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^Äëíê~Åí. The concept of “Green Chemistry” was first introduced in 1990. One of the criteria 
accepted was to perform an energy efficient processes and reactions. Microwave technique was 
found to be promising method to promote and support “Green Chemistry” since it offers low 
energy usage and faster reaction time. Based on this idea, this study focused on the preparation of 
molybdenum carbide using microwave specially modified for this purpose. Commonly, process 
requires high temperature and pressure conditions thus might lead to inefficient and required 
high amount of energy. In this study, commercially obtained activated carbon was impregnated 
with molybdenum solution followed by Microwave Induced Alloying (MIA) method with 2 
minutes irradiation time in inert condition of nitrogen atmosphere. Ratios of carbon to 
molybdenum loading were varied respectively according to their stoichiometric molar ratio. The 
products obtained were characterized using XRD analysis. As a result, molybdenum carbide was 
successfully prepared using this method. 
 

hÉóïçêÇëW Microwave induce alloying; carbon; molybdenum 
 

^Äëíê~â. Konsep “Green Chemistry” telah diperkenalkan pada tahun 1990 dan salah satu dari 
aspek yang telah dipersetujui adalah proses dan tindakbalas yang dirancang perlulah efisien dari 
segi penggunaan tenaga. Teknik gelombang mikro telah diperkenalkan sebagai kaedah yang 
berpotensi untuk mempromosi dan menyokong “Green Chemistry” kerana penggunaan tenaga 
yang rendah dan tempoh tindakbalas yang singkat. Berdasarkan idea tersebut, kajian ini 
difokuskan kepada penyediaan molibdenum karbida menggunakan ketuhar gelombang mikro 
yang telah diubathsuai . Secara kebiasannya, proses pengaloian memerlukan suhu dan tekanan 
yang tinggi dan keadaan ini mendorong kepada ketidakeffesienan dan penggunaan tenaga yang 
tinggi.  Dalam kajian ini, sumber karbon yang didapati secara komersil telah direndam di dalam 
larutan molibdenum, kemudian diikuti dengan proses Pengaloian Dorongan Gelombang Mikro 
dengan kitaran 2 minit dalam lengai atmosfera nitrogen. Nisbah karbon dan molibdenum telah 
dioptimumkan dan berkisar pada imbangan nisbah stiokiometrinya. Kesemua produk dicirikan 
secara kima dengan menggunakan analisis XRD. Hasil kajian ini menunjukkan molibdenum 
karbida telah berjaya disediakan menggunakan teknik ini. 
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Transitional Metal Carbides (TMC) is a type of metal-derived compound with the 
incorporation of carbon in the metal lattice. The incorporation of carbon into 
lattices of early transition metals (IVB-VIB) produces compounds with unique 
physical, chemical and catalytic properties, which combine the characteristic 
properties of three different types of materials; covalent solids, ionic crystals and 
transition metals. They all have the physico-chemical properties of high melting 
point and hardness, high thermal and mechanical stability as well as excellent 
catalytic performance reaction for example in hydrogenation reaction, which is 
similar to the precious noble metal such as Pt, Rh and In [1-3]. Generally, 
transition metals have high binding energies, which will prevent facile desorption 
and repeated reactions. With the introduction of carbon at molecular level, their 
catalytic behaviors can be increased by tempering the binding energy of the 
adsorbates through the addition of carbon and subsequent carbide formation [4]. 
A good performance of TMC in the traditional reaction catalyzed by precious 
noble metal is expected and is attributed by the increase in electronic density of 
the metal after carburization [5]. 
  Generally, interaction between molybdenum and carbon may produce three 
known compositions, namely MoC, Mo3C2 and Mo2C. Mo2C on the other hand 
have two identified phase which are orthorhombic α-Mo2C and hexagonal β-Mo2C 
[6]. Several process was reported on preparation of Molybdenum Carbide, such as 
powder metallurgical process via reaction between metal with carbon black and 
carburized at high temperatures (1500 - 2000°C), direct temperature programmed 
reduction of Molybdenum Oxide, mixture of hydrocarbon and hydrogen such as 
methane, ethane, buthane and toluene, sonochemical synthesis via molybdenum 
hexacarbonyl with black power and microwave-assisted method [7 -11]. Today, 
many researchers have turn to create easier, faster and energy saving ideas for 
TMC synthesis and microwave looks promising. Yacob Éí= ~äK, [12] on the other 
hand introduced Microwave Induced Alloying (MIA) using simple modified 
microwave household oven and successfully synthesized WC alloys. This method 
of preparation thus looks promising Mo2C simple, easy to upscale, cheap and can 
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q~ÄäÉ=N List of the ratio for preparation of molybdenum carbide 
 

o~íáç
EãçäWãçäF=

jçäóÄÇÉåìã `~êÄçå

0.5:7 0.5 7 
1.0:7 1.0 7 
1.5:7 1.5 7 
2.0:7 2.0 7 
2.0:3 2.0 3 
2.0:4 2.0 4 
2.0:5 2.0 5 
2.0:6 2.0 6 

 
 
OKO `Ü~ê~ÅíÉêáò~íáçå=qÉÅÜåáèìÉ=
 
The identification of the prepared Mo2C were carried out using Bruker X-ray 
powder diffractometer. The XRD diffractograms were recorded with CuKα 
radiation source with λ= 0.15418 nm at 40 kV and 40 mA. The 2θ range used was 
from 10° to 90° at a scanning speed of 0.05 per second. The identification of peaks 
is based on JCPDS-ICDD (MoO3 = 35 – 609, MoO2: 32 – 671, hcp β-Mo2C: 35 – 
787) database incorporated in the software. 
 
 
PKM oÉëìäí=~åÇ=aáëÅìëëáçå=
=
Previous study conducted by Vallace Éí= ~äKI [6] successfully produced hexagonal β-
Mo2C using high power microwave (3kW) in just only 20s. Their research 
however used solid-solid precursor system for both starting materials. In this study 
on the other hand, the center of attention is an application of heterogeneous solid-
liquid precursor system which molybdenum’s source was in liquid form while 
carbon remained as solid. Main inspiration of this system is the penetration of the 
molybdenum towards carbon. As Mo in liquid form, higher possibility for 
molybdenum ions to penetrate into the pore at activated carbon compared to solid 
Mo. Moreover, this idea enhances production of molybdenum carbide with the 
purpose of catalyst application. 
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From these experiments, the domination of molybdenum oxide compound was 
found in both experiments, beyond of our expectation. Our theory suggested that 
decomposition of AHM will produce MoO3 only and further alloy with carbon to 
produce Mo2C. Conversely, present of carbon was reacted with MoO3 to produce 
intermediate species, MoO2 before produced our target compound. This theory 
was supported by previous research regarding decomposition of AHM and 
production of molybdenum carbide [6, 13]. Moreover, this study proved that 
liquid-solid system works perfectly in microwave alloying technique and produced 
molybdenum carbide. Generally, water’s molecule is economical and proven 
microwave absorber. The polar molecule of water (εr: 80) transformed microwave 
into dielectric heating energy and initiated this experiment [14-15].  
 
 
QKM `çåÅäìëáçå=
 
Goal of this research was successfully achieved. The molybdenum carbide was 
flourishing prepared using mixture of ammonium heptamolybdate and carbon. 
Furthermore, the optimum ratio for this preparation was found at 2.0:7 ratios in 
both experiments, proved that this technique is applicable to prepare 
molybdenum carbide. On the other hand, generation of molybdenum carbide 
started with decomposition of ammonium heptamolybdate to molybdenum 
trioxde, followed by reduction process to produce molybdenum dioxide, initiated 
by carbon. The prepared molybdenum dioxide was further reacted with remaining 
carbon to produce molybdenum carbide.   
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