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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the degree of Master of Science 

 

CHARACTERISATION OF COBALT, ALUMINIUM, AND MAGNESIUM 

PROMOTED MoVTeNbOx CATALYSTS SYNTHESISED BY MICROWAVE-

ASSISTED SLURRY METHOD FOR PROPANE OXIDATION TO ACRYLIC 

ACID 

 

By 

WONG HONG REN 

 April 2017 

 

Chairman: Associate Professor Irmawati Ramli, PhD 

Faculty: Science 

 

The selective oxidation of propane to acrylic acid is potential to replace the current 

manufacture of acrylic acid which uses propene as feedstock, due to this light alkane is 

more abundant and lower cost. Up to date, the most promising catalyst that has been 

reported for this selective oxidation of propane is MoVTeNbOx metal mixed oxide, yet 

its’ performance does not achieve the requirement of being commercialised. Thus, a 

series of metal-promoted MoVTeNbOx catalysts (MVTN-A, where A = Co, Al, Mg) 

were synthesised by microwave-assisted slurry method, and then followed by 

calcination in air at 553 K for 1 hour and then in nitrogen at 873 K for 2 hours. It 

appears that the as-synthesised samples were semi-crystalline Anderson-type structure. 

Once calcined, the phase transformed into mixed phases of orthorhombic M1 phase, 

hexagonal M2 phase and tetragonal (V0.07Mo0.93)5O14 phase. Only when the samples 

were port-treated in hydrogen peroxide, the evolution of orthorhombic M1 phase was 

observed. Since there is no appreciable formation of orthorhombic M1 phase was 

obtained, the calcined catalysts were post-treated in 30 % hydrogen peroxide. The 

physicochemical properties of the catalysts were examined using X-ray Diffraction 

(XRD), Fourier-Transform Infrared (FT-IR), Brunauer-Emmett-Teller (BET) surface 

area measurement, Field Emission Scanning Electron Microscopy (FESEM) and 

Temperature Programmed Reduction in hydrogen (H2-TPR). Characteristics of the as-

synthesised, calcined and post-treated catalysts were obtained. According to XRD 

results, highly pure orthorhombic M1 phase, Te2M20O57 (M = Mo, V or Nb), was 

formed when MoVTeNbOx was promoted with 0.06 mole of Mg, 0.02 mole of Al, or 

0.10 mole of Al. An increase in specific surface area could be seen in those promoted 

with magnesium and aluminium, as compared to the un-promoted MoVTeNbOx (13.4 

m2/g). On contrary, the specific surface area of cobalt-promoted catalysts was close to 

the un-promoted catalyst. Temperature Programmed Reduction in hydrogen (H2-TPR) 

results indicated the enhanced reducibility of the cobalt-, aluminium- and magnesium-

promoted catalysts as opposed to the unpromoted ones, signifying the apparent high 

activity of the catalyst. The propane conversion increased as follow: MVTN < MVTN-

Al(0.02) < MVTN-Al(0.10) < MVTN-Mg(0.06). The selectivity of acrylic acid, 

however, progressively rose in this order: MVTN-Al(0.02) < MVTN < MVTN-Al(0.10) 

< MVTN-Mg(0.06). Among the tested catalysts, MVTN-Mg(0.06) gave the highest 

propane conversion (49.9 %) and acrylic acid’s selectivity (34.9 %). Meanwhile, for 
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aluminium promoted MoVTeNbOx, the higher propane conversion and selectivity of 

acrylic acid is found for higher loading of metal promoter. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Sarjana Sains 

 

PENCIRIAN MANGKIN MoVTeNbOx YANG DIPROMOSIKAN DENGAN 

KOBALT, ALUMINIUM DAN MAGNESIUM YANG DIHASILKAN MELALUI 

KAEDAH BUBURAN DIBANTU OLEH PENYINARAN GELOMBANG 

MIKRO UNTUK PENGOKSIDAAN TERPILIH PROPANA KEPADA ASID 

AKRILIK 

 

Oleh 

WONG HONG REN 

 April 2017 

 

Pengerusi: Profesor Madya Irmawati Ramli, PhD 

Fakulti: Sains 

 

Pengoksidaan terpilih propana kepada asid akrilik berpotensi untuk menggantikan 

pembuatan semasa asid akrilik yang menggunakan propena sebagai bahan mentah 

kerana kekayaan sumber propana dan kemurahan kos propana. Sehingga hari ini, 

MoVTeNbOx oksida logam campuran telah dilaporkan sebagai mangkin yang terbaik 

untuk pengoksidaan terpilih propana ini. Tetapi, prestasi mangkin ini tidak mencapai 

keperluan untuk dikormersialkan. Oleh itu, satu siri mangkin MoVTeNbOx yang 

dipromosikan dengan unsur logam (MVTN-A, A = Co, Al, Mg) telah dihasilkan 

melalui kaedah buburan dibantu oleh penyinaran gelombang mikro. Prekursor telah 

dikalsinkan dalam udara pada suhu 553 K selama satu jam dan seterusnya dalam 

nitrogen pada suhu 873 K selama dua jam. Data menunjukkan mangkin prekursor 

adalah dalam struktur Anderson-type. Setelah dikalsin, transformasi fasa campuran 

belaku dengan menghasilkan fasa ortorombik M1, fasa heksagonal M2 dan fasa 

tetragonal (V0.07Mo0.93)5O14. Evolusi fasa M1 didapati apabila mangkin yang telah 

dikalsin dirawat dengan hidrogen peroksida. Memandangkan pembentukan fasa 

ortorombik M1 yang ketara tidak dapat diperolehi, mangkin yang dikalsin seterusnya 

dirawat dengan 30 % hidrogen peroksida. Sifat-sifat fisikokimia mangkin telah dikaji 

dengan menggunakan pembelauan sinar-x (XRD), spektroskopi inframerah 

transformasi fourier (FTIR), Brunauer-Emmett-Teller (BET pengukuran luas 

permukaan, medan electron-mikroskopi imbasan elektron (FESEM) dan penurunan 

terprogram suhu dengan hidrogen (H2-TPR). Pencirian mangkin prekursor, mangkin 

selepas dikalsin dan mangkin selepas dirawat telah diperolehi. Data XRD menunjukkan 

fasa ortorombik M1, Te2M20O57 (M = Mo, V or Nb), dibentukkan apabila mangkin 

dipromosikan dengan 0.06 mol magnesium, 0.02 mole aluminium atau 0.10 mol 

aluminium. Peningkatan jumlah luas permukaan telah ditunjukkan oleh mangkin yang 

dipromosikan dengan magnesium dan aluminium berbanding dengan mangkin tanpa 

promosi (13.4 m2/g). Manakala, mangkin dipromosikan kobalt memanifestasikan 

junlah luas permukaan yang lebih kurang sama dengan mangkin tanpa promosi. 

Keputusan penurunan terprogram suhu dengan hidrogen (H2-TPR) mendedahkan 

penambahbaikan kebolehturunan mangkin MoVTeNbOx yang dipromosikan dengan 

ketiga-tiga unsur logam berbanding dengan mangkin tanpa promosi. Kadar ketukaran 

propana meningkat seperti berikut: MVTN < MVTN-Al(0.02) < MVTN-Al(0.10) < 
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MVTN-Mg(0.06). Manakala, kadar keterpilihan asid akrilik meningkat secara progesif 

seperti berikut: MVTN-Al(0.02) < MVTN < MVTN-Al(0.10) < MVTN-Mg(0.06). 

Antara pemangkin yang telah diuji, MVTN-Mg(0.06) mempunyai kadar ketukaran 

propana (49.9 %) and kadar keterpilihan asid akrilik (34.9 %) yang paling tinggi. 

Mangkin yang dipromosikan dengan lebih banyak aluminium mempunyai kadar 

ketukaran propana and kadar keterpilihan asid akrilik yang lebih tinggi. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

1.1 Acrylic Acid 

 

Acrylic acid, also known as prop-2-enoic acid, is the simplest unsaturated carboxylic 

acid, with molecular formula H2C=CHCOOH. This colourless liquid is miscible with 

water, alcohols, ethers, and chloroform. The carboxyl group of acrylic acid enables it to 

form ester derivatives with other substance containing O-H group. The vinyl group 

(C=C) attached at the carboxylic acid terminus allows this organic compound acts as 

monomer that undergo polymerization. Polyacrylic acid is produced when acrylic acid 

monomer is grouped with the same acrylic acid monomer, whereas copolymerization 

of acrylic acid is taken place when this organic acid monomer meets with other 

monomers or its ester derivatives.  

 

 

Generally, there are two categories of commercially available acrylic acid: (1) 

Technical Grade Acrylic Acid (also known as Crude Acrylic Acid) and (2) Glacial 

Grade Acrylic Acid. They have different end applications due to the composition and 

purity of acrylic acid. In crude acrylic acid, there is about 94 % acrylic acid content 

with minimal amount of maleic anhydride, acetic acid, propionic acid and furfural. On 

the contrary, although glacial acrylic acid contains a higher degree of purity of acrylic 

acid which is between 98 % and 99.7 %, the commercial glacial grade acrylic acid is 

known to contain 99.5 % to 99.7 % purity. Due to the desirable qualities of polymeric 

materials such as low temperature flexibility, acid and base resistance, colour stability, 

clarity, ageing and heat resistance along with good weather-ability, the commodity 

acrylate esters (methyl, ethyl, n-butyl, and 2-ethylhexyl acrylate) produced from crude 

acrylic acid is mainly used in adhesives, plastic additives, surface coating, sealants, and 

paper treatment. Glacial acrylic acid, however, concentrates in the production of 

superabsorbent polymer (SAP), dispersants, detergents and water treatment.  

 

 

1.1.1 Global Consumption and Demand  

 

Acrylic acid and its ester derivatives have been commercially utilized for about 30 

years because they are readily to homopolymerize and copolymerize. These highly 

valued homopolymers and copolymers are useful in applications such as 

superabsorbent polymers, surface coating, adhesive and sealants, thickeners, textiles, 

plastic additives, fibres and synthetic resins.  

 

 

In parallel with the increasing population of humankind, improving lifestyle and other 

factors, the demand for acrylic acid is growing. In year 2014, the global acrylic acid 

demand was 5,750.0 kilo tonnes and is expected to make up to 8,750.0 kilo tonnes by 

2022. The demand is growing at a Compound Annual Growth Rate (CAGR) of 5.6 % 

during the forecast period between year 2015 and 2022. The booming demands of 

superabsorbent polymers is expected to shape up the personal care industry (Research, 

2013).  The global consumption of acrylic acid is estimated to achieve 8,169 kilo 
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tonnes by year 2020 (Clark, 2014). Acrylate ester was the largest product segment for 

the market where 50 % of total acrylic acid consumed was used for production of 

acrylate ester in year 2014 (Chommanad, 2015).  

 

 

As the global demand and consumption of acrylic acid is expected to increase, the 

global acrylic acid market was valued at $11,006.6 million in year 2013 and is 

estimated to reach $18,824.0 million by year 2020, growing at a CAGR of 7.6 % from 

year 2014 to 2020 (Clark, 2014). Another reported global market value of acrylic acid 

was USD 13.6 billion in 2013 and is expected to achieve USD 20.0 billion by year 

2018, growing at a CAGR 6.5 % from year 2012 to 2018). Meanwhile, the global 

acrylic acid market will be valued at USD 22.55 billion by year 2022 (Research, 2013). 

 

 

In year 2014, 40 % of the global acrylic acid market share is controlled by four top 

manufacturers, namely BASF, Dow Chemical, Nippon and Arkema (Research, 2013). 

BASF, the global leader in the acrylic acid value chain, inaugurated its €600 million-

invested world-scale manufacture complex for acrylic acid, butyl acrylate and 

superabsorbent polymers in Camaçari, Bahia, Brazil. This complex is the first plant to 

manufacture acrylic acid and superabsorbent polymers in South America. The annual 

production of the acrylic acid is expected to be 160,000 tonnes (BASF, 2015). 

 

 

1.1.2 Current Manufacture of Acrylic Acid – Two Step Production 

 

Tracing back to history, the first available commercialised acrylic acid was developed 

in correspondence to the production route which based on the reaction of acetylene 

with water or alcohol and carbon monoxide, in the presence of acids such as 

hydrochloric acid and nickel tetracarbonyl. A crude product comprising acrylate ester, 

nickel chloride and hydrogen was formed. Another early stage process was the 

pyrolysis of acetone or acetic acid, reacted with formaldehyde to produce acrylic acid. 

When acetone is used, the pyrolysis process would result in a crude product made up of 

acrylic acid and methane. When acetic acid is used, the crude product would consist of 

acrylic acid and water. To present, these processes, however, are obsolete in the aspects 

of economic, environmental and other reasons (Acton, 2013).  

 

 

The current manufacture of acrylic acid is based on the principle of a two-step gas 

phase catalytic oxidation process, using propylene as the starting material. Due to the 

presence of unsaturated C=C bond of propylene, the electrons of C1 and C2 are 

delocalized, causing C-H bond of propylene to be in a high polarity state and reactive 

in oxidation. At the first stage, propylene is converted into propenal (acrolein). The 

propylene and air are mixed and passed through a heated catalyst (often mixture of 

bismuth(III) and molybdenum(VI) oxide on silica) at ca. 650 K. The next stage is 

carried out by passing propenal with air over another heated catalyst (often 

molybdenum(VI) and vanadium(V) oxide on silica) at ca. 550 K .   
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The chemistry of the fundamental steps of stated catalytic oxidation processes are 

summarized by the following chemical equations (Jeffrey, 2010): 

 

 

                                          catalyst 

H2C=CHCH3 + O2  H2C=CHCHO + H2O        (Equation 1.1) 

propene    acrolein                  ΔH = -340.8 kJ/mol 

 

                                          catalyst 

H2C=CHCHO + ½O2    H2C=CHCOOH        (Equation 1.2) 

acrolein      acrylic acid          ΔH = -254.1 kJ/mol 

 

 

Over the past several years, the development and modification of a family of catalysts 

had been carried out – the promoted molybdenum-bismuth system for the oxidation of 

propylene to acrolein (Equation 1.1) and promoted molybdenum-vanadium system for 

the oxidation of acrolein to acrylic acid (Equation 1.2). Regarding to this, the influence 

of tellurium on catalytic behaviour of hydrothermally prepared Mo-based tetragonal 

tungsten bronze structure catalyst in selective oxidation of propene had been discussed. 

The existence of tellurium increased the selectivity to acrolein up to a maximum of ca. 

90% (Figure 1.1) when the Te/Mo ratio hiked to ca. 0.03. However, the similar effect 

on the increment of selectivity to acrylic acid is not practical whereas the MoVTeNb 

mixed oxide catalyst with M2 phase, i.e. a pseudo-orthorhombic Te0.33MO3.33 (M = Mo, 

V and Nb) shows comparatively higher selectivity to acrylic acid. Therefore, acrolein is 

more likely to be formed in TTB (tetragonal tungsten bronze)-based catalyst. 

Meanwhile, the pseudo-orthorhombic X0.33MO3.33 (M = Mo, V and Nb; X = Te, Sb) 

HTB (hexagonal tungsten bronze)-type catalyst is more favourable in the formation of 

acrylic acid (Botella et al., 2009).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Influence of the Te/Mo atomic ratio of the catalysts on the propylene 

conversion (a) and on the selectivity to acrolein + acrylic acid (b) Reaction 

temperature 380˚C; W/F = 540 gcat h (molC3)-1 (Botella et al., 2009). 
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1.1.3 Proposed Manufacture of Acrylic Acid – Single Step Production 

 

Since propylene is the feedstock in the current manufacture of acrylic acid, therefore 

the margin price of acrylic acid is significantly affected by the fluctuation of its market 

price. In year 2011, the global market price of propylene was USD 1800 per tonne. Due 

to supply constraints, the price is expected to rise further in future (Research, 2013). 

Therefore, an alternative feedstock that has similar geometrical shape and same number 

of carbon was searched. It was found that propane closely resembles propene although 

without carbon double bond (C=C) in its structure. 

 

 

Studies on propane as a raw material for acrylic acid production have received much 

attention. The conversion requires a single step process as shown in Equation 1.3. This 

selective oxidation of propane is highly proposed and recommended for the 

commercialised manufacture the acrylic acid. One of the key advantages of this 

oxidation is that propane is globally more abundant than propylene, hence it is cheaper. 

Besides that, acrylic acid can be directly produced from propane in a single step, thus 

reducing the cost of production. The oxidation process involves consecutive reaction 

mechanisms from propane to propylene, propylene to acrolein, and from acrolein to 

acrylic acid. The whole process requires the abstraction of four hydrogen atoms and 

insertion of two oxygen atoms with a transfer of eight electrons.    

               

      

                                         catalyst 

CH3CH2CH3 + 2O2    H2C=CHCOOH + 2H2O   (Equation 1.3) 

                    ΔH = -715.8kJ/mol 

 

 

Unfortunately, this potential alternative is not yet applicable in industry. This is mainly 

due to the properties of propane. The saturation of C-C bonds stabilizes propane 

reactivity, causing it to resist most of the reaction in mild conditions. Therefore, the 

activation of propane could not be effectively taken place, so this selective oxidation of 

propane had led to fatality. In order to activate propane, catalytic system has been 

introduced. Some of the reported catalysts showed positive results on propane 

activation, also known as oxidative dehydrogenation of propane (Koc et al., 2005; 

Sarzi-Amade et al., 2005; Liu et al., 2006; Dinse et al., 2008; Botella et al., 2009; 

Amakawa et al., 2013). For example, the vanadium oxide loaded on SiO2 from V(t-

BuO)3O had been reported to present a high propylene selectivity of 88.3% and 

propane conversion of 26.5% (Fukudome et al., 2011).  

 

  

However, another challenge arises when the deep and deviated oxidation of desired C3 

intermediates as well as the final product led to poor effectiveness of selective 

oxidation of propane. The oxidation of C3 intermediate, propylene, could be the 

formation of unwanted acetone, thereby suppressing the production of acrylic acid. As 

another C3 intermediate, acrolein tends to be oxidised to produce acetic acid. Even the 

desired final product (acrylic acid), with low stability due to its reactive acid groups, is 

prone to be further oxidised and transformed into smaller compounds, such as carbon 

monoxide.  
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Therefore, any effective catalysts in selective oxidation of propane must be able to 

oxidise propane to acrylic acid selectively, and “end” the oxidation in which acrylic 

acid is the final product. To synthesise required catalyst, the relationship between each 

elementary steps of propane oxidation and formation of active crystal structure of 

catalyst has to be examined and well-studied. 

 

1.2 Problem Statement 

 

 

Malaysia is a well-known country rich in natural resources, blessed with abundant 

petroleum oil bed, and is one of the largest non-OPEC (Organisation of Petroleum 

Exporting Countries) oil exporters in the world. This superiority prompts Malaysia’s 

state-owned national oil company – PETRONAS (Petroliam Nasional Berhad) to be 

greatly profitable in which it contributes 40% of its revenue to the country. In order to 

add value to this plentiful natural resource, PETRONAS has ventured into the 

petrochemical industry years ago. As evidence, the establishment of two Integrated 

Petrochemical Complexes (IPCs) – the Kertih IPC and the Gebeng IPC provided ready 

sites for chemical plants and became home to more than 20 petrochemical plants since 

year 1992.  

 

 

In parallel to this bright prospect, the selective oxidation of propane has huge potential 

to be a low-cost alternative to convert the petroleum fraction to higher value 

petrochemical such as acrylic acid. In terms of global exporting prices, it worths more 

than crude oil. The cost of propane feedstock is about 5 – 6 times less than the cost of 

current feedstock (propylene) of acrylic acid production (Centi et al., 1992). 

Undeniably, with adequate feedstock, the nation’s revenue could increase with the 

production and export of higher-value acrylic acid. Meanwhile, the production cost of 

domestic products using acrylic acid as raw material could also be reduced. This 

indirectly lowers the living cost of people. 

 

 

To make this promising alternative practical in petrochemical industries, the first 

challenge that must be overcome is to effectively activate the saturated propane. 

Propane has no lone pair of electron and carbon π bond, thus making it less reactive. A 

catalyst is needed to make propane reacts. Among the metal oxide catalysts, MoVTeNb 

mixed oxide catalyst is a highly viable catalyst applied in propane oxidation. It is 

proposed to function as a sacrificial oxidizing agent by providing lattice oxygen which 

is able to activate the propane, and propagates the process to produce the desired 

product of acrylic acid. The metal-oxygen (M-O) bonds of functional lattice oxygen 

must be in intermediate strength to make the reaction happens. If the M-O bond is too 

strong, lattice oxygen will be hardly released during the reaction, thus no reaction may 

be observed (unreactive). On the contrary, when the M-O bond is too weak, further 

oxidation of desired product will occur (over-oxidation), leading to undesired by-

products (unselective) (Grasselli, 2002).  

 

 

However, the performance of this quaternary metal oxide catalyst has yet to achieve the 

industrial requirements, in the aspect of activation of propane and selectivity of acrylic 

acid. To improve the effectiveness of MoVTeNb mixed oxide catalyst, a metal 

promoter can be introduced in a small amount (several wt%). The addition of metal 
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promoters may influence the properties of M-O bond by affecting the electron density 

around the metal and oxide ions (Grzybowska-Świerkosz, 2002). For instance, the 

positive charge on V (its’ acidity) was reduced by the addition of K (Ishchenko et al., 

2016), but the negative charge on oxygen atoms (the basicity) was increased by the 

presence of K. While, the incorporation of P increased the positive charge of the 

neighbouring V atom, but it has no significant changes in the oxygen charges (Ramis et 

al., 1993; Deo et al., 1994). 

 

 

As discussed earlier, an effective catalyst for selective oxidation of propane to acrylic 

acid should be capable to convert propane to propene (oxidative dehydrogenation of 

propane) and also selectively produce acrylic acid. Magnesium and cobalt-

molybdenum mixed oxide has been reported to give high catalytic activity for oxidative 

dehydrogenation of propane to propene (Ueda et al., 1997). Among the transition metal 

molybdates (Zn, Cu, Co, Fe and Mn), the best performing catalysts in converting 

propane to propene were cobalt, manganese and copper molybdates. A cobalt 

molybdate was the best and most stable one (Palacio et al., 2005). Besides, magnesium 

promoted MoVSbOx catalyst showed promising catalytic behaviour with good activity 

and selectivity in the selective oxidation of propane to acrylic acid (Chaudhari et al., 

2010). In the case of MoVTeNbOx catalyst, V5+ sites in orthorhombic phase is 

responsible in oxidative dehydrogenation of propane to propene. Al3+ cation, the ionic 

radius and electronegativity of it are 0.054 nm and 1.6, respectively. Meanwhile, the 

ionic radius and electronegativity of vanadium ion (V5+) are 0.054 nm and 1.63, 

respectively. With similar ionic radius and electronegativity to V5+, the incorporation of 

aluminium might enhance the concentration of V5+ sites to convert propane to propene.  

 

 

In the microwave-assisted slurry method, microwave irradiation is introduced as a 

source of energy in order to heat the precursor solution. As compared to conventional 

heating method, this unconventional heating process is cleaner and gives better yield of 

product. The microwave irradiation sufficiently heat the precursor solution as the core 

of the solution is heated up by the electromagnetic wave, and the heat generated diffuse 

outward to provide an effective and uniform heating. Another advantages of this 

heating technique are, it could save more time, energy and also the cost. 

 

 

Therefore, this research will look into the effects of proposed metal promoters 

(aluminium, magnesium and cobalt) on the surface properties and the catalytic 

performance of catalysts, which are synthesised using the microwave-assisted slurry 

method. The extent of induction of metal promoters with different amount will also be 

investigated. 

 

 

1.3 Scope of study 

 

In this study, heterogeneous catalysts of MoVTeNbOx mixed oxides, without or with 

the metal promoters (Al, Mg, Co), for selective oxidation of propane to acrylic acid 

was synthesised using the microwave-assisted slurry method. The influence of catalysts’ 

synthesis condition i.e. type of metal promoters and molar ratio of metal promoter to 

molybdenum was studied. Various characterisation methods (XRD, BET, FT-IR, 

FESEM, ICP-OES and H2-TPR) were carried out in order to understand the 
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physicochemical properties of catalysts. The structural characteristic and elemental 

composition of the catalysts was analysed using XRD and ICP-OES, respectively.  

Besides, the functional groups in the catalysts was identified using FT-IR and the 

surface morphologies of the synthesised catalysts was observed using FESEM. In 

addition, the reducibility of the catalysts was also studied using H2-temperature 

programmed reduction (H2-TPR). Then, the potential catalysts were selected according 

to the presence of active phase as revealed in XRD results, and its’ catalytic 

performance in selective oxidation of propane to acrylic acid was evaluated. The effect 

of metal promoters in the catalytic behaviour of MoVTeNbOx was also discussed. 

 

 

1.4 Objectives 

 

The objectives of this study are: 

 

1. To synthesise Al-, Mg-, and Co-promoted MoVTeNb mixed oxide catalysts by 

microwave assisted slurry method. 

2. To characterise the effects of different metal promoters on the MoVTeNb mixed 

oxide catalysts’ characteristics by (Inductively Coupled Plasma/Optical Emission 

Spectrometry (ICP-OES), X-ray Diffraction (XRD), Field Emission Scanning 

Electron Microscopy (FESEM), Fourier-Transform Infrared (FTIR) Spectroscopy, 

Brunauer-Emmett-Teller Surface Area (SBET) Analysis and Temperature 

Programmed Reduction in Hydrogen (H2-TPR). 

3. To evaluate the catalytic performance of promoted MoVTeNb mixed oxide 

catalysts in selective oxidation of propane to acrylic acid. 
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