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CATALYTIC OXIDATIVE DEHYDROGENATION OF PROPANE BY 
AMoVNbOx (A = Ni, Co, Pt) SYNTHESISED VIA IMPREGNATION METHOD 

 
By 

 
 

WONG MEI SAM 
 

July 2013 
 

 
Chairman : Associate Professor Irmawati Ramli, PhD 
 
Faculty : Science 
 
 
Propane is a natural gas that is found abundant and low cost material in 

petroleum industry.  In order to upgrade the value of propane, catalytic oxidative 

dehydrogenation of propane has been carried out to form propylene which is 

widely used as chemical intermediate in manufacturing process.  Thus, Ni, Co 

and Pt-doped MoVNbOx catalysts were prepared by using impregnation method.  

These catalysts were used for oxidative dehydrogenation reaction of propane to 

propylene.  The catalysts prepared were characterized by X-ray diffraction 

(XRD), Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES), 

Brunauer-Emmett-Teller (BET) Surface Area Measurement, SBET, Scanning 

Electron Microscopy (SEM), and Temperature Programmed Reduction in 

Hydrogen (H2-TPR).  From the XRD data, it has been found that all doped 

catalysts showed the presence of tetragonal Mo5O14-like phases with a much 
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better crystallite formation as compared to the undoped MoVNbOx.  The particle 

crystallinity increases as the amount of dopant loaded increases.  ICP-OES 

analysis displayed that the atomic ratio of Mo/V/Nb was 1/0.24/0.13, agreeing 

well with the theoretical ones.  However, the amount of dopant was a bit less 

especially for Pt doped catalysts.  Doping of Ni, Co and Pt lowered the surface 

area value as compared to undoped MoVNbOx catalysts (8.8 m2/g).   This 

confirmed the incorporation of dopants occur in the catalytic system.  

Furthermore SEM images supported this claim by showing the particles 

developed into c-direction which supported high crystallinity of doped catalysts 

and the role of dopants as structural promoter.  Therefore, the reputed active site 

(i.e. Mo5O14-like phase) improved when dopants were added, eventually affecting 

the catalytic performance.  H2-TPR showed the reducibility of the catalyst 

confirming the existence of lattice oxygen of high reaction temperature.  Catalytic 

test of Pt-MoVNbOx catalysts gave the highest activity (13.4 % for aPtMoVNbOx 

and 23.4 % for bPtMoVNbOx) in propane conversion but 0 % selectivity towards 

propylene due to the poisoning of Pt site by COx.  Meanwhile Ni-MoVNbOx 

catalysts have relatively lower activity (7.5 % for aNiMoVNbOx) than Pt-

MoVNbOx catalysts but higher selectivity for propylene production (44.0 % for 

aNiMoVNbOx).  For Co-MoVNbOx catalysts, the higher activity for propane 

conversion is found for lower loading of dopants, while high selectivity for 

propylene is observed for high loading of dopants.       
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 
 

PENYAHIDROGENAN OKSIDATIF PROPANA DENGAN MENGGUNAKAN 
MANGKIN AMoVNbOx (A = Ni, Co, Pt) YANG DISINTESIS MELALUI KAEDAH 

IMPREGNASI 

Oleh 

WONG MEI SAM 
 

Julai 2013 
 

 
Pengerusi : Profesor Madya Irmawati Ramli, PhD 
 
Fakulti : Sains 
 

Propana merupakan gas asli yang terdapat banyak dan murah dalam industri 

petroleum. Demi meningkatkan nilai propana, proses oksidatif 

pennyahhidrogenan propana telah dijalankan untuk membentuk propena yang 

digunakan secara luas sebagai bahan kimia perantaraan dalam proses 

pembuatan.  Oleh itu, mangkin MoVNbOx yang didopkan Ni, Co, dan Pt yang 

disediakan melalui kaedah impregnasi dan diguna untuk menghasilkan propena 

daripada propana dengan tindak balas oksidatif penyahhidrogenan.  Semua 

mangkin dikaji dengan menggunakan belauan sinaran X (XRD), spektroskopi 

pancaran optik dengan sumber plasma berganding secara aruhan (ICP-OES), 

Brunauer-Emmett-Teller (BET) ukuran luas permukaan, SBET, mikroskop imbasan 

elektron (SEM), dan penurunan hidrogen dengan suhu kawalan  (H2-TPR).  Data 

hasil daripada analisis XRD menunjukkan mangkin yang didopkan Ni, Co dan Pt 

menunjukkan kewujudan fasa tetragonal yang menyerupai Mo5O14 dengan 
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formasi hablur yang lebih baik berbanding mangkin MoVNbOx tanpa dop.  Tahap 

penghabluran mangkin juga didapati meningkat apabila jumlah dop meningkat.  

Analisis ICP-OES menunjukkan nisbah atom Mo/V/Nb juga didapati menuruti 

nisbah yang dikira secara teori, 1/0.24/0.13.  Walau bagaimanapun, logam 

dopan didapati kurang daripada nilai teori terutamanya bagi mangkin yang 

didopkan Pt.  Mangkin yang didopkan Ni, Co, dan Pt menunjukkan jumlah luas 

permukaan yang lebih rendah berbanding mangkin tanpa dop (8.8 m2/g).  

Dengan ini, bahan dopan mangkin dapat disahkan terdapat dalam mangkin 

dikaji. Imej SEM juga digunakan untuk mengesahkan pendopan mangkin dengan 

menunjukkan zarah yang membentuk pada arah c, menyebabkan penghabluran 

yang tinggi pada mangkin yang didop dan membantu peranannya sebagai 

penyokong struktur.  Oleh itu, tapak aktif (fasa tetragona meyerupai Mo5O14) 

bertambah baik apabila mangkin didop seterusnya mempengaruhi prestasi 

mangkinan.  Analisis menggunakan H2-TPR menunjukkan penurunan aktiviti 

mangkin, mengesahkan kewujudan kekisi oksigen dengan suhu tindak balas 

yang tinggi.  Ujian mangkinan menunjukkan mangkin Pt-MoVNbOx mempunyai 

aktiviti paling tinggi (13.4 % bagi aPtMoVNbOx dan 23.4 % bagi bPtMoVNbOx) 

dengan 0.0 % kadar keterpilihan terhadap propena.  Ini adalah kerana tapak Pt 

dipengaruhi oleh kehadiran COx.  Mangkin Ni-MoVNbOx (7.5 % bagi 

aNiMoVNbOx) pula mempunyai aktiviti yang lebih rendah berbanding dengan Pt-

MoVNbOx dengan kadar keterpilihan terhadap propena yang lebih tinggi (44.0 % 

bagi aNiMoVNbOx).  Mangkin Co-MoVNbOx menunjukkan aktiviti yang lebih 
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tinggi bagi mangkin yang mempunyai amaun Co yang rendah manakala kadar 

keterpilihan terhadap propena yang tinggi bagi mangkin yang mempunyai amaun 

Co yang tinggi. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Catalysis and Catalysts 

 

Catalysis is a process of changing the rate of a chemical reaction by using a 

substance called catalyst.  Majority of catalysis process involves multiple 

steps in the reaction with rate determining step (RDS) is the slowest step in a 

chemical reaction which involves multiple steps.  Reaction which contains 

several steps is always has a single step that is slower than the other steps, 

and this step will determine the overall rate of the reaction.  To increase the 

rate reaction, catalyst plays an important role.  A catalyst will participate in the 

slowest step and will provide another pathway which has lower rate 

determining free energy of activation.  So, with the assistance of catalyst, the 

overall rate of reaction will increase. 

 

A catalyst can speed up a chemical reaction by providing an alternative 

reaction pathway which has lower activation energy as shown in Figure 1 

(Brady et al., 2000).  Although catalyst may involves in multiple chemical 

transformations, it does not be consumed and can be regenerated after 

undergoes a chemical reaction.  The amount of a catalyst needed during the 

chemical reaction is small.  For a solid catalyst the reaction only takes place 

on the surface of the catalyst.  The understanding of catalyst’s surface and its 

structure is very important and helpful in order to produce highly efficient 
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catalyst.  As stipulated by Periana and co-workers (2004), a useful and 

effective catalyst must attain minimum performance in its stability, rate and 

selectivity.   The strategy to develop a catalyst which fulfil the above 

mentioned requirements is depended on the modification and amelioration of 

molecular structure, the composition of the catalyst and the synthesize 

condition of catalyst (Periana et al., 2004). 

 

 

  
H2O 

Reactants 

Products 

Activation energy 
with catalyst 

Activation energy 
without catalyst 

En
er

gy
 

Progress of reaction 

Figure 1: Comparison of activation energy between reaction 
with and without catalyst. 
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1.2 Heterogeneous Catalysis 

 

Catalytic reaction can be divided into two main groups which are 

homogeneous and heterogeneous catalysis.  Homogeneous catalysis is a 

catalytic reaction where the reactants are in the same phase with the catalyst.  

The phase involved in homogeneous catalysis is mainly in liquid form where 

the catalyst is co-dissolved in a solvent with the reactants, whereas, 

heterogeneous catalysis involves two different phases between catalyst and 

reactant.  The catalyst is usually in liquid or solid form, while the reactant is in 

liquid or gas form.  Heterogeneous catalyst works in stages as described 

below (Viswanathan et al., 2002): 

 

a) Diffusion of reactant molecules onto to the surface of catalyst. 

b) Reactant molecules are adsorbed on the active sites of catalyst surface. 

c) On the catalyst surface, the chemical reaction happens between the 

reactant molecules.  Molecules rearrangement happened. 

d) The formed products desorbed from the surface of the catalyst. 

e) Diffusion of products from catalyst surface. 

f) The active sites now are available for new reactant molecules to attach 

and ready for next reaction.  

 

Since heterogeneous catalysis it involves adsorption of reactant(s) on the 

surface of a catalyst, therefore the strength of adsorption is very important.  It 

can be considered as a good catalyst if the adsorption of reactants is strong 
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enough for the reaction to begin and not so strong for product to leave.  The 

amount of adsorbed reactants may also depend on the surface area of the 

catalyst.  In other words, high surface area of catalysts is favourable in a 

catalytic reaction.   

 

1.3 Propylene 
 
  
Propylene also known as propene, methylethene or methylethylene with 

molecular formula C3H6, is an unsaturated hydrocarbon with one carbon-

carbon double bond.  Propylene appears as gas at room temperature and 

atmospheric pressure.  It is a colourless, odourless, low boiling point (225 K) 

and flammable gas.   According to DOW Chemical Corporate, there are three 

grades of commercial propylene available in the market which are: 

 

a) 95 – 100 % polymer grade 

b) 90 – 99.8  % chemical grade 

c) 50 – 70 % refinery grade 

 

The different between polymer grade, chemical grade and refinery grade is on 

the purity of propylene.  For example, propylene gas with polymer grade has 

95 – 100 % propylene purity with limited addition of ethylene and butylene and 

the rest is contaminant such as sulphur, arsine and dienes.   

 

Propylene is mainly can be produced via two routes which are as a by-product 

either from ethylene production by steam cracking process or fluid catalytic 
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cracking process.   Steam cracking is a petrochemical process by using heat 

without the presence of oxygen to break down saturated hydrocarbon to 

lighter olefin such as ethylene and propylene while fluid catalytic cracking is a 

process by using fluidized powdered catalyst to break down high molecular 

weight hydrocarbon into lighter molecules such as gasoline and olefin at high 

temperature and moderate pressure.  Then, the lighter molecules are 

separated by distillation. 

 

Propylene is used to form chemical intermediates in manufacturing processes.  

The following pie chart (Figure 2) shows the global propylene consumption 

and its application (Table 1) as provided by DOW Chemical Corporate (2003).   

 

 

 

 

 

 

 

 

Figure 2: Global propylene consumption (DOW Chemical Corporate, 

2003). 

Polypropylene
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Table 1: List of propylene application 

Product Application 
Polypropylene Polypropylene is flexible, light, cracking resistant and 

corrosion resistant, it is used to produce plastic 
products, prosthetics and orthopaedic appliances. 

Acrylonitrile Acrylonitrile always involve in polymer production to 
produce resins and carbon fibres.  Besides, it also is 
consumed for water treatment and paper 
manufacturing. 

Oxo process 
chemicals 

Propylene is used to make n-butanol and 2-ethyl 
hexanol which will then use to produce PVC 
plasticisers and coatings. 

Propylene oxide Propylene oxide acts as chemical intermediate to form 
polyurethane polyols and propylene glycols.  
Polyurethane polyols involve in industry coatings and 
adhesive, while propylene glycol are used to 
manufacture resins, antifreeze, cosmetics, drugs and 
pet foods. 

Cumene Cumene can be produced by alkylation of benzene 
with propylene.  Cumene mainly used in the 
production of phenol to produce phenolic resins. 

Isopropyl alcohol Isopropyl alcohol mainly involved in solvent application 
such as surface coatings, shellac, gums, personal 
care (after-shaves), and antiseptic (rubbing alcohol). 

Polygas chemicals Polygas chemicals included nonene, dodecene and 
heptene.  Polygas involves in the field of surfactants, 
lubricant, plasticize PVC and phosphite antioxidants.   
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1.4  Problem Statement 

 

Propane is a natural gas that is found abundant in petroleum industry.  It is 

widely used for the generation of heat for industrial and domestic applications.  

This commodity can be further upgraded by converting it into propylene which 

has more commercial value as starting chemicals for many usages.  

Propylene is an important commodity which is only derived as side product 

from steam cracking of ethylene production and from catalytic cracking 

process of gasoline production.  In order to increase the value of propane and 

yield of propylene, catalytic reaction especially oxidative dehydrogenation 

(ODH) can be carried out.  It is a preferred method as compared to direct 

dehydrogenation of propane because the latter is an endothermic process 

that would incur high manufacturing cost due to it requires high reaction 

temperature during the reaction. It will induce some side reactions such as 

thermal cracking and deactivate the catalysts by coke formation.  Thus, ODH 

has offered an alternate route for propylene production.  ODH is an 

exothermic process so it does not require high reaction temperature which will 

helpful in reduce the manufacturing cost and it will not induce the formation of 

coke.  In order to increase the rate of ODH, Ni, Co and Pt had been 

impregnated onto MoVNbOx since they are good dehydrogenating agents. In 

oxidative dehydrogenation, the presence of the dopants is used to assist the 

process abstraction of methylene hydrogen (rate determining step) from 

propane to form propylene.  Effect of the type of dopant and the amount of 

dopant on the properties of catalyst and oxidative dehydrogenation process 
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will be studied to improve the understanding in development active and 

selective catalysts. 

 

1.5 Objectives 

 

 The objectives of this study are: 

1. To synthesize doped-AMoVNbOx catalysts where A = Ni, Co and Pt 

by impregnation method. 

2. To investigate the influence of different amount of loading and type 

of metal dopants on the catalyst characteristics of MoVNbOx by 

XRD, ICP-OES BET, SEM, and H2-TPR.  

3. To evaluate catalytic performance of the doped MoVNbOx catalysts.  
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