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ABSTRACT. Biodiesel can be produced from various vegetable oils and animal fat. Abundant sources of vegetable oil in Indonesia,
such as Calophyllum inophyllum, Ricinus communis, palm oil, and waste cooking oil, were used as raw materials. Multi-feedstock
biodiesel was used to increase the flexibility operation of biodiesel production. This study was conducted to determine the effect of a
combination of vegetable oils on biodiesel characteristics. Degumming and two steps of esterification were applied for high free fatty
acid feedstock before trans-esterification in combination with other vegetable oils. Potassium hydroxide was used as a homogenous
catalyst and methanol as another raw material. The acid value of C. inophyllum decreased from 54 mg KOH/gr oil to 2.15 mg KOH/gr
oil after two steps of esterification. Biodiesel yield from multi-feedstock was 87.926% with a methanol-to-oil molar ratio of 6:1,
temperature of 60 °C; and catalyst of 1%wt. ©2020. CBIORE-IJRED. All rights reserved
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1. Introduction and sodium hydroxide, were used as alkaline catalysts in
trans-esterification, whereas hydrochloric acid, and
sulfuric acid were used as acid catalysts in esterification.
Although homogeneous catalysts could not be reused and
require other separation processes after trans-
esterification, they have been widely used worldwide.
Meanwhile, heterogeneous catalysts are still being
developed to achieve optimal catalytic performance with
high-selectivity biodiesel.

In previous research, biodiesel has been used a
single oil feedstock. It depends on the type of vegetable
oil used and the country’s production and reduces the
flexibility of operations. Not all countries have a large
production of vegetable oils that can be used as feedstock
for biodiesel. For example, soybean oil became the largest
commodity used in America. However, it could not be
applied as a major feedstock in Indonesia because it is
classified as a food commodity. In addition, it is still
imported from another country because its average
production only fulfills 43% of soybean needs (Hadiyanto
et al., 2018). Moreover, not all vegetable oils are

With the depletion of petroleum reserves as the main
source of fuel, many researchers have developed other
sources that are renewable and sustainable to produce
biofuel. Biofuel consists of bio-gasoline, bio-avtur, and
biodiesel. In 2017, the United States and Brazil were the
largest biodiesel producers in the world, with a total
production of 6 and 4.3 billion L, respectively, followed by
Germany (3.5 billion), Argentina (3.3 billion), Indonesia
(2.5 billion), France (2.3 billion), Thailand (1.4 billion),
and China (1 billion) (Wang 2018). In Indonesia, the
contribution of renewable energy sources in the national
energy mix in 2025 is targeted to be 25%, and bioenergy
including biodiesel is expected to contribute 5% to those
energy needs. Biodiesel is produced by converting
vegetable oil and animal fat with methanol or ethanol
through trans-esterification. Vegetable oils that are
commonly used for biodiesel raw material are soybean
oil, rapeseed oil, corn oil, palm oil, waste cooking oil,
yellow grease, and castor oil (Gokdogan et al., 2015).
Homogeneous catalysts, such as potassium hydroxide,
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available throughout the year. Thus, several vegetable
oils used as feedstock (multi-feedstock) can be a better
solution in the future.

This study aimed to determine the effect of mixture
oils as a feedstock in biodiesel production. In
consideration that biodiesel products are very dependent
on the physical and chemical characteristics of the oil
used, biodiesel from the oil mixture definitely shows a
difference compared with single feedstock.

2. Materials and Methods
2.1 Materials

Calophyllum inophyllum oil was purchased from Kroya,
Cilacap. Waste cooking oil was collected from family
welfare education groups in Semarang. Palm Oil was
purchased from  Supermarket near Diponegoro
University, Semarang. Ricinis communis oil or castor oil
was purchased from CV. Indrasari, Semarang. The
chemicals used for experiment and analysis were
methanol (99%, Merck), ethanol (absolute, Merck),
potassium hydroxide (Merck), hydrogen sulfate (96.1%,
Mallinckrodt Specialty Chemicals Co.), hydrogen
phosphate (85.3%, Bratachem), hydrogen chloride (37%,
Mallinckrodt Specialty Chemicals Co.), acetic acid glacial
(Brightchem, Malaysia), chloroform (99%, Merck),
sodium thiosulfate pentahydrate (Merck), potassium
Todide (Merck), potassium dichromate (Merck), potato
starch solution, and phenolphthalein.

The acid value of the raw materials was identified
to determine the characteristic of the oil. Esterification
and trans-esterification were applied to obtain raw
materials with high free fatty acid (FFA), whereas direct
trans-esterification was applied for low FFA value.

2.2 Pre-treatment, Esterification, and Trans-esterification

Degumming was carried out for C. inophyllum oil before
esterification. The oil was heated until 75 C, and 1%wt
H3sPO4 85% was added into the oil until 1 h reaction time.
Then, the mixture was separated in the separating
funnel during 24 h (Gokdogan et al., 2015). To extract
gum from that, 1:3 oil-to-methanol ratio was added into
the glass and centrifuged to produce pure oil.

Subsequently, esterification was performed under the
following operation conditions: temperature of + 60 C
reaction time of 2.5 h, and oil-to-methanol ratio of 1:2.
The esterification product containing excess methanol
and alkyl ester was separated using a separating funnel
for 24 h. The alkyl ester was washed with distilled water

Table 1
Chemical composition of raw materials

(60 O until neutral pH was reached. The alkyl ester was
heated at 105 “Cto remove the water content.

The product from esterification was subjected to
trans-esterification. The operation conditions were
temperature of + 60 °C, reaction time of 2.5 h, and oil-to
methanol molar ratio of 1:6. In trans-esterification,
another oil such as castor oil, palm oil, and waste cooking
oil were mixed with C. inophyllum oil produced from
esterification. The product was separated using a
separating funnel for 24 h until it formed two layers. The
upper layer containing fatty acid methyl ester was
washed with the same method in previous process. The
side product glycerol was appeared in the bottom layer.

2.8 Analytical methods

Fatty acid methyl ester (FAME) was analyzed by gas
chromatography mass spectrometry (GC-MS) to identify
the type of FAME that results from the trans-
esterification process. FFA value, saponification value,
iodine value, total, and free glycerol, density, viscosity,
and cetane number were also analyzed in accordance
with ASTM D6751:

100(As—Ag—18.27Gy))

FAME (% mass) = " (1
where,
As : saponification value (mg/g)
Aa : acid value (mg/g)
Gttl : total glycerol in biodiesel product (%mass)
Yield = 2lo%eselWn) o oy FAME 2)

oil (gr)

3. Results and Discussion

Biodiesel from single feedstock and multi-feedstock was
applied to determine the differences in physical and
chemical characteristics. Several feedstocks used in this
experiment include Ricinus communis, soybean oil, waste
cooking oil, palm oil, and C. inophyllum. The
measurement of acid value (mg KOH/gr oil) was
conducted before the experiment to ensure whether
esterification or trans-esterification should be the first
process in biodiesel production. Acid values of several
raw materials are presented in Table 1. Castor oil,
soybean oil, waste cooking oil, and coconut oil have acid
values below 2, but the acid value of C. inophyllum is
higher than 2. Thus, it needs pre-treatment and
esterification before trans-esterification.

Raw material

Characteristic

Cco

SO wWCO PO CIo

Acid value (mg KOH/gr oil)
Density 40°C (kg/L)

Kinematic viscosity (mm2/s)

1.21 1.85 3.199 0.6 54
935.82 910.56 903 931.93  948.72
1003.39 56.12 47.176 78.87 55.86

CO: castor oil, SO: soybean oil, WCO: waste cooking oil, PO: palm oil, CIO: Callophylum inophyllum oil

Vegetable oils with low acid values can directly undergo
trans-esterification using potassium hydroxide as a base
catalyst. The characteristic of the biodiesel is presented
in Table 2.

The yield of biodiesel from several feedstock exceeded
60%. The highest yield of biodiesel (90.875%) was
achieved using palm oil as feedstock. Biodiesel was also
produced from palm oil in previous research (El-Araby et
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al., 2018) using potassium hydroxide as a catalyst. The
density and viscosity of palm oil methyl ester in this
experiment were similar to those in the study by El-
Araby (2018) with 877 kg/LL and 4.56 mm?2/s and Ali et al.
(2013) with 876 kg/m? and 4.76 mm?/s, respectively.

Page | 121

Meanwhile, the chemical composition of palm oil methyl
ester using GC-MS mostly consisted of 40.2% palmitic
acid methyl ester and 42.4% oleic acid methyl ester.

Table 2
Chemical characteristic of biodiesel
Characteristic Biodiesel
(8]0 SO wCco PO (110}

Acid value (mg KOH/gr oil) 0.437 0.715 0.984 0.561 1.091
Saponification value (mgKOH/gr oil) 142.263 143.67 156.14 198.97 186.53
Free glycerol (%-mass) 0.054 0.174 0.074 0.037 0.032
Total glycerol (%-mass) 0.354 0.362 0.166 0.261 0.147
Bound glycerol (%-mass) 0.3 0.188 0.092 0.224 0.115
Density at 40°C (kg/L) 916 872 862 844 865
Viscosity(mmz2/s) 29.91 6.41 7.076 4.135 6.78
Iodine value 90.416 92.796 88.037 58.691 95.968
FAME (%-mass) 95.145 94.899 97.427 97.323 97.975
Yield (%) 69.919 76.736 90.293 90.875 81.542

CO: castor oil, SO: soybean oil, WCO: waste cooking oil, PO: palm oil, CIO: Callophylum inophyllum oil

The production of biodiesel from other
feedstocks, such as castor oil, soybean oil, and waste
cooking oil, has been conducted by many previous
researchers (Valente et al., 2011; Ganjehkaviri, 2018;
Aworanti et al., 2012; Doll et al., 2008; Doll et al., 2010).
Table 1 shows that biodiesel from soybean oil and palm
oil provides good results. However, both of them are
considered food commodities. Therefore, all of the stocks
cannot be used for energy before food demand is fulfilled.

Waste cooking oil became an alternative raw

material because it includes wuntapped waste in

Table 3
Chemical characteristic of multi-feedstock biodiesel

Indonesia. Slight differences in FAME between waste
cooking oil and palm oil indicated that fatty acid
hydrolysis in waste cooking oil did not occur frequently.
However, the kinematic viscosity of waste cooking oil was
higher than that pf palm oil. The characteristics of waste
cooking oil (FFA, density, and water content) from
different sources are different. It depends on utilization
cooking oil in daily life. Thus, the measurement of raw
material characteristic is the important step before
trans-esterification.

Biodiesel characterization Biodiesel
A B C

Acid value (mg KOH/gr oil) 0.898 0.890 1.110
Saponification value (mgKOH/gr oil) 180.92 189.30 173.91
Free glycerol (%-mass) 0.026 0.030 0.047
Total glycerol (%-mass) 0.520 0.431 0.344
Bound glycerol (%-mass) 0.494 0.401 0.297
Density (40C) 910.73 875 904

Viscosity (mmz2/s) 7.49 8.36 7.440
Iodine value 93.589 95.175 92.796
FAME (%-mass) 99.46 99.51 99.630
Yield 86.891 87.924 86.60
Cetane number 56.600 57.591 57.843

O: castor oil, SO: soybean oil, CRO: corn oil, WCO: waste cooking oil, PO: palm oil, CI1O: Calophyllum inophyllum oil
A: CO, SO, CRO, PO, WCO; B : CO, PO, WCO, CIO; C : CIO Biodiesel and Biodiesel from CO, SO, PO, WCO

Another resource in Indonesia that could be
utilized as biodiesel feedstock is C. inophyllum. Given
that it achieved the highest acid value among the other

resources, C. inophyllum needs two steps of pre-
treatment before trans-esterification. First, degumming
was applied to C. inophyllum oil. Degumming was
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employed to remove gum and other components in oil to
produce oil without gum or straight vegetable oil. After
degumming, the acid value of C. inophyllum decreased
from 54 to 37.59. Other experiments conducted by
Andyna (2009) showed that oil color changes from dark
green to brown-orange after degumming, indicating that
the gum in the oil is completely removed. Second process
was esterification. Esterification is a reversible reaction
between carboxylic acid and alcohol to form ester using
an acid catalyst. In the present study, we used sulfuric
acid as an acid catalyst. Previous research that
conducted esterification of fatty acid mixture reported
that sulfuric acid and methane sulfonic acid as acid
catalysts result in the highest conversion (higher than
90% during 1 h) compared with another catalyst, such as
phosphoric acid and trichloroacetic acid (Aranda et al.,
2008). This result can be ascribed to the fact that sulfuric
acid and methane sulfonic acid have higher acid strength

than other catalysts. Another experiment also used
sulfuric acid as a catalyst for the esterification of crude
rubber seed o1l before trans-esterification. Many
researchers choose sulfuric acid because of its high
catalytic activity and low cost (Thaiyasuit et al., 2012).

The acid value of C. inophyllum oil reduced from
37.59 mg KOH/grto 4.4 mg KOH/gr oil after
esterification. Two steps of esterification were applied in
this experiment to reduce acid value. In each step, 6%wt
oil and 3%wt oil of sulfuric acid were added into the
reactor with methanol-to-oil ratio of 1:2 volume at 60 C.
The final result of acid value in the second step of
esterification was 2.15 mg KOH/gr oil. Andyna (2009)
reported that Sudradjat (2008) conducted esterification
with 6% hydrochloric acid as a catalyst and a methanol-
and-FFA ratio of 20:1 for 1 h. The acid value can reduce
to 4.7% after esterification.
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Figure 1. GC-MS Chromatogram of multi-feedstock biodiesel
The last process was trans-esterification, which Table 4.
was conducted using potassium hydroxide as a catalyst Fatty acid methyl ester of multi-feedstock biodiesel
under a temperature of 60 ‘C; a methanol-to-oil molar FAME A B ¥
?atio of 1:6, and reaction t.irne of 2 h. The yield of C. Myristate (C14:0), 0.47 0.47 0.35
inophyllum was 81.542% with a FAME percentage was )
97.975%-mass. The acid value, saponification, and iodine Palmitate (C16:0), 1557 11.98  14.77
value of biodiesel were lower than those of C. inophyllum Palmitoleate (C16:1) 1.21 0 0.66
in the study by Andyna (2009). However, the kinematic St ¢ . AdE G o
viscosity in this work was greater than that in the study earate (C18:0) ) ) )
by Andyna (2009) and exceeded the limit standard. Oleate(C18:1 73.64 7291 70.82
Valente et al. (2011) reported that high viscosity causes .
. . Linoleate (C18:2), 4.06 2.69 3.28

slow biodiesel flow, which could hamper the degree of . )
atomization of fuel in the combustion chamber. Arachidate (C20:0) 0.6 0.77 0.93

Three types of experiment were carried out to
determine the flexibility of feedstock to produce biodiesel.
The yield and other characteristics of multi-feedstock
biodiesel are shown in Table 3. Experiment A used CO,
SO, CRO, WCO, and PO, which have acid values below
two; thus, only trans-esterification was employed in this
experiment. Experiment B used CO, PO, WCO, and CIO.
In consideration that the acid value of CIO was high, it
initially needed degumming and esterification. Then, it
was mixed with other feedstocks and subjected to trans-
esterification. Experiment C was a mixture of biodiesel A
with biodiesel CIO. The GC-MS chromatogram of the
experiment is shown in Figure 1, and the percentage of
FAME from GC is presented in Table 4.

As shown in Table 3, the multi-feedstock did not
considerably affect the acid value, saponification value,
iodine value, % FAME, yield biodiesel, and cetane
number. However, differences in density and viscosity
were found. Acid values in all of the experiments were
higher than the standard (0.5 mgKOH/gr) because one of
the vegetables used in the experiment has high acid
value, although it has been reduced through
esterification. High acid value can cause corrosion in the
engine. Jahirul et al. (2015) revealed that besides
corrosion, it also causes higher level degradation of
lubricant. Other parameters, such as cetane number, are
also important to observe. The cetane number of biodiesel
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in this work was calculated based on the composition of
FAME in biodiesel as previously described by Tong et al.
(2011). The combination of methyl ester A, B, and C can
be observed in Table 4. Unsaturated methyl ester and
oleate methyl ester (C18:1) had the highest composition
(~70%). It originated from the percentage of oleic acid in
palm oil (41.40%), castor oil (29.90%), and CIO (37.57%).
The cetane number in the three experiments was higher
than the minimum standard of 51. Cetane number
represents the ignition delay time in engine. Higher
cetane number indicates performance of engine. Cetane
number decreases with more unsaturated and shorter
chains in the biodiesel (Angelovic, 2014). Further
improvement was included in the concentration of
catalyst 1in esterification and trans-esterification,
reaction time, and methanol-to-oil ratio to obtain the best
quality of biodiesel.

4. Conclusion

The highest yield of single feedstock biodiesel from palm
oil achieved 90.87%. As another alternative source, aside
from waste cooking oil, C. inophyllum, could be converted
to biodiesel with a three-step process, including de-
gumming, esterification, and trans-esterification, with
acid value reduced from 54 to 1.09 mg KOH/gr in the
final product. The highest yield of multi-feedstock
biodiesel in this work achieved 87.92%. The
characteristics of biodiesel from the multi-feedstock, such
as the percentage of FAME, acid value, saponification
value, iodine, and cetane number, showed no significant
effects compared with the single feedstock, although the
acid value, density, and viscosity were still higher than
the standard. Further improvement during esterification
is needed to reduce the acid value of C. inophyllum. The
composition of oil must be designed properly to achieve
density and viscosity in accordance with the standard.
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