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ABSTRACT

This research investigation assessed the potential of choline chloride-based deep eutectic
solvents (DESs) in removing impurities from lumbang (Aleurites moluccana)-derived biodiesel.
Lumbang oil (56% wt.) which contained about 6.5% free fatty acids was converted into biodiesel
through direct acid-base catalyzed reaction. Three different DESs were prepared in a 1:2 (choline
chloride:glycerol, ChCI:Gly), 1:2 (choline chloride:ethylene glycol, ChCl:Eg), and 1:2:2 (choline
chloride:glycerol:ethylene glycol, ChCl:Gly:Eg) molar ratios. The crude biodiesel was purified with
DESsina 1:1 and 2:1 DES-biodiesel molar ratios. The results of the investigation showed variations in
the extraction efficiencies of the three DESs. Binary DESs (DES1 and DES2) successfully fulfilled the
standard limits for biodiesel (ASTM D6751; EN 14214) with ChCl:Eg DES (1:2) in a 1:1 DES:biodiesel
molar ratio exhibiting maximum removal. Physicochemical characterization of the purified biodiesel
showed a decrement in impurities with maximum removal efficiencies of 98.0% (methanol), 89.0%
(total glycerides ), and 99.9% (unreacted triglycerides). The decrease in glyceride impurities was
reflected in the decrease of kinematic viscosity and enhancement of fatty acid methyl ester. These
results demonstrated the effectivity of choline chloride-based deep eutectic solvents in improving
the economic viability of lumbang biodiesel as green alternative fuel.

Keywords: Lumbang biodiesel, Deep eutectic solvents, Fatty acid methyl ester, Candlenut,
Direct acid-base catalysis, Free fatty acids, Spectroscopic analysis.

INTRODUCTION The increasing utility of nonrenewable fossil fuel has

led to the increase not only in the cost of the fuel

The demand for fuel energy isincreasingat  but also in the release of carbon particulates that

a faster rate due to increasing population and rapid  cause global temperature to rise®. This worldwide
industrialization in some countries of the world"2.  problem on fossil fuel depletion and environmental

This is an Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC- BY). @
Published by Oriental Scientific Publishing Company © 2018




VILLARANTE et al., Orient. J. Chem., Vol. 36(3), 385-396 (2020)

contamination has encouraged scientists to search
for fuel alternative that is renewable, environmentally
benign, and cost-effective*. Biodiesel is one of the
fuel alternatives that has been considered due to
its close similarity to petroleum diesel combustion
properties® but has the advantages of being less
toxic, biodegradable, and renewable®. Biodiesel has
low COx and SOx emissions than petroleum diesel
because it is more oxygenated and contains less
sulfur than petroleum-based fuel”®. This renewable
energy source is produced by transesterification of
a triglyceride such as vegetable oil or animal fat with
a short chain alcohol (methanol or ethanol) in the
presence of an acid, base, or enzyme catalyst®°.
Early researches on biodiesel feedstocks focused
on the oil extracted from plants such as rapeseed',
soybean', and coconut 0il'® but because of food
versus energy issue', attention is now directed
towards the use of second generation biofeedstock
such as algae’®, jatropha'®, rubber seeds'’, and other
non-edible oil sources''°. The competitive nature of
biodiesel against petroleum-based diesel is usually
limited by the nature of feedstock, synthetic process,
and biodiesel purification technique'”2%2', The
efficiency of biodiesel as a fuel is usually decreased
due to the presence of various impurities such as
excess reactants, partially hydrolyzed products,
water, and glycerol?. These unwanted impurities can
decrease engine performance and may cause side
reactions leading to the production of toxic products
such as acrolein and carbon particulates?*2*. Before
a biodiesel can be used commercially, it has to pass
the accepted international standards (EN 14214 and
ASTM D6751)2 for biodiesel; thus, the removal of
impurities is of utmost importance. Various methods
of biodiesel purification have been employed and it
appears that wet washing which utilizes water as
the washing agent is highly accessible; however,
this process shares a large portion of the production
cost and decreases engine performance?. The
hydrolyzing property of water causes the alkylester
or biodiesel to breakdown releasing fatty acids that
can corrode the combustion engine.

Recently, a new wave of generation solvents
known as ionic liquids (ILs)?” and deep eutectic
solvents (DESs)?® were extensively investigated for
various applications. These are ionic substances that
exist as liquids at ambient temperature and exhibit
several advantages over other solvents such as
nonflammability, eco-friendly, and tunable polarity.
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DESs are highly favored than ILs because of their
less toxic property and environmental compatibility®.
These new solvent systems contain individual
substances with high melting points; however, due
to hydrogen bonding interaction®, a sudden drop
in the melting point of the mixture is observed and
with the proper molar ratio of the two components,
a liquid phase can be observed at relatively low
temperature®'.

The formation of low temperature liquid
mixture is not only restricted to the mixing of two
solids with high melting points but DESs can also
be formed by the combination of a cationic solid and
a liquid with low melting point such as glycerol and
ethylene glycol®2. DES can easily be synthesized
with one hundred percent economy by mixing a
hydrogen bond acceptor (HBA) like choline chloride
with a hydrogen bond donor (HBD) like glycerol and
carboxylic acid®. In 2007, Abbott®*? and his research
team, successfully extracted glycerol impurity from
biodiesel using choline chloride-glycerol DES.
Because DES can interact with both polar and
nonpolar components, it is envisaged that maximum
removal of impurities from biodiesel can be attained
using appropriate DES system. In the present
investigation, candlenut (Aleurites moluccana)-
derived biodiesel was purified using various choline
chloride-based DESs. The removal efficiency of
DESs was assessed by conducting physicochemical
characterization on the purified biodiesel following
the accepted international standards on biodiesel.
Candlenut is a plant commonly found in tropical
regions which can grow as high as 10 m. It is grown
domestically as lumbang tree in the Philippines.
Lumbang seed can produce 30-60% nonedible oil®*
which makes it a potential feedstock for biodiesel
production.

MATERIALS AND METHODS

Materials

Lumbang seeds were obtained from the
College of Forestry, University of the Philippines
Los Bafos, Laguna. Choline chloride, glycerol,
and ethylene glycol which are of analytical grade
were purchased from Sigma Aldrich (Singapore).
These reagents were dried in a desiccator for 6 h
before being used. Hexane, methanol, H,SO,, and
NaOH (ACS grade) were obtained from Merck. All
chemicals were used without further purification.
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Extraction of Lumbang Oil

Good quality lumbang seeds were washed
and air-dried for 48 h at room temperature and
then cracked to obtain the kernel. The kernels
were dried further at 100°C for 3 h before being
ground. Lumbang oil was extracted using a Soxhlet
apparatus. Twenty-five grams (25 g) of the ground
sample was introduced into an extraction tube that
was connected to a 250-mL flask containing hexane
(150 mL). The solvent was then heated at its boiling
point (68°C) to extract the oil which lasted for 3 hours.
The resulting oil-solvent mixture was filtered and
then was subjected to a rotary evaporator at 40°C
to remove the solvent.

Physicochemical Characterization of Lumbang oil
Acid Number and Percent Free Fatty Acid
Determination

Following standard procedure, lumbang oil
(5 g) was mixed with absolute ethanol (25 mL) and
then heated at 65°C for 10 minute. After cooling the
solution to room temperature, this was titrated with
0.10 M KOH until phenolphthalein endpoint. The acid
number was calculated using equation 1.

Acid Number = VKOHXM?\?HXMWKOH (1)%®
oil

where V, .., the volume of KOH (mL);

M the molar concentration of KOH; MW the

KOH?

molar weight of KOH, and W_,
sample.

KOH?

the weight (g) of oil

The free fatty acid (FFA) content in lumbang
oil was then calculated using equation 2.

M 100
1000~ Wy (2)

Where M is the average molar weight of
fatty acid.

Saponification Number

A mixture containing 5 g oil and 25 mL
of 0.5 M alcoholic KOH was refluxed for 15 min
and then titrated to end point using 0.5 M HCI and
phenolphthalein indicator. The same treatment was
done with the blank control which contains 25 mL of
alcoholic KOH (0.5 M). The saponification number
was computed using equation 3.

g v -V, KMy xMWyon
Saponifcaton Number = Vaciany HCl(ss\r/nple]] Hel
ail
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where V , the volume of HCI

(HCI(blank))
required for the blank (mL) V cisampley the VOlume
of HCI required for the sample; and M, the molar

concentration of HCI.

lodine Number

A mixture containing oil (0.25 g), chloroform
(10 mL), and Wijs solution (25 mL) was introduced
into a 250-mL Erlenmeyer flask, covered, and mixed
continuously for 30 minure. The resulting solution was
charged with 30% KI (10 mL) and water (100 mL) and
then titrated with 0.1 M Na,S,0O, to endpoint using
starch as indicator. For the blank control, the same
procedure was performed but without the oil sample.
The iodine number was computed using equation 4.

(Vag5,03 otankg Ve 5,0y sample) ey 5,05 MWiogine
Wi

[odine Number =
(4)

where V| so050ian the volume (mL) of
Na,S,0, required for the blank; V\ ooz campey the
volume (mL) of Na,S,0, required for the sample;
M the molar concentratlon of Na,S,0,; and

(Na2s203 )’ 2~ 2~ 3
MW. the molar weight of iodine.

iodine’
Density
Density of the oil was determined according
to literature procedure®. An empty 50-mL pycnometer
(oven dried) was weighed before it was filled up with
water and weighed again at room temperature. The
same process was done for the oil sample and the
density of the oil was calculated using equation 5.

= (Wo-Wp)/(Ww-Wp) (5)

Where Wo, is the weight (g) of the oil; Wp,
the weight (g) of the pycnometer; Ww, the weight (g)
of the water.

Viscosity

A volume of 5 mL distilled water was
transferred to an Oswald viscometer and maintained
at room temperature. The liquid was then drawn to
a point above the upper graduation on the smaller
arm and allowed to flow down. The time required for
the liquid to pass from the upper mark to the lower
mark was recorded and 10 readings were obtained.
The same steps were done using the oil sample. The
viscosity (") of oil at temperature T was calculated
using equation 6.
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“oit_ _ __ PoirXToul
Pwater X Twater (6)

nwater

Where nolil, is the viscosity of the oil; ", __,
the viscosity of the water; p_,, the density of the oil;
P, the density of the water; T, the temperature
of the oil; and T. the temperature of the water.

water’

Direct Acid-Base Catalyzed Synthesis of
Candlenut Biodiesel

One hundred grams (100 g) of lumbang oil
amended with 0.7 g concentrated H,SO, and 25 mL
of methanol was introduced into a 250-mL distilling
flask which was attached to a reflux condenser.
The mixture was heated (65°C) and continuously
mixed (400 rpm) for 2 hours. The partially esterified
lumbang oil was cooled to room temperature and
the acid catalyst was neutralized with NaOH. The
mixture was charged with alcoholic methanol
(0.5 g NaOH/25 mL MeOH) and then heated and
mixed for another 2 hour. The resulting product was
cooled to room temperature and was transferred to
a separatory funnel and allowed to stand overnight
to separate crude glycerol and biodiesel.

DESs Synthesis and Biodiesel Purification
Three choline chloride (ChCl)-based
DESs were prepared using glycerol and ethylene
glycol as hydrogen bond donors. These were
prepared in three different molar ratios; 1:2
choline chloride:glycerol (ChCI:Gly), 1:2 choline
chloride:ethylene glycol (ChCI:Eg) and 1:2:2 choline
chloride:glycerol:ethylene glycol (ChCI:Gly:EgQ).
Each solvent system was placed in a flask and stirred
(300 rpm) while heated at 80°C until a clear mixture
was formed. The formation of DES was confirmed
by '"H NMR analysis. Each synthesized DES was
added to the biodiesel in two DES:biodiesel molar
ratios of 1:1 and 2:1. Extraction was done by stirring
the solution at 30°C for 4 hour. The resulting solution
was allowed to settle for 2 h to separate the DES
from the biodiesel layer. The purified biodiesel was
subjected to different physicochemical analysis.

'H NMR Analysis of DESs

"H NMR spectra were recorded on a
Bruker AVANCE Il spectrometer operating at 300
MHz. Chemical shifts were reported in ppm with the
solvent resonance (D,0) as the internal standard.
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FTIR Analysis of Lumbang-Derived Biodiesel

A drop of sample was placed between
KBr plates clamped and scanned from 4000 cm-'
-500 cm to obtain an FTIR spectrum (Thermo
Scientific Nicolet 6700 FTIR).

Physicochemical Characterization of Candlenut
Biodiesel

Characterization of DES-purified and
unpurified biodiesel was done at the Department
of Energy according to the accepted international
standard methods: FAME (EN 14214, Shimadzu
GC-2014); total glycerin and unreacted triglycerides
(EN 14105, Shimadzu GC-2014) and kinematic
viscosity (ASTM D445, Koehler™ Instrument
KV5000).

RESULTS AND DISCUSSION

Candlenut (Aleurites moluccana), also
known as lumbang in the Philippines, is a tree that
grows favorably in tropical regions. The plant seed
contains a considerable amount of non-edible oil
which can be a potential feedstock for biodiesel
(Fig. 1). However, one major disadvantage of using
biodiesel is the recurrence of impurities?* which
lower fuel efficiency. In this study, lumbang biodiesel
was synthesized and purified using the three
DESs and the purified biodiesel was characterized
according to the accepted international standards
(ASTM D6751; EN 14214).
v i \A“' N # v =

Characterization of Lumbang Crude Oil

Preliminary assessment on the properties
of lumbang oil is shown in Table 1. The golden yellow
color of lumbang oil (Fig. 1) which yielded about
56% of oil, considerably higher than other sources
of biofeedstock'%7, has an enormous viability as a
fossil fuel alternative.
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Table 1: Physicochemical properties of
lumbang crude oil

Property Experimental Value

Density (g/mL) 0.9271
pH 5.13

lodine number (g 1,/100 g oil) 120.50
Moisture (%wt) 12.22
Acid No. (mg KOH/g oil) 11.97
Saponification Number (mg KOH/g oil) 103.82

Free Fatty Acid (% ) 6.52
Viscosity (mm?/s) 27.34

The density of the oil (0.9271 g/mL) which
is within the biodiesel standard value (0.860-0.900)°
is a very important property to consider in assessing
injection pump condition. High density oil produces
biodiesel that could damage the injection pump
system. In addition, biodiesel with high density would
lead to incomplete combustion and accumulation of
carbon particulates in the atmosphere®. Lumbang
oil has a viscosity of 27.34 mm?/s which is relatively
low compared to other common biofeedstocks®®
but with comparable densities. Viscosity, which
measures the fluidity of fuel, is one of the important
parameters that is assessed as this would lower the
efficiency of the injection pipeline of the combustion
engine*’. The increase in the number of double
bonds, which is assessed by measuring the iodine
number, decreases the viscosity of an oil*'. The
iodine number of lumbang oil was 120.50 (gl,/100
g oil) close to the accepted standard value of 120
for biodiesel (EN 14214). In other investigations,
candlenut oil was reported to have an iodine number
which ranges from 130-140 (g 1./100 g oil) classifying
it as a semi-drying oil®. Environmental factors
such as seasonal variation, geographical location,
and soil conditions may affect oil compositions of
feedstock*2. An increase in iodine number which
accounts for the presence of double bonds in the fatty
acid component of the triglyceride has a negative
effect on the oxidation stability of the biodiesel;
however, this could lower the pour point and cloud
point temperature of the fuel*®. One disadvantage of
biodiesel is its high viscosity which increases at lower
temperature, but this can be remedied through the
use of additives or blending it with petrodiesel*.

The pH value of the oil was slightly acidic
(5.13) which was reflected in the higher acid value
(11.97) and %FFA (6.52) that were obtained. As
shown in Table 1, lumbang exhibited a saponification

value of 103.82 mg KOH/g oil and a moisture content
of 12.22% wt.; pertinent properties that affect the
percentage yield of biodiesel during synthesis.
Oil with high moisture content, %FFA, and high
saponification value has the possibility to form
emulsion due to soap formation thus decreasing the
ease of separation and the yield of biodiesel*+*.

Candlenut Biodiesel Synthesis and DESs
Purification

Preliminary assessment of the oil showed
that candlenut oil has high fatty acid content and this
would delimit the synthesis of biodiesel especially if
the reaction is catalyzed by a base because it would
lead to soap formation and thus lowering the yield of
biodiesel. Acid-catalyzed reaction is not affected by the
free fatty acid content of the oil; however, the reaction
has its own downstream due to the reversibility of
the reaction and longer reaction time*. Although
there are other methods of biodiesel syntheses,
these processes are either energy extensive, costly,
or time consuming*. Recently, a direct method of
acid-base catalyzed transesterification reaction has
shown promise in generating biodiesel with high
yield*. A similar synthetic strategy was utilized in
this investigation yielding 92.31% crude biodiesel for
an oil:methanol ratio of 4:1 (m/v) containing 0.7% wt.
H,S0, in the acid-catalyzed step and oil:methanol
ratio of 4:1 (m/v) containing 0.5% wt. NaOH for the
base-catalyzed step.

Synthesis of biodiesel involves the sequential
transesterification of triglyceride (oil) with alcohol of
which methanol is commonly used in the presence
of an acid or base catalyst or a combination of
both to finally produce a mixture of alkylesters
and glycerol (Fig. 2). However, due to reaction
limitation, byproducts such as water, glycerol, partially
hydrolyzed oil, alcohol, and catalyst can be integrated
in the biodiesel layer causing the efficiency of the
biodiesel to drop. Different DESs were prepared to
remove these impurities as shown in Table 2.

Table 2: Molar ratios of Deep Eutectic Solvents
(DESs) and DES-biodiesel phase systems

DES Composition DES Label DES DES:Biodiesel
Molar Ratio Molar Ratio
ChCl : Gly DES1-11 1:2 1:1
ChCl : Gly DES1-21 1:2 2:1
ChCl : Eg DES2-11 1:2 1:1
ChCl : Eg DES2-21 1:2 2:1
ChCl : Gly : Eg DES3-11 1:2:2 1:1
ChCl : Gly : Eg DES3-21 1:2:2 2:1

ChCl = choline chloride; Gly = glycerol; Eg = ethylene glycol



VILLARANTE et al., Orient. J. Chem., Vol. 36(3), 385-396 (2020)

R
+ R'COOMe

1. H,80 ©
1 H:80, HO{
2. NaOH o

R"

o]
A
[o]

0
o)LR- voon LHeS0s  HO * RCOOMe
+- e — "
”0{ © 2. NaOH OYR
OYR...
0

OH 1 HS0: g oH R"COOMe
HO + MeOH
2. NaOH OH
OYR---
o
o
Q OJLR- 1. W80, OH RCOOMe
}“0{ +3MeOH — Lo HO{ + ::%%%N:qe
R OYR... 2. NaOH oH e
o]

Fig. 2. Transesterification of triglyceride by direct
acid-based catalyzed reaction

DES synthesis basically involves mixing of
a hydrogen bond acceptor (HBA) with a hydrogen
bond donor (HBD) to form a clear and homogeneous
liquid. In this study, choline chloride (ChCIl) was
used as HBA with glycerol (Gly) and ethylene glycol
(Eg) as HBD. All mixtures remained opaque for
the first few minutes of stirring and from a gel-like
appearance, started to become clear after 10 min
(Fig. 3). A clear colorless liquid was obtained after
approximately 15 min of continuous stirring at a
constant temperature of 80°C.

Fig. 3. Synthesis of DESs in different molar ratios: (A)
ChCI:Gly, 1:2; (B) ChCI:Eg, 1:2; (C) ChCI:Gly:Eg, 1:2:2

The synthesis of the different DESs was
confirmed by 'H NMR analysis (Bruker Avance,
300 MHz). The 'H NMR spectra of choline chloride,
glycerol, and the choline chloride-glycerol DES are
depicted in Fig. 4. A singlet peak was observed at
4.790 ppm due to the formation of HOD from the
exchange of the hydroxyl protons with D,0O. The
spectrum of ChCl revealed a quartet signal at 4.0295
ppm arising from the methylene proton attached to
the hydroxyl group. A triplet signal was observed at
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3.487 ppm due to the presence of the neighboring
methylene proton, whereas a singlet at 3.169 ppm
was attributed to the equivalent resonance of the
three methyl protons. Glycerol displayed a quintet
proton resonance centered at 3.736 which accounts
for the four methylene protons. The magnetic
nonequivalence of methylene protons appeared at
3.607 and 3.524 ppm. A singlet peak was observed
for ethylene glycol centered at 3.636 ppm. The
chemical shift in 'H NMR of DES1-11 (ChCl/Gly)
appeared at 54.041 (quartet), 3.754 (quintet), 3.626
(double of doublet), 3.522 (quintet), and 3.187
(singlet) ppm. An overlap was observed between
the triplet proton peak of ChCl and the quintet (3.522
ppm) proton peak of glycerol. The characteristic
methylene peak of ChCl shifted from 4.0295 ppm to
4.041 ppm whereas the methyl nitrogen peak shifted
from 3.169 ppm to 3.187 ppm. The methine proton of
Gly shifted from 3.736 to 3.754 while the methylene
proton shifted from 3.607 ppm to 3.626 ppm. The
shifting of the peaks downfield can be attributed to
hydrogen bond interactions between the hydrogen
bond acceptor and the hydrogen bond donor®°.

B T (A)

BN ()

1

5.0 as a0 3.5 3.0 2.5 2.0 1.5 1.0

028 pPﬂ'"
Fig. 4. '"H NMR spectra of (A) ChCI/Gly DES, (B) ChCl,
and (C) Gly in deuterated water

Assessment of DESs Purified and Unpurified
Biodiesel

The potency of the different DESs in
purifying lumbang biodiesel was assessed by
conducting physicochemical characterization of the
DES-purified and unpurified biodiesel. Extraction
of impurities from crude biodiesel was performed
using the three DES systems; two binary systems
(ChCI:Gly, 1:2; ChCI:Eg, 1:2) and one ternary system
(ChCI:Gly:Eg, 1:2:2). Biodiesel was purified with the
different DESs by preparing DES:biodiesel mixtures
with molar ratios of 1:1 and 1:2. Fig. 5 presents the
extraction profiles of ChCI-Gly DES:biodiesel system.
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After 4 h of mixing (400 rpm) at 30°C, and of 2 h
settling time, one would notice the DES layer became
turbid indicating the removal of some impurities
possibly due to polar interaction with DES51.

‘ 3 - o — —

(et

Fig. 5. Purification of biodiesel with ChCI/Gly DES in 1:1
(top) and 2:1 (bottom) DES:biodiesel molar ratios: A, A1
(before mixing); B, B1 (after mixing, 4 h); and C, C1
(after settling, 2 h)

Upon rotary evaporation, it was found that
all samples still have residual methanol, the volumes
of which are recorded in Table 3 ; however, it can be
noted that the volume of methanol collected from the
unpurified biodiesel was significantly higher than that
collected from the DES-purified biodiesel samples.
These results show the effectiveness of DESs in
extracting polar impurity such as methanol.

FTIR analysis of the purified and unpurified
biodiesel revealed a large decrease in the intensity of
the hydroxyl peak ( 3500 cm'-3400 cm™") indicating
that hydroxyl containing impurities such as water,
methanol, and partially hydrolyzed oil may have been
removed from the unpurified diesel (Fig. 6b). The
FTIR spectrum of purified lumbang biodiesel (Fig.6a)
aligns with the candlenut spectrum of Imdadul
et al®. Important peaks accounting for fatty acyl
methyl ester, -C=0 and -C-O stretches appeared
at 1743.32 cm™ and 1245.04 cm™', respectively.
Moreover, both symmetrical and asymmetrical CH,
stretches appeared at 3000 cm-'.

Table 3: Volume of methanol removed under vacuum in purified and
unpurified biodiesel

Unpurified DES1 Purified DES2 Purified DES3 Purified
DES:Biodiesel (molar ratio) 2:1 11 2:1 1:1 2:1
Methanol (mL) 6.10 0.10 0.10 0.11 0.12 0.11 0.10
B oess g — N - R e .~ N M
00 H \ | \ 90 \ / ] f N [~
8s 85 \ | I I,
80 ! 80 \ / | Fe [N f | /
75 75 Y i | H
70 70 | |
s 65 i 65
= 60 | 60 I
£ 55 [ gss (-
2 s0 g Eso
fas - Zas
= 40 O =40
S 35 s d 2as
30 ; 30
25 { 25
20 A 20
15 i | 15 |
10 1 ] 10 1
5 i : 5 i
0 0
44000 3500 3000 2500 2000 1500 1000 4 4000 3500 3000 2500 2000 1500 1000
‘Wavenumber(Cm") ‘Wavenumber(Cm™)

Fig. 6a. FTIR profile of DES-purified biodiesel
(DES system, Chl:Gly, 1:1)

Stretching frequency of -OH group in
unpurified biodiesel (Fig. 6B) which can be attributed
to water, excess methanol, and partially hydrolyzed
triglyceride was observed at 3400 cm. It can be
noted that the peak at ~1430 cm™ arising from
deformation vibrations of methyl ester®® and the
peak at ~1200 cm™' corresponding to methoxy
stretching vibrations are frequently observed in
methyl ester (biodiesel) but not in its corresponding
triglyceride®®. This difference proves the effective

Fig. 6b. FTIR profile of unpurified biodiesel
(DES system Chl:Gly, 1:1)
conversion of triglycerides to methyl esters during
transesterification.

Effect of DES on Fatty Acid Methyl Ester (FAME)
Content of Lumbang Biodiesel

Purified and unpurified biodiesel were
subjected to other physicochemical analysis using
the standard methods (EN 14214; ASTM D6751).
Fig. 7 shows the FAME profiles of purified and
unpurified biodiesel in different DESs. For a biodiesel
to be commercially viable, it should contain a
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minimum FAME value of 96.5% (EN 14214). Relative
to unpurified biodiesel, FAME recovery significantly
increased in DES1 (ChCI:Gly) with values of 90.47%
(DES:biodiesel ratio, 1:1) and 89% (DES:biodiesel
ratio, 2:1). The solvent system DES2 (ChCI:Eg) also
exhibited a similar result but with a higher FAME
content of 98.13% (DES:biodiesel, 1:1) and 92.47%
(DES:biodiesel, 2:1). However, for the ternary DES3
system, only the 1:1, DES-biodiesel ratio exhibited
an increase relative to the unpurified biodiesel.

Overall, there is a significant increase in
FAME in all the DES systems except DES3 with
DES:biodiesel ratio of 2:1. Even though there is an
increase in FAME content of the purified biodiesel,
only DES2 (ChCIl:Eg) with DES: biodiesel ratio of
1:1 has surpassed the standard limit set for FAME
which is 96.5%25. In the work of Niawante et al.,*' a
FAME content of 96.60% was obtained using choline
chloride:ethylene glycol DES (1:2) and DES:biodiesel
ratio of 4:1 with an extraction time of 240 min.

9.5 98.13

90.47 89.00 9247

90.4

FAME Content, % mass

Ry 3 D N =) Y N
S S O
A A A A R A
g 9 4 o ’Hg} ":ﬂo
& &' & & & &

Fig. 7. FAME content of unpurified and purified lumbang
biodiesel

Influence of DESs on the Glycerin Content of
Lumbang Biodiesel

In the synthesis of alkyl ester or biodiesel,
the reaction does not usually proceed to completion
especially under acid catalyzed reaction because
of the reversibility of the process®. This limitation
of the acid catalyzed reaction would lead to the
contamination of the synthesized biodiesel with
bound glycerol and free glycerins®*. The presence of
these contaminants in biodiesel has an environmental
repercussion because during combustion, a toxic
product is released in the form of acrolein?. In
addition, this form of contaminant would increase the
viscosity of the biodiesel and initiate corrosion of the
engine injection system. The international standards
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on biodiesel set a maximum value of 0.02% wt. for
the free glycerol and 0.24% wt. for the total glycerol
(free and bound glycerol). The free glycerin contents
of the analyzed biodiesel samples are shown in
Fig. 8. Both unpurified and purified biodiesel have
fulfilled the maximum standard limit which is 0.02%
by weight; however, DES3 at both molar ratios
(1:1 and 2:1) and DES2 (1:1, DES:biodiesel) were
able to reduce the glycerin content of the unpurified
biodiesel to 0.01% by weight. Shabaz et al.,** also
noticed a higher percentage removal of free glycerin
from biodiesel using ethylene glycol as hydrogen bond
donor as compared to glycerol. Ethylene glycol with
less hydroxy groups than glycerol may have provided
a greater volume for the chloride anion of the salt to
interact with the glycerol from the biodiesel phase®.
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Fig. 8. Free glycerin profiles in purified and unpurified
lumbang biodiesel

The total glycerin in unpurified biodiesel
was 0.53% by mass (Fig. 9), which surpassed the
standard limit of 0.24% (EN 14214). Total glycerin
accounts for the free and bound glycerins®*. All
DESs significantly reduced the total glycerin in the
unpurified sample, with DES1-21 and DES2-11
removing the highest amount (0.47% by mass) and
having an extraction efficiency of 88.68%. The total
glycerin content in all purified samples is below the
standard limit except in DES3-21 purified biodiesel
which has the lowest extraction efficiency (41.51%).
Niawanti et al.,5' noticed an increase in the FAME
content of biodiesel as the total glycerides decreased
upon extraction with choline chloride-ethylene glycol
DES (1:2) with a biodiesel-DES molar ratio of 1:2
and 1:4. In the study conducted my Ho et al.,®, the
complete removal of triglycerides from biodiesel
using ternary systems was mostly unsuccessful. The
group reasoned out that the decrease in the removal
efficiency can be attributed to either mass transfer
or desorption phenomena®.
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Fig. 9. Total glycerin profiles in purified and unpurified
lumbang biodiesel

For the monoglyceride and diglyceride
contents, both purified and unpurified biodiesel
conform to the standard values which are 0.8
and 0.2, respectively (ASTM D6584-17)5;
however, one would notice a minimal removal
of monoglycerides (Fig. 10) relative to the
unpurified biodiesel in all DESs. In contrast to the
monoglycerides, the removal of diglycerides by
the different DESs was more efficient. Except for
DES1-11, which exhibited a removal efficiency
of 33%, all other DESs were able to extract
about 67% of the diglyceride from the unpurified
biodiesel (Fig. 11). Conversely, as shown in Fig.
12, a high triglyceride content was detected in
unpurified biodiesel. Extraction with DES was able
to significantly decrease triglyceride content and
only DES3-21 failed to reduce the triglycerides
below the maximum standard limit. The highest
triglyceride removal was observed with DES1 and
DES2 at both molar ratios with almost complete
removal of the unreacted triglyceride (99.93%).

Fig. 11. Percent by mass of diglycerides in purified and
unpurified lumbang biodiesel
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Fig. 12. Percent by mass of triglycerides in purified and
unpurified lumbang biodiesel

Effect of DESs on the Viscosity of Lumbang
Biodiesel

From Fig. 13 one would notice a decrease

in viscosity of all the DESs-purified biodiesel relative
to the unpurified biodiesel from 8-18%. Viscosity is
a vital thermo-physical property of biodiesel since
it affects engine performance especially during
injection and atomization®.
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0.2 022 023 021
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Fig. 10. Percent by mass of monoglycerides in purified and
unpurified lumbang biodiesel

Fig. 13. Effect of DESs on the kinematic viscosity of
lumbang biodiesel
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Preliminary analysis of the lumbang oil
showed a viscosity of 27.34 mm?/s which greatly
surpassed the standard limit (2-6 mm?/s, ASTM
6751-02)%; one reason why oil cannot be used
directly as a fuel. However, esterification of the oil
reduced the viscosity to about 87% when DESs were
used. Viscosity property is greatly affected by several
factors such as temperature, molecular weight, and
iodine number. Biodiesel has a relatively higher
viscosity than petroleum diesel because of its high
molecular weight; but an increase in the number of
double bonds in oil decreases the viscosity of the
biofeedstock. Lumbang has the advantage over other
biofeedstock sources because it contains semi-dry
oil that has intermediate viscosity; however, the
presence of unsaturated double bonds may lower
the oxidation stability of biodiesel.

CONCLUSION

The viability of the different DESs in
enhancing the purity of lumbang biodiesel is
demonstrated in this investigation. Biodiesel
impurities such as alcohol, and free and bound
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glycerins have been reduced to a level that fulfilled
the standard limit for biodiesel. The removal of
impurities has enhanced the physicochemical
properties of lumbang biodiesel with an increase in
FAME content and a decrease in kinematic viscosity;
pertinent properties which measure the commercial
viability of the biodiesel. Overall, the binary DES
derived from choline chloride-ethylene glycol, with
a molar ratio of 1:2 and a DES:biodiesel molar ratio
of 1:1 exhibited the highest extraction performance.
This study has demonstrated the use of this new
generation solvent which embodies the concept of
green chemistry can improve the economic potential
of a biodiesel as an alternative fuel.
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