e-ISSN: 2458-8156

Joumal Homepage : hitp: Mergipark gov leggens D ergi I:\a]:_¥\1${
S AEATIEM
%) EJENS

European Journal of Engineering and Natural Sciences CODEN: EJENS

Biodiesel Production Using Wet and Dry
Purification Methods

Veli Gokhan Demir'*, Hakan Serhad Soyhan?
Balikesir University, Department of Mechanical Engineering, 10100, Balikesir,Turkey.
2SakaryaUniversity, Department of Mechanical Engineering, 54187, Sakarya, Turkey.
*CorrespondingAuthor email: veligokhandemir@balikesir.edu.tr

Publication Info Abstract
Paper received: In biodiesel production via transesterification, after removing glycerol from
29 May 2016 crude biodiesel, purification process must be performed before using biodiesel

as a fuel that meets the EN 14214 standard. In the literature, various processes
Revised received: are presented for purification of biodiesel however; dry and wet washing
15 October 2016 methods are mostly recommended because of their higher efficiencies and

easier applicabilities. In this study, methyl esters (biodiesel) derived from
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magnesol as dry washing were carried out and compared. According to the
results, dry washing method improved biodiesel yield and ester content, it also
reduced the purification process time considerably.
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1. INTRODUCTION

The chemical process, transesterification includes a TAG (triglycerides) reaction with a short chain monohydric alcohol in
the presence of a catalyst to obtain biodiesel which is defined as fatty acid alkyl esters (FAAE), and by-product glycerol.
Three moles of alkyl esters and one mole of glycerol are formed for every mole of TAG that undergoes complete
conversion reaction [1]. In transesterification reactions, presence of sufficient amount of methanol is essential to break the
glycerol-fatty acid linkages [2]. Methanol is the most commonly used alcohol in commercial biodiesel production via
transesterification, since it is generally less expensive than other alcohols. There are different types of catalysts used in
chemical reactions, among them; homogenous alkali catalysts (sodium or potassium hydroxide or methoxide etc.) are
inexpensive catalysts generally used in commercial biodiesel production from refined or treated oils. Beside of the
economic issues and concerns, homogenous alkali catalysts are more preferred than acid catalysts and enzymes due to their
high reactivity and short reaction time requirements [1, 3]. Also, another reason for widely using alkali catalyzed biodiesel
production techniques is this method's being less corrosive than others [4].

At the end of the alkali transesterification reactions, the by-product glycerol is removed from the crude alkyl ester-glycerol
mixture. In addition, crude ester must be purified to obtain high quality biodiesel which must meet international standard
specifications (EN14214, ASTMD6751 etc.) by removing excess contaminants (methanol, catalyst etc.) and impurities
(soap, wax etc.) [5]. In commercial biodiesel production, purification method is called as washing process, and it is
categorized into 2 techniques as: wet and dry washing [6]. Besides these, alternative washing method, membrane extraction
has been investigated [7].

1.1. Wet Washing

Wet washing method is more traditional and widely used for removing containing the unreacted oil, excess catalyst and
alcohol, salts, soaps, organic impurities etc. from crude biodiesel. In wet washing process, water is used for purification.
Water has the ability to provide a means for addition of acid to neutralize the unreacted alkali catalyst. Wet washing
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method simplifies removal of the salt products formed in transesterification reaction. The unreacted (excess) alcohol after
transesterification should be removed before the washing process to decrease the amount of alcohol in the residual
wastewater. Also, some researchers such as VVan Gerpen et al. suggest removing process of excess alcohol after the end of
wet washing [8, 9]. The researchers prevented precipitation of saturated fatty acid esters using distilled water (=50-60°C).
Emulsion generation is retarded when gentle water washing is applied fostering rapid and complete phase separation [8]
The washing with hot distilled water results in the biodiesel purity of 99% [10]. Both of the dry and wet washing methods
are used in commercial biodiesel production, however, it is claimed that only wet washing process can purify the biodiesel
in desired levels, and the purified biodiesel meets the EN14214 standards [6].

Beside the advantages of wet washing, Low et al. [11] declared that this method has some drawbacks such as long
separation time and loss of product yield. The loss of biodiesel yields in the rinsing water increases the formation of
polluted liquid effluent [12]. In addition, the large amount of biodiesel wastewater formed after wet washing process causes
an enormous problem for the biofuel industry and environment. Veljkovi’c et al. [13] reported that the generated biodiesel
wastewater was about 28 million m*in 2011 in the world.

1.2. Dry Washing

Using absorbents is another method of treating crude biodiesel. Dry washing technique generally uses ion exchangers or a
magnesium silicate powder as absorbents [6]. These materials are utilized to replace the usage of distilled water in order to
remove the impurities and purify crude esters. At the end of the dry washing, filtration is ordinarilycarried out for
improving efficiency of the process. The advantages of dry washing can be described as: no waste water is generated and
the total surface area coverage of the wash tank is minimized. Besides, this washing method has important advantages such
as: strong affinity to polar compounds, easy to install into biodiesel processer plant, dramatically lower washing time, solid
waste can be used in various ways, saves space etc. The main preferred absorbents in biodiesel production are defined as
magnesol, ion exchange resin, activated carbon, activated fiber etc. [14].

Magnesol is used in many investigations and suggested by the authors. Sabudak and Yildiz[15] made a comparison of hot
water washing (50%-V/V and 50°C) and dry washing with magnesol (1 wt%) according to the ester contents of methyl
esters. They produced biodiesel from waste cooking oil by 3 different processes. In the event of one step alkali
transesterification, they achieved 80.8% and 84.9% ester contents with wet washing and dry washing, respectively. In two
step alkali transesterification, 91.0% ester content was obtained by wet washing while 92.3% by dry washing. In the third
process (two step acid-alkali transesterification), 95.6% and 96.9% ester contents were measured at the end of the wet and
dry washing processes, respectively. As a result, it was found that dry washing enhanced the ester content of crude
biodiesel more than wet washing, in addition, only the samples purified by dry washing fulfilled with EN14214 ester
content standards (min.96.5%). Berrios and Skelton [6]purified crude biodiesel samples using 0.25, 0.50, 0.75 and 1.00%
magnesol concentrations at the temperature of 60 °C. 10 min and 20 min washing time were experimented while standard
washing time is known as 30 min. A vacuum filtration and a water ejector were performed in separating process. With the
exception of the experiments with 0.25% (wt/wt) magnesol concentration, all the experiments remove in satisfactory way
the glycerol content in 10min of reaction. The same happened in the soap removal. They specified that min 0.75%
magnesol concentration is needed with a washing time of 10 min; and it is necessary a previous methanol removal to avoid
the saturation of the adsorbents. Also, none of the experiments decreased the methanol content below the defined level of
the EN14214 Biodiesel Standards, and the best result was obtained using with 1%(wt/wt) magnesol concentration at 60°C
temp. Bryan [16] applied dry washing technique in the presence of magnesol (1%) on both soybean and yellow grease
crude biodiesels, also he used wet washing technique to compare those two methods clearly. The physicochemical
properties of purified methyl esters (soybean&grease based) by dry washing method were fulfilled with EN 14214 and
ASTM D6751standards. Moreover, the researcher claimed that magnesol treated sample of yellow grease derived methyl
esters met all ASTM standards while the water washed and dried sample did not. The author remarked that magnesol has a
strong affinity for polar compounds, thereby actively filtering out metal contaminants, mono and di-glycerides, free
glycerin, and excess methanol as well as free fatty acids and soap.

1.3. Objectives

As it is seen in section 1.1.and1.2., conflicting outcomes exist in the literature about dry and wet washing purification
methods. Thereby, the main objective of the study has been determined as comparing the wet washing method with hot
distilled water and dry washing method with magnesol based on the obtained ester content amounts and yields of purified
biodiesel samples. In the experiments, the biodiesel samples were produced via alkali catalyzed transesterification in
various reaction conditions.

2. MATERIAL AND METHOD

2.1. Materials

In the experiments, methanol and KOH were used as an alcohol and a catalyst. The raw materials were determined as waste
frying oil (WFO) with an FFA value ~0.2% which was collected from local restaurants in Balikesir, Turkey, and sunflower
oil was supplied from an oil production plant. Methanol and KOH were purchased from Sigma—Aldrich, and magnesol
(MgO:SiO, (1:2.7)) from Dallas Group of America.
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2.2. Equipment
Biodiesel reactor:

The biodiesel processor system has 60 L capacity and it is composed of a reactor tank, a microwave heating system, a
mechanic stirrer, a circulation pump, and a PLC circuit and software to control reaction parameters (temp, mixing rate etc.).

Wet washing:

The distilled water was produced from a water distillation system, and the washed crude biodiesel samples were settled in
separatory funnels.

Dry washing:

In order to heat crude biodiesel samples filled into the beakers, the magnetic hotplate stirrer (Dragon-MS-H280-Pro) was
used. In the filtering process, a vacuum pump and filters (pore sizes: 10 pum and 1.2 pm) were utilized.

2.3. Biodiesel Production
Reaction parameters:

In order to achieve maximum conversions, 6:1 molar ratio of methanol to oil is recommended in the literature[17].
Thereby, 6:1 molar ratio was fixed in all experiments we carried out. The catalyst loadings were defined as 1 wt% KOH for
sunflower oil, and 1 wt% and 1.5 wt% for waste cooking oil. Because, the FFA of waste oils are higher than vegetable oils
and free fatty acids can react with alkali catalysts to soap and water formation, and saponification consumes alkali catalysts
[3]. In all the experiments, reaction temperature was set to 60°C.

Methyl ester formation:

Methyl ester production was realized in our novel microwave assisted biodiesel reactor in the defined production
conditions, and two washing methods were performed to the same products after the settling processes. The main steps of
biodiesel production are shown in Figure 1.

Methoxide
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Transestenfication Settling Dry Washing

Y

Methanol
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>
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Figure 1. Schematic diagram of the biodiesel productions

Firstly, some physical and chemical properties of oils were determined (Table 1). Fatty acid compositions of oils were
analyzed (IUPAC 11D19) using Gas Chromatography (GC), and the average molecular weight of oils were calculated. Then
the amounts of methanol and KOH were defined for each experiment. The density (EN 1SO 3679), kinematic viscosity (EN
ISO 3104), and methyl ester content (EN 14103) tests were performed on biodiesel or oils by using a pycnometer, a
viscometer (AKV-202-TANAKA), and the ester contents were measured in Inénii University Fuel / Oil Analysis
Laboratory in Malatya, Turkey.

Table 1. Some properties of WFO and Sunflower oil

Properties Unit WFO Sunflower Oil
Density (15C) gcm? 0.925 0.921
Viscosity (40C) mm? s 36.47 32,57

Acid value mg KOH g* 0.69 0.26

Avr. molecular weight g.mol* 879.14 879.82

In the first step of methyl ester production, methanol and KOH were added into the methoxide tank and the methoxide
solution was formed. Then the methoxide was transferred to the reactor, into the preheated oil. Transesterification reactions
were carried out at 60°C and the crude biodiesel samples were taken at different time intervals, and they were placed in the
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separatory funnels. After the settling processes, two layers were observed as it is seen in Figure 2 (the upper layer is the
biodiesel phase, the lower layer is the crude glycerol), and the glycerol layers were removed. Finally, the crude biodiesel
samples were purified by two different methods.

Figure 2. Crude biodiesel and glycerol layers

2.4. Purification Process

As regards previous investigations about biodiesel production from WFO, the optimum result (by wet washing) was
achieved with 20 min transesterification reaction while max reaction time was defined as 90 min. However, when
sunflower oil was used as raw material, it was observed that the reaction was completed in a very short time, and at the end
of the 20 min, 98.30% ester content was achieved. Thereby, the purification techniques were applied to the crude biodiesel
samples produced in 20 min and 90 min.

2.4.1. Wet washing (water)

After removing the glycerol layers from the separatory funnels, warm distilled water at 55° C was added into the each
crude biodiesel samples, and the water-biodiesel mixtures were gently shaken. Then they were waited for settling, and two
layers occurred as it is seen in Figure 3a and Figure 3b (the upper layer is washed biodiesel, the lower layer is waste water).
The down layers were removed and the biodiesel layers were washed three times more. In the first three washing processes,
the settling time was defined as 60 min while in the final washing the sedimentation time was performed as 360 min to
provide the separation exactly. In order to remove undesired components such as the excess methanol or existing water,
the washed biodiesel samples were dried at 110 ° C until they were appeared crystal clear. At least, the final products were
filtered using filter paper.

@ (b)

Figure 3. Biodiesel and wastewater layers: (a)1% wash, (b) 4" wash

2.4.2. Dry washing (magnesol)

In the dry washing processes with magnesol; at first, the glycerol layers were removed from biodiesel layer as same as the
section 2.4.1. The crude biodiesel samples were transferred to the beakers and they were heated to 65° C. The magnesol
absorbents (1 wt%) were filled into the beakers and the mixtures were stirred for 30 min at constant 65° C (Figure 4a). At
the final stage, the mixtures were filtered in two steps (10 um and 1.2 um) under vacuum (Figure 4b). The initial and final
appearance of used magnesol is shown in Figure 5. In this study, the experiments containing dry washing method, crude
biodiesel samples were purified directly, however, one sample was dried at 110° C to evaporate existing methanol and
water before the purification process to observe the difference.
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Figure 4. (a) Stirring process of crude biodiesel-magnesol mixture, (b)Filtering process using vacuum pump

Figure 5. The magnesol absorbent before and after the purification process

3. RESULTS AND DISCUSSION

Ester content (purity) is the main biodiesel property to analyze the transesterification efficiency and completion rate.
Moreover, the purity level of biodiesel has a strong effect on fuel properties and on engine life. On the other hand, the
main goal of transesterification reaction is decreasing the high viscosity value of oil, and density of biodiesel is a significant
property affecting combustion process with viscosity. Thereby, these three main biodiesel properties were measured and
analyzed, and wet and dry washing techniques were compared according to these values. In table 2 and 3, the differences of
fuel properties and product yields related to used washing methods and raw materials are shown clearly.

Table 2. Fuel properties of the WFO based biodiesel samples.

Reaction time Purification Density Viscosity Ester content Product yield

Processes (15°C) (15°C) (Mpjiodiesel Moit)

(kg/m?) (mm?s) (%om/m) (%)
20 min Wet washing 882 4.592 94.41 97.45
20 min Dry washing 886 4.642 9451 97.51
20 min :
(1.5%KOH) Wet washing 874 4.784 94.27 94.64
20 min :
(1.5%KOH) Dry washing 889 4.845 94.49 96.62
90 min Wet washing 878 4.568 94.41 94.54
90 min Dry washing 888 4.852 95.12 94.56
2 step process:

90 min 1% Wet washing 870 4.566 95.76 92.31

2" Dry washing
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Table 3. Fuel properties of the sunflower based biodiesel samples.

Reaction {i Purification Density Viscosity Ester content Product yield
eaction time p
rocesses (15°C) (15°C) (Mbiogiese/ M)
(kg/m®) (mm?s) (%om/m) (%)
20 min Wet washing 877 4.628 98.30 96.92
20 min Dry washing 871 4.611 98.52 96.99
2 step process:
20 min ! . 868 4.618 98.82 95.17
1% Wet washing
90 min Wet washing 875 4.711 96.85 92.14
90 min Dry washing 880 4.687 98.28 96.06
Dry washing
90 min (After evaporating 873 4.655 99.73 94.63
methanol)
90 min step process 881 4.723 98.63 89.26

1% Wet washing

According to the results; 20 min WFO based and 90 min sunflower based biodiesel productions, dry washing method using
magnesol increased the ester content compared to wet washing at the ratios of 0.22% and 1.43%, respectively. Also, the dry
washing method performed after evaporating process gave the best ester content value in all experiments. This method
increased the ester content ratios at the range of 1.45% (90 min transesterification) compared to the dry washing method.
Absence of methanol and water in crude biodiesel must have contributed to enhance the efficiency of magnesol in
absorbing the impurities (soap, glycerol etc.). When these two methods were applied consecutively, the increments in the
ester contents were achieved as: =1.3% in WFO based biodiesel production (90 min), ~0.5% in sunflower oil based
biodiesel production (20 min) compared to wet and dry washing. In addition, the increments of 1.78% and 0.35% (90 min)
were measured compared to wet washing and dry washing in sunflower oil based biodiesel production, respectively. In
terms of product (purified biodiesel) yields, dry washing method gave the best results, and the two step purification
techniques caused poor yield ratios. Regarding the density and viscosity properties, all the purification methods gave the
suitable results according to the EN14214 standards. As seen in Table 2 and 3, the densities varies at the range of 868-888
kgm, the viscosity values varies at the range of 4.568-4.726 mm?s™ while the EN14214 limits are 860-900 kgm™ for
density and 3.5-5 mm?s™ for viscosity of biodiesel.

According to the washing methods’ practicability and fastness, dry washing method becomes prominent by reducing
purification time dramatically. It minimized the process time up to 30 min from 540 min compared to wet washing method,
moreover it does not require a washing tank and a water distiller system.

4. CONCLUSION

As a result of this study, it is observed that dry washing method is a more practical and efficient technique compared to wet
washing (water) method. Dry washing method takes about less than 18 times than wet washing method; also it increases
ester content and yield of biodiesel. In addition, evaporating methanol and water before dry washing improves purity (ester
content) of biodiesel a little more. Applying wet and dry washing processes together increases ester content in comparison
to wet washing and dry washing method however, it does not increase the ester content noticeably and it reduces product
yield. This study shows that the optimum method for purifying crude biodiesel is dry washing.
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