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contamination such as methyl mercury and copper from the sea. Microalgae has the
advantage of presenting neither an unpleasant odour nor a high amount of cholesterol.
The presence of squalene and phytosterols in microalgae offer additional benefits to
human health. The existing conventional methods of lipid extraction like soxhlet
consume large amount of solvent and hence consider high toxic and energy intensive.
lonic liquids (ILs) are new classes of solvents that have the potential in extracting the
microalgae lipid. ILs provide low vapor pressure, high thermal stability, non-toxicity and
they can dissolve polar, non-polar and polymeric components. Very limited research
has been conducted on extracting microalgae lipid especially PUFA using ILs therefore,
this study aims to screen the potential ILs that can be used in the lipid extraction
process. The screening was carried out using Continuum Solvation Models for Real
Solvents (COSMO-RS) method to investigate the effect of different types of anions base
ILs by calculate the activity coefficient value. It was found that the lowest activity
coefficient has the best interaction between the solute and solvent. According to the
results the lowest activity coefficient for EPA and DHA extraction belongs to [benzoate]
as anion for the octyl-methyl imidazolium base ILs.
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1. Introduction

Omega-3 poly unsaturated fatty acid (PUFA) particularly eicosapentaenoic acid (EPA), and
docosahexaenoic acid (DHA) has potential to reduce the risk of cancer, cardiovascular disease,
autoimmune, inflammatory disorders, cystic fibrosis, disrupted neurological function, bowel disease
and mental illness [1-3]. Therefore, the use of PUFA as health prospects has gained a great attention
in last years. Fish is considered the main source of PUFA. The intake of fish oil for months may cause
a deficiency of vitamin E due to the high level of vitamin A and D involve in fish lipids [4]. Many
harmful contaminants such as methyl mercury, copper and organic pollutants as polychlorinated
biphenyls (PCBs) or dioxins are also found in some species of fish especially in salmon, sardine, and
tuna which may impose toxic effect to human health [4], therefore the alternative sources of omega-
3 PUFA are required. Microalgae oil and fish oil have the same amount of omega-3 but microalgae
oil has more advantages in terms of health and less toxicity compared to fish oil [5]. The microalgae
oil does not have unpleasant smell and cholesterol, It contains squalene and phytosterols which has
many benefits for human health [6]. Moreover, microalgae are easily cultivated which avoid
differences in seasonal production.

There are several methods that have been used for lipid extraction including Soxhlet [7] and Bligh
& Dyer as traditional methods [7] and non-traditional methods such as supercritical fluid extraction
(SFE), Subcritical Water Extraction (SWE), Ultrasound-Assisted Extraction (UAE), Microwave-Assisted
Extraction (MAE), Enzymatic-Assisted Extraction (EAE) and lonic Liquids (ILs) [8]. Traditional methods
involve large amount of toxic solvents, they are mostly time consuming and they demand a huge
amount of energy as compared to non-traditional methods. lonic Liquids (ILs) on the other hand has
been observed to have high potential in extraction the microalgae lipids. The lonic Liquids (ILs) are
salts with low melting point and consist of organic cation and organic or inorganic anions [9]. The
cations of ILs are generally composed of nitrogen contacting ring like imidazolium, pyrrolidinium to
which a different functional groups can be added [10]. Furthermore, ILs are considered as green
solvent due to the remarkable properties such as low vapor pressure, high thermal stability, non-
toxicity, non-flammable and dissolve polar, non-polar organic, inorganic and polymeric components
[11]. Pan et al., [8] investigated the microwave assisted extraction of lipid from Nannochloropsis
salina, Chlorella sorokiniana and Galdieria sulphuraria by using [BMIM][HSO4] as IL. They found that
the selected IL had higher extraction yield than conventional methods of oil bath and organic solvent.
ILs have prominent advantages over organic solvent like hexane in terms of extraction efficiency and
green solvent, however there are only a few literatures available to use ILs for extraction of long
chain fatty acid such as EPA (C20:5n-3) and DHA (C22:5n-3). The use of some types of ILs for
experiment is costly, thus a reasonable screening study to choose an appropriate IL based on
different cations and anions combination seems obligatory to ensure the highest extraction rate with
minimum consumption of solvents [12; 13; 14; 15; 16]. ILs characteristics are required to be predicted
during the screening prior to be used in experimental approaches. The activity coefficient (AC)
measures the degree of nonideality of a compound in solution. The greatest degree of nonideality is
at infinite dilution, when a single solute molecule is completely surrounded by solvent. The infinite-
dilution activity coefficient (IDAC) can be used to predict the behavior of liquid-liquid or solid-liquid
equilibrium [17]. Therefore, IL behaviour towards EPA and DHA can be predicted by AC at infinite
dilution. Previously, also AC at infinite dilution have been used for the purpose of extraction process.
Conductor like screening model for real solvent (COSMO-RS) is a model that can be used for calculate
the infinite dilution AC in order to fast prior prediction [18]. A study has been conducted by Rezaei
motlagh et al., [19] investigated the effect of AC and capacity values at infinite dilution for EPA
extraction and the highest capacity for EPA extraction among 352 screened cation/anion

24



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 58, Issue 1 (2019) 23-29

combinations belongs to [TMAm][SO4]. Moreover, A study examined by Anantharaj and Banerjee
[20] has been screened 28 anions and 6 cations resulting in 168 possible combinations via COSMO-
RS Initially to predict the infinite dilution AC of thiophene in ionic liquids. They found that the cation
without the aromatic ring combined with anions having sterical shielding effect such as [SCN],
[CH3S0s3], [CH3COO], [Cl], and [Br] demonstrated to be the most suitable IL for desulphurization.
Furthermore, the effect of AC at infinite dilution and solubility has been investigated in another study
by Song et al., [21] for extractive desulfurization process. The effects of anion and cation on the
extractive performance of ILs are studied by COSMO-RS, and the IL [C4MIM][H2PO4] is designated
based on the standard [21].

In this study, COSMO-RS has been used to select the most suitable ILs as a part of solid-liquid-
liquid extraction of EPA and DHA from microalgae. This work is aimed to predict infinite activity
coefficient values of imidazolium ILs ([OMIM]) for EPA and DHA as extractant.

2. Methodology

The molecules geometries were optimized by turbo mole 6.3 to generate COSMO files using BP
functional with a triple-zeta valence with polarization (TZVP) as a basis set. Steps taken to perform
the screening study are including the introduction of sample EPA and DHA properties to the software,
calculation of AC values of cations and anions based ILs and finally the selection of ILs with minimum
activity coefficient as the result.

2.1 Computational Considerations

COSMO-RS is a theory with the purpose of quantum theory, surface interactions, dielectric
continuum models, and statistical thermodynamic properties which has been described for first time
in a work by [22]. At first, in 1998 the application of COSMO-RS was limited by calculation of the AC
in infinite dilution for vapor-liquid equilibria of binary mixtures. Then the usage of COSMO-RS go
further to calculate all kinds of phase equilibrium such as vapor-liquid, liquid-liquid, solid-liquid
predictions [22—-24].

2.2 Data Collection and Screening Process

The chemical structure of EPA and DHA is first optimized by TZVP according to thermodynamic
properties and inserted to the data bank of COSMO-RS. Next, chosen the cations from imidazolium
based ILs and hydrophilic and hydrophobic anions. The screened ILs was referred from the lipid
extraction literature as a basis. Then, the software calculates the related activity coefficient for each
ILs. The chemical structure of EPA and DHA are illustrated in Table 1.

Table 1

Structure of EPA and DHA

Shorthand  Syntethic Name Trivial Formula Chemical Structure

Sign Name

20:5 Eicosapentanoic EPA C20H3002 N N N e Ao NN OH
acid (l,)

22:6 Docosahexaenoic DHA C22H3202 ST =~ OH
acid 0
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3. Results

The activity coefficient values represent the interaction between the chemical structure of ILs
and EPA and DHA. Lower activity coefficient results in higher extraction capacity according to Eq. (1)
hence the lowest activity coefficient is desired as the target of screening. The COSMO-RS method
used to predict the behavior of different types of anions namely Benzoate, Toluene-4-sulfonate,
Octhyl-SO4, DCN, Buthyl-SO4, Ethyl-SO4, OTF, TF;N, PF3, HSO4, BF4 and PFe. The screening was
performed towards finding the behavior of anions in interaction with EPA and DHA in the case of long
chain imidazolium base IL [OMIM]. Generally, the activity coefficient is a thermodynamic factor which
shows the deviation from ideal behavior in a mixture [25]. The lowest activity coefficient values
represent the highest interaction between solute and solvent as well as it shows the highest lipid
extraction vyield. Figure 1 and Figure 2 show the activity coefficient values of 1-octyl-3-methyl
imidazolium ([OMIM]) cation based IL with different types of anions in order to screen the suitable
one for EPA and DHA extraction respectively.
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Fig. 1. The AC values of [OMIM)] cation based ILs for EPA extraction at T=298.15 K

The lowest activity coefficient values of [OMIM] belongs to benzene as anion for both EPA and
DHA extraction. The activity coefficient values of benzene for DHA is lower than EPA which means
[OMIM]Benzoate IL can extract more DHA rather than EPA. The AC values for [OMIM]Toluene-4-
sulfonate, OTF, Octhyl-SO4, Buthyl-SO4, Ethyl-SO4, and DCN for DHA extraction and [OMIM]Toluene-
4-sulfonate, OTF, Octhyl-SOa, Buthyl-SO4, Ethyl-SO4, and PF3 for EPA extraction are less than 1.
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Fig. 2. The AC values of [OMIM)] cation based ILs for DHA extraction at T=298.15 K

[OMIM]HSO4 and [OMIM]PFs are observed to be inadequate ILs for EPA and DHA extraction
respectively due to have the highest AC values at infinite dilution. The lowest to highest AC values for
EPA extraction follow this order: [OMIM]Benzoate < Toluene-4-sulfonate < Octhyl-SO4 < PF3< Buthyl-
SO4 < Ethyl-SO4 < DCN < TF2N < OTF < PFg < BF4 < HSO4 and for DHA: [OMIM]benzene < Toluene-4-
sulfonate < Octhyl-SO4 < DCN < Buthyl-SO4 < Ethyl-SO4 < OTF < HSO4 < TF2N < PF3 < BF4 < PFe.

4. Conclusions

COSMO-RS method was used to evaluate the effect of anion changes on long chain of imidazolium
cation [OMIM] base ILs for extraction of EPA and DHA. Several anions were selected for screening
including Benzoate, Toluene-4-sulfonate, Octhyl-SO4, DCN, Buthyl-SO4, Ethyl-SO4, OTF, TF2N, PFs3,
HSOa4, BFs and PFs. The target of screening was to select an anion with lowest activity coefficient
which lead to have highest capacity. The most favourable IL with lowest activity coefficient value was
selected [OMIM]Benzoate for both EPA and DHA and is expected to result in desirable amount of
yield when applies in microalgae lipid extraction.
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