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ABSTRACT

Article history:

Scarcity of petroleum and constant concern over environmental problems caused by
diesel fuels has promoted production of biodiesel from renewable sources. Biodiesel
synthesized from transesterification methods in the presence of acid or base catalyst
or enzyme requires huge amount of solvent, particularly from alcohol to affirm high
production yield. Inevitably, the process results in bulky waste that demands
appropriate attention. In attempt to tackle the problem, ionic liquid has been
identified to be the most potential substitute for conventional catalyst and solvent
required in the biodiesel conversion. Ionic liquid that is widely known as ‘green
chemical’ can be synthesized to meet reaction requirement by careful selection of
anion and cations, with correct proportion of each to produce desired mixture. This
paper reviews recent applications of ionic liquid in biodiesel production as catalyst,
solvent and co-solvent. Since there are few ways in which ionic liquid can be
categorized, this paper highlights classification of ionic liquids into two major groups;
namely acidic and basic ionic liquid. Discussion on these tswo groups covers their
dual- functions in biodiesel production which are as solvent or co-solvent and catalyst
as well as the limitation of each group in the biodiesel production.
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1. Introduction
Depletion in petroleum based fuel has initiated a great effort to search for fuel replacement to
cater world’s fuel requirement. Besides, the concern over environmental issues caused by improper
waste management and overuse of nature resources lead to exploration of new substances which
are greener in nature and less toxic to environment as well as human in general. Attempt in finding
renewable sources has driven the development of large-scale non-petroleum based alternative
biofuels that constitute liquid such as bioethanol and biodiesel, and gaseous such as biogas and
biohydrogen [1].
Chemically, biodiesel or better known as methyl ester is a product of transesterification reaction
of triglycerides derived from animal or plant oil [2] in the present of homogeneous or
heterogeneous catalyst and organic solvent such as alcohol to produce biodiesel as the main
*
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product and glycerol as by-product [3]. To date, acid, base and enzymes have been reported to be
the most frequently used and tested catalyst in biodiesel synthesis. But due to some major
drawbacks linked to these catalysts, recent trend has shown that research shifts to employing ionic
liquid (IL) as green catalyst [4].
Theoretically, 3 moles of alcohol convert 1 mole of triglycerides into 1 mol of methyl ester [2].
Transesterification is a reversible reaction thus excess alcohol is normally supplied into the reaction
mixture to shift the equilibrium to product formation [5]. Inevitably, the practice leads to formation
large volume of waste. Besides, methanol is volatile thus safety measure must be taken into
consideration during handling of the substance. In the search to find replacement for the methanol,
IL has been identified to be greener in nature and possesses similar capability as solvent in biodiesel
preparation.
2. Ionic Liquid
Generally, IL can be described as an organic salt constitutes of cations and anions that exists as
liquid at room temperature [6]. Modern technology enables more groups of IL to be synthesis.
Since IL constitutes anion and cation of two different salts, its formation is controllable by finely
tuning the strength of the anion and cation according to desired final product. As listed by
Ramadhan, Pornwongthong, Rattanaporn, and Sriariyanun [7], there are six groups of cation that
are widely used in IL formation. They are imidazolium, pyridinium, pyrrolinium, cholinium,
ammonium, and phosphonium. In addition, trifluoromethanesulfonate, methyl sulfate,
hexafluoroantimonate,
methane
sulfonate,
tetrachloroaluminate,
tetrafluoroborate,
hexafluorophosphate, , iodide, thiocyanate, nitrate, hydrogen sulfate, and dihydrogen phosphate
are the 12 groups of anion which also well known for having broad applications in various industries
[8] and are popular in IL synthesis.
In 1914, Paul Walden became the first person to discover possess physical properties of IL [9].
As mentioned by D. Han, Tang, Lee, and Row [10] IL has low flammability and negligible vapor
pressure, high ionic, high thermal conductivity, and high dissolution capability towards many
substrate, non-toxic, and non-volatile. Besides, as a substance that can act as solvent, IL is more
favorable compared to other substance because of its properties such as polarity and
hydrophobicity can be finely tuned by customized selection of cations and anions [11].
Due to superior properties of IL, literature review shows that besides being used in biodiesel
synthesis, IL as catalyst and solvent can be found in broad applications such as Knoevenagel
condensation [12-13], Fridel-craft acylation [14-15], Markovnikov’s addition reaction [16-18], liquid
extraction [10], Feist-Benary reaction [19] and Erlenmeyer synthesis of azlactones [20]. Famous
claim is that IL is more costly compared to other catalyst and solvent and that remains the major
limitation for application of IL at large scale. However, as revealed by Zhao et al. [18], apart from
bulk purchase [21], it is possible to overcome this well-established downside of IL by coupling some
suitable complexing agents with desired solid organic salts to produce deep eutectic solvent; a
solvent having similar features as those in IL but simpler in terms of preparation and relatively
cheaper with high purity [22].
A. Multiple Functions of Ionic Liquid
Earle [14] in their study divided IL into three major categories; Brønsted acidic IL, Brønsted
base, and Lewis acid IL. In contrast, Ratti [23] categorized IL into two major groups; simple salts and
binary IL. Being differ to both, Andreani and Rocha [9] reviewed that IL can be clustered into two
major groups; one is based on chlorometallate anions and another containing no metals. Either way
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of grouping, IL can be acidic or basic depending on which functional groups are attached to cation
and anion of the IL [23]. In comparison to conventional catalyst and solvent, IL in application of
biodiesel preparation bears one distinguished specialty which is capability to act as catalyst, solvent
and co-solvent. In any reaction, the solvent is important to dissolve all reacting components to
maximize contact [24] hence ensuring reaction occurs. Due to negligible vapor pressure, IL is
attractive in biodiesel production it broadens the range of temperature in which the reaction takes
place without easily vaporize to surrounding [25]. As reported in many literature, conventional
solvent such as methanol evaporates at considerably low temperature and decomposes at elevated
temperature [24]. Continuous reaction beyond that point degrades biodiesel yield caused by loss of
the solvent and increasing in viscosity that results from decomposition of the solvent which later
dissolves in reaction mixture [26-27]. This notion is supported by Onukwuli, Emembolu, Ude, Aliozo,
and Menkiti [28] whereby in their response surface study they proved that methanol is in direct
relationship with temperature until some point along the reaction, increasing in temperature
retards the oil conversion due to loss of solvent from evaporation.
Another feature of IL which is attractive to biodiesel production is adjustable solubility and
miscibility of the solvent with other organic and inorganic solvent [8]. The ability of the solvent to
form biphase or multiphase layer in reaction mixture facilitates product separation and eases
catalyst and solvent recovery [29]. Application of IL as a solvent in liquid phase microextraction
(LPME) technology improves the extraction process by exerting additional ionic interaction which is
mutual electrostatic attraction to existing dipole-dipole and van der Waals interaction [10]. In
extraction of lipid from Chlorella sorokiniana, 1-butyl-3-methylimidazolium hydrogen sulfate
([BMIM][HSO4]) in the present of microwave irradiation enhances the process by 1990% relative to
conventional heat as the IL actively dissolves the lipid and the mixture gains more energy to
separate more efficiently [30].
Possibility on designing desired features in IL attracts a great interest to utilize biodiesel in
biodiesel synthesis [31-32]. Previously, many ionic liquids contain imidazole cations. This notion is in
line with the one agreed by F. Zhou, Xin, and Hao [33] whereby they mentioned that
imidazolium-based IL is one of common IL. Thus, in 2004 they improved the existing ionic liquid by
eliminating halogen element from the substance to produce a ‘greener’ solution with sulfate
anions. Manipulation of imidazole-based ionic liquid requires less laborious task since the
procedures are considered simple and straight forward [34].
In esterification, imidazolium-containing IL affects the reaction differently when the material is
reacted with and without functionalized groups of chemical species. [33] reported that, coupling
with HSO3 - functional Brønsted acidic IL improves the esterification reaction tremendously. In fact,
functionalized imidazolium IL increases biodiesel synthesis even when it performs dual-function IL
in the conversion of waste vegetable oil [35]. In comparative study by Ha et al. [21],
transesterification of soybeans in 1-butyl-3-methylimidazolium trifluoromethanesulfonate
([Emim][TfO]) as the reaction solvent is faster than those in tert-butanol and three times higher in
terms of product yield than that in solvent-free condition. In terms of technical advantage,
scientists agree that imidazolium- based IL is easy to be separated from reaction mixture, thus
simplify catalyst recovery process at the end of production [35]. Many reactions using reactions
listed proceeds between reaction temperatures of 55 to 70℃ [36-37] in 2 to 8 hours [38]. The
reaction temperature is mild considering that methanol evaporates approximately at 60C.
Therefore, under this reaction condition methanol loss due to prolong heating is negligible. This
feature, although not applicable to all ILs, in one way can compensate for the major drawback of IL
which is high cost for its synthesis.
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IL compared to other conventional catalyst possesses good catalytic performance. Because it
can be separated in less complicated procedures, solvent can be used repeatedly without dramatic
decrease in biodiesel yield. This is supported by the fact that recovered solvent is high in purity and
minimal loss due to mixing with glycerol. From environmental point of view, high reusability of IL
serves the nature in a safer mode since it minimizes waste generation thus influence the
environment with the least impact [39]. Transesterification of soybean using seven different ILs has
shown that the catalyst is recyclable for at least three times without rapid reduction in product
yield. Among the IL used, [(CH3CH2)3N(CH2)3SO3H]HSO4 [40] and [Et3NH]Cl–AlCl3 [41]are better in
reusability compared to cholinium hydroxide [42], BMI·NTf2 [43], choline chloride·xZnCl2 [44] and
[Hnmm]OH [45].
B. Acidic Ionic Liquid
Acidic IL is similar to conventional acid catalyst thus its strength, as proposed by Q. Wu, Chen,
Han, Wang, and Wang [46] the strength of acidic IL is linked to dissociation of H+. Presumably, since
IL is thermally stable. Increase in temperature promotes more liberation of H+, hence improves its
catalytic performance with increasing acidity [37]. As highlighted earlier, there is possible
customization in IL formation according to specific reaction requirement. It gives significant
difference in many applications. For instance, observed that during the reaction of IL which is
synthesized with zwitterionic precursor, no obvious fumes or vapour pressure observed as does in
conventional strong acids.
Tran et al. [45] compared catalytic transesterification of soybean and Botryococcus braunii
using strong acid such as sulphuric acid and sulfuryl chloride as acidic IL. The result indicates that
slight increment in IL dosage enhances the biodiesel conversion remarkably with catalyst increment
from 3 to 21%. Meanwhile, no similar effect takes place when conventional acid catalyst is used.
Similar results were obtained when the reaction was conducted in low-frequency, high-intensity
ultrasonic-assisted condition [48] whereby little increment in catalyst loading improves the
biodiesel yield tremendously. IL is similar to conventional acid such that it functions better even in
the reaction using feedstock consists of high free fatty acid [7]. In the attempt to conduct direct
transesterification of Jatropha curcas sp.; feedstock well-known for its high free fatty acid,
1-butyl-3-methylimidazolium tosylate [BMIm][CH3SO3]–FeCl3 was reported to produce higher yield
of biodiesel with 99.7% of biodiesel yield in the present of 6:1 of methanol to oil ration at 120℃ in
7 hours [6]. In contrast, when the same feedstock was tested with cholinium hydroxide (ChOH); a
basic IL, the yield depreciates to 95% while the optimum ratio of methanol to oil increases at
reduced temperature and reaction time [49].
Since Brønsted acid can operate in mild temperature and possess bigger acid group number, it
forms the IL which is widely used in biodiesel synthesis [7]. In esterification reaction, Brønsted acid
IL pretreats low grade feedstock to achieve acceptable level of free fatty acid that inhibits
saponification [50]. In the development of green catalyst for esterification of carboxylic acid in
alcoholic condition, 1-methylimidazolium tetrafluoroborate ([Hmim]BF) was reported to convert a
minimum of 94% of the reactant and the product was easily separated due to obvious immiscibilty
[51]. Liu, Wang and Xie [50] screened 9 Brønsted acid IL constitute of immidazolium cation. The
result revealed that 1-(3-sulfonic acid)propyl-3-3-methylimidazole hydrosulfate, [HO3S-pmim]H2SO4
is superior in catalytic performance over others which are [Hmim]HSO4 , [Hmim]H2PO4 , [Hmim]BF4
, [C4mim]HSO4 , [C4mim]H2PO4, [C4mim]BF4 , [HO3S-pmim]HSO4 , and [HO3S-pmim]BF4 with 93%
biodiesel yield in 8 hours at 120℃ and waste oil and methanol ratio of 1:12. From the finding, they
concluded that the acidity of IL influences catalytic activity of material.
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C. Acidic Ionic Liquid
Acidic IL is similar to conventional acid catalyst thus its strength, as proposed by Q. Wu et al.
[46] the strength of acidic IL is linked to dissociation of H+. Presumably, since IL is thermally stable.
Increase in temperature promotes more liberation of H+, hence improves its catalytic performance
with increasing acidity [37]. As highlighted earlier, there is possible customization in IL formation
according to specific reaction requirement. It gives significant difference in many applications. For
instance, observed that during the reaction of IL which is synthesized with zwitterionic precursor,
no obvious fumes or vapour pressure observed as does in conventional strong acids.
Tran et al. [45] compared catalytic transesterification of soybean and Botryococcus braunii using
strong acid such as sulphuric acid and sulfuryl chloride as acidic IL. The result indicates that slight
increment in IL dosage enhances the biodiesel conversion remarkably with catalyst increment from
3 to 21%. Meanwhile, no similar effect takes place when conventional acid catalyst is used. Similar
results were obtained when the reaction was conducted in low-frequency, high-intensity
ultrasonic-assisted condition [48] whereby little increment in catalyst loading improves the
biodiesel yield tremendously. IL is similar to conventional acid such that it functions better even in
the reaction using feedstock consists of high free fatty acid [7]. In the attempt to conduct direct
transesterification of Jatropha curcas sp.; feedstock well-known for its high free fatty acid,
1-butyl-3-methylimidazolium tosylate [BMIm][CH3SO3]–FeCl3 was reported to produce higher yield
of biodiesel with 99.7% of biodiesel yield in the present of 6:1 of methanol to oil ration at 120℃ in
7 hours [6]. In contrast, when the same feedstock was tested with cholinium hydroxide (ChOH); a
basic IL, the yield depreciates to 95% while the optimum ratio of methanol to oil increases at
reduced temperature and reaction time [49].
Since Brønsted acid can operate in mild temperature and possess bigger acid group number, it
forms the IL which is widely used in biodiesel synthesis [7]. In esterification reaction, Brønsted acid
IL pretreats low grade feedstock to achieve acceptable level of free fatty acid that inhibits
saponification [50]. In the development of green catalyst for esterification of carboxylic acid in
alcoholic condition, 1-methylimidazolium tetrafluoroborate ([Hmim]BF) was reported to convert a
minimum of 94% of the reactant and the product was easily separated due to obvious immiscibilty
[51]. Liu, Wang and Xie [50] screened 9 Brønsted acid IL constitute of immidazolium cation. The
result revealed that 1-(3-sulfonic acid)propyl-3-3-methylimidazole hydrosulfate, [HO3S-pmim]H2SO4
is superior in catalytic performance over others which are [Hmim]HSO4 , [Hmim]H2PO4 , [Hmim]BF4
, [C4mim]HSO4 , [C4mim]H2PO4, [C4mim]BF4 , [HO3S-pmim]HSO4 , and [HO3S-pmim]BF4 with 93%
biodiesel yield in 8 hours at 120℃ and waste oil and methanol ratio of 1:12. From the finding, they
concluded that the acidity of IL influences catalytic activity of material.
D. Enzymatic Reaction in Ionic Liquid
A feature that make it superior than other volatile organic solvent is its ability to form variety of
new compound by correct combination of cation and anion. Despite this advantage, one cannot
simply couple a cation group with anion such that the newly formed compound might be too
hydrophobic or hydrophilic. This is because too hydrophobic of an IL can poorly dissolve lipids while
the highly hydrophilic property of IL inhibits enzyme activity [52]. Besides, high cost [53] and
instability of enzyme remains the major setback to bring the application of biocatalyst with IL for
biodiesel synthesis [54] to industrial level. Nevertheless, there are few reports related to
biocatalyzed application of IL in the deliberate attempts to study the efficiency of IL as catalyst
support or reaction solvent as listed in Table 1.
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Table 1
Application of ionic liquid for biodiesel production in enzymatic condition
Ionic liquid
[Emim][TfO]
[BMI·NTf2]
[Emin][BF4]
[Omim][PF6]
[BMIM][PF6]
[BMIM][PF6]
[OmPy][BF4]
[BMIM][PF6]
[C18mim][NTF2]
Ammoeng 102
[omim][PF6]
[C16MIM][NTf2]
[BMIm][PF6]
[C18tma][NTf2]
[BMIm][PF6]

Ionic liquid functions
Solvent
Catalyst support
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Solvent
Catalyst

Biocatalyst
Novozym 435
Pseudomonas cepacia lipase
Wild type R. Oryzae fungal strain
Novozym 435
Novozym 435
Penicillium expansum lipase
Burkholderia cepacia lipase
Penicillium expansum lipase
Novozym 435
Novozym 435
Novozym 435
Novozym 435
Penicillium expansum lipase
Novozym 435
Lipozyme RM IM

Ref.
[21]
[55]
[56]
[57]
[54]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]

Several enzymes that are attractive in biodiesel production in IL system are Novozym 435 [21],
Pseudomonas cepacia lipase [55], Penicillium expansum [58], Burkholderia cepacian [59], Lipozyme
TL IM [62], Lipozyme RM IM [6267], and Pseudomonas ﬂuorescens lipase [64] with Novozym 435
being the most frequent tested enzyme. Except for a few, application of IL alongside biocatalyst is
to act as solvent instead of co-solvent or co-catalyst. Due to hydrophilic adverse effects of IL to the
enzyme performance [68-69] most transesterification oil lipid and oil are done using other than
methanol organic solvent. In most cases, tert-butanol and hydrophilic IL has been the popular
choice [58]. To ensure high biodiesel yield, it is essential to select the accurate group IL so that the
IL-enzyme synergistic effect of the reaction will result in high tolerance of the mixture towards the
methanol [56]. The same view is shared by K.-P. Zhang et al. [60] as they concluded in their study
that different IL groups depicts contradicted resistance towards methanol when it is used as the
solvent.
Based on the numerous studies reports, one obvious similarity between them is that glycerol
forms the final of transesterification. In a purer state, it may be valuable for commercialization of
various market. But that is not always the case in transesterification, especially those using high
free fatty acid feedstock. In the enzymatic reaction, glycerol inhibits the activity of the catalyst thus
reducing the efficiency of the whole reaction and decrease the possibility of recycling the
biocatalyst. One alternative to avoid the formation is by directing the reaction to the formation of
biodiesel as the main and triacetylglycerol instead of glycerol of the by-product [54]. The
alternative, although it seems promising in terms of solving problems related to denaturation of
enzyme [70], it however creates further complication in separation the by-product. Owing to the
fact IL is capable to dissolves many compound, Lozano et al. [66] demonstrated that it is possible to
separate the transesterification of triolein and its by-product in a straight forward manner by taking
the unique properties of IL to behave in a sponge-like compound. To understand this notion, the
manipulation on IL state is done by ensuring formation of liquid monophasic homogeneous system
between IL and other reacting materials at early stage of transesterification for maximum enzymereactant contact and formation of solid-liquid state at towards the end of the reaction. Using IL as
solvent in the system, study by Lozano et al. [71] suggested that it is possible to establish this
system by choosing IL consisting long chain alkyl side-chains.
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4. Limitation
Until very recently, minimum number on published literature can be found that relates
application of IL in biodiesel production. Therefore, the iconicity, flammability, and causticity of
some IL are unknown [72]. The fact that IL is claimed to be ‘green chemical’ but for ILs which are
newly discovered the status is yet to be determined [73]. Nevertheless, information on qualitative
qualities such as nuclear magnetic resonance (NMR) spectroscopy thermal characteristics, as
suggested by [Noda et al. [74]] and Schwenzer, Kerisit, and Vijayakumar [75] can be determined
using Walden plots. Although IL is known to be ideal for biodiesel separation and glycerol removal,
little is known about the effect of accumulated by-product to the recovery of biodiesel [76].
As for acidic IL, no specific method in which it can be employed to determine acidity of
substance, this acidity of IL remains unknown [46]. Mentioned in previous section is high reusability
of IL. But in case where solid IL is used in the reaction, solidifying of the mixture and removal of the
entire product by solvent extraction might cause IL loss its catalytic strength in consequent reaction
[31]. In terms of catalytic performance in enzymatic condition, despites its high efficiency to
produce high biodiesel yield, IL is mostly likely to deactivate the active site of the enzyme, thus
reduces its reusability [56] and necessitates for longer reaction time [21].
4. Conclusion
Ionic liquid has attracted a great interest in biodiesel synthesis due to its superior features
which is feasible for biodiesel production. As a ‘green chemical’ IL is highly potential to completely
replace conventional catalyst and solvent which are currently used at industrial level. Although high
price of it remains the main obstacle in employing IL at large scale, proper planning and deeper
studies from economic aspect helps in allocating minimum total cost. Besides, IL which is highly
reusable would compensate for high cost of the raw materials for IL synthesis.
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