
Elucidating the clinker-based catalyst deactivation for biodiesel production 
in a continuous microwave-assisted reactor

Jolius Gimbun a,b,* , Mohd Affandi Mohd Ali c, Cheng Kui Cheng d, Sumaiya Zainal Abidin a,e,  
Maizirwan Mel f, Siew Choo Chin a

a Centre for Research in Advanced Fluid and Processes (Fluid Centre), Universiti Malaysia Pahang Al-Sultan Abdullah, Gambang, Pahang 26300, Malaysia
b Department of Biotechnology, Saveetha School of Engineering, Saveetha Institute of Medical and Technical Sciences, Chennai, Tamil Nadu 602105, India
c Jabatan Kejuruteraan Petrokimia, Politeknik Tun Syed Nasir Syed Ismail, Hab Pendidikan Tinggi Pagoh, KM 1 Jalan Panchor, Pagoh, Johor 84600, Malaysia
d Department of Chemical and Petroleum Engineering, Khalifa University of Science and Technology, P.O. Box 127788, Abu Dhabi, United Arab Emirates
e Faculty of Chemical and Process Engineering Technology, Universiti Malaysia Pahang Al-Sultan Abdullah, Gambang, Pahang 26300, Malaysia
f Department of Chemical Engineering and Sustainability, Faculty of Engineering, International Islamic University Malaysia (IIUM), Gombak, Kuala Lumpur 50728, 
Malaysia

A R T I C L E  I N F O

Keywords:
Biodiesel
Catalysis
Renewable energy
Biofuel
Catalyst deactivation

A B S T R A C T

A clinker-based catalyst (CBC) was synthesized by incipient wetness impregnation with potassium hydroxide 
(10 wt%), then calcined at 700 ◦C. XRD and EDX analyses revealed that CaO (66.61 wt%) and Ca (34.63 wt%) 
are the primary constituents of the CBC, with the main crystalline phases identified as Ca2Al0.67Mn0.33FeO5 
(monoclinic) and Ca3SiO5 (orthorhombic). This catalyst was effectively employed for the transesterification of 
waste cooking oil (WCO) in a continuous microwave-assisted reactor (CMAR), achieving a fatty acid methyl ester 
(FAME) yield of over 92.8 % under optimal conditions: a methanol to oil molar ratio of 12:1, a catalyst con
centration of 5 wt% (catalyst/oil), and a reaction temperature of 65 ◦C. Moisture in CBC can reduce its per
formance by over 36 %. The catalyst was recovered and reused four times with minimal loss of activity. Analysis 
of the reused catalyst indicated that the reduction in catalytic performance was due to leaching, catalyst 
poisoning, and a decrease in surface area and porosity. Due to its reusability, the clinker-based catalyst has the 
potential to replace homogeneous catalysts, thereby reducing biodiesel production costs.

1. Introduction

Biodiesel, also known as fatty acid alkyl esters, is a renewable 
alternative to petroleum-based diesel fuel. Its advantages as a replace
ment for petrodiesel include the absence of aromatics and sulfur com
pounds, a high cetane number, a high flash point, and lower emissions of 
hydrocarbons and COx [1–3]. However, despite these benefits, biodiesel 
production often faces challenges due to the limited availability of 
inexpensive non-food feedstock and high production costs [4–6].

Biodiesel is often produced using feedstocks such as rapeseed oil, 
castor oil, Jatropha oil, sunflower, palm oil, rubber seed oil, animal fat, 
and waste cooking oil (WCO) among others. However, producing bio
diesel from edible oils such as those from oil palm, groundnut, sun
flower, rapeseed, corn, and soybean, which are also used for food, has 
sparked a food vs. fuel argument. Non-food crops like Jatropha and 

castor require specific farmland, which reduces the amount of arable 
land available for food production and increasing costs of biodiesel 
production [7]. Consequently, growing non-food crops for biodiesel may 
not be the optimal solution.

WCO is known as a practical alternate feedstock for biodiesel pro
duction due to its ready availability, unlike vegetable oils such as 
Jatropha oil that must first be extracted. In fact, approximately one 
billion liters of WCO are available annually, which could meet 10 % of 
Malaysia’s diesel demand [8]. Awareness campaigns by 
non-governmental organizations have highlighted the environmental 
issues associated with WCO disposal through drainage or landfill. 
Additionally, using recycled cooking oil for cooking is strongly 
discouraged as it may pose significant health risks [9]. Repeated heating 
of oil can lead to the formation of trans fats [10], aldehydes [11], and 
free radicals, which are linked to heart disease, stroke, diabetes, 
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