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Abstract 

 

This research aims to study the reaction kinetics of esterification reaction of glycerol with free fatty acid (FFA) using 

calcium oxide catalyst to produce mono-diacylglycerol (MDAG) using pseudo-homogeneous approach. The effects of 

time and temperature on the reaction conversion were investigated simultaneously. The FFA used was from the waste 

of cocoa production process, while the solid catalyst used was calcium oxide from eggshell ash. The results show that 

the cocoa based FFA was composed of palmitic acid (49.24%), methyl stearate (1.05%), oleic acid (25.39%), and 

stearic acid (24.32%). The calcium oxide content in the eggshell ash was 60% w/w. At all temperatures studied (60, 

70, and 80oC), as the reaction time increased, the conversion increased sharply in the first 5 minute followed by a 

gradual raise to an almost constant value after 20 minutes (0.844; 0.845; and 0.854, respectively). Pseudo-

homogeneous second order model can describe the reaction kinetics satisfactorily. The reaction constants (k) at 60, 

70, and 80oC were 0.00384, 0.003401, and 0.003518 (L/mole.minute), respectively. The effects of temperature on 

reaction rate obey the Arrhenius’ equation with collision factor (A) is 0.2659 (L/mole.minute) and activation energy 

(Ea) is 3544 J/mol. 

 

Keywords: calcium oxide; free fatty acid; glycerol; pseudo-homogeneous approach  
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INTRODUCTION 

Cocoa is one of important commodities of 

Indonesia, which can be processed into various 

products, such as beverages, cosmetics, pharmacies, 

and healthy supplements (anti-inflammation, anti-

microbes, anti-carcinogenic, and analgesics). One of 

cocoa processing industry wastes is FFA (free fatty 

acid) (Lasisi, 2014). The FFA waste can be converted 

into palm fatty acid distillate (PFDA) which can be 

used as raw material of cream detergent (Rumondang, 

2016). The FFA waste of cocoa contains palmitic, oleic, 

methyl stearic, and stearic acids (Indarti, 2007). 

Reaction of FFA with glycerol will produce 

monodiacylglycerol (MDAG) (Akoh and Min, 2002; 

Huang et al., 2013; Setyaningsih et al., 2016), which 

can be utilized as food emulsifier (Hasenhuettl, 2008; 

Huang et al., 2013; Kurniasih, 2014). The MDAG is the 

most widely used synthetic emulsifier in food 

industries, amounting up to 70% (Triana, 2014). The 

other product, such as the diacylglycerol is a safe and 

healthy food additive recognized by the US Food and 

Drug Administration (Wang et al., 2011). 
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Abstract 

 

Coal is a solid fuel that can be converted into syngas through gasification process. To obtain optimum gasification 

process design and operation, in-depth understanding of the influential parameters is required. This study aims to 

investigate the effect of temperature on the gasification process and to obtain its kinetics parameters. The study was 

carried out in a tubular reactor equipped with a heater and a condenser. Steam was used as gasifying agent, while 

CaO was employed as a CO2 adsorbent. The charcoal from coal was subjected to gasification at temperatures of 600, 

700, and 800°C. The ratio of charcoal and CaO was 1:1. The gasification process lasted for 60 minutes with gas 

sample was taken every 15 minutes for composition analysis. The results showed that a temperature increase of 100°C 

caused a proportional increase of conversion of about 75% higher. The value of activation energy (Ea) and 

exponential factor (ko) were 46.645 kJ/mole and 328.3894/min, respectively. For mass transfer parameters, values of 

activation energy for surface diffusion (Es) and surface diffusivity factor (s) were 81.126 kJ/mole and 0.138/min, 

respectively. 

 

Keywords: gasification; mathematical model; Pattukku coal char; steam; Thin Reaction Zone Model  
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INTRODUCTION 

Coal is one of alternative energy sources, which 

is still abundantly available in the world. One of the 

coal utilization technologies as a fuel source is by 

converting it into syngas through gasification process. 

In general, gasification is a thermal process for 

converting carbonaceous raw materials into flammable 

gases (Basu, 2010; Wang et al., 2013; Heidenreich and 

Ugo, 2015; Demirbas, 2016).  

Gasification is a complex process, so that good 

understanding on the influences of raw materials and 

other operating parameters is important for its design 

and operation process. To obtain such understandings, 

a mathematical modeling can be used to perform the 

optimization of the process through the optimization of 

the influential parameters (Materazzi et al., 2013; Babu 

and Sheth, 2006; Rezaiyan and Cheremisinoff, 2005). 

Although it could not provide very accurate results, the 

mathematical model often give some important clues 

about the occurring mechanisms and quantitative 

effects of design, raw materials, and other operating 

parameters (Baruah and Baruah, 2014; Basu, 2010; 

Molina and Mondrago, 1998; Xu et al., 2011).  

The basic mechanism and the effect of kinetics 

parameters of a reaction are important information for 

the design of a gasification unit (Xu et al., 2014; 
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