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Effect of Catalysts and their Concentrations on Biodiesel Production from Waste Cooking Oil via
Ultrasonic-Assisted Transesterification

Prince N. Amaniampong', Chakrit Tongurai®

"' The Joint Graduate School of Energy and Environment, KMUTT, Bangkok, Thailand,
? Department of Chemical Engineering, Prince of Songkhla University HatYai Campus, Thailand

) Corresponding Author. Tel: (66) 812777072, E-mail: chakrit.t@psu.ac.th

Abstract: Recent increase of biodiesel potential is not only in the number of plants, but also in
the size of the facilities and the choice of catalysts used as well as the raw material feedstock in
order to reduce the overall production cost of the biodiesel process. The tremendous growth in
the biodiesel industry is expected to have a significant impact on the price of biodiesel feedstock
and as such the need to use cheaper and readily accessible vegetable oil is now of great concern.
The most commonly used technique for biodiesel production is via transesterification of
vegetable oil using alkaline catalysts. Operating conditions including the catalyst formulation
and concentration often affects biodiesel yield and oil conversion. Undesired soap formation
often occurs during the application of alkaline catalyst. This study examined and evaluated the
alkaline catalyst effects on biodiesel yield, soap formation and remained catalyst in the glycerol
and Fatty Acid Methyl Ester phase in transesterifying methanol and Waste cooking oil in an
ultrasonic reactor with an intensity of 0.467 W/cm’, rated voltage 200-240V, rated current 4A
and rated frequency 50/60Hz, at different catalyst concentrations, reaction temperatures, and
methanol-to-oil molar ratios. Four different alkaline catalysts, i.e., potassium hydroxide (KOH),
sodium hydroxide (NaOH), potassium methoxide (CH3OK), and sodium methoxide (NaCH;0)
were studied and compared on molar basis due to their difference in chemical molecular weight
but their corresponding weight percent of catalysts (wt/wt%) was also mentioned. The ultrasonic
equipment used for the transesterification reaction allowed for a continuous flow process rather
than the usual production of batch process. It was observed that methoxide catalysts led to better
biodiesel yields than hydroxide catalysts, near 100 wt. % biodiesel yield were only obtained with
the methoxide catalysts. It was also observed that potassium-based catalysts resulted in higher
soap formation than the corresponding sodium-based catalysts. According to the material balance
of the process, yields losses were mostly due to saponification and methyl ester dissolution in
glycerol. Due to the higher degree of dissociation of hydroxide catalysts, the reactions using
sodium hydroxide and potassium hydroxide turned out faster while the methoxide catalysts
remained longer in the reaction. Ultrasonication reduced the reaction time and resulted in an
increased yield of biodiesel production. This technique also proved to be efficient, time saving.

Keywords: Biodiesel, Alkaline catalyst, Ultrasonication, Transesterification,
Saponification, Waste Cooking Oil, Remained Catalyst.
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INTRODUCTION

Several ways have been demonstrated and researched for producing biodiesel from waste
and virgin vegetable oils, base-catalyzed transesterification remains the most widely used
method in biodiesel production. Among these Alkaline catalysts used in the biodiesel industry
are sodium hydroxide (NaOH) and potassium hydroxide (KOH) flakes which are particularly
inexpensive, easy to handle in transportation and storage and are mostly preferred by small
producers. Sodium methoxide (NaOCH3) and Potassium methoxide (KOCH3), which are now
commercially available, are preferred catalysts for large continuous-flow production processes.
Biodiesel is produced chemically by reacting a vegetable oil or animal fat with an alcohol such
as methanol and ethanol. It is a liquid fuel consisting of mono-alkyl esters of long chain fatty
acids and can be used as a substitute for petroleum diesel fuel. It possesses similar cetane
number, viscosity, and gross heat of combustion and phase changes to those of petroleum diesel
fuel. It is very eco-friendly and has many advantages over petroleum diesel fuel. On combustion,
it produces less smoke and particles, results in lower carbon monoxide release and also have
lower emissions of hydrocarbons and no emissions of sulphur.[1-3]

The overall process of biodiesel production reaction consists of roughly three
consecutive, reversible reactions in which monoglycerides and diglycerides are formed as
intermediates and this reaction process is known as transesterification. The mechanism is shown
below:

TG + 3CH3;0H« GL + 3FAME

The stepwise reactions are:
TG+CH30H=DG+FAME, (1)
DG+CH3;0H =MG+FAME, (2)
MG+CH;0H=GL+FAME, 3)

Where TG is triglyceride, DG diglyceride, MG monoglyceride, GL glycerin, CH30OH Methanol
and FAME is the fatty acid methyl ester (biodiesel) [2, 3].

Due to the immiscibility of methanol and oil, the mixing efficiency is one of the most
important factors to adjust in order to improve the yield of transesterification. Continuous and
vigorous mixing is then required to increase the area of contact between the three phases: the oil,
methanol and catalyst. This mixing process generally increase energy input for the biodiesel
production. As a result, low frequency ultrasonic irradiation is known to be a useful tool in
enhancing the mass transfer of liquid-liquid heterogeneous systems. It is seen as efficient, time
saving and economically functional method to ensure faster biodiesel production process. Under
this method, the transesterification can be carried out at low temperature, and smaller amounts of
catalyst and methanol are needed as compared to the traditional mechanical agitation method.
The transesterification reaction process can attain equilibrium in a short reaction time with a high
yield of alkyl esters even at low temperatures under ultrasonic irradiation application method [1,
2,4].

Ultrasonic mixing can produce smaller droplets of the reacting phases than conventional
agitation, leading to a drastic increase in the interfacial area and improved mass transfer.
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In effect, the mixing requirement during the whole reaction process is also significantly lowered
or reduced, translating in reduced energy consumption. This process can also break down the
catalyst into smaller particles to create new active sites for the subsequent reaction. Thus, the
solid catalyst is expected to last longer in the ultrasonic —assisted process. [1]

The extent of transesterification and side reaction depends on the types of feedstock, catalyst
formulation, catalyst concentration, reaction temperature, and methanol-oil-ratio. Free fatty acid
and moisture content in the reactant mixture also play important roles in biodiesel production.
Freedman et al. (1986) showed that NaOCH3 is a more effective catalyst formulation than NaOH
and almost equal oil conversion was observed at 6:1 alcohol-to-oil molar ratio for 1%wt NaOH
and 0.5%wt NaOCH3.

Because of the difference in the chemical molecular weights, the amount of methoxides available
for each mole of triglyceride will differ at the same weight concentration. Therefore, the
effective comparison of catalyst is often conducted based on the molar concentration of the
catalyst formulation, not the weight concentration.

This study examined and evaluated the alkaline catalyst effects on biodiesel yield, soap
formation and remained catalyst in the glycerol and Fatty Acid Methyl Ester phase in
transesterifying methanol and Waste cooking oil in an ultrasonic reactor with an intensity of
0.467 W/cm® at different catalyst concentrations, reaction temperatures, and methanol-to-oil
molar ratios.

MATERIALS AND METHODS

CHEMICALS AND REAGENTS

Waste cooking oil and methanol were used in this research as the feedstocks. The waste
cooking oil was obtained at the biodiesel pilot plant at the Specialized R&D Center for
Alternative Energy from Palm Oil and Oil Crops (SAPO) at the Department of Chemical
Engineering of the Prince of Songkla University, Songkla Thailand. The oil was treated to reduce
the free fatty acid content to about 1.3%. The Methanol used was also of commercial grade. The
four alkaline catalyst formulations used in this study were potassium hydroxide (KOH), sodium
hydroxide (NaOH), potassium methoxide (KOCH3), and sodium methoxide (NaOCH3).

EXPERIMENTS

The experimental setup consists of a Heilscher Ultrasonic machine, with a reactor of
654ml capacity with an internal diameter 6.5 cm. The reaction temperature was monitored with
the help of temperature sensor gun. The reactor was also well fixed to seal all gaps in order to
reduce the losses of methanol due to evaporation. The Ultrasonic horn of frequency 20 KHz was
dipped into the reaction mixture when the reactor was fulfilled with the reaction mixture. The
horn has a diameter of 2.2cm. The four alkaline catalyst formulations used were potassium
hydroxide (KOH) 90% purity purchased from UNID Co. Ltd. Korea, sodium hydroxide (NaOH)
98% purity purchased from AGC Chemical Co. Ltd Thailand, potassium methoxide (KOCH3)
(liquid solution of KOH in methanol) 32% purity, and sodium methoxide (NaOCH3) (liquid
solution of NaOH in methanol) 30% purity (0.2 — 0.3 mol/mol of Oil) although weight percent
basis were also mentioned. Set pumps with rated flow rates were operated to feed the Oil and the
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Methanol-Catalyst mixture into the reactor. The pellets of the hydroxide catalysts (KOH and
NaOH) were first dissolved completely in methanol and then the mixture was fed into the reactor
by the aid of the rated methanol pump, the time was noted as with the working retention time to
full up the reactor and the reaction was carried out for 90mins. Samples from the reaction
mixture were drawn at regular intervals for analysis. The liquid KOCH3 and NaOCH3 were also
used for the reaction just as the hydroxide catalysts. The schematic diagram of the reaction
setups is shown in Fig 1 below.

Fig 1. Schematic diagram of the reaction setup.

The different operating parameters used in this study include methanol to oil molar ratio
(6:1 and 7:1), catalyst mole concentration (0.2 and 0.3) mol/mol of oil, temperature (55°C and
60°C), Retention time 7 min and 10 min). The ultrasonic amplitude was fixed at 75% with full
cycle.
All experiments were repeated at least two times and the reported data are average of the
individual runs for each set conditions. The reaction mixture was continuously passed through a
condenser to reduce the temperature to about 25°C in order to slow down the reaction. The ester
layer was then collected and separated from the glycerol layer in a separating funnel. Crude ester
layer consisted of mainly of methyl ester, possibly of traces of unreacted oil and methanol,
glycerol and catalyst residue and some amounts of produced soap. In the separating funnel, the
ester phase was washed with 0.01% concentration of citric acid and hot water, until the washings
were neutral. The ester layer was dried by heating at 90°C.
The experiments were compared on four process parameters: yield, total soap remained in the
ester phase and Glycerol phase, total catalyst remained in ester and glycerol phase and Ester
purity (% Ester).
The Ester purity was determined using the microwave proximate analysis. (Thailand petty patent
No. 5060)
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RESULTS AND DISCUSSION
Experiments were carried out by changing different process parameters.

Methanol to Oil Molar Ratio

Stoichiometrically, the methanolysis of vegetable oil requires three moles of methanol for each
mole of oil. But since transesterification reaction is a reversible reaction, often excess methanol
is required to shift the equilibrium towards the direction of ester formation. In this study,
different oil to methanol molar ratios like 6:1 and 7:1 were studied. The reactions were carried
out using 0.2 (mol/mol of oil) and 0.3(mol/mol of oil) Sodium hydroxide, Potassium hydroxide,
Sodium methoxide and Potassium methoxide catalysts for 1 hour at temperatures 55°C and 60°C.
Figure 2 and 3 shows the yield of biodiesel from waste cooking oil by using different types of
molar ratio of oil to methanol and catalyst mol/mol of 6:1 and 0.2mol/mol and 7:1 and
0.3mol/mol respectively. When the molar ratio was increased to 7:1 as can be seen in figure 3,
with catalyst 0.3mol/mol of oil, the yield of the biodiesel also increased. KOCH3, 0.3mol (2.41wt
%) gave the highest yield of 98.58%, while Sodium methoxide (NaOCHj3), 0.3mol (1.91wt %)
gave a yield of 97.06%.

Using molar ratio 6:1, as can be seen in figure 2, KOH catalyst (1.32wt %) gave a yield of
92.8%, which is comparable to the work carried out by Babajide, O et al., (2009) obtained 93.4%
conversion using methanol as the alcohol with Waste cooking oil to alcohol molar ratio of 1:6
and KOH (1.25wt %). NaOH (0.94wt %) catalyst also gave a yield of 90.78%, which is also
comparable to the studies carried out by D. Kumar. H. D. Hanh et al. obtained about 90%
conversion with 1.0 wt % of NaOH catalyst under the same reaction conditions as can be seen in
figure 2. The yields obtained for the methoxide-base catalysts in figure 3, 7:1 molar ratio was
higher than those obtained in figure 2, showing that the increase in molar ratio from 6:1 to 7:1
favored higher conversions as can be seen for the methoxide catalysts.

With a molar ratio of 7:1, KOH, 0.3mol/mol (1.98wt %) gave a yield of 90.78% which is
comparable to the work carried out by Tan M. Phan et al., (2008) obtained 90% conversion using
waste cooking oil and KOH at the same reaction conditions.

Yield (Steady State) % Yield (Steady State) %
100 —2 100 _ —
90 e %0 P
80 80
70 70
® 60 ) g 60
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Fig 3.Conversion of triglycerides at 60°C,
retention time, Molar ratio 7:1 and ultrasonic

Fig 2.Conversion of triglycerides at 55°C, 7min
10min retention time, Molar ratio 6:1 and
ultrasonic Amplitude Amplitude

75%. 75%.

The yield of the process as seen in figure 2 and 3 was calculated in the basis of weight oil input
(g) —to-weight of oil output (g).

Effects of different catalyst types on biodiesel production

Yield of biodiesel can be influenced by types of catalyst used in the reactions. In this experiment,
four (4) types of catalyst were used; they are KOCH3;, NaOCH3;, NaOH and KOH. The reactions
were carried out by using 0.2mol/mol and 0.3mol/mol although the catalysts weight percent were
also mentioned, 6:1 and 7:1 methanol to oil molar ratio for 1 hour under ultrasound mixing at
temperatures of 55 and 60 degrees Celsius.

Figure 2 and 3 shows biodiesel yield using the four different catalysts at the same concentrations
on mol/mol basis and same reaction conditions. It was observed that, the methoxide-based
catalysts gave higher biodiesel yields in both cases with KOCH; being the most active methoxide
catalyst. The results in each graph below show that, methoxide catalysts gave higher yields as
compared to their corresponding hydroxide catalysts. From figure 2, Potassium methoxide
(KOCH3) 0.2mol (1.62wt %) gave the highest yield of 94.06%. Among the hydroxide catalysts
used, Potassium hydroxide gave a better yield of 92.8% as compared to the Sodium hydroxide
catalyst which gave a yield of 90.78. Increasing of the methanol to oil molar ratio increases the
yield of biodiesel production. When the molar ratio was increased to 7:1 as can be seen in figure
3, with catalyst 0.3mol/mol of oil, the yield of the biodiesel also increased. KOCHj3, 0.3mol
(2.41wt %) gave the highest yield of 98.58%, while Sodium methoxide (NaOCH3), 0.3mol
(1.91wt %) gave a yield of 97.06%.

Table 1. Process evaluation parameters and experimental results, Retention time 7min for
0.2(mol/mol of oil), 6:1 methanol-to-oil molar ratio and temperature 55°C, and 10min for
0.3(mol/mol of oil), 7:1 methanol-to-oil molar ratio and temperature 60°C

Catalyst Catalyst Maximum | Total Soap | Yield (%) | Total Soap | Total Catalyst | Purity (%)
Formulation | Concentration | Soap Formed Conversion | Remained

(mol/mol) Possible (2) (%) (%)

Yowt (2
KOH 0.2 1.32 5.097 2414 92.8+£0.67 | 47.37 52.51 89.94
NaOH 0.2 0.94 | 4.825 2.285 90.78+0.98 | 47.36 44.54 83.44
NaOCH; 0.2 1.28 6.121 1.853 92.21+0.94 | 30.28 55.37 93.22
KOCH; 0.2 1.61 3.948 1.996 94.06+0.89 | 50.56 46.91 93.22
KOH 0.3 1.98 5.174 1.964 90.78+0.80 | 37.96 59.29 95.67
NaOH 0.3 142 |4933 1.787 91.09+0.76 | 36.23 54.10 85.03
NaOCH; 0.3 1.91 4.915 1.542 97.06+0.95 | 31.37 52.31 94.04
KOCH; 0.3 241 5.030 1.721 98.58+0.69 | 34.22 51.70 94.84
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Effects of catalyst formulation on soap formation did not follow a clear trend. Generally,
potassium-based catalysts resulted in higher soap formation than the corresponding sodium-
based catalysts as can be seen in Table 1 above. The total catalyst remained in the glycerol phase
as shown in the table above contributed to lower losses in yield since they were not converted to
soap.

On the basis of the total soap formed, it can be observed that, though the maximum soap possible
for each catalyst was different, the sodium-based catalysts all resulted in lower soap formation
and conversion as compared to their corresponding catalysts.

KOH was found to have a significantly higher level of soap formation than the other three in
both cases of reaction conditions and was the worst catalyst in terms of soap formation,
increasing order of soap formation is shown as below;

NaOCH; > KOCH3 > NaOH > KOH
Soap decreases with effective and better transestrification reaction resulting in better yield and
better purity as well. The soap formation result shows that, when the retention time was
increased to 10 minutes at temperature of 60°C, the total soap formation was lower as compared
to the reaction conditions of 7 minutes retention time and 55°C temperature.
This phenomenon is due to the fact that the retention time of 10 minute gave a better exposure of
the reactants (Oil and methanol-catalyst mixture) to the ultrasound waves in the reactor, resulting
in better conversion and better purity as compared to the results obtained for the 7 minutes
retention time ultrasonication. Likewise, Temperature also influenced the reaction rate and
equilibrium for both reactions. The molar ratio however resulted in an unpredictable effect on
saponification. Theoretically methanol as a catalyst carrier should not have any effect on soap
formation.
At the same level of catalyst application, the catalyst concentration in the methanol phase was
relatively high with lower methanol-to-oil ratio, which resulted in a higher diffusion rate of
catalysts in the oil phase, thus a higher reaction rate with free fatty acids or triglycerides. While
at higher methanol-to-oil ratio, the catalyst concentration was relatively low but the oil solubility
in methanol increased, which should have a decrease in soap formation. The results showed a
decrease in soap formation once the molar ratio was increased from 6:1 to 7:1.

Characterization of biodiesel
To determined if the biodiesel produced under the different experimental conditions met the
specifications of the standard EN 14124 (2003), samples were submitted for series of tests.

Density

The standard for biodiesel states that the fuel should have a density between 0.860 and
0.900g/ml. This property is significantly important mainly in airless combustion systems because
it influences the efficiency of atomization. The results obtained in this study showed that for all
the conditions studied, the biodiesel produced in this study had a density in the range of 0.86405-
0.86955g/ml.
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Purity of the methyl esters phase

According to EN 14124 (2003), the minimum acceptable purity for biodiesel is 96.5% in methyl
esters. To evaluate the conformity of the biodiesel produced to the European norm, samples were
analyzed by microwave proximate analyses and GC. As can be seen in table 1, the influence of
catalyst weight percent and methanol-to-oil molar ratio is clearly illustrated. Microwave
proximate analyses was used to determine the purity of most of the biodiesel obtained where as
Gas Chromatograph analyses was performed on KOH (0.3mol, 1.98wt %) catalyst with a column
flow rate of 1.0ml/ minute at split ratio of 50:1, inlet temperature of 290°C, initial temperature of
210°C and held for 12 minutes.

It was then ramp to 250 °C at 20 °C/min and held for 8 minutes. The column parameters used
were FAME length 30m, 0.32mm 1.D, film thickness 0.25um, detector temperature 300 °C,
hydrogen flow 30ml/min, air flow of 300ml/min and makeup flow of 25ml/min. the results
obtained from this analysis is shown in table 2 below.

Table 2. Methyl ester purity, Condition: 10min Retention Time, Temperature 60°C,
Methanol-to-oil molar ratio 7:1

Sample %o Ester content, % Linolenic acid methyl ester content,
(%RSD) (%RSD)

Biodiesel (Methyl ester) 95.61, (0.16) 0.19, (0.30)

Criteria More than 96.5% Less than 12%

It is therefore possible to conclude that the biodiesel purity increases when the alcohol/WCO and
catalyst/WCO ratios are increased. The increased of the purity is the net result of an efficient
removal of glycerol and sufficient reaction extent. It is worth noting that the acceptable EN
14124 purity could be achieved with a two step transesterification process. This study followed
only a single step transesterification process and hence purities obtained were slightly lower than
that stipulated by EN 14124 (2003).

CONCLUSION
The production of biodiesel from waste cooking oil is highly feasible by basic catalyzed
transesterification and the biodiesel produced has the required quality to be a diesel substitute.
The results from this work show that methoxide-based catalysts produce less soap and greater
yield as compared to hydroxide catalysts used in this study. However, potassium —based soaps
catalyst formulations resulted in higher soap formation than the corresponding sodium-based
catalyst formulations. For the conditions of 6:1 methanol-to-oil molar ratio and 0.2mol/mol
catalyst, KOCH3; gave a higher yield of 94.06% but was a worse catalyst in terms of soap
formation as compared to its corresponding methoxide catalyst, NaOCHj3;, Also, for the
conditions of 7:1 methanol-to-oil molar ratio and 0.3mol/mol catalyst, KOCH3 again gave a
higher yield of 98.58% and still yet was a bad catalyst in terms of soap formation as compared to
NaOCH;. Further studies could be undertaken to maximize the yield of KOCHj; while ensuring a
reduced soap formation and a better methyl ester purity that could meet the EN 1412 (2003)
standards.
A two step ultrasonic transesterification is recommended for biodiesel production from waste
cooking oil if high purity methyl ester is of major concern.
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Glycerine Phase Separation of Continuous Ethyl Ester Production
Comparing between KOH and KOCHj catalysts.
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Extended Abstract

Continuous ethyl ester production from refined palm oil (RPO) was carried out by using
transesterification reaction conditions of; molar ratio of ethanol to RPO of 6:1, reaction temperature of
60 °C, retention time of 30 min and catalyst concentration of 1.0 wt.%. The production was
conducted by using 2 types of catalysts i.e. potassium hydroxide (KOH) and potassium methoxide
(KOCHj3). Results were found that, there was no glycerine phase separation when the reaction was
carried out by using KOH but it occurred when using KOCH;. Glycerine phase separation
significantly depends on glycerol-soap ratio (G/S ratio). The previous study [Nikhom, 2011] showed
that G/S ratio has a critical weight ratio at 2.43. The G/S ratio of this research using KOCH; and KOH
were obtained as 5.21 and 1.09 respectively. As a result, It can be concluded that the glycerine phase
separation occurred when G/S ratio is more than the corresponding critical ratio. The extensive soap
formation was observed when using KOH, consequently, it had no phase separation presence and less
conversion. The ester contents by using KOCH; and KOH as catalysts were 89.0 and 83.4 wt.%
respectively. The best ethyl ester yield was obtained at 91.5 wt.% when the catalyst was KOCH;.

Introduction

Currently, commercial biodiesel production mainly uses homogeneous alkaline catalysts such as
hydroxides and alkoxides, which offer performance and cost advantages over other alternatives
[Ruwwe, 2008]. Biodiesel is mostly produced by transesterification reaction, this reaction is the
reaction of triglycerides with alcohol. Ethanol can be produced from renewable agricultural resources,
ethanol is also preferable to methanol as an extraction solvent because of its much higher dissolving
power for oil [Suppalakpanya et al., 2010].

Materials and Reagents

Refined palm oil (RPO), Ethanol (99.5% purity), Potassium hydroxide (95% purity) and Potassium
methoxide (32 wt.% in commercial grade methanol) were obtained from Specialized R&D Center for
Alternative Energy from Palm Oil and Oil Crops at Prince of Songkla University, Thailand.

Apparatus and reaction procedure

Ethyl ester production from RPO was studied by continuous experiments to evaluate the glycerine
phase separation. The reaction was carried out by using the two different base catalysts (KOH and
KOCHj;) with the same conditions as molar ratio of ethanol to RPO of 6:1, reaction temperature of 60
°C, retention time of 30 min and catalyst concentration of 1.0 wt.%. The experiments were operated in
a 0.73 L continuous stainless steel reactor, equipped with peristaltic pumps for oil and catalyst-ethanol
solutions at 1.07 and 0.4 L/hr respectively, a blade turbine speed at 600 rpm, a 1 KW preheater and a
cooling condenser. After transesterification reaction, the mixture was poured into a separating funnel,
The ethyl ester phase was separated by gravity and stayed at the upper phase. The samples by
different catalysts were collected and analyzed for soap, glycerol and ester contents.
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Analytical procedures

Soap and glycerol content were determined by acid-base titration method (AOCS Cc 17-79) and
spectrophotometric method [Bondioli et al., 2005] respectively. The ester content was measured by
proximately analysis following the Thailand patty patent 5060.

Results and Discussion

The soap happened from saponification reaction (a side reaction) has a good emulsifier property.
When it occurs at a high amount, it consequently formed emulsion of glycerine in ethyl ester phase.
So the mixture has no separation. The glycerol/soap (G/S) critical weight ratio at 2.43[Nikhom, 2011]

to form glycerine phase separation. If the G/S ratio is higher than the critical value, the glycerine
phase separtion will occur.

Effect of different bases on glycerine phase separation
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Figure (a) above showed no glycerine phase separation when using KOH but for using KOCHj the

phase separation of glycerine occurred. To examine G/S ratio and phase separation after 3 hr. settling
was shown in Table 1.

Table 1. Analysis of the G/S ratio by the difference catalysts.

Type of catalysts Abs. (UV-Vis) wt.% Glycerol (G) | wt.% Soap (S) G/S
KOCH; 0.923 16.21 3.11 5.21
KOH 0.664 11.36 10.42 1.09

The free glycerol in biodiesel (wt.%)was investigated by the calibration curve from the
spectrophotometric method in figure (b). The figure (c) shows the final result of the G/S ratio at 5.21
by KOCHj, which is higher than the critical ratio but for using KOH catalyst, the G/S value was 1.09.

Conclusion

The G/S ratio was a significant factor on phase separation. In the case of methoxide catalyst, soap
produced was lower than the corresponding hydroxide catalyst. Hence, using of methoxide catalysts
could obtain the G/S ratio in the system higher than the critical value and consequently, resulted to
glycerine phase separation. Following the above conditions, 89.0 and 83.4 wt.% of ester purity by
using KOCH; and KOH as catalysts were obtained respectively. The best ethyl ester yield was 91.5
wt.% from KOCH;,.
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ABSTRACT

This paper presents a multilayer dielectric model for oil palm fruit for microwave
heating to predict the temperature characteristic. The model under homogeneous assumption
of is oil palm species Tenera developed as four physical layers which are exocarp, mesocarp,
shell and kernel. The proposed dielectric model is implemented to simulate microwave drying
of a palm fruit with COMSOL Multiphysics software. Several experiments on microwave
heating at 2.45 GHz for four different power levels (160, 320, 480, 800 W) confirm that the
model can predict the temperature characteristic of mesocarp accurately. It is the authors’
belief that the proposed model should be very useful to microwave drying application for oil

palm fruit.
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Figure 1 Oil palm specied tenera

Table1 Dielectrics properties of oil palm on the frequency 2450 MHz

Layer Dielectric Constant (£') Loss Faolnr{.";’”}

Shell 54 1.8
Mesocarp 11.5 4.2

Kemel Ter 5.8

Table1 uanAaTRlABENsTNTRHAL LA AT (Chow and Ma, 2007) t
AT 2450 MHz dmiurguaninanisnmwariieautesnal d@niniuasfisuainnsin
ANNTRUCK) ALY (p) AMNANTRUAINIE(Cy)  uATAMANTANINIEN WA Y
Souluusieadilrznavlunathdliun ki 1 Tsiu Wl asTulamss Tes @ (Choi and
Okos, 1986; Narv ez et al., 2008) rﬂ'1uﬁ’mdrzunw'lufuuaﬂﬁquﬁ’uﬁ'q wanalu Figure 1(w1gn
naazatlee uazAnlz, 2528)
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unuﬁmmsm&iﬂ(x,?’('l‘))-nmm‘n‘hm'm‘i'ﬁwnmmﬂ'ﬂ?:nﬂwamﬁmﬁuuﬁia:ﬁﬁm (k;(T))
mudadaumaaiiiuihiesilszneuresuat i (X (T))Fagunnsi(1)

Krotal (T) = Zi ki (T)X{(T) M

X{(T) = X{'(T)/pi(T))/ TiX}* (T)/pi(T)) (@)
TudouqmuaiBinninaadeunfenuathduniniuinedosiaihudule amasnesun dan
5184 Kopelmen (1966) mulﬁﬁuuﬁgm‘ﬁ:Lﬁurﬁatﬁﬂ’]‘vfwum (Homogeneous structure) A
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x¥(m) 2/3
1_ _v_;
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1-( XY (1) )2/3 1_( x¢(m) )1/3
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AMANTRAMNVUWUURALEN (pojl patm (T)) AMHIRIANHATINULLAUNALTMINIRAT T

(3)

KHomo = Kw

AMUMUILLIesAL senauTesnat aNTTuLsazTiia p;(T)AudadiuedAlsenaLeInag
. o.of

han (X} (T)) sl

X' (m

Protal(T) = 1/ % o)

(4)
AUANIRANAAINTRUANNIZRALNEN (Cp o paim(T)) AMMINAINHATINKLLIIMINIARY

L 4 L - . :‘ - 1 - ] -}
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o [ .« - J‘
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Cp,Total(T) = Xi X" (T)Cp,i(T) (5)
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Equations) sasieluil
Vx(pr'l‘VXE)—kuz[sr—{l—;]E:O ©)
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MIutigeeAdY o AANANEN AN (S/m) K, AR ANENTNNTENENLTBIRUINAUINLNIMAN
&uvinf (Relative Magnetic Permeability) @ UnuA N3 ﬁaqumm‘é‘u‘lﬂﬂﬂ’)ﬂ (rad/s) &,
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AxXE=0 (7)
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ix(H,—H,)=0axE —-E)=0 (8)
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