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Abstract 

Siliceous MCM-41 was synthesized by hydrothermal method using sodiummetasilicate 

as a source. Cerium ion incorporated Si-MCM-41 was synthesized by hydrothermal 

method using Cetyltrimethylammonium bromide as template. 2, 3 and 4 weight 

percentage of Ceria was loaded over MCM-41 by wet impregnation method. The 

synthesized catalysts were characterized using FT-IR, DRS-UV-Vis, XRD and SEM 

techniques. The catalytic activity of the cerium ion incorporated and ceria impregnated 

MCM-41 was evaluated in the synthesis of caprolactam from cyclohexanone oxime in the 

liquid phase condition. At high temperature all the catalyst showed high conversion. In 

that 4 wt.% Ce impregnated Si-MCM-41 produced high conversion (76.2%) and 

percentage yield (66.4%). The impregnated catalyst may contain more number of cerium 

present in the pores, so the lewis acid sites will be more and the conversion of 

cyclohexanone oxime into caprolactam will be high. 
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1. Introduction 

The workhorses in many chemical industries are catalysts. High stability, selectivity, 

easy regeneration and low production cost are the important requirements of a good 

catalyst. In that sense catalysis is an essential technology in the manufacture of 

industrially important chemicals. Zeolites, Zeotype molecular sieves, M41S are used as 

heterogeneous catalysts. They are classified based on the pore size. Zeolites are the 

crystalline microporous materials that are widely applied as a catalyst in oil refining, 

petrochemical and fine chemical industries. They exhibit unique properties with respect to 

both selectivity and activity, providing low surface area. These are the limitations of 

zeolites are Pore dimensions (5 to 7Å) are not accommodate broad spectrum of molecules, 

pore sizes are not tunable and diffusion constraints associated with small pore 

Heterogeneous catalysis occurs when the catalysts and reactants are in the different phase. 

Heterogeneous catalyst offers several intrinsic advantages over homogeneous counterpart. 

Ease of product separation, catalyst reusability, high selectivity, easy work-up, 

environmental friendliness, increased surface area, non hazardous in nature, work in a 

continuous reaction mode [1-3].  

Reports in 1992 about the discovery of M41S, a new class of silica based mesoporous 

materials by researchers of mobile company have boosted researchers in to the application 

of active phases inside the mesoporous present in these materials [4]. The typical 

mesoporous silica molecular sieves such as MCM-41 and MCM-48 (MCM denotes 
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Mobile Composition of Matter) where as the numbers 41 and 48 are merely batch 

numbers. The formation mechanism of these molecular sieves had been proposed in 

various ways, which are briefly discussed in the following sections. The liquid crystalline 

mesophase or micelles act as a template rather than single individual molecules or ions. 

Accordingly, the final product is a silicate skeleton that contains voids that mimics this 

mesophase resulting in the final product as a silicate skeleton. In the first path way the 

presence of liquid-crystal mesophase prior to the addition of the inorganic species i.e, pre-

existence of surfactants aggregates (rod like micelles), followed by the migration and 

polymerization of silicate anions results in the formation of MCM-41 structure. In the 

second, the silicate spices added to the reaction mixture may influence the ordering of 

isotropic rod like micelles to the desire liquid crystal phases. Salient features of MCM-41 

are high surface area (>1000 m
2
/g), high porosity (50-500 Å), pore size are narrowly 

distributed, excellent thermal stability during heating to 1173 K in dry air, hexagonally 

arranged uniform pore structure, ore size are tunable.  

Cyclohexanone oxime rearrangement is an important process for the production of 

caprolactam, a starting material for the manufacture of Nylon 6. The conventional 

rearrangement carried out industrially in fuming sulphuric acid is well known as an 

environmentally unfriendly process. This is particularly owing to a large amount of 

ammonium sulphate produced as a by-product from the subsequent neutralization of the 

oleum. Hence there has been interest to design and develop eco-friendly catalyst [5]. A 

huge number of heterogeneous catalysts have been developed and applied to the vapour 

phase cyclohexanone oxime rearrangement [6]. Sumitomo chemical has recently 

industrialized the vapour phase beckmann rearrangement using silicate-1 as catalyst [7]. 

Chaudhari et al synthesized Al-MCM-41 for cyclohexanone oxime rearrangement [8]. 

Ngamcharussrivichai et al synthesized mesoporous molecular sieves for the conversion of 

cyclohexanone oxime to caprolactam in liquid phase [9, 10]. Arenesulfonic acid 

functionalized mesoporous silica used as a novel acid catalyst for the liquid phase 

Beckmann rearrangement of cyclohexanone oxime to caprolactam [11]. To solve the 

problem of a rapid deactivation of the catalyst a fluidized bed system is employed. 

Alternatively, this problematic disadvantage might be overcome by carrying out the 

rearrangement in the liquid phase at lower temperature to get high conversion, selectivity 

and improved catalyst lifetime. Cerium based MCM-41 used in various types of organic 

transformation reaction [12-24], so we attempted the Beckmann rearrangement using 

ceria impregnated and incorporated MCM-41.      

 

2. Experimental 
 

2.1. Materials 

The chemicals used for the synthesis of Si-MCM-41 and Ce-MCM-41 were 

sodiummetasilicate (Na2SiO3.5H2O), ceriumnitrate hexahydrate (Ce(NO3)3).6H2O, 

benzonitrile (C6H5CN), cyclohexanone oxime (C6H11NOH), cetyltrimethylammonium 

bromide (C16H33(CH3)3N
+
Br

–
) and sulfuric acid (H2SO4). All chemicals used were A.R. 

grade. 

 

2.2. Characterization Techniques 

The X-ray diffraction (XRD) patterns, textural properties and surface morphology of 

the catalysts were recorded on a PANalytical X’Pert Pro X-ray diffractometer, 

Micromertics ASAP 2020 volumetric adsorption analyzer, scanning electron microscope 

(SEM) SEM-JEOL JSM-5600 model and High resolution transmission electron 

microscope JEOL, JEM model. The diffuse reflectance UV-Visible spectra (shimadzu) of 

all the catalysts were recorded between 200nm-800nm using barium sulphate covering the 

entire UV-Visible region.  
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In the present study all the reactions were carried out in liquid phase reactor set-up. The 

rearrangement of cyclohexanone oxime in the liquid phase was carried out at  

80 
o
C, 100 

o
C and 130 

o
C over catalysts in the presence of benzonitrile as a solvent. In the 

actual procedure the 0.1g of catalyst and 1g of cyclohexanone oxime and 10ml of 

benzonitrile is taken in the round bottom flask and stirred in oil bath at various 

temperatures by attaching a condenser fixed with nitrogen balloon at the top. The mixture 

was then stirred for 5 hours and a portion of it was withdrawn at the end for GC analysis. 

The samples were analyzed by Hewlett packed 5890, a gas chromatograph equipped with 

capillary column and FID detector. Nitrogen was used as a carrier gas at a flow rate of 

20ml/min. 

 

2.3. Synthesis of Si-MCM-41 and Ce-MCM-41 

Si-MCM-41 and Ce-MCM-41 (50 and 75) samples were synthesized hydrothermally 

using a gel composition of SiO2: x CeO2: 0.2 CTAB: 0.89 H2SO4: 120 H2O. 

Sodiummetasilicate and cerium nitrate were used as the sources for silicon and cerium, 

respectively. Cetyltrimethylammonium bromide (CTAB) was used as the template for the 

mesoporous nature. Sodium meta silicate (28.4 g) was added in water then cerium nitrate 

hexahydrate (1.76 g) added to the above solution and the solution pH was maintained to 

10.5 by adding 1 M H2SO4 with constant and vigrous stirring to form a gel. After 45 min, 

an aqueous solution of cetyltrimethylammonium bromide (7.29 g) was added to the gel 

mixture further stirred for 2 h at room temperature. The mixture was then transferred into 

stainless steel autoclave, closed and heated in a hot air oven at 145 °C for 48 h. After 

cooling to room temperature, the product was filtered and washed with deionised water. 

The materials were dried and calcined at 550 °C for 1 h in nitrogen atmosphere [25].  
  

2.4. Synthesis of Ceria Impregnated MCM-41 

Ceria was supported on Si-MCM-41 by wet impregnation method. One gram of 

predried Si-MCM-41 was dispersed in 20 ml of deionised water with constant and 

vigorous stirring. Cerium nitrate hexahydrate (1.76 g) was added in to the above mixture. 

The dispersion was stirred for 10 h and then evaporated to dryness, and the resulting solid 

was dried 24 h at 96 °C, followed by calcination at 550 °C for 5 h in air. Three Ce 

(x%)/MCM-41 catalysts, where x% is the respective Ceria content of 2, 3 and 4 wt.%, 

were prepared according to the above procedure. 

 

3. Results and Discussion 
 

3.1. X-ray Diffraction Studies 

The X-ray diffraction pattern of the synthesized mesoporous Ce-MCM-41 shows the 

signals at (111), (220) and (311) planes are shown in the Figure 1a. The Ceria 

impregnated MCM-41(4 wt.%) shows the same signal at (111), (220) and (311) plane are 

shown in the Figure 1b. This confirms that there is no free CeO2 present in the Si-MCM-

41 and the structure of the Si-MCM-41 was not disturbed. Further it indicates that the 

long range order structure is achieved and the structure is retained after the introduction of 

cerium ions in the framework. 
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Figure 1. XRD patterns of Ce-MCM-41 and CeO2-MCM-41 

3.2. FT-IR Spectroscopy 

The Infrared spectra of calcinated Si-MCM-41 and Ceria impregnated Si-MCM-41 are 

shown in the Figure 2 (a & b). The board peak around 3450 cm
-1

 is due to the -OH 

stretching of water, surface hydroxyl group and bridged hydroxyl groups. The symmetric 

stretching and bending modes of Si-O-Si produces signals around 800 cm
-1

. The peak 

around 460 cm
-1

 is due to the bending mode of Si-O-Si, Ceria impregnated MCM-41 

shows broad peak at 1085 cm
-1

 with shoulder around 1200 cm
-1

 which is characteristic of 

silica. The shoulder around 960 cm
-1

 is increased when the loading weigh is increased, 

this is the characteristic of asymmetric stretching of Si-O-M bond are shown in the Figure 

2b.  The asymmetric stretching of Si-O-Si produces a peaks around 1633 and 1096 cm
-1

. 

The infrared spectra of Ce-MCM-41 (Si/Ce = 50) shown in the Figure 2c. All the peaks 

are similar to that of Ceria impregnated MCM-41, except the asymmetric stretching of  

Si-O-M bond which extended to higher wave number around 970 cm
-1

.  This is due to 

presence of cerium in the frame work. 
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Figure 2. FT-IR spectra of (a) Si- MCM-41, (b) CeO2-MCM-41 and  
(c) Ce-MCM-41 

3.3. Scanning Electron Microscopy 

     

 

Figure 3. SEM images of (a) Si-MCM-41, (b) Ce-MCM-41 and  
(c) CeO2-MCM-41 

 

The SEM images of Si-MCM-41, cerium ion incorporated MCM-41 and ceria loaded 
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MCM-41 are shown in Fig. 3 (a, b & c). In Fig. 3a Si-MCM-41 image showed uniform 

particles with aggregation of particles. Cerium ion incorporated MCM-41 also showed 

structure similar to MCM-41 (Fig. 3b). Ceria loaded MCM-41showed the uniform loading 

of ceria particles over MCM-41 in Fig. 3c.  

 

3.4. DRs-UV Spectroscopy 

UV-Visible spectroscopy has been extensively used to characterize the nature and the 

coordination of the inner transition metal ion in the substituted molecular sieves .The DR-

UV-Visible spectral analyzing of Ce-MCM-41 was shown in the Figure 4 reveals that 

broad band in the UV region between 200 and 400 nm, which is attributed to the low 

energy charge transfer between the oxygen ion and central Ce
4+

 ion in the molecular 

sieves. 
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Figure 4. DRs-UV-Vis Spectrum of Ce-MCM-41 

3.5.  Catalytic Activity 

The rearrangement of cyclohexanone oxime was studied at 80, 100 and 130 
o
C at 5 

hours. The products were caprolactam and cyclohexanone. Cyclohexanone oxime 

conversion, the yield and selectivity of the products are present in the Tables. The 

conversion also increased from 80 to 130 
o
C. The yield of caprolactam increased from 80 

to 130 
o
C. At 130 

o
C we get the maximum yield of caprolactam. Results are shown for the 

catalytic performing material from the synthesized catalysts 2, 3 & 4 wt% Ceria 

Impregnated MCM-41 (Table 1,2 & 3). 

Synthesis of caprolactam cerium ion incorporated MCM-41 and ceria loaded MCM-41 

are summarized in scheme 1. 

 

N

O

H

+

ON

HO

cyclohexanone oxime Caprolactam Cyclohexanone

CeO2-MCM-41

Ce-MCM-41

 

Scheme 1. Caprolactam synthesis using CeO2-MCM-41 and Ce-MCM-41 
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Table 1. Effect of Temperature on the Synthesis of Caprolactam over 2 wt% 
Ceria Impregnated MCM-41 (Weight of the catalyst: 0.1g, Cyclohexanone 

oxime: 1g,  Benzonitrile: 10ml, Duration: 5hours 

Temperature 

(
o
C) 

Conversion 

(wt. %) 

Product selectivity (wt. %) 
Product yield 

(wt. %) 

Caprolactam Cyclohexanone Caprolactam 

80 34.6 71.8 26.7 24.8  

100 42.1 82.3 15.8 34.7 

130 54.5 88.2 11.8 48.1 

Table 2. Effect of Temperature on the Synthesis of Caprolactam over 3 
wt% Ceria Impregnated MCM-41 (Weight of the catalyst: 0.1g, 

Cyclohexanone oxime: 1g,  Benzonitrile: 10ml, Duration: 5hours 

Temperature 

(
o
C) 

Conversion 

(wt. %) 

Product selectivity (wt. %) 
Product yield 

(wt. %) 

Caprolactam Cyclohexanone Caprolactam 

80 39.7 68.7 32.2 27.2  

100 52.1 86.4 12.7 45.1 

130 60.1 92.6 7.4 55.7 

 

Table 3. Effect of Temperature on the Synthesis of Caprolactam over 4 wt% 
Ceria Impregnated MCM-41 (Weight of the catalyst: 0.1g, Cyclohexanone 

oxime : 1g,  Benzonitrile: 10ml, Duration: 5hours) 

Temperature 

(
o
C) 

Conversion 

(wt. %) 

Product selectivity (wt. %) 
Product yield 

(wt. %) 

Caprolactam Cyclohexanone Caprolactam 

80 45.7 73.3 26.4 33.5  

100 73.2 84.4 11.3 61.7 

130 76.2 86.7 10.3 66.4 

 

The synthesis of caprolactam is not appreciatively catalyzed by the surface silanol sites 

of Si-MCM-41 because of the insufficient acid strength. The impregnation of CeO2 in the 

pores of the Si-MCM-41 and incorporation of the Ce in to the silicate frame work of 

mesoporous material generates acid sites which are considerably more active and 

selective to the lactam. Liquid phase rearrangement of cyclohexanone oxime produced 

mainly caprolactam and cyclohexanone. The conversion of cyclohexanone oxime and the 

percentage yield of the caprolactam were observed to be high at 130 
o
C. At that 

temperature 4 wt.% Ceria impregnated MCM-41 produced high conversion (76.2%) and 

percentage yield (66.4%). Both conversion and percentage yield are found to be high with 

this catalyst. Ce (3 wt.%) impregnated Si-MCM-41 produced only 60.1% conversion, 2 

wt.% Ce impregnated Si-MCM-41 produces only 54.5%. 

 

3.5.1. Synthesis of Caprolactam using Ce-MCM-41 

The rearrangement of cyclohexanone oxime was studied at 80, 100 and 130 
o
C at 5 

hours. The products were caprolactam and cyclohexanone. Cyclohexanone oxime 

conversion, the yield and selectivity of the products are present in the Tables. The 

conversion also increased from 80 to 130 
o
C. The yield of caprolactam increased from 80 

to 130 
o
C. At 130 

o
C we get the maximum yield of caprolactam. Results are shown for the 

catalytic performing material from the synthesized catalysts, Ce-MCM-41 (Si/Ce = 50 & 

75) (Table 3 &4).  
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Ce-MCM-41 (Si/Ce=50 and 75) gave only less conversion but high selectivity. The 

impregnated catalyst may contain more number of cerium present in the pores, so the 

lewis acid sites will be more and the conversion of cyclohexanone oxime into caprolactam 

will be high. The lower conversion in incorporated catalyst might be due to its framework 

acidity is not adequate enough to catalyse the rearrangement reaction. Hence ceria 

impregnated catalysts are found to be favourable for the synthesis of the caprolactam. 

Table 4. Effect of Temperature on the Synthesis of Caprolactam over Ce-
MCM-41(Si/Ce = 50) (Weight of the catalyst: 0.1g, Cyclohexanone oxime : 1g,  

Benzonitrile: 10ml, Duration: 5hours) 

Temperature 

(
o
C) 

Conversion 

(wt. %) 

Product selectivity (wt. %) 
Product yield 

(wt. %) 

Caprolactam Cyclohexanone Caprolactam 

80 15.2 90.7 8.5 13.8  

100 26.3 86.3 12.7 22.7 

130 39.7 84.0 16.0 33.2 

Table 5. Effect of Temperature on the Synthesis of Caprolactam over Ce-
MCM-41(Si/Ce = 75) (Weight of the catalyst: 0.1g, Cyclohexanone oxime : 1g,  

Benzonitrile: 10ml, Duration: 5hours) 

Temperature 

(
o
C) 

Conversion 

(wt. %) 

Product selectivity (wt. %) 
Product yield 

(wt. %) 

Caprolactam Cyclohexanone Caprolactam 

80 10.5 93.7 5.7 10.5  

100 16.7 92.3 7.3 15.6 

130 29.2 87.3 12.5 25.4 

 

The mechanism for the formation of caprolactam is proposed as given below. 
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4. Conclusions 

Cerium ion incorporated and cerium loaded MCM-41 was successfully synthesized and 

characterized by various techniques. The framework of silica was not disturbed by 

incorporation of cerium ions and the ceria loading. All the synthesized catalyst showed 

high conversion of cyclohexanone oxime into caprolactam at 130 
o
C. In that 4 wt.% Ceria 

impregnated MCM-41 showed high conversion (76.2%) and percentage yield (66.4%) 

when compared to other catalysts. Because the ceria loaded catalysts contain more 

number of lewis acid site, which favours the percentage yield of the caprolactum. This 

study concluded that caprolactam could be selectively synthesized from cyclohexanone 

oxime over 4 wt.% Ceria impregnated MCM-41 catalysts at 130 
o
C using benzonitrile as 

solvent.     



International Journal of Bio-Science and Bio-Technology 

Vol.8, No.3 (2016) 

 

 

180             Copyright ⓒ 2016 SERSC 

 

Acknowledgments 

This work was supported by grants from Hanseo University and Korea CCS R&D 

Centre, funded by the Ministry of Education, Science and Technology of the Korean 

Government.  

 

References 

[1] M. Selvaraj, A. Pandurangan, K. S. Seshadri, P. K. Sinha and K. B. Lal, “Synthesis, characterization and 

catalytic application of MCM-41 mesoporous molecular sieves containing Zn and Al”, Appl. Catal. A: 

Gen, vol. 242, (2003), pp. 347-364. 

[2] R. Savidha and A. Pandurangan, “Isopropylation of toluene: a comparative study of microporous 

zeolites and mesoporous MCM-41 materials”, Appl. Catal. A: Gen., vol. 276, (2004), pp. 39-50. 

[3] S. Vetrivel and A. Pandurangan, “Vapour-phase oxidation of ethylbenzene with air over Mn-containing 

MCM-41 mesoporous molecular sieves”, Appl. Catal. A: Gen., vol. 264, (2004), pp. 243-252. 

[4] J. S. Beck, J. C. Vartli, W. J. Roth, M. E. Leonowicz, C. T. Kresge, K. D. Schmitt, C. T. W. Chu, D. H. 

Olson, E. W. Sheppard, S. B. McCullen, J. B. Higgins and J. L. Schlenker, “A New Family of 

Mesoporous Molecular Sieves Prepared with Liquid Crystal Templates”, J. Am. Chem. Soc., vol. 114, 

(1992), pp. 10834-10843. 

[5] T. D. Conesa, J. M. Hidalgo, R. Luque, J. M. Campelo and A. A. Romero, “Influence of the acid–base 

properties in Si-MCM-41 and B-MCM-41 mesoporous materials on the activity and selectivity of 

caprolactam synthesis”, Appl. Catal: A Gen., vol. 299, (2006), pp. 224-234. 

[6] J. M. Campelo, T. D. Conesa, D. Luna, J. M. Marinas and A. A. Romero, “Improved catalytic activity 

and selectivity of (Al+B)-MCM-41 mesoporous materials treated with ammonium fluoride in the vapor-

phase Beckmann rearrangement of cyclohexanone oxime”, Stud. Surf. Sci. Catal., vol. 158, (2005), pp. 

1421-1428. 

[7] L. Forni, C. Tosi, G. Fornasari, F. Trifiro, A. Vaccari and J. B. Nagy, “Vapour-phase Beckmann 

rearrangement of cyclohexanone-oxime over Al-MCM-41 type mesostructured catalysts”, J. Mol. Catal: 

A Chem., vol. 221, (2004), pp. 97-103. 

[8] K. Chaudhari, R. Bal, A. J. Chandwadkar and S. Sivasanker, “Beckmann rearrangement of 

cyclohexanone oxime over mesoporous Si-MCM-41 and Al-MCM-41 molecular sieves”, J. Mol. Catal: 

A Chem., vol. 177, (2002), pp. 247-253. 

[9] C. Ngamcharussrivichai, P. Wu and T. Tatsumi, “Liquid-phase Beckmann rearrangement of 

cyclohexanone oxime over mesoporous molecular sieve catalysts”, J. Catal., vol. 227, (2004), pp. 448-

458. 

[10] C. Ngamcharussrivichai, P. Wu and T. Tatsumi, “Enhancement effect of organic additives on liquid-

phase production of ε-caprolactam”, Catal. Commun., vol. 8, (2007), pp. 135-138. 

[11] X. Wang, C. C. Chen, S. Y. Chen, Y. Mou and S. Cheng, “Arenesulfonic acid functionalized mesoporous 

silica as a novel acid catalyst for the liquid phase Beckmann rearrangement of cyclohexanone oxime to 

caprolactam”, Appl. Catal: A Gen., vol. 281, (2005), pp. 47-54. 

[12] O. A. González Vargas, J. A. de los Reyes Heredia, J. A. Wang, L. F. Chen, A. Montesinos Castellanos 

and M. E. Llanos, “Hydrogen production over Rh/Ce-MCM-41 catalysts via ethanol steam reforming”, 

Int. J. Hydrogen Energ., vol. 38, (2013), pp. 13914-13925. 

[13] O. A. González Vargas, J. A. de los Reyes Heredia, A. Montesinos Castellanos, L. F. Chen and J. A. 

Wang, “Cerium incorporating into MCM-41 mesoporous materials for CO oxidation”, Mater. Chem. 

Phys., vol. 139, (2013), pp. 125-133. 

[14] P. Kalita, N. M. Gupta and R. Kumar, “Solvent-free Mukaiyama-aldol condensation catalyzed by Ce–

Al–MCM-41 mesoporous materials”, Microporous and Mesoporous Mater., vol. 144, (2011), pp. 82-90. 

[15] A. I. Carrillo, E. Serrano, J. C. Serrano-Ruiz, R. Luque, J. Garcia-Martinez, “Helical Al- and Ce-MCM-

41 materials as novel catalyst for acid and redox processes”, Appl. Catal: A Gen., vol. 435, (2012), pp. 1-

9. 

[16]  M. D. Kadgaonkar, S. C. Laha, R. K. Pandey, P. Kumar, S. P. Mirajkar and R. Kumar, “Cerium-

containing MCM-41 materials as selective acylation and alkylation catalysts”, Catal. Today, vol. 97, 

(2004), pp. 225-231. 

[17] P. Kalita, N. M. Gupta and R. Kumar, “Synergistic role of acid sites in the Ce-enhanced activity of 

mesoporous Ce–Al-MCM-41 catalysts in alkylation reactions FTIR and TPD-ammonia studies”, J. 

Catal., vol. 245, (2007), pp. 338-347. 

[18]  X.Wang, Q. Dai and Y. Zheng, “Low-Temperature Catalytic Combustion of Trichloroethylene over La, 

Ce, and Pt Catalysts Supported on MCM-41”, Chinese J. Catal., vol. 27, (2006), pp. 468-470.  
[19] W. Yao, Y. Chen, L. Min, H. Fang, Z. Yan, H. Wang and J. Wang, “Liquid oxidation of cyclohexane to 

cyclohexanol over cerium-doped MCM-41”, J. Mol. Catal. A: Chem., vol. 246, (2006), pp. 162-166. 

[20]  R. A. A. Melo and E. A. Urquieta-González, “06-P-19 - The influence of Al, La or Ce in the thermal and 

hydrothermal properties of MCM-41 mesoporous solids”, Stud. Surf. Sci. Catal., Vol. 135, (2001), pp. 



International Journal of Bio-Science and Bio-Technology 

Vol.8, No.3 (2016) 

 

 

Copyright ⓒ 2016 SERSC                181 

202.  
[21] M. Wallau, R. A. A. Melo and E. A. Urquieta-González, “Influence of aluminium, lanthanum and cerium 

on the thermal and hydrothermal stability of MCM-41-Type silicates”, Stud. Surf. Sci. Catal., vol. 146, 

(2003), pp. 303-306.  

[22] J. Bing, X. Wang, B. Lan, G. Liao, Q. Zhang and L. Li, “Characterization and reactivity of cerium 

loaded MCM-41 for p-chlorobenzoic acid mineralization with ozone”, Sep. Purif. Technol., vol. 118, 

(2013), pp. 479-486.  
[23] J. Bing, L. Li, B. Lan, G. Liao, J. Zeng, Q. Zhang and X. Li, “Synthesis of cerium-doped MCM-41 for 

ozonation of p-chlorobenzoic acid in aqueous solution”, Appl. Catal. B: Environ., vol. 115-116, (2012), 

pp.16-24.  

[24] J. C. Guevara, J. A. Wang, L. F. Chen, M. A. Valenzuela, P. Salas, A. García-Ruiz, J. A. Toledo, M. A. 

Cortes-Jácome, C. Angeles-Chavez and O. Novaro, “Ni/Ce-MCM-41 mesostructured catalysts for 

simultaneous production of hydrogen and nanocarbon via methane decomposition”, Int. J. Hydrogen 

Energ., vol. 35, (2010), pp. 3509-3521. 

[25] S. Ajaikumar and A. Pandurangan, “Efficient synthesis of quinoxaline derivatives over ZrO2/MxOy (M 

= Al, Ga, In and La) mixed metal oxides supported on MCM-41 mesoporous molecular sieves”, Appl. 

Catal. A: Gen., vol. 357, (2009), pp. 184-192. 

 

Authors 
 

Cadiam Mohan Babu, he has completed Ph.D. from Anna 

University, India (October 2014) with the specialization in water 

treatment. Currently, he is working as a Research Professor in the 

Dept. of Chemical Engineering, Hanseo University, South Korea. 

 

 

 

 

 

Rajangam Vinodh, he has completed Ph.D. from Anna University, 

India (October 2012) with the specialization in Fuel Cells. Currently, 

he is working as an Assistant Professor in the Dept. of Chemical 

Engineering, Hanseo University, South Korea. For his credit, he has 

published 30 scientific papers in national and international journals. 

 
 

 

Aziz Abidov, he has completed his M.S. from Hanseo University, 

South Korea and subsequently he registered Ph.D. in chemical 

Engineering with the specialization of Fluidized bed. He is actively 

participated many research projects under the guidance of Prof. Hyun 

Tae Jang. 

 

 

 

 

Rramaswamy Ravikumar. he has completed M.Pharm from  

K.M.C.H College of Pharmacy, affiliated with The T.N. Dr. M.G.R 

Medical University, India (June 2009) with the specialization in 

Pharmaceutical Analysis. At present he is he is working as a 

Research Professor in the Dept. of Chemical Engineering, Hanseo 

University, South Korea and subsequently he registered the Ph.D in 

the Dept. of Chemical Engineering of the same University, under the 

guidance of Prof. Hyun Tae Jang. 
 

 



International Journal of Bio-Science and Bio-Technology 

Vol.8, No.3 (2016) 

 

 

182             Copyright ⓒ 2016 SERSC 

Mei Mei Peng, she has finished her B.S from Department of 

Traditional Chinese Medicinal Material Resource Science, Anhui 

University of Traditional Chinese Medicine (2008). She completed 

her post graduate in the Department of Chemical Engineering, 

Hanseo University, South Korea (2012. 02). Now she is doing her 

research studies in the Department of Chemical Engineering, Hanseo 

University. Until now she contributed as first and co-authored in 

more than 20 research papers in various national and international 

Journals and presented more than 10 papers in conferences. 

 

Wang Seog Cha, he obtained his Ph.D. from Department of 

Chemical Engineering, Korea University (1993). Then he joined as 

faculty member in School of Civil and Environmental, Kunsan 

National University. At present he is serving as a dean in the same 

institution. For his credit he has published many papers in various 

international and national Journals. His area of research interest is 

development of solid sorbents for CO2 capture. 

 

 

Hyun Tae Jang, he obtained his PhD in 1996 from the 

department of Chemical engineering, Korea University. He 

joined as a faculty member in the Department of Chemical 

Engineering, Hanseo University, South Korea (1997), during his 

research journey he has carried various research project funded 

by various National funding bodies. He has appointed as 

reviewer for various national research funding agencies. For his 

credit he has published more than 100 research papers in various 

reputed journals, presented more than 100 research articles in 

various conferences and more than 10 patents. His research 

interest include designing of sorbents for CO2 sequestration and 

storage, removal of volatile organics form air and catalysis.  


