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TOLUENE OXIDATION USING LaCoO3/Sio2 AND LaVO3/SiO2 PEROVSKITE 
CATALYSTS: A COMPARATIVE STUDY 

 
 

*Dr. Anita Prashant   

Abstract: 

This study examines the vapour phase catalytic oxidation of toluene over perovskites, namely 
LaCoO3/SiO2 and LaVO3/SiO2.  The catalyst was characterized using the Viz method.  The surface area 
Packing density. Surface area measurements at temperatures ranging from 350°C to 600°C.  At 450°C, 
both surface area and activity were at their peak. Toluene undergoes heterogeneous catalytic vapour 
phase oxidation, producing benzaldehyde, benzoic acid, maleic acid, and Co2 using catalysts 
LaCoO3/SiO2 and LaVO3/SiO2.  LaCoO3 supported on SiO2 was determined to be the most active and 
selective catalyst, achieving 79.4% selectivity for benzaldehyde at 450⁰C with a surface area of 61.1 
m2/g.  The kinetic study shows that the oxidation of toluene to benzaldehyde is first order.  The 
catalytic reactivity is LaCoO3/SiO2 > LaVO3/SiO2. Surface area values correspond with catalytic 
selectivity and activity. 

Keywords: Benzaldehyde, Oxidation, Toluene, Supported, Surface area, Catalysis 

Introduction: 

Perovskites oxides operate as catalysts in several processes, including partial oxidation, 
hydrocracking, hydrogenation, hydrogenolysis, and reduction.  These compounds have been utilized 
as catalysts for a variety of processes, including the oxidation of CO, NH3, Methanol, Olefins, Paraffin, 
Aromatic compounds, Hydrogenation, and Oxidation.  The oxidation of light paraffins, such as 
methane, propane, and n-butane, is often used to evaluate perovskites oxides.  The focus has been on 
synthesizing unsupported and supported perovskites oxides with moderate or high specific surface 
area, as well as understanding their bulk and surface characteristics and involvement in 
heterogeneous catalysis.  Toluene vapour phase oxidation is a significant industrial process.  The 
partial oxidation of toluene on mixed oxide has been investigated, although research using 
Perovskites is limited. It was believed intriguing to evaluate the catalytic activity of LaCoO3/SiO2 and 
LaVO3/SiO2. 

Materials and methods: 

The LaCoO3/SiO2 catalyst was produced using the oxalate decomposition technique. 

Preparation Method: 

LaCoO3/SiO2 was produced.  The typical approach for preparing 20% LaCoO3 on Silica is as follows: 
An aqueous solution of La(NO3)3.6H2O (7.2gm), Co(NO3)2.6H2O (4.73gm), concentrated oxalic acid, 
and silica (20gm) was combined in a beaker and transferred to a china dish.  To get the necessary 
catalyst, the components were heated in a muffle furnace to 1000⁰C.  The catalyst LaVO3/SiO2 was 
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created using amorphous precursor citrate breakdown. 

Preparing LaVO3 on SiO2 involves the following steps:  An aqueous solution of La (NO3)3.6H2O (7.27 
gm), NH4VO3 (1.96 gm), Citric acid (3.45 gm), and Silica (20gm) was combined in a beaker and 
transferred to a china dish.  The resulting mixture was heated in a sand bath for 10 to 12 hours. After 
obtaining the catalyst powder, it was heated in a muffle furnace at 600°C to produce the necessary 
catalyst. 

The catalyst's surface area was measured using the EGME adsorption technique at various 
temperatures. Surface acidity and basicity of perovskites catalysts were evaluated using n-butylamine 
titration and phenol adsorption respectively.  The experimental setup and procedures for analyzing 
compounds such as benzaldehyde, benzoic acid, maleic acid, and carbon dioxide were the same as 
previously reported. 

Table 1- Characteristics of LaCoO3/SiO2 and LaVO3/SiO2 Perovskite catalysts 

 

Table 2- Activity and Selectivity data. 

 

Oxidation was tested at various temperatures and air-toluene ratios. 
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 Results and Discussion 

The catalyst was characterized using several methodologies, including surface area, packing density, 
surface acidity, and surface basicity.  Tables 1 and 2 provide the results of these research.  Surface 
area measurements at temperatures ranging from 350°C to 600°C (Table II) reveal that the catalyst's 
surface area rises up to 450°C, but declines beyond that.  The specific surface area of several catalysts 
was found to be in the sequence LaCoO3/SiO2 > LaVO3/SiO2. 

Surface acidity and basicity measurements indicate that LaCoO3/SiO2 and LaVO3/SiO2 include both 
acidic and basic sites.  LaCO3/SiO2 is more basic than LaVO3/SiO2.  The packing density for catalysts is 
LaVO3/SiO2>LaCoO3/SiO2. 

 LaCoO3/SiO2 and LaVO3/SiO2 were reacted with toluene. Toluene was oxidized to produce 
benzaldehyde (BzH), benzoic acid (BzA), maleic acid (MA), and Co2. 

Table 2 shows the generation of benzaldehyde at various temperatures and aerial activity levels for 
LaCoO3/SiO2 and LaVO3/SiO2 at 350°C, 400°C, 450°C, 550°C, and 600°C.  Both catalysts have a greater 
initial rate of BzH formation.  Increasing the temperature from 350°C to 450°C enhances BzH 
conversion from 56.6% to 79.4% on LaCoO3/SiO2. The specific surface area of LaCoO3/SiO2 rises from 
50.1 m2/g to 61.1 m2/g.  LaVO3/SiO2 increased from 51.6% to 67.4%, with a specific surface area of 
10.2 m2/g to 16.4 m2/g. 

 Increasing the temperature from 450°C to 600°C reduces the % conversion of benzaldehyde (Table 
2).  The catalyst demonstrated activity and selectivity for partial oxidation of toluene at 450°C in this 
study.  The increase in activity up to 450°C can be attributed to the removal of trace surface 
contaminants like adsorbed gases and hydroxy water. Additionally, stoichiometric or structural 
defects like anion vacancies and exposed metal ions serve as catalytic sites.  The drop-in activity 
reported at 450°C may be owing to a decrease in surface disorder caused by the strong mobility of O2 
ions in lanthanide sesquioxides, resulting in decreased surface area above 600°C. 

The results show that the catalyst is very selective in the oxidation of toluene.  Surface area correlates 
with catalytic selectivity and activity. LaCoO3/SiO2 catalyst is more selective and active due to its 
larger surface area compared to LaVO3/SiO2. 

Perovskites' catalytic activity varies with temperature due to surface heterogeneity.  Terraces, steps, 
kinks, and vacancies may lead to atoms with varying degrees of unsaturation and unique oxidation 
states, potentially impacting catalysis. 

According to Voorhoeve, raising the Co+2 level in a sample enhances the catalytic activity of LaCoO3 
for CO oxidation.  According to Bhide, the relative concentrations of Co2+, Co4+, and low and high spin 
Co3+ in LaCoO3 vary with temperature. 

 According to Haber, the removal of hydrogen atoms activates toluene, which is then attacked by a 
nucleophilic O2-ion.  Benzaldehyde may form when an O2 ion approaches the -CH2 group 
perpendicular to the benzene ring.  Nucleophilic addition of a surface O2-ion of an oxide catalyst is 
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predicted if the toluene molecule adsorbed side on at a surface site via its π electron system.  The 
oxidation of toluene to benzaldehyde on a catalyst surface is nucleophilic. 

Conclusion 

At 450°C, the LaCoO3/SiO2 catalyst is the most selective and active for partial oxidation of toluene. 
Surface area values correspond with catalyst selectivity and activity. 
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BBD Govt. College  

Chimanpura, Shahpura  

References:  

1.  H.R. Khan ,H.Frey, J.Alloys compd,190(2), 209(1993)  

2. J.M.D.Tascon,L.Gonzalez Tejuca :React,kinet, Catal.lett, 15, 185 (1980)  

3.  G.Kremenic,J.M.Lopez Nieto,J.M.D. Tascon,L.Gonzalez tejuca: J.chem. soc. faraday 
trans.1,81,939(1985)  

4.  H.Faleen, M.J.Martiner-Lope, J.A.Alonso, J.L.G.Fierro solid state Ionics-Elsevier vol.131,issues3-
4, page 237-24 (2000)  

5.  Yue Wu, Tao yu, Bo Sheng, Dou, Cheng-Xian Wang, Xiaofan Xie, Zuo-long yu, Shu-rong Fan, Zhi-
Rong Fan, Lian Chi Wang; J.catal,120,88(1989)  

6.  B.lavasseur, S.Kalianguine-Applied catalysis A; General Elsevier vol.343 Issues 1-2 page 29-38 
(2008)  

7. G.Kremenic,J.M.L.Nieto,J.M.D.Tascon,L.G.Tejuca;J.chem.soc.faradayTrans.1,81,939(1985)  

8. T.Hayakawa,H.orita,M.Shimizu,K.Takehira,A.G.Anderson,Nomura,Y.Ujihira;Catal.lett,16(4),359 

 (1992)  

9.  H.Arai, T.Yamada,K.Equchi,T.Seiyama;Appl.Catal.26.265 (1986) 

10. T. Nitadori, S. Kurihara,M.Misono;J.catal,(98) 221(1986)  

11.  Liu,Tuan Chi, Hsu Young Ming; J.chin.inst.chem. Eng.23(1) 67(1992)  

12. S. Lars, T. Anderson; J. chem. soc. faraday Trans.88 (1), 83 (1992) 13. K. L. Madhok; React. 
kinet. catal. lett., 30,185(1986).  

14.  S. Irusta, M. P. Pina, M. Menendez, J. Santa Maria; Journal of catalysis, Elsevier vol.179, issue 
2(1998) page 400-412.  

15.  C.C. Alexandre, Rodrigues; Catalysis Communication Vol. 8 issue 8 (2007) pages 1221-1231.  



AIJRA Vol. I Issue II www.ijcms2015.co  ISSN 2455-5967 

 

 TOLUENE OXIDATION USING LaCoO3/SiO2 AND LaVO3/SiO2 PEROVSKITE CATALYSTS: A 
COMPARATIVE STUDY         

Dr. Anita Prashant   

 

 

 

 

 

 

 

 

 

67.5 

16.  S. Amrita Kulkarni, V. Radha Jayaram, Journal of molecular catalysis A, Chemical Elsevier pages 
107-110 Volume 223, Issue 1-2 (2004).  

17.  T. Shimizu; Appl. Catal; 28,81 (1986).  

18.  J.M.D. Tascon, S.Mendiroz, L.G.Tejuca; Z.Phys. Chem. Neue Folge, 124, 109 (1981).  

19. Scott K, Kang MP, Winnick J. J.Electro. Chem. Soc., 1983; 130:523.  

20.  S.Bhagat, J.D.Ahuja; Ind. J.Chem. 9, 358 (1971).  

21.  M.Zawadzki, J.Trawxzynski, Catalysis today Vol. 176 issue 1(2011) Pages 449-452.  

22.  O.Spalet, J.Balei, I. Paseka; J.Chem.Soe. Faraday Trans. 1,78,2349 (1982).  

23.  M.M.Dubinin: In Proc. Int. Symp. On Pre Structure and Properties of materials, Modrys (ed.) 
Praque, 4, 27 (1973).  

24.  K.L.Madhok, K.P.Srivastava, S.Yadav: Indian J. Technol 21,184 (1982).  

25.  R. Pereniguez, J.L.Hueso, F.Gaillard, Catalysis Letters, Springer. 142,408-416 (2012).  

26.  G.Perchi, M.G.Jilibevto, E.J.Delgado, J.Chem. Technol Biotechnology 86 (8) 1067-73 (2011).  

27.  H.Hattori, K.Maruyama, K,Tanabe: J.Catal; 44,50 (1976).  

28.  M.P.Rosynek, J.S.Fox: J.Catal; 49,285 (1977).  

29.  L.Eyring : In “Handbook of the physics and chemistry of rare earths. Vol. 3, P.337. North 
Holland, Amsterdam, 1979.  

30.  G.A.Somorjai; Science 201, 489 (1978).  

31.  L.Wachowski, S.Zielinski, A.Burewiez; Acta.Chim.Acad.Sci.Hung; 106,217 (1981).  

32.  R.J.H. Voorhoeve, J.P.Remeika, L.E.Trimple: Ann. N.Y.Acad.Sci., 272, 3(1976).  

33.  V.G.Bhide, D.S.Rajoria, G.R.Rao, C.N.R.Rao; Phys.Rev., 86, 1021 (1972).  

34.  J.Haber, M.Witko, E.Broclawik: J.Mol. Catal; 45,183 (1980). 

 


