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Abstract. Spent bleaching earth (SBE) is used bleaching earth from refining of crude palm oil
(CPO). SBE still contains 20 to 40 percents oil. The oil contained in SBE is not food grade oil
(non edible oil), but it can be converted into biodiesel. One method used to produce biodiesel
is in situ transesterification. In situ transesterification is a biodiesel production process by
integrating the oil extraction and biodiesel conversion in one continuous process, so that the
process can reduce the time and the cost of biodiesel production. The aim of the study was to
obtain the optimal in situ esterification/transesterification reaction conditions to produce
biodiesel, investigated using the Response Surface Methodology (RSM). A central composite
design with three independent variables: reaction temperature (51.6, 55.0, 60.0, 65.0, and
68.4°C); in situ transesterification time (0.4, 1.0, 2.0, 3.0, and 3.6 hours); and NaOH catalyst
concentration (1.66, 2.0, 2.5, 3%, and 3.34% w/w) was used to study the response variable
(yield of biodiesel). Based on the results of the experiment, it can be concluded that R* was
0.8813, lack of fit was 0.278, and the optimum condition for the in situ transesterification
process to produce biodiesel was a heating temperature of 64.33°C, NaOH catalyst
concentration of 2.39% (w/w), and a reaction time of 2.32 hours.

1. Introduction

One process of crude palm oil (CPO) refining is bleaching using bleaching earth as much as 0.5 to 2.0
percent of CPO weight. Indonesia's CPO production in 2016 reached 33.23 million tons [1], so the
CPO bleaching process required about 664,600 tons of bleaching earth. This bleaching earth
requirement will continue to increase along with the increase in the amount of purified CPO in
Indonesia. The bleaching process will produce spent bleaching earth (SBE), and this SBE cannot be
reused as a CPO bleaching material. Based on PP No. 101 of 2014, SBE can be classified as
hazardous toxic waste (B3 waste), meaning that if left untreated has the potential as an environmental
pollutant.

SBE is used bleaching earth from refining of CPO. The previous research stated that the CPO
contained in SBE was quite large, ranging from 20 to 30% [2]. CPO contained in SBE is classified as
nonedible oil, because it contains high levels of free fatty acids. But such CPO has the potential to
become a biodiesel feedstock.
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Biodiesel (methyl ester) is an alternative fuel for diesel engines and is made from renewable
sources such as vegetable oils and animal fats. Biodiesel consists of a mixture of mono-alkyl ester
from a long chain of fatty acids, which is produced through the process of esterification of free fatty
acids or the reaction of transesterification of triglycerides with methanol or ethanol and with the help
of a catalyst. Methyl ester or ethyl ester is a relatively stable compound, which is liquid at room
temperature, non-corrosive, and has a low boiling point [3, 4].

Biodiesel production process is usually carried out using two stages include oil extraction and
biodiesel production process. With the two stages of the process, the biodiesel production process
becomes less effective and efficient, so it is necessary to find an alternative biodiesel production
processes such as in situ esterification/transesterification. In situ esterification/transesterification is a
method developed to simplify the process of biodiesel production. In situ transesterification is a
biodiesel production process by integrating the oil extraction and biodiesel conversion in one
continuous process, so that the process can reduce the time and the cost of biodiesel production. In
other words, the in situ transesterification process has better efficiency compared to conventional
transesterification [5]. In the process of biodiesel production, there are several factors that can
determine the biodiesel yield obtained, which are reaction time, reaction temperature, and catalyst
concentration. The aim of the research was to obtain the optimal in situ
esterification/transesterification reaction conditions to produce biodiesel, investigated using the
Response Surface Methodology (RSM).

2. Materials and Methods

2.1. Materials

The main material used in this research was spent bleaching earth (SBE) obtained from PT. Bumi
Waras, Tbk. Lampung. Other materials such as methanol, NaOH, hexane, H,SO,, indicators of
phenolphthalein (PP), 95% ethanol, KOH, chloroform, Wijs solution, KI, Na,S,0;, and HCI were
obtained from J.T. Baker (Indonesia).

2.2. Experimental design
This research was conducted using the Response Surface Methodology (RSM) to determine the
optimum conditions for biodiesel production process from SBE. The experiment uses 3 independent

variables so that the ratability value was (o)) = ¥(2% = 1.68179 =~ 1.682. Therefore, the value of +
1.682 was used for coding during the data analysis process. Furthermore, Central Composite Design

with 3 independent variables generates response surface. Response surface shows the number of 2°
factorial design trials, 6 center points, and 6 axial points. The numbers of total trial units were 20.

The independent variables were coded according to the following equation: + o = (X; + Xgj)/Axi,
where Xj is the real value of an independent variable, [Ixg; is the real value of an independent variable

at the center point, and Ax; is the step change of independent variable. Based on the equation above, it
can then determine the level for independent variables which include reaction temperature, reaction
time, and catalyst concentration. The independent variables used in this study are shown in Table 1.
The dependent variable or response variable (parameter) is the yield of biodiesel, acid number, and
cetane index. The results of the response variables were then analyzed using the Minitab 18.

Table 1. Experimental values and coded levels of the independent variables for central composite
rotatable design.

Variables Level

-1.682 -1 0 1 1.682
Reaction temperature (°C) 51.6 55.0 60.0 65.0 68.4
Reaction time (hours) 0.4 1.0 2.0 3.0 3.6

Catalyst concentration (%) 1.66 2.0 2.5 3.0 3.34
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2.3. Biodiesel production
Biodiesel was produced through two stages processes, which were in situ esterification and in situ
transesterification. The esterification in situ was carried out by mixing 100 grams of SBE with
methanol and catalyst of H,SO,. Ratio of methanol to SBE was 6:1 (v/w) and the methanol utilized
was 600 ml. The amount of H,SO, catalyst added was 1.5% of SBE (v/b). Stirring was used during
the process at a speed of 550 rpm and a reaction temperature was brought to 51.6, 55.0, 60.0, 65.0, or
68.4° C, respectively. In situ esterification lasted for 2 hours, followed by in situ transesterification.
The in situ transesterification process was carried out by adding a catalyst of NaOH as much as
1.66, 2.0, 2.5, 3.0, or 3.34% (b/b) to the weight of SBE. In situ transesterification process was carried
out for 0.4, 1.0, 2.0, 3.0, or 3.6 hours, respectively, with the same temperature and stirring speed
conditions as in the previous in situ esterification process. After the reaction was complete, the the
SBE was separated with its liquid fraction by vacuum filtration. After that, the methanol was
separated with methyl esters and glycerol using distillation. Furthermore, methyl ester (biodiesel) and
glycerol were separated by a separating funnel. Methyl esters (biodiesel) are then washed with 60°C
of distilled water until washing water was neutral (pH 7). Then the biodiesel produced was dried
using an oven at 110°C to evaporate the remaining water and solvents. Biodiesel (methyl ester)
resulted from the in situ transesterification reaction was then characterized to determine its yield, the
acid number (AOCS Cd 3d-63, 2009), and the cetane index.

3. Result and Discussion

3.1. Characteristic of SBE

Preliminary research was carried out to determine characteristic of SBE, such as the oil content, free
fatty acid content, and water content (Table 2). Characterization of SBE determined the stages of the
biodiesel production process.

Table 2. Characteristic of spent bleaching earth (SBE).

Characteristics Amount (%)
Oil (CPO) content 27.0
Free fatty acid content in oil (CPO) 9.24
Moisture content 0.14

The oil content obtained from spent bleaching earth (SBE) was 27%. The results obtained were in
accordance with the research conducted by [2] which explained that the oil content contained in spent
bleaching earth ranges from 20-30%. The amount of oil is caused by the nature of bleaching
bleaching used in the oil refining process which has high oil absorbency. The results of this
preliminary research indicated that SBE had the potential to be used as raw material in biodiesel
production.

Based on the preliminary research, the free fatty acids and moisture content on the SBE were 9.24%
and 0.14%, respectively. The free fatty acids content from SBE was very high. The high free fatty
acid content will cause a saponification reaction (soap formation) which can cause problems in
biodiesel production and result in a decrease in biodiesel yield [6]. Additionally, the high content of
free fatty acids and water in SBE can reduce the effectiveness of catalysts in the reaction of biodiesel
formation [7]. The free fatty acid level and water content have a great influence on the biodiesel
production process. If the free fatty acids content in SBE is more than 2%, it is necessary to do an
esterification process first to reduce the free fatty acid content in SBE [8, 9].

3.2. Biodiesel yield

Biodiesel yield was calculated on the weight of biodiesel produced compared to the weight of SBE.
The results of the research showed that the yield was around 14.36% to 22.56% (w/w). The statistical
analysis of the yield showed that the Lack of Fit Test has a significant effect (P (0.009) <a), which
means that the statistical model obtained is not acceptable. The concentration of catalyst affected the
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yield of biodiesel linearly. While, the time of the in situ transesterification process affected the yield
guadratically. Additionally, the temperature had no significant effect on biodiesel yield.

YIELD
| @ < 14
3.5 Catalyst = 3.0
pmlgj = %_‘9 MW - 16
e = B
61 16 - 18
8 - 20
251 o 20 2 24
3 ] > 2
&
E 2.0 ;\;' 20
e 5
1.5- s 16
E~
i 12
0 = 20
0.54 : 2 @\*é
1.8 20 22 24 26 28 30 32 Time (hrs) (eid
(a) Catalyst (%) (b)

Figure 1. Surface response (a) and contour response (b) plot showing the time of in situ
transesterification versus concentration of catalyst on the yield of biodiesel.

Figure 1 shows the optimum conditions of biodiesel production obtained at a catalyst concentration
of more than 2.3%, the reaction time of 2.4 hours and the temperature of 64°C, which resulted in a
biodiesel yield of around 21.5%. Figure 1 also shows that the greater the addition of NaOH catalyst
concentration in the in situ transesterification process will result in increased biodiesel yield. This is
because the addition of a catalyst in the reaction process will accelerate or increase the rate of the
reaction, so that the results of the reaction obtained will be maximized [10].

The experimental results showed that the time of the in situ transesterification reaction had a
significant quadratic effect on biodiesel yield. The figure 1 shows that the biodiesel yield increases
until the reaction time of 2.4 hours. After the reaction time for maximum yield is achieved, the yield
will be relatively constant. However, if the reaction continues the yield obtained will decrease again.
The transesterification reaction will run slowly at the beginning of the reaction and reach a peak at a
certain time [11]. The decrease of the yield after certain time was due to reversible reactions.
Reversible transesterification reactions causes decrease biodiesel production, in which it is converted

back to triglycerides [12].

3.3. Acid number

Acid number is an important parameter in biodiesel quality characteristics. The acid number is
expressed by the number of milligrams of KOH used to neutralize free fatty acids contained in one
gram of oil or fat. This parameter shows the amount of free fatty acids remaining after the
transesterification process. The research showed that acid number of biodiesel ranged from 1.6746 to
3.9507 mgKOH/g. Statistical analysis of acid number showed that the Lack of Fit Test had a
significant effect (P (0.000) <a)), which means that the statistical model obtained cannot be accepted.
Furthermore, the catalyst concentration and reaction time in the linear model had a P value of 0.002
for the catalyst concentration and 0.001 for the reaction time, respectively. It is smaller than a, which
it means that the catalyst concentration and reaction time affect the biodiesel acid number linearly.
The in situ transesterification reaction temperature has no significant effect on biodiesel acid humber.
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Figure 2. Surface response (a) and contour response (b) plot showing the time of in situ
transesterification versus concentration of catalyst on the acid number of biodiesel.

Figure 2 shows that the longer the reaction time, the acid number contained in biodiesel will be
lower. Additionally, the addition of catalysts can also reduce biodiesel acid numbers. This is due to
the nature of the catalyst which can affect the rate of reaction in the transesterification process. The
decrease in acid number along with the increase in catalyst concentration is caused by that the catalyst
can accelerate the reaction between oil from SBE and methanol in the transesterification process. The
addition of excess catalyst will cause a saponification reaction which will reduce the quality of
biodiesel [13].

Decrease in acid numbers due to increasing in transesterification reaction time caused by that the
longer the reaction time, the greater the chance of reactant molecules colliding with each other, which
causes of fatty acids converted into esters, so that fatty acids in the biodiesel will decrease [14].
Decreasing the amount of acid number after the in situ esterification and transesterification process
indicates that the process has proceeded as expected, so that the fatty acids in the SBE have reacted
with methanol to form esters. The acid number in biodiesel which is not in accordance with
Indonesian Standard for Biodiesel (SNI 7182:2015) is allegedly caused by the presence of free fatty
acids in biodiesel still in high amount. The presence of free fatty acids in biodiesel can be caused by
the incompleteness of the esterification process [15], which can reduce yield of biodiesel produced.

3.4. Cetane index

Cetane index or cetane number (CN) is an indicator to determine fuel quality, especially the
combustion speed of diesel fuel and compression needed for ignition. Cetane number indicates how
fast diesel engine fuel can be injected and burned spontaneously. The lower the cetane number, the
lower the ignition quality because it requires a higher ignition temperature. Conversely, the higher the
cetane number, the faster the combustion, the better the thermodynamic efficiency. A good quality of
biodiesel fuel, according to Indonesian Standard for Biodiesel (SNI 7182-2015), must have a CN of at
least 51. The biodiesel from experiment showed it has CN ranges from 65.86 to 84.97.

Statistical analysis of biodiesel cetane index showed that the Lack of Fit Test had a significant
effect (P (0.044) <a)), which means that the statistical model obtained is not acceptable. The catalyst
concentration and reaction time in the linear model has a P value of 0,001 for the catalyst
concentration and 0.018 for the reaction time, respectively, smaller than o, which means that the
catalyst concentration and time affect the cetane index of biodiesel linearly. While the temperature of
the in situ transesterification reaction does not significantly affect the index of biodiesel.
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Figure 3. Surface response (a) and contour response (b) plot showing the time of in situ
transesterification versus concentration of catalyst on the cetane index of biodiesel.

The cetane index response contour (Figure 3) shows that an increase in the catalysts concentration
and an increase in reaction time can lead to an increase in the cetane index of biodiesel. The number
of the cetane index is correlated with the number of the iodine number and the saponification number.
The cetane index is inversely proportional to the saponification number and iodine number.
Furthermore, the lower the saturation rate of the fatty acids that make up biodiesel, the cetane index is
also lower [16]. Biodiesel cetane index is also related to the fatty acid composition that makes up the
biodiesel. Saturated fatty acids with long carbon chains, such as lauric, myristic, palmitic, stearic,
arachidic, contribute high cetane numbers to the biodiesel [17].

4. Conclusion

Based on the results of the research can be concluded that R? value was 88.13%, lack of fit was 0.278
and and the optimum condition for the in situ transesterification process to produce biodiesel from
SBE was a heating temperature of 64.33°C, NaOH catalyst concentration of 2.39% (w/w,
NaOH/SBE), and a reaction time of 2.32 hours. Such in situ transesterification produced a biodiesel
yield of 21.45% (w/w, biodiesel/SBE), in which the biodiesel produced had an acid number of 2.28
KOH/g and cetane index of 78.10.
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