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Abstract: A study on two-step biodiesel production of agricultural by-products, namely palm oil
derived using activated bleaching earth (UABE), collected from the Oleen Palm QOil industrial refining

plant consisting of 22.4 % of waste oil. This waste oil showed free fatty acid content and a saponification
value of 15.5 % and 199.7 mg KOH/g, respectively. The FFA content after esterification should be
approximately 1.0%, not only to save glycerol and the catalyst involved in the esterification but also to
achieve high biodiesel conversion during the transesterification. An alkaline catalyst was successfully
used to produce biodiesel in the second step. A 97.6% conversion to biodiesel based on the European
Standard EN 14214:2003 was achieved under the conditions (1.0% NaOH catalyst relative to waste oil,
the molar ratio of free fatty acid, and methanol of 1:13.22, 60°C, 1h). Overall, this novel two-step
process achieved highly enhanced biodiesel conversion (74.6% to 100.0%) with a significantly
increased molar ratio of free fatty acid and methanol (1:2.71 to 1:15.89) and catalyst requirements (1.0%
NaOH).
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1. Introduction

Crude palm oil is extracted from the fibrous mesocarp of the palm fruit (Elaeis
guineensis). In the world’s production of major vegetable oil, palm oil accounts for 16 %. The
importance of oils and fats in meeting the ever-increasing population demand for food and non-
food products continues to grow. The growth in demand for vegetable oils is strongest in the
developing nations of Asia [1]. During the past decade, palm oil’s share of total vegetable oil
production increased from 15% to about 21% [2]. Solid wastes from the crude palm oil refining
industry constitute a significant source of low-grade organic compounds. The upgrading of
crude oils from vegetable origin requires the use of absorbents for the removal of carotene,
chlorophyll, and other components formed during the refining process, (e.g., phosphatides and
soaps). Used activated bleaching earth (UABE) is one of the most commonly used of these
absorbents due to its high absorption capacity [3-5]. Large amounts of UABE containing nearly
30% of its weight as waste oil are discarded every day, this is a substrate that should be utilized
for the synthesis of a wide range of products to be used as bulk chemicals (Fig. 1) [4,5].
Furthermore, the recycling of waste oil, which amounts to 500,000 t per year in Japan alone,
will also contribute to the alleviation of environmental problems [6]. If an effective treatment
of oil contained in the UABE is available, remaining UABE can be recycled in the oil refinery
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process or may be used as a soil conditioner. Low valued oils from waste bleaching earth
samples are potential substrates for biodiesel fuel production [3,7], biochemical, soap, and
oleochemical products [4,5]. Therefore, there is a need for innovation.

Biodiesel conversion requires the use of a catalyst [8,9]. Alkali catalysts facilitate a
high reaction rate and require much lower amounts of methanol and shorter reaction time than
acid catalysts [10,11]. However, alkali catalysts cannot be used for feedstocks with a high
content of free fatty acid (FFA), because it causes saponification of the FFAs. According to
previous studies, lipids with FFA levels exceeding 0.5% [12,13], or 2.0% [14] undergo marked
saponification in the presence of alkaline ions. Another study reported that alkaline catalysts
could be used when the FFA content is lower than 3.0% [15]. Biodiesel was successfully
produced using waste coffee grounds lipids, containing 1.9% FFAs, under alkali catalysts [10].
Therefore, the FFA content threshold for the possible use of alkaline catalysts may be
dependent on the type of feedstock and should be determined experimentally in each situation.

However, the issue that alkaline catalysts cannot be used for the production of biodiesel
from the oil or lipids with more than 3.0% of FFA content needs to be addressed. Two-step
processes have been developed for biodiesel production from feedstocks with high FFA
content, such as waste cooking oil [16,17]. A typical two-step process comprises esterification
of FFA with methanol, using an acid catalyst, and transesterification of glycerides and esters
generated in the first step, using an alkaline catalyst (Fig. 2). However, the first esterification
step requires a large amount of methanol and a long reaction time, and thus, the recovery of
methanol from this reaction consumes both energy and time [12,16]. Recently, a novel two-
step process comprised of esterification and transesterification steps has attracted attention as
an alternative for the conventional two-step process [15,18].

This study is aiming at two-step biodiesel production for value-adding of used activated
bleaching earth (UABE) from palm oil refining plant at Oleen Co., Ltd.

2. Materials and Methods
2.1. Analysis of lipids in UABC.

The sampled CPO and UABC were collected from Oleen Co., Ltd. and stored at below
4 °C to avoid rancidity. The percentage of crude oil of UABE was determined by the AOCS
method Ba 3-38 [19]. Crude oil was obtained from UABE by double extraction with hexane
(1:1 w/v) in a 2,000 ml flask. The mixture was shaken for 10 min at room temperature. The
hexane layer was separated, and the crude oil concentrated in an evaporator. The crude oil and
CPO were analyzed for free fatty acid (FFA) by AOCS Ca 5a-40 [19], saponification value by
AOCS Cd 3-25 [19] and fatty acid composition was determined by gas chromatography AOCS
Ce 1-62 [19].

2.2. Biodiesel production by two-step esterification-transesterification.

Biodiesel was produced from the waste oil of UABE from the palm oil refining plant
at Oleen Co., Ltd., by a two-step transesterification method. In this, pre-treatment acid
esterification followed by base-transesterification reactions were employed for biodiesel
production. In the esterification process, the crude oil was mixed with methanol in the ratio of
4.5:1,9:1, 13:1, and 18:1 (molar ratio). 98% concentrated sulfuric acid (1% v/v crude oil) was
added as a catalyst to enhance the esterification reaction to the mixture. The mixture of crude
oil, methanol, and the catalyst was allowed to react in the reactor at 60 °C for 1 h under the
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stirrer speed of 350 rpm approximately. The reaction was stopped after 1 h. The mixture
obtained, consisting of two layers, the upper layer of methanol and sulfuric acid and the lower
layer consisting of the esterified oil. With the help of separating funnel, the esterified oil was
separated from the methanol and other impurities.

The transesterification reaction was carried out with a mixture of esterified oil and
methanol in the ratio of 4:1 by volume in the reactor. 1% of sodium hydroxide by weight was
added to the mixture of esterified oil and methanol. The reaction was allowed to take place at
a temperature of 60 °C and stirrer speed of 350 rpm for 1 h. The upper layer of the methyl ester
(biodiesel) was separated from the lower layer of methanol, including other impurities, with
the help of separating funnel. This was then followed by the post-treatment processes. Finally,
sodium sulfate was added to methyl ester to remove water vapors and then filtered with a filter

paper.

Oil exiraction

Palm Kernels Crude Palm Oil

Oil extraction Bleaching
Used Activated
Bleaching Earth
Palm Kernel Crude Palm
Meal Kernel Oil Distillation
(Deodorization & Neutralization)
Palm Fatty Acid
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Figure 1. The production chain of crude palm oil and associated products and by-products (RBD: Refined
bleached deodorized).
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Figure 2. Esterification (1) and Transesterification (2).

The reaction yield was measured as the fatty acid methyl ester (FAME) content by a
TLC-FID analyzer (IATROSCAMTM MK-5, latron Laboratories Inc., Tokyo, Japan). Runs
were done in triplicate. The significant difference between the means was determined using
SPSS version 10.0 compare means one-way ANOVA. In all cases, statistical significance is
P<0.05. We calculated cost and benefit in terms of economics and environment return.
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2.3. Percent conversion of esterification.

Percent conversion was measured by total free fatty acid before esterification and after

esterification.
Conversion (%) =

When; a

O
I

2.4. Determination of FAME.

@b) & 100
a

total free fatty acid before esterification

total free fatty acid after esterification

Fifty microliters of the sample after transesterification were mixed with 50 pL of
chloroform, and the percentage of FAME was analyzed by a TLC-FID analyzer

(IATROSCAMTM MK-5, latron Laboratories Inc., Tokyo, Japan).

3. Results and Discussion

3.1. Composition of CPO and UABE.

Table 1. Free fatty acid content and saponification value of UABE waste oil and CPO.

Properties* UABE Waste oil CPO
Free fatty acid (oleic acidity) (%) 15.5+0.4 4.8+0.2
Saponification value (mg KOH/g oil) 199.7+1 200.5+1

*Data are written as mean value and standard deviation

Waste oil and CPO were analyzed for free fatty acid and saponification. Waste oil
extracted from UABE by hexane and was 22.4+0.2%. Acidity (free fatty acid content) and
saponification values were 15.5+0.4% and 199.7+1.0 mg KOH/g oil, and 4.8+0.2% and
200.5£1 mg KOHY/qg oil for CPO and UABE waste oil respectively (Table 1). CPO was taken
as a reference. The saponification value of UABE waste oil was higher than that of CPO,
following the decrease of the triglyceride portion in samples, owing to the decrease of glycerol.
Fatty acid compositions of samples are given in Table 2. CPO is confirmed as a source of
saturated and monounsaturated fatty acids. However, low but significant amounts of trans fatty
acid were found in waste oil, compared to CPO, as the probable result of hard thermal

processing conditions applied.

Table 2. Fatty acid composition of UABE Waste oil and reference CPO [5].

Fatty acid UABE Waste oil CPO
Mw (%) (mmole) (%) (mmole)

Saturated fatty acid 54.8 48.0

Lauric (C12:0) 200 0.32 1.6 0.33 1.6

Myristic (C14:0) 228 1.07 4.7 0.99 4.3

Palmitic (C16:0) 256 47.45 185.0 41.49 162.1

Stearic (C18:0) 284 5.08 17.9 4.49 15.8

Arachidic (C20:0) 312 0.43 1.4 0.40 1.3

Behenic (C22:0) 340 0.12 0.4 0.09 0.3

Other 327 0.30 1.0 0.19 0.6
Monounsaturated fatty acid 37.7 417

Palmitoleic (C16:1 n-7c) 254 0.12 0.5 0.17 0.6

Elaidic (C18:1 n-9t) 282 2.95 10.5 0.11 0.4

Oleic (C18:1 n-9c) 282 32.29 1145 40.18 140.0

Eicosenoic (C20:1 n-9c) 310 0.12 0.4 0.14 0.5

Other 366 2.19 6.0 1.08 3.0
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Fatty acid UABE Waste oil CPO
Mw (%) (mmole) (%) (mmole)

Polyunsaturated fatty acid 7.5 104

Linoleic (C18:2 n-6cc) 280 7.09 25.3 9.95 355

Linolenic (C18:3 n-3ccc) 278 0.17 0.6 0.28 1.0

Other 271 0.27 0.9 0.12 0.4
Total 370.9 369.9
Average Mw of fatty acid 271.0 2715

The analyzed fatty acid composition of the oils used in this study (Table 2) is consistent
with published values. Waste oil and CPO contains high percentages of palmitic (16:0) and
oleic (18:1) acids as major components. Waste oil and CPO, show a higher proportion of
saturated fatty acids (54.8 and 48.0, respectively) compared to unsaturated fatty acids. But CPO
contains less palmitic acid (41.49%) than waste oil (47.45%). CPO contains 41.7% of
monounsaturated fatty acids, including 40.18% of oleic (18:1) acid. The percentage of oleic
acid in waste oil is lower than in CPO, and the same applies to polyunsaturated fatty acids.
Subsequently, waste oil had the highest proportion of trans fatty acid among the various oils
used, probably because of the catalysis of isomerization by the activated clay or due to selective
adsorptions [5].

3.2. Biodiesel production from waste oil of UABE.

Biodiesel was produced from the waste oil of UABE from the palm oil refining plant at
Oleen Co., Ltd., by a two-step transesterification method. Before applying the procedure
exposed in section 2.2, the molecular weight of each by-product was computed based on the
saponification value. The percentage of free fatty acid and the conversion of ester in the final
products' first step esterification, waste oil UABE is shown in Table 3.

Table 3. Esterification of waste oil used activated bleaching earth with 1 % H,SO, catalyzed at 60 °C for 60

minutes.
Free fatty acid: Methanol (molar ratio) Free fatty acid (%) Conversion (%)
1:45 4.62+0.02° 70.194
1:9 3.46+0.01° 77.68°¢
1:13 2.14+0.01° 86.19°
1:18 1.07+0.01¢ 93.09°

a Values within the same column having the same or without superscript are not significantly different (p>0.05); Data are
written as mean value and standard deviation

It was found that the percentage conversion increased when increasing the molar ratio
of free fatty acid and methanol (Table 3). This is the case, until a plateau at ~93.09 %, for waste
oil, with a free fatty acid of waste oil proportion in the range of 15.5+0.4 to 1.07+0.01 %.
However, we found a Linear graph for percentage conversion, namely waste oil of UABE, with
a maximum at ~15.5 % of free fatty acid. The free fatty acid content decreases substantially to
~1.07 % of free fatty acid in the molar ratio of free fatty acid and methanol of 1 : 18. This
shows the governing effect of the molar ratio of free fatty acid and methanol in these complex
polyphasic media, due to the well-known physicochemical properties of the neoformed
biodiesel. The aim of the first step is to decrease the FFA content as much as possible and to
become an appropriate feedstock oil for the second step transesterification [20].

Waste oil and biodiesel in liquid phase after first step esterification free fatty acid ~1.0
% were continued to second step transesterification. Therefore, the balance of methanol and
waste oil is important in solvent-free methanolysis.
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Table 4. Tranesterification of waste oil used activated bleaching earth with 1 % NaOH catalyzed at 60 °C for 60

minutes.
Oil : Methanol (molar ratio) FAME (%)
1:2.71 74.62+0.02
1.5.42 83.46+0.01°
1.7.97 88.49+0.01¢
1:10.59 94.76+0.01°
1:13.22 97.58+0.01°
1:15.89 100.00+0.00?

a Values within the same column having the same or without superscript are not significantly different (p>0.05);
Data are written as mean value and standard deviation

To optimize the molar ratio of methanol to waste oil, the addition of methanol to the
reaction mixture was investigated using molar ratios of methanol to waste oil from 1:2.71 to
1:15.89 (Table. 4). The theoretical molar ratio of methanol to waste oil is 1:3. When the ratio
was 1:2.71, the FAME conversion was lower than 75%, and when the ratio was 1:5.42, it was
83.46£0.01%. This might be due to a diffusion limitation of methanol in the base-catalyzed
transesterification on the waste oil of UABE. When the molar ratio was 1:13.22, the FAME
conversion reached to 97.58+0.01% in a reaction time of 1 h. The ester content could be
reached more than 97% in comparison with the EN 14103 standard (96.5% min). However, in
all cases of a methanol molar ratio, the conversion of waste oil to FAME increased and was
higher than 70 %. The two-step reaction can be applied to any feedstock oils, especially in the
case of high FFA content feedstock oils. If the FFA content is more than 2 wt % then the first
step esterification will be followed by the second step transesterification [20,21].

3.3. The quality of biodiesel waste oil UABE.

In Europe, the quality of biodiesel is assessed under the provisions and the requirements
of quality standard EN 14214 that should be met from each biodiesel sample so as to be a
suitable substitute fossil diesel in the transport sector. Quality control was performed for the
biodiesel produced under the optimum process conditions specified above (i.e., molar ratio
1:18 for the esterification and 1:13.22 transesterification step, respectively), based on the
European Standard EN 14214:2003. Density at 15 °C, acidity number, methyl ester content,
the content of monoglycerides (MGs), diglycerides (DGs), and TGs and total and free glycerol,
were determined and measured (Table 5). It should be noted that for further scaling up of
biodiesel production and its promotion in the market, all quality characteristics specified by the
European standard EN 14214 should be determined.

Table 5. The quality of biodiesel waste oil UABE.

Properties Biodiesel waste oil UABE Limits
Methy| ester content, % 97.58 >06.5
Density at 15 °C, kg/m? 875 860-900
Monoglyceride content, % 0.015 <0.8
Diglyceride content, % 0.001 <0.2
Triglyceride content, % 0.004 <0.2
Free glycerol, % 0.003 <0.02
Total glycerol, % 0.007 <0.25
Acid value, mg KOH/g 0.38 <0.5

4. Conclusions

Waste oil makes 22.4 % on a dry weight basis of the sampled UABE, making this by-
product a suitable starting feedstock for biodiesel manufacture. Together with waste oil
extraction from it was analyzed for free fatty acid content and saponification value fall and
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were in the range of expected values. The high acidity of these by-products (15.5%) makes
them peculiar feedstocks for the purpose, possibly leading to low glycerol content of the
resulting biodiesels. This should allow the manufacture of biodiesel under conditions suitable
to meet a set of physical properties of the end product. It was possible to achieve a FAME
content of 74.62+0.02, 83.46+0.01, 88.49+0.01, 94.76+0.01, 97.58+0.01 and 100.0+0.0%
respectively for waste oil extracted from UABE (optimum the molar ratio of free fatty acid and
methanol 1:2.71 to 1:15.89 of starting product respectively). The FAME content was
maximized to 100% in the case of 1:15.89 ratio.

In this study, we successfully produced biodiesel from waste oil UABE with high FFA
content. The two-step process could be applied to various non-edible and sustainable
feedstocks with high FFA content. However, there are issues to be addressed: the glycerol
should be recycled from the transesterification to the esterification step. Thus, the above study
shows an innovative way for co-valorizing important by-products of palm oil processing, with
an added value coming from the mixture of these low-cost by-products.
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