deconvolution. The samples were analyzed in wavelength range of 200 – 400 nm.  

2.4. Silica-titaniacatalyst for biodiesel production 

The production of biodiesel was obtained by transesterification reaction of commercial palm oil and methanol in the 

existence of silica-titania catalyst. The mole ratio of methanol and palm oil was taken to be 6 : 1  and the quantity of 

catalyst was taken by 10% of the palm oil weight. All components were mixed using a magnetic stirrer and heated for 3h at 

65
o
C. Afterwards, the mixture was cooled followed by separation process of the product, catalyst and excess methanol 

(Lokman et al., 2016).  

The first separation process was conducted to remove catalyst using centrifuging. The second separation process was 

conducted to remove excess methanol using rotary evaporator at temperature higher than the boiling point of methanol. The 

biodiesel product was examined by FTIR while the physical properties of biodiesel were determined for its boiling point, 

viscosity, and density. The prepared catalysts and biodiesel formed are summarized in Table 1. 

Table 1. The prepared catalysts and biodiesel product 

Sampel Mole silica Mole titania Biodiesel product 

TiO2 -  Bio-T 

ST (1-1) 1,00  1,00 Bio(1:1) 

ST (1-0,5) 1,00 0,50  Bio(1:0,50) 

ST (1-0,25) 1,00 0,25 Bio(1;0,25) 

 

3. Results and Discussion 

3.1. FTIR spectra of  silica-titania series 

Fig.1 shows FTIR spectra of TiO2, SiO2, and series of SiO2-TiO2 formed by syntheses at wave number range of 4000 – 

600 cm
-1

. Moreover, the main absorption bands of TiO2 spectrum are detected at wave number 2352 cm
-1

 and 734 cm
-1

 

respectively, which indicate vibrations of Ti-O (Ti-O-Ti). The main absorption band of SiO2 spectrum at wave number of 

1058 cm
-1

 indicates asymmetric vibration of Si-O-Si, while the main absorption band at wave number of 803 cm
-1

 indicates 

symmetric vibration of Si-O-Si (Shao et al., 2013).    

The FTIR spectra of SiO2-TiO2 show main absorption bands at respected wave numbers of 3668 cm
-1

, 3429 cm
-1

, 960 

cm
-1

, and 749.42 cm
-1

. In general, the FTIR spectra of SiO2-TiO2 series are similar and appear as combination spectra of 

SiO2 and TiO2. The absorption bands at wave number of 3668 cm
-1

 and 3429 cm
-1

 indicate stretching vibrations of -OH  
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from silanol group (Si-OH) or water vapor adsorbed on material surface. The absorption band of –OH detected in the 

synthesized samples are due to samples which exposed in open air during sample measurement by FTIR.  The absorption 

band at wave number of 749.42 cm
-1

 is suggested the absorption band of Ti-O-Ti.  A very weak intensity of vibration band 

is observed at wave number of 960 cm
-1

, this absorption band indicates a vibration of Si-O-Ti bonding.The Si-O-Ti 

bonding was formed due to chemical interaction between SiO2 and TiO2 and this bonding is a sign of tetrahedral 

framework formation in the synthesis of SiO2-TiO2 (Kim, et al., 2000; Nizar et al., 2013).   

 
Fig.1. FTIR spectra of respected TiO2, SiO2, and SiO2-TiO2 series 

The absorption band at wave number of 960 cm
-1

 is an expected absorption band because this absorption band is an 

indicate on of tetrahedral framework formation with the existence of Si-O-Ti bonding (Chen, et al., 2012; Kim, et al., 2000; 

Nizar et al., 2013). The existence of tetrahedral framework in the synthesis of silica-titania shown by FTIR spectra is more 

confirmed by justification of absorption band shown by DR UV-Vis examination.  

3.2. Deconvolution spectra of  DR UV-Vis of silika-titania series 

Fig. 2 shows diffuse reflectance spectra of UV-Vis of SiO2-TiO2 series and TiO2. Deconvolution on spectra was 

examined to investigate the effect of mole ratio of SiO2 and TiO2 precursors on tetrahedral framework and to determine the 

quantity of tetrahedral fraction formed by Si-O-Ti bonding. A literature study reported that at wave length range of 200 - ≤ 

270 nm of DR UV-Vis spectra is an absorption range of titanium tetrahedral, while titanium octahedral coordination is 

observed at wavelength range of ≥270 – 400 nm ((Nizar et al., 2013; Sosnov, et al., 2010).  
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Fig. 2. Deconvolution spectra of DR UV-Vis of SiO2-TiO2 series and TiO2 

In general, the SiO2-TiO2 catalyst formed on the basis of mole ratios of SiO2:TiO2 may have dominant octahedral 

fraction, however, the catalyst synthesized under this study showed an increase of tetrahedral fraction. The increasing of 

tetrahedral fraction yielded can be read from Table 2. 

Tabel 2. The percentage of  titanium tetrahedral fraction on the basis of deconvolution of DR UV-Vis spectra 

 Sample Titanium tetrahedral fraction 

 TiO2 33, 40 

 ST(1-0,25) 42,84 

 ST(1-0,5) 44,70 

 ST(1:1) 42,05 

Based on the results shown at Table 2, the solid state reaction of silica and titania at 450
o
C can increase the quantity of 

titanium tetrahedral fraction from 33% to almost 50%. The spectra deconvolution justified a large part of TiO2 and SiO2 

formed Si-O-Ti bonding. More Si-O-Ti bonding can be formed when the quantity of TiO2 is lower than that of SiO2. When 

the quantity of TiO2 is higher than that of SiO2, the titanium octahedral fraction is likely being formed through Ti-O-Ti 

bonding. However, there is no standard based on the ratio of Si : Ti in the synthesis of silica-titania (Ren, et al., 2008). The 

results shown by spectral deconvolution of DR UV-Vis is in good agreement with that of FTIR spectra by the appearance 

of absorption band at wave number of 960 cm
-1

.  

3.3. Application of silica-titania catalyst in biodiesel production 

 In general, the reaction between palm oil and methanol using a catalyst may produce biodiesel (methyl ester with 

gliserol as side product) or soap (Alhassan, et al., 2015; Konwar et al., 2015; Lokman et al., 2016). The product may have 

solid phase if soap is formed. However, the reaction between palm oil and methanol using SiO2-TiO2 or TiO2 have yield a 

product with liquid phase which indicated the production of biodiesel. The biodiesel product separated by using a 

centrifuge and rotary evaporator. In order to confirm that palm oil is converted into biodiesel, an examination of physical 

properties (density, viscosity, and boiling point) on biodiesel product is required. The difference of physical properties 

between palm oil and the product indicates that palm oil has already converted to biodiesel.Table 3. shows the physical 

properties of palm oil and biodiesel at room temperature.  
 

Table 3. Physical properties of palm oil and biodiesel at room temperature. 

Physical 

properties 
Palm oil (Bimoli) 

Biodiesel 
Unit 

Bio (1:1) Bio(1:0,5) Bio(1:0,25) 

Density 0.905 0.898 0.897 0.899 g/ml 

Viscosity 0.090 0.100 0.100 0.100 ml/s 

Boiling point 315 290 270 294 oC 

 

Data from Table 2 and Table 3 with respect to titanium tetrahedral fraction can be used to examine the effect of quantity 

of titanium tetrahedral fraction on physical properties of biodiesel with respect to its boiling point, viscosity, and density. 

Fig. 3(a) and 3(c) shows increased titanium tetrahedral fraction resulting a decrease in both boiling point and density of 

biodiesel, respectively. Fig. 3(b) shows increased titanium tetrahedral fraction yielded indifferent values of viscosity of 

biodiesel.  However, based on data in Table 3 with respect to the viscosities of palm oil and biodiesel, the existence of 

titanium tetrahedral fraction in silica-titania catalyst may change the value of their viscosities.  
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Fig.3. Effect of titanium tetrahedral fraction on physical properties of synthesized biodiesel with respect to boiling point, viscosity, and density. 

4. Conclusion 

The series of silica-titania catalyst, which is formed through solid state method using solid silica and titania as 

precursors, is very substantial for transesterification reaction in biodiesel production.  This study shows the existence of 

titanium tetrahedral fraction may improve the physical properties of synthesized biodiesel.   

Acknowledgement 

We gratefully acknowledge the funding from Kementerian Riset dan Teknologi Indonesia and Universitas Negeri 

Padang for financial support under PNPB 2017 research grant. 

 

 

265

270

275

280

285

290

295

300

41 42 43 44 45
B

o
ili

n
g 

P
o

in
t 

(o
C

) 

Titanium Tetrahedral Coordination (%) 

0.099

0.0992

0.0994

0.0996

0.0998

0.1

0.1002

41.5 42 42.5 43 43.5 44 44.5 45

V
is

co
si

ty
 (

m
m

2 /
s)

 

Titanium Tetrahedral Coordination (%) 

0.898 

0.897 

0.899 

0.8965

0.897

0.8975

0.898

0.8985

0.899

0.8995

0.9

42 43 44 45

D
e

n
si

ty
 (

g/
m

l)
 

Titanium Tetrahedral Coordination (%) 



Umar Kalmar Nizar, Yohanes Manan Sitanggang, Risma Sari, Rita Sundari, Bahrizal,Ananda Putra, Latisma DJ 
 

ICoChEA 2017 (Padang, 26th-27th October 2017) 32 

 

References 

Alhassan, F. H., Rashid, U., & Taufiq-Yap, Y. H. (2015). Synthesis of waste cooking oil-based biodiesel via effectual recyclable bi-functional 
Fe2O3MnOSO42-/ZrO2 nanoparticle solid catalyst. Fuel, 142, 38–45. http://doi.org/10.1016/j.fuel.2014.10.038 

Axelsson, L., Franzén, M., Ostwald, M., Berndes, G., Lakshmi, G., & Ravindranath, N. H. (2012). Perspective: Jatropha cultivation in southern India: 

Assessing farmers’ experiences. Biofuels, Bioproducts and Biorefining, 6(3), 246–256. http://doi.org/10.1002/bbb 
Chen, H.-S., Huang, S.-H., & Perng, T.-P. (2012). Preparation and characterization of molecularly homogeneous silica-titania film by sol-gel process with 

different synthetic strategies. ACS Applied Materials & Interfaces, 4(10), 5188–95. http://doi.org/10.1021/am301113a 

Chouhan, A. P. S., & Sarma, A. K. (2011). Modern heterogeneous catalysts for biodiesel production: A comprehensive review. Renewable and 
Sustainable Energy Reviews, 15(9), 4378–4399. http://doi.org/10.1016/j.rser.2011.07.112 

Gaurav, A., Ng, F. T. T., & Rempel, G. L. (2016). A new green process for biodiesel production from waste oils via catalytic distillation using a solid acid 

catalyst – Modeling, economic and environmental analysis. Green Energy & Environment, 1(1), 62–74. http://doi.org/10.1016/j.gee.2016.05.003 
Ilmi, M., Kloekhorst, A., Winkelman, J. G. M., Euverink, G. J. W., Hidayat, C., & Heeres, H. J. (2017). Process intensification of catalytic liquid-liquid 

solid processes: Continuous biodiesel production using an immobilized lipase in a centrifugal contactor separator. Chemical Engineering Journal, 

321, 76–85. http://doi.org/10.1016/j.cej.2017.03.070 
Kim, W. B., Choi, S. H., & Lee, J. S. (2000a). Quantitative Analysis of Ti-O-Si and Ti-O-Ti Bonds in Ti-Si Binary Oxides by the Linear Combination of 

XANES. Science, 8670–8678. 

Kim, W. B., Choi, S. H., & Lee, J. S. (2000b). Quantitative Analysis of Ti - O - Si and Ti - O - Ti Bonds in Ti - Si Binary Oxides by the Linear 
Combination of XANES, 8670–8678. 

Konwar, L. J., Mäki-Arvela, P., Salminen, E., Kumar, N., Thakur, A. J., Mikkola, J. P., & Deka, D. (2015). Towards carbon efficient biorefining: 

Multifunctional mesoporous solid acids obtained from biodiesel production wastes for biomass conversion. Applied Catalysis B: Environmental, 
176–177, 20–35. http://doi.org/10.1016/j.apcatb.2015.03.005 

Lokman, I. M., Rashid, U., & Taufiq-Yap, Y. H. (2016). Meso- and macroporous sulfonated starch solid acid catalyst for esterification of palm fatty acid 

distillate. Arabian Journal of Chemistry, 9(2), 179–189. http://doi.org/10.1016/j.arabjc.2015.06.034 
Ningsih, S. K. W. (2015). Effect of various solvent on the synthesis of nio nanopowders by simple sol-gel methods and its characterization. Indonesian 

Journal of Chemistry, 15(1), 50–55. 

Nizar, U. K., Efendi, J., Yuliati, L., Gustiono, D., & Nur, H. (2013). A new way to control the coordination of titanium (IV) in the sol-gel synthesis of 
broom fibers-like mesoporous alkyl silica-titania catalyst through addition of water. Chemical Engineering Journal, 222, 23–31. 

http://doi.org/10.1016/j.cej.2013.02.053 

Ren, J., Li, Z., Liu, S., Xing, Y., & Xie, K. (2008). Silica–Titania mixed Oxides: Si–O–Ti Connectivity, Coordination of Titanium, and Surface Acidic 
Properties. Catalysis Letters, 124(3–4), 185–194. http://doi.org/10.1007/s10562-008-9500-y 

Shao, G. N., Sheikh, R., Hilonga, A., Lee, J. E., Park, Y. H., & Kim, H. T. (2013). Biodiesel production by sulfated mesoporous titania-silica catalysts 

synthesized by the sol-gel process from less expensive precursors. Chemical Engineering Journal, 215–216, 600–607. 
http://doi.org/10.1016/j.cej.2012.11.059 

Sosnov, E. a, Malkov,  a a, & Malygin,  a a. (2010). Hydrolytic stability of the Si–O–Ti bonds in the chemical assembly of titania nanostructures on silica 

surfaces. Russian Chemical Reviews, 79(10), 907–920. http://doi.org/10.1070/RC2010v079n10ABEH004112 
Talebian-Kiakalaieh, A., Amin, N. A. S., & Mazaheri, H. (2013). A review on novel processes of biodiesel production from waste cooking oil. Applied 

Energy, 104, 683–710. http://doi.org/10.1016/j.apenergy.2012.11.061 

 


