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Abstract: 
Several techniques, in which different homogenous catalysts and procedures, that are in use for transesterification of a vegetable oil or an animal fat have 
been successful in synthesizing biodiesel, although with some certain limitations. For such a purpose, among the catalysts employed are acidic as well as 
basic catalysts. It has been found that acidic catalysts can be tolerant with a high content of free fatty acids found in those low value feedstock oils/fats to 
be transesterified, although some sort of pretreatment by means of esterification might be required in order to synthesize biodiesel. Moreover, with 
employing homogenous acidic catalysts, it seems that biodiesel purification procedures are simplified; thus, reducing synthesis cost. In fact, these 
features of homogenous acidic catalysts render them advantageous over basic ones. With basic homogenous catalysts this; however, has not been 
possible due to the development of saponification reaction. To effectively perform, such catalysts require that the content of free fatty acids in the 
feedstock oil/fat is minimal. This requirement is also applicable to the moisture level in the feedstock. In terms of corrosive effects; nevertheless, acidic 
catalysts are disadvantageous compared to basic ones.      
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1.0. Introduction 
Research on renewable biofuels has been prompted by a growing concern on exploitation, fluctuated high prices and exhaustion of classical fossil fuels for 
various energy-based-applications as well as by several environmental concerns. In fact, in order to exploit such fossil fuels, oil and gas in particular, 
complicated, costly and time-consuming drilling and processing are inevitable. Furthermore, in countries where such fossil fuels are imported, the 
concern can even be more higher where political tension can also be involved. From the environmental angle, such fuels are great environment pollutants 
through increased concentrations of greenhouse gas, i.e. CO2, they send during combustion promoting global warming. 98% of carbon emissions in the 
atmosphere are due to the combustion of these fossil fuels for different applications [1-2]. In addition to the emissions of CO2, such fuels do generate the 
emissions of particulate matter, sulfur, hydrocarbons, polycyclic aromatic hydrocarbons and nitrated polycyclic aromatic hydrocarbons. Of these 
emissions, the latter two ones have been identified as potential cancerous compounds [3].  

Among biofuels family is biodiesel. Biodiesel is defined as a fuel, consists of a mixture of monoalkyl esters of long chain fatty acids (fatty acid methyl 
esters, FAME) derived from either vegetable oils or animal fats, that conforms to the requirements set by ASTM D6751 [4-5]. Biodiesel is a renewable, 
non-toxic, highly biodegradable fuel characterized with a unique features. Hence, it is apparent that hydrocarbons, aromatics and/or sulphur compounds, 
which are deemed as the main contributors to carbon and sulphur greenhouse gases into the atmosphere, are not among the contents of biodiesel as the 
case with petroleum diesel, although it has properties that are comparable to those of petroleum diesel. Accordingly, upon combustion, the environmental 
impact of use of biodiesel as a fuel can be milder in comparison to that of petroleum diesel. It has been reported that use of biodiesel in comparison to 
petroleum diesel introduces a reduction of emissions of particulate matter into the environment to nearly 77% [6]. Promising results have also been 
reported elsewhere [7]. Also, Rashid, A., in his assessment of environmental hazards generated via using ordinary fossil fuels compared to biodiesel, has 
found that biodiesel produced the minimum amount of green house emissions, smoke, particulate matter and soot, poly-aromatic hydrocarbon emissions 
and odor [8]. In addition, the production of biodiesel offers some improved technological aspects as well as some social investments such as creation of 
new employments and rural revitalization. Consequently and also due to a growing public concern for a clean environment, biodiesel has been a topic of 
intensive research the world over indicating that rise in the synthesis and use of such a fuel are inevitable, although the cost of production of biofuels in 
general, including biodiesel, are still higher than that of the production of fossil fuels. 

By far, synthesis of biodiesel relies on the transesterification of edible and non-edible vegetable oils. In fact, renewable readily available vegetable oils can 
be a prospective supply of energy that can replace those fossil fuels through synthesizing biodiesel out of them. Most influential factors affecting a 
transesterification reaction for biodiesel synthesis have been recently reviewed elsewhere [9]. As the case with most chemically synthesized products, 
common types of catalysts including, but not limiting to, acidic as well as basic homogenous catalysts have been examined for the purpose of synthesis of 
biodiesel. According to the available literature, this article has aimed to consider use of those homogenous catalysts, either acidic or basic, in the 
technology of biodiesel synthesis by means of transesterification reaction. In this article, due to their compatibility with several alcohols and their 
tolerance with different levels of free fatty acids contained in the parent feedstock oil/fat, acidic homogenous catalysts have grasped a much attention. 

A representation of a general standard transesterification reaction is illustrated in Fig. (1). Transesterification is a chemical reaction that aims to lower 
the fat content of an oily feedstock via mixing with a certain alcohol; in most cases, in the presence of a certain catalyst type. Ideally, transesterification 
(alcoholysis) is a reversible equilibrium reaction, that can proceed to completion if one of its products (water) is removed from the reaction mixture 
through azerotropic distillation [10]; for instance, between triglyceride, which is extracted from the oil/fat used to produce biodiesel, and an excess of an 
alcohol, usually linear mono alcohols such as methanol or ethanol [11-12] although propyl, butyl/butanol and amyl alcohols are also used [13] with the 
advantage of a lower freezing points of the resultant biodiesel than that of the biodiesel obtained with the use of methanol as an alcohol [14-15]. Being a 
reversible reaction, transesterification usually involves use of an excess alcohol for a fast while complete triglyceride conversion [5,16]. Use of methanol 
in transesterification reactions has been reported in several investigations [10,17-25]. Methanol is preferred due to its low cost, in the United States, its 
cost is half as that of the cost of ethanol [26], physicochemical properties, e.g., polarity and smaller molecular size [10,19] and capability of swift reactivity 
being a short-chain alcohol [10,24-25]. Furthermore, separation and recovery of un-reacted methanol is simple [22]. 

While ethanol is preferred due to its availability and low toxicity to the environment since it is a renewable source entirely based on agriculture products 
having no dependence on classical petroleum. To this end; therefore, ethanol can be a first choice for the production of a wholly bio- generated biodiesel 
[11,27-30]. Moreover, due to the additional atom of carbon, compared to methanol, ethanol- based biodiesel is expected to slightly have a higher heat 
content and higher cetane number. Also, ethanol compared to methanol possesses a better dissolving capability of oils involved in transesterification 
reactions [31]. One further advantage of using ethanol instead of methanol as an alcohol in the transesterification reaction is an environmental one. In a 
study by Makareviciene, V. and Janulis, P., emissions of NOx, hydrocarbons, CO and CO2 and smoke density based on using rapeseed oil methyl ester 
(biodiesel), rapeseed oil ethyl ester (biodiesel) and fossil diesel were compared. Their results have indicated that rapeseed oil ethyl ester led to less 
negative effects on the environment in comparison with that of rapeseed oil methyl ester. In a water environment, they have also found that rapeseed oil 
ethyl ester was more swiftly biodegradable than rapeseed oil methyl ester. Furthermore, emissions generated while using rapeseed oil ethyl ester in 
comparison to fossil diesel were dropped as following: emissions of hydrocarbons were down by 53%, CO emissions down by 7.2%, CO2 emissions down 
by 782.87 g/kWh and smoke density down by 72.6% [32]. In terms of the physical and chemical properties as well as the performance of methyl esters 
and ethyl esters, they are generally comparable to each other. The heat content of both esters is similar although ethyl esters are with a higher viscosities 
while a lower cloud and pour points than that of methyl esters. In terms of the performance, engine tests indicated that methyl esters can produce a 
relatively higher power and torque than ethyl esters [33].  
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Nevertheless, use of ethanol as an alcohol in a transesterification reaction instead of methanol can give rise to some complications. In fact, obtaining a 
100% chemical grade pure ethanol is a difficult task since it usually comes poisoned with some substances [34]. At the room temperature, both methanol 
and ethanol are immiscible with the triglycerides of the used vegetable oil. Hence, during a reaction, to promote mass transfer rates, mechanical agitation 
is usually applied to the reacting materials due which a stable emulsion may form. A methanol- based emulsion can demulsify spontaneously, leaving 
behind a lower glycerol-rich layer and an upper layer of methyl ester (biodiesel) that can be easily separated. However, an ethanol-based emulsion is a 
highly stable emulsion which may require the addition of demulsifier(s) in order to demulsify, i.e., a complication in biodiesel separation and purification 
[22]. Also, in a base-catalyzed transesterification reaction; in particular, rate of reaction is usually lower when ethanol is used rendering the formation of 
ethyl esters a difficult task. Such a difficulty is not encountered when methanol is used instead where methyl esters are easily formed [28,35-36]. Another 
issue associated with the use of ethanol as an alcohol instead of methanol in a transesterification reaction, which as pointed out earlier requires an excess 
of an alcohol, may arise during its recycle. In such a case, nearly double of what is required stoichiometrically of anhydrous ethanol is required. However, 
recycled ethanol will not be anhydrous using a simple distillation procedure as the case if methanol was used. Another issue is that it is required to break 
the azeotrope, it forms with water [34], prior to ethanol reuse [28]. Moreover, use of ethanol instead of methanol can lead to the production of biodiesel 
that is more likely tend to lead to injector coking [33]. Despite this, Encinar and co-workers have advised that a suitable alcohol for a transesterification 
reaction is merely chosen with respect to its cost and performance considerations. They reported that although the kinetics of a transesterification 
reaction may differ with using a different alcohol, the ultimate ester's yield does not actually differ [29]. 

Figure 1: A Schematic Representation of a Standard Transesterification Reaction [37] 

In order to achieve a sound conversion rate and a maximum yield in a shorter reaction time, transesterification reactions are catalyzed. A proper catalyst 
should perform as a miscibility enhancer of the reactants into the used alcohol. Depending on the content of free fatty acids contained within the parent 
vegetable crude oil/fat, a proper catalyst is chosen, provided that it can efficiently break triglycerides molecules into alkyl esters (biodiesel). Since 
transesterification is a reversible reaction, one further requirement of the chosen catalyst is that its amount should be adequate to catalyze both forward 
and backward reactions [38-39]. Generally, catalysts used for transesterification are either homogenous, heterogeneous or enzymatic. Homogenous 
catalysts used for the production of biodiesel are several and can be acidic or alkali/basic in nature [19,40]. Of these catalysts are: hydrochloric acid (HCl), 
sulfuric acid (H2SO4), Lewis acids BF3, TiCl4, HfCl4.2tetrahydrofuran, Sc(OTf)3, Phosphoric acid (H3PO4), sulfonated organic acids (RSO3H); where R 
represents an organic combining group [41], sodium and potassium hydroxides (NaOH and KOH), sodium methoxide (NaOCH3) [42-43], sodium ethoxide 
(NaOCH2CH3) [42], sodium propoxide (C3H7NaO), sodium butoxide (C4H9NaO), carbonates [44] and solid resin (Dowex monosphere 550 A) [19,45]. 
Compared to potassium and sodium methoxides, potassium and sodium hydroxides are industrially advantageous due to their availability, low cost, ease 
of storage as well as transportation and chemical efficiency [29,46-48]. Chemically; however, both hydroxides and methoxides can be related to each 
other since their active species are methoxide ions [19]. According to the available literature, out of these catalysts, flakes of potassium and sodium 
hydroxides seem the mostly used ones. Several investigations have considered potassium hydroxide as a catalyst with which a biodiesel with good 
properties was produced [18,29,46,48-50, etc.]. Also, several investigations have considered sodium hydroxide as a catalyst with which a biodiesel with 
good properties was produced [22,27,51-53, etc.]. According to an investigation on the relationship between the yield of esters and time carried out by 
Encinar and co-workers, a potassium-based catalyst is better than a corresponding sodium-based catalyst [29]. Such catalysts are mainly used for small 
scale industrial applications. However, for larger continuous industrial applications, alkyl oxide solutions of a potassium/sodium methoxide in methanol, 
are; on the other hand, commercially desirable [54].  

Combination of acid and alkali catalysts has also been reported [55-56]. Use of such catalysts; however, is usually associated with problems of: corrosion 
in equipment used, long reaction times, high cost [19], generation of large amounts of waste water effluents and low biodiesel yield due to some 
interactions between the used catalyst, alkali ones in particular [43], and the free fatty acids in case they are highly present in the feedstock oil 
(glycerides) [45,57-58]. A consequence of this interaction is the tendency towards the production of soap which has the sequence of reduction of the 
amount of available used catalyst meant for the transesterification reaction as well as catalyst deficiency. Furthermore, due to soap formation the 
viscosity increases while forming some gels by which ester yield decreases. Another consequence of this interaction is some complications and increased 
cost in the downstream separation for the purpose of biodiesel purification [19,43].  

Heterogeneous solid acidic and basic catalysts such as: metal oxides, metal complexes, membranes, lipases [59], amberlyst-15 [60], active metals loaded 
on supports, SBA-15 impregnated with cesium [61], zeolites [59,62], La/zeolite beta [63] and resins [59], etc., have also been tested for the production of 
biodiesel. Industrially, heterogeneous solid catalysts in comparison to  homogenous catalysts are preferred due to reusability and regeneration, ease of 
separation and minimum waste [5]. Nevertheless, low activity, the need of use of a solvent, long reaction time, high cost and high temperature are all 
possible problems that may be encountered while using heterogeneous solid catalysts [58]. Low activity and; thus, long reaction times are due the fact 
that active sites of a heterogeneous solid catalysts are restricted only to its surface by which the reaction becomes somewhat limited under the influence 
of internal mass transfer resistance [5]. It is beyond the scope of this article to further discuss such heterogeneous solid catalysts.  

To this end, only use of homogenous acidic and basic catalysts in biodiesel synthesis is further considered in this article in two separate consecutive 
sections. In terms of reaction mechanism, each type of these homogenous catalysts acts differently throughout a transesterification reaction regardless of 
the nature of the feedstock used. Considering the catalyst-substrate interactions (catalyst activity), the chemical pathways of an acid-catalyzed 
transesterification reaction show that the key step in the reaction is the protonation of the carbonyl oxygen by which its vulnerability to nucleophilic 
attack increases as a result of increased electrophilicity of the adjacent carbon atom, refer to Fig.(2). Where as in case a base catalyst has been used 
instead, a different chemical reaction pathway can be observed in which a more direct route can be identified. An alkoxide ion is created, acting directly as 
a strong nucleophile, as indicated in Fig.(3).      
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Figure 2: Homogenous Acidic-Catalyzed Reaction Mechanism for Transesterification [19]. 

Figure 3: Homogenous Basic-Catalyzed Reaction Mechanism for Transesterification [19] 

2.0. Homogenous Acidic Catalysts in Biodiesel Synthesis 
In general, the catalytic activity of homogenous catalysts is proven since the active sites are within a liquid phase and are capable to move freely in the 
reagents [5]. In commercial applications for the purpose of biodiesel production, acid-catalyzed homogenous transesterification reactions in comparison 
to base-catalyzed homogenous transesterification reactions have not been very popular in spite of their insensitivity to high contents of free fatty acids in 
the feedstock oil. One reason for such a trend is the fast rate of the latter reactions, nearly 4000 times higher, than that of the former ones 
[12,16,21,41,64-69]. Another reason can be due to their stronger corrosive nature than liquid base catalysts [5]. Also, in terms of alcohol purity, acid-
catalyzed transesterification reactions require alcohols of high concentrations for a high and fast conversion. Furthermore, in order to achieve a certain 
yield, acid-catalyzed transesterification of waste vegetable oils, which usually contain a high content of free fatty acids, usually requires very high alcohol 
to oil molar ratios compared to a base-catalyzed transesterification [68,70]. In addition, in acid-catalyzed transesterification reactions, high reaction 
temperatures are a must to attain a fast reaction rate [19] through improved miscibility of the alcoholic polar medium into a non-polar oily phase [5]. 
Such an observation was also reported by Schwab and co-workers and Liu, K. [65-66]. On the contrary; however, base-catalyzed transesterification 
reactions generally require lower temperatures and pressures. Also, they can provide biodiesel yields of up to 98% requiring no intermediate 
compound(s) for a direct conversion into biodiesel nor a special material(s) of construction of process equipment [54]. Although with using either an 
acidic or a base catalyst in the transetserification of a feedstock with a high free fatty acids content such as greases and oil wastes, considerable amount of 
water can be generated out from the transetserification reaction, an acidic catalyst; however, is commonly thought to be more accommodative of a high 
content of free fatty acids in the parent feedstock [12,66,71]. This water is with a negative effect on the production of biodiesel as it can hydrolyze the 
produced ester producing free fatty acids again [19,21,72-74]. It also can lead to a reduced reaction rate and to a reversible type of catalyst deactivation. 
Such a phenomenon of catalyst deactivation was explained through the strong affinity between an acidic catalyst and water in a study by Sridharan, R. 
and Mathai, I. M., for which the reader is directed to for further chemistry details [74]. Besides, acid-catalyzed transesterification suffers from a 
production of acidic effluent, no reusability of the catalyst leading to severe separation problems as well as high cost of required equipment [70].      

In contrast, in an acid-catalyzed homogenous transesterification reaction, the catalyst can be advantageous over a base-catalyzed homogenous 
transesterification reaction catalyst. In acid-catalyzed transesterification, a variety of alcohols can be used including methanol, ethanol, propanol, butanol 
as well as amyl alcohol [19]. This feature broadens the applicability of acidic catalysts for transesterification reactions. Also, in order to reduce the 
content of free fatty acids in the parent feedstock vegetable oil employed for biodiesel synthesis, an esterification reaction prior to the transesterification 
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reaction is usually required. Out of an esterification reaction, water is formed. This water if allowed to accumulate could stop the transesterification 
reaction. Thus, it should be removed at the end of esterification reaction [75]. To catalyze this esterification reaction, sulfuric acid is typically used due to 
its low cost [76-77]. Such a procedure was exactly followed to obtain biodiesel from palm oil of a high content of free fatty acids in a study performed by 
Gabriel and co-workers. They firstly carried out an acid-catalyzed esterification reaction using sulphuric acid to reduce the acidity of palm oil and then 
carried out the transesterification reaction using a base catalyst, KOH. The procedure adopted in this study was successful and allowed to obtain biodiesel 
that meets the specifications described in the European standards [78]. 

It has been reported that in order for a base catalyst to perform effectively in biodiesel production and that produced biodiesel is within the ASTM 
standards, the amount of free fatty acids in the employed feedstock ought to be lower than or equal to 0.5% [79]. This advantage renders acidic catalysts a 
suitable candidate for integrated pre-esterification and transesterification processes of such feedstocks where the content of free fatty acids is high [19]. 
In the literature, it has been emphasized that acid catalysts are more efficient than alkaline/base catalysts in transesterifying a vegetable oil with more 
than 1% free fatty acid [66,71]. Ultimately, this has the potential to lower the cost of biodiesel production since such feedstocks are non-edible oil sources 
or classified as a waste. Furthermore, if an acid catalyst(s), instead of a basic catalyst(s), are to be employed to catalyze a transesterification reaction, 
several drawbacks can be circumvented, e.g., intensive energy consumption due to tricky recovery of glycerol (a byproduct of transesterification 
reaction), removal of the catalyst from the produced biodiesel and the required treatment of the resultant basic waste water [80]. Another advantage of 
homogenous acidic catalysts is that they demonstrate no sensitivity to a wide range of feedstocks of biodiesel synthesis as would be demonstrated later. 
Also, reusability and recoverability of homogenous acidic catalysts can also be ensured [5].  

Also, in order to conquer the most catastrophic issues such as slow reaction rates and saponification (an undesirable side reaction induced via the 
presence of water and/or free fatty acids in the raw vegetable oil feedstock which spontaneously result in the development of soap [5]), that are usually 
encountered in a base-catalyzed transesterification of waste oils in particular where the content of free fatty acids is inevitably high, when they are 
employed separately for biodiesel production, a two-step transesterification process was proposed. In order to reduce the level of free fatty acids 
originally contained in the waste oil to levels that do not give rise to saponification, < 1 %, when a base catalyst is later used, according to such a 
procedure, free fatty acids contained in the waste oil are firstly esterified using an acid catalyst. In the second step, transesterification of this esterified 
waste oil is carried out using a base catalyst. Hancsok and co-workers have used this two-step scheme of transesterification in the transesterification of a 
used frying oil, with a free fatty acids content of 32.5 %, in methanol using sulfuric acid and sodium methylate as catalysts in the first and second steps; 
respectively. As additives, they used tetrahydrofuran and dioxine as co-solvents separately. The conditions of the first step were as following: 4:1 as a 
molar ratio of methanol and tetrahydrofuran to oil, 15 % concentration of sulfuric acid and a temperature of 60 °C for 0.5 to 6 hours. Similarly, the 
conditions of the second step were as following: 4:1 as a molar ratio of methanol and tetrahydrofuran to oil, a temperature of 60 °C although the 
concentration of the base catalyst used, sodium methylate, was 3 % and running the reaction for 2 hours only. They found that addition of co-solvents 
reduced the content of free fatty acids of the transesterified frying oil; thus, shortening the required time during the first step. Following the second step, 
an ester yield of 96.5 % was achieved [81].  

Wang and co-workers have compared the classical acid-catalyzed transesterification of waste cooking oil, in methanol as an alcohol, with a two-step 
transesterification scheme using methanol again. In the classical acid-catalyzed transesterification, they used an acidic catalyst, sulfuric acid, where as in 
the two-step transesterification scheme, they used an acidic catalyst, ferric sulfate (2.0 %), in the first step followed by the use of a base catalyst, 1.0 % 
potassium hydroxide, in the second step. In both scenarios, a high temperature of 95 °C was applied. They found that the yield of methyl esters out of the 
two-step scheme is higher than that obtained out of a classical acid-catalyzed transesterification. It was 97.22 % in the two-step scheme compared to only 
90 % in the classical acid-catalyzed transesterification. Required time of reaction; however, was; otherwise. It was lower in the two-step scheme, of only 4 
hours compared to 10 hours in the other process. This was also the case in terms of the molar ratio of methanol to oil. It was 10:1 in the two-step scheme 
compared to 20:1 in the classical acid-catalyzed transesterification. In addition to these sound achievements, this two-step scheme led to other 
advantages including: low cost of the used equipment, generation of no acidic wastewater and ease of recovery of the used catalyst [70]. Also, Issariyakul 
and co-workers have compared the classical base-catalyzed transesterification of waste fryer grease containing between 5 and 6 wt.% free fatty acids 
with a two-step transesterification scheme. They obtained higher than 90 % ester yield out of the two-step transesterification scheme in comparison to 
only 50 % out of the classical base-catalyzed transesterification [82].  

Comparable results were also obtained via the two-step transesterification scheme of a waste frying oil by Encinar and co-workers [29]. Promising 
results were also reported by Cayli, G. and Küsefoglu, S., and Wan Omar and co-workers in their work of a two-step base-catalyzed transesterification 
scheme at room temperature of used cooking oil in methanol [83-84]. Furthermore, Ghadge, S. V. and Raheman, H. have employed  an acidic catalyst, 1% 
v/v H2SO4, to esterify a crude mahua non-edible oil using methanol. A remarkable reduction in the content of free fatty acids contained in the crude 
mahua non-edible oil was achieved. They were able to reduce the content of free fatty acids from 19 wt.% down to only 1 wt.% ready for 
transesterification for biodiesel production [85]. Likewise, Veljković  and co-workers reduced the content of free fatty acids contained in tobacco seed oil 
from 17 wt.% down to only 2 wt.% [86]. A similar work was also carried out by Sahoo and others as well as Hayyan and others [87-88]. 

Nevertheless, in the two-step transesterification scheme, the problem of catalyst removal from the reaction medium in the first and second steps by 
neutralization and use of a more base catalyst; respectively, entails additional cost, cost of extra catalyst, to the cost of biodiesel production [31].  

In addition, to catalyze esterification reactions, liquid Bronsted acid homogenous catalysts such as hydrochloric acid, phosphoric acid and sulfuric acid, 
etc., have been powerfully used. Among these liquid Bronsted acid catalysts, sulfuric acid is the most effective one. Khan, A. in a research work into 
biodiesel kinetics and catalyst development has found that using 1.7 wt.% sulfuric acid at 240 °C and 70 bar in the esterification of crude tallow and used 
oils over several different catalysts, sulfuric acid achieved a remarkably high catalytic activity (90% acid conversion) in no more than 15 minutes, as a 
time of reaction [89]. However, side reactions, e.g., alcohol dehydration, were inevitable under such harsh conditions [5]. Liquid Lewis acid homogenous 
catalysts which include: BF3, TiCl4, HfCl4 and Sc(OTf)3 , etc., have also been used. In terms of side reactions that might develop while using liquid Lewis 
acid catalysts compared to liquid Bronsted acid catalysts, they can be controllable. With using liquid Lewis acid catalysts, undesired side reactions, e.g., 
alcohol dehydration can be suppressed [90-93]. Water formed whether from the direct esterification reaction or from alcohol dehydration side reaction 
possesses a negative impact on the reaction rate due to thermodynamic limitations and lowering the catalyst performance by strongly binding to the 
active species (H+) in the solution, producing a weaker acid [5].  

Their capability to catalyze a single transesterification reaction by which a biodiesel is synthesized, homogenous acidic catalysts have also been 
scrutinized. Al-Widyan MI and Al-Shyoukh AO, in their investigation of conversion of used palm oil  to diesel fuel (ethyl esters) by transesterification, have 
compared the performance of HCl and H2SO4 as an acidic catalysts. They have found that as the concentration of the used catalyst is increased between 
1.5 M and 2.25 M, produced biodiesel/ethyl esters can be  obtained in a shorter reaction time and having a lower specific gravity, i.e., more heavy 
glycerine is removed; thus, better driving the reaction towards the completion. At the highest catalyst concentration tested, 2.25 M, H2SO4 acid was 
superior to HCl acid in terms of conversion levels. The best process combination was 2.25 M H2SO4 with 100% excess ethanol which reduced the specific 
gravity from an initial value of 0.916 to a final value of 0.8737 in about 3 hours of reaction time. Biodiesel produced had the behavior of a Newtonian fluid 
[94]. Nye and others, in their investigation of conversion of used frying oil to biodiesel fuel (methyl esters) by transesterification, have compared the 
performance of acidic and basic catalysts. They have found that an acidic catalyst gave 81% conversion of 1-butyl ester at 25 C° and a conversion of 72% 
of ethyl ester. A base catalyst; however, gave 74% conversion of methyl ester (biodiesel). They have successfully demonstrated the possibility of the 
conversion of a waste used frying oil to biodiesel (methyl esters) through transesterification [95]. Similarly, the production of biodiesel from waste frying 
oils has been investigated by Predojević, Z. J. A biodiesel yield of 92% was obtained [96]. A.Banerjee and R.Chakraborty have also studied the acid-
catalyzed transesterification of waste cooking oil for the purpose of biodiesel production using methanol as an alcohol. In this study, good results were 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Widyan%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=12365492
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Shyoukh%20AO%5BAuthor%5D&cauthor=true&cauthor_uid=12365492
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also obtained. They have obtained a high biodiesel yield of 98.9% [97]. In addition to the use of acid-catalyzed transesterification for the variety of 
feedstocks just mentioned, it also has been used in the transesterification of heterotrophic microalgal oil and microalgae Chlorella pyrenoidosa. In both 
investigations, sulfuric acid was used and a somewhat high biodiesel yield was achieved [98-99].  

Moreover, acid-catalyzed transesterification of crude edible vegetable oils has been in use. M. Canakci, J and Van Gerpen in their work of production of 
biodiesel via acid catalyst, sulfuric acid, have investigated the effect of several factors on the yield of acid catalyst, sulfuric acid with different amounts, 
1%, 3% and 5%, using soybean oil as a vegetable oil and methanol as an alcohol. They considered the effect of: molar ratio, reaction temperature, reaction 
time, catalyst amount, alcohol type, water and free fatty acids on the yield of acid-catalyzed methyl ester. They selected five different molar ratios, 3.3:1, 
3.9:1, 6:1, 20:1 and 30:1, while maintained the concentration of the sulfuric acid at 3%, reaction temperature at 60°C and running the reaction for 
consecutive 48 hours (2880 minutes). They found that the higher the molar ratio, the higher the ester conversion reaching 98.4% with a molar ratio of 
30:1. However, they noticed that the specific gravity of the produced ester decreased with increasing the molar ratio, perhaps due to a decrease in 
residual triglycerides [76]. Comparable results have also been reported elsewhere [100-101]. In addition, in an investigation carried out by Freedman, et 
al. on a mixture of soybean oil with butanol with using sulfuric acid as a catalyst, kinetics of transesterification reaction were examined. During the 
reaction, rate-limiting step was found to be varying with time with three regimes that can be identified. In the first regime; the onset of the reaction, due 
to low miscibility of both the catalyst and used reagents due to a difference in their polarities, the reaction was controlled by mass-transfer. Later, kinetics 
commenced to control the reaction as it went on where esters (products) were increasingly developed. Emulsification characteristics of developed esters 
were crucial for this regime. The last regime represented the equilibrium stage and was reached towards the completion of the reaction. The forward 
reactions demonstrated a pseudo-first order kinetics where as the reverse reactions followed a second order kinetics. This investigation also suggested 
that the high molar ratio of alcohol-to-oil as 30:1 was just sufficient for an acceptable reaction rate [64].   

Regarding the effect of temperature on the performance of an acid-catalyzed transesterification reaction, M. Canakci, J and Van Gerpen have observed that 
ester conversion increased almost linearly with increasing reaction temperature between 25°C and 60°C. The highest reaction temperature, 60°C, was 
selected to avoid surpassing the boiling point of the used alcohol (methanol), 65°C. Ester conversions were 8.3%, 57.2% and 87.8% at 25°C, 45°C and 
60°C, respectively. The specific gravity of the ester; however, decreased with increasing reaction temperature. The maximum specific gravity of the 
methyl ester (biodiesel) was 0.917, which is close to the specific gravity of the used vegetable oil, soybean oil. Similarly, longer reaction durations were 
found to have a good effect on ester conversion. Ester conversion increased from 87.8% to 95.1% with doubling reaction time from 48 hours to 96 hours. 
Furthermore, ester formation increased from 72.7% to 95.0% as the concentration of the catalyst was increased from 1% to 5%. Although it is reported 
in the literature that an alcohol with a longer chain demonstrates a higher ester conversion than that obtained using an alcohol with a shorter chain, this 
investigation has; however, revealed a slightly dissimilar trend. The performance of: methanol, ethanol, 2-propanol and 1-butanol in the 
transesterification reaction was examined. Surprisingly, they found that the highest ester conversion occurred with ethanol followed by that obtained 
with 2-propanol followed by that obtained with 1-butanol and expectedly by that obtained with methanol. No justification was expressed for this 
discrepancy in their investigation. Finally, in this study by M. Canakci, J and Van Gerpen, the effect of water and free fatty acids on the yield of acid-
catalyzed methyl ester (biodiesel) was also examined. They observed that presence of water even in a trivial amount of 0.1 w% in the vegetable oil 
reduces the ester yield. Presence of more water further reduces the ester yield. A 5 w% water in the vegetable oil significantly reduced the ester yield 
down to 5.6% compared to that obtained with no water, 95.1%. Also, this investigation has investigated the effect of presence of free fatty acids in the 
used vegetable oil, soybean, on ester conversion. Due to availability and low cost, palmitic acid was used to model free fatty acids. Concentrations of 
palmitic acid tested were: 5%, 10%, 15%, 20% and 33%. It was found that the conversion rate of soybean oil to methyl ester (biodiesel) dropped below 
90% for concentrations of free fatty acids higher than 5%. Free fatty acids contained in the used vegetable oil reacted with the used alcohol. Among the 
products of such reaction is water. As explained earlier, presence of water within the transesterification reaction medium strongly hampers ester 
conversion [76].  

3.0. Homogenous Basic Catalysts in Biodiesel Synthesis 
Alkali/base homogenous catalysts for transesterification reactions have been extensively investigated. Freedman and others have reported that for a 
maximum ester yield, the used alcohol as well as the used vegetable oil have to be free of moisture and that the acid value is lower than 1 mg KOH/g [71]. 
Nye and Southwell have found that at the room temperature, hydroxides and alkoxides were of good use in the transesterification of rapeseed oil to 
methyl and ethyl esters [102]. Sodium hydroxide as a catalyst was also used in a study carried out by Fan and co-workers. Their results indicated that a 
yield of 97% of biodiesel was obtained provided that methanol/oil molar ratio is 7.9:1, catalyst concentration is 1.0%, temperature is 53 °C, rate of mixing 
is 268 rpm and that reaction duration is for 45 min [103]. In another two earlier studies, a high yield of more than 95% of fatty esters in one hour's 
reaction time was obtained using either sodium ethoxide, sodium hydroxide or sodium methoxide with methanol, ethanol or 1-butanol as alcohols, in the 
transesterification of sunflower and soybean oils, respectively [101,104]. Also, Canoira with others have used jojoba oil-wax for the purpose of biodiesel 
production through transesterification with methanol catalyzed with sodium methoxide 1 wt%. They attained a biodiesel yield of 79 wt% with a molar 
ratio of 7.5:1 and at a temperature of 60 °C, although for a quite lengthy reaction, for 240 min [105]. Theoretically, Jeong with others have reported that 
comparable results were also predicted by use of a statistical optimization model. Biodiesel yield was 98.6%, molar ratio was 7.5:1 and temperature was 
65 °C. However, the predicted reaction time was only 20 min [106]. 

Furthermore, Boocock and co-workers have reported that addition of several simple ethers such as: tetrahydrofuran, 1,4-dioxane, diethyl ether, 
diisopropyl ether and tert-butyl methyl ether to the solution of the alkali catalyst used (1.3% sodium hydroxide) and methyl alcohol is an efficient method 
for accelerating the transesterification reaction. Addition of tetrahydrofuran in particular to the used catalyst (1.3% sodium hydroxide) to methyl alcohol 
in the transesterification of soybean oil gave 95% methyl ester (biodiesel) in only 15 min [107]. Comparable work and results were also reported by 
Soriano and co-workers [68]. In another work by Phan, A., N. and Phan, T. M., use of 0.75 wt.% potassium hydroxide (KOH) as an alkali/base catalyst for 
transesterification of a waste cooking oil with methanol has been investigated. They changed the reaction temperature from 30 °C to 50 °C and 
methanol/oil molar ratio from 5:1 to 12:1. In all experiments, the duration of the reaction was for 80 min. Accordingly, they obtained a yield of biodiesel 
between 88% and 90% at a molar ratio of 8:1. With a higher molar ratios, i.e., more excess methanol, the yield decreased. This is due to the interference of 
methanol with alkyl ester and glycerol which ultimately leads to foam formation [108]. In another work, Rao and co-workers obtained biodiesel using an 
alkali catalyst, KOH, via the transesterification of used sunflower oil containing a low free fatty acids content with methanol. In the paper, it was 
mentioned that the parameters of the transesterification reaction were experimentally optimized although no details were given [109]. Also, using 
another crop, Haile and co-workers have investigated the production of biodiesel from waste coffee grounds obviously due to their wide availability 
where they conducted the work and due to their high antioxidant character [110-111]. In doing so, they prepared the biodiesel in two consecutive steps. 
In the first step, esterification, they used the sulphuric acid as an acidic catalyst. However, a base catalyst, sodium hydroxide, was used in the second step, 
transesterification. They reported a reasonable conversion of waste coffee grounds into biodiesel, 73.4 w/w%. Obtained biodiesel was of standards 
complying with ASTM D 6751- 09. Such a produced biodiesel via the available crops of waste coffee grounds can supplement the energy sector by 10.32 
million gallons per year [112]. A similar work concerning the transesterification of palm oil with methanol in the presence of KOH as a catalyst was also 
reported by Darnoko, D. and Cheryan, M. [113].   

Optimized results were also reported by Rashid, et al. via their work of transesterification of sunflower vegetable oil via an alkali-catalyst, sodium 
hydroxide (NaOH) with methanol. Their results stated that with optimum reaction conditions of: methanol to oil molar ratio 6:1, catalyst concentration 1 
w/w % and reaction temperature 60 °C, optimum biodiesel yield of 97.1% can be obtained [114]. Comparable results were also reported by Encinar and 
co-workers [29]. The catalytic activity of two alkali catalysts, KOH and NaOH, in the transesterification of a waste cooking oil with a content of free fatty 
acids of 2.76 was compared by Dorado and co-workers. It was concluded that while using the first catalyst, the transesterification reaction proceeded 
faster than when the second catalyst was used [47].   
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In fact, base catalysts are only effective in the transesterification of highly refined vegetable oils [115]. Acid catalysts are relatively low in cost with high 
production yields [5]. The performance of an acidic catalyst relative to a base catalyst only somewhat collapses by the high content of free fatty acids 
contained in the feedstock as the case with waste greases/oils and animal fats. In fact, use of a base catalyst for such feedstocks that have a high water 
content gives a rise to the hydrolysis reaction due to which biodiesel yield declines [115]. Also, use of a base catalyst for such feedstocks that are rich with 
free fatty acids is rather problematic and can be associated with no conversion of such free fatty acids and a saponification reaction between the base 
catalyst and those free fatty acids creating negative impacts in terms of biodiesel purification and production cost [76,115-118]. Once produced, soap can 
create a stable emulsion which is classified as a waste water and renders purification of biodiesel and separation of the used catalyst a challenging task 
due to increased viscosity. As a remedy, a pretreatment process prior to the transesterification step, an esterification reaction using an acidic catalyst, 
usually sulfuric acid, with an alcohol in which the level of free fatty acids of the parent oil or fat is reduced following partially converting them into methyl 
esters and glycerides [26] to no more than 0.5 wt.% [119], of such a feedstock may be required, although at an additional cost. It should be clearly 
observed that use of sulfuric acid or any other homogenous catalyst in such a reaction results in an added neutralization and separation procedures.  

4.0. Summary 
Having discussed the peculiarity and performance of both homogenous acidic and basic catalysts in transesterification reactions of several feedstocks 
under different reaction conditions, they can by no means considered perfect. To perform well, acid catalysts, which are naturally corrosive, usually 
require high temperatures while longer reaction durations [19,26] due to inevitable use of higher alcohol to oil molar ratios. Furthermore, to obtain a 
satisfactory yield, use of base catalysts requires the use of highly expensive refined oils or fats as a primary feedstock. Base catalysts are unfortunately 
also quite sensitive to water and free fatty acids present in the transesterified feedstock. Technically, removal of such catalysts from the alcohol/glycerol 
phase is a difficult costly task [26]. Also, when either catalyst is used, glycerol recovery is an issue [26]. Both acidic and basic catalyzed-transesterification 
reactions are of a great concern to the environment for generating a considerable amount of wastewater since huge amount of water is required for 
catalyst-product separation [115]. Of- course, the cost of biodiesel production can be increased as a consequence of this. A summary of various 
applications of acidic and basic homogenous catalysts in biodiesel synthesis along with their main pros and cons is synopsized in Table (1). 

Table 1: A Summary of Uses, Advantages and Disadvantageous of Acidic and Basic Catalysts for Transesterification Reaction 

Homogenous 
Catalyst Type 

Acidic Catalysts Basic Catalysts 

Application(s) - They are used only in case the concentration of free fatty 
acids within the vegetable oil/animal fat is high [13]. 

- To avoid saponification: They are used only in case the 
vegetable/animal oil is water-free [30]. Also, they are used 
only in case the concentration of free fatty acids within the 
vegetable/animal oil is low, less than 0.5 wt.% [19,30]. 
- They require some pretreatment [13]. They must be 
anhydrous (total water content must be 0.1-0.3 wt % or 
less). The used alcohol must be anhydrous (total water 
content must be 0.1-0.3 wt % or less) [19]. 
- To be in line with such specifications, the used vegetable 
oil source must be highly refined [19]. 

Advantages - Compatibility with various alcohols. 
- Suitability with a broad range of content of feedstocks of 
different free fatty acids. 

- Nearly, 4000 times faster than acidic catalysts [30]. 
- Do not require a large quantity of alcohol relative to 
vegetable oil/animal fat. A molar ratio of alcohol: oil of 6:1 
is usually accepted [13]. 

Disadvantages - To attain a satisfactory biodiesel yield, large quantities of 
alcohol relative to vegetable/animal oil are required. A 
molar ratio of alcohol: oil of 30-150:1    is usually required. 
- Slow transesterification reactions. Hence: 
- Long reaction times up to 48-96 hrs [120]. Also, risk of 
corrosion of equipment due to high levels of acidity [13]. 

-Time-consuming. 
- Costly [19]. 
- Inevitable generation of undesirable water (waste) 
during reaction of hydroxide ion with the used alcohol. 
-  Saponification. 
- Technical difficulty in catalyst separation [120]. 

5.0. Conclusion 
Although several alcohols are available for transesterification reaction in biodiesel synthesis, care should be paid while deciding the suitable alcohol. Low 
reactivity, generation of waste due to use of solvents, harsh reaction conditions as well as high cost can be avoided if a homogenous catalyst is used 
instead of a heterogamous one. It has also been observed that a considerable cost reduction in the synthesis of biodiesel can be achieved if cheap while 
widely available waste feedstocks, that are indigenously accompanied with a high level of free fatty acids, are employed instead of expensive edible 
feedstocks. This; however, renders use of a homogenous acidic catalyst, instead of a homogenous basic catalyst, a first option to avoid saponification 
reaction. With such an option, non-metallic equipment should be used to avoid corrosion effects. During transesterification reactions, temperature is with 
a positive influence on ester conversion while using a homogenous acidic catalyst. Literature cited has demonstrated that out of the considered several 
feedstocks, which are with different levels of free fatty acids, biodiesel of acceptable specifications has been synthesized with the help of a homogenous 
acidic and/or basic catalyst. Details of cited works reveal that the yield of biodiesel is worthwhile. 
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