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ABSTRACT

The objective of this research to study the continuous production of methyl-ethyl
ester from waste cooking oil (%FFA = 1.2) by using ultrasonic irradiation. This work investigated
the effects of operating parameters on the methyl-ethyl ester production by using 1,000 W
ultrasonic irradiation with low frequency of 20 kHz, diameter of ultrasonic horn of 50 mm.
Experiments were conducted under conditions in which molar ratio of methanol to ethanol,
potassium hydroxide concentrations, and retention time were in the range of 6:0-4:2, 1.0-1.4 wt.%
and 7-15 min with a constant molar ratio of alcohol to waste cooking oil of 6:1. The experimental
setup consist of a cylinder stainless steel 304 reactor of 4.65 litre capacity with an internal
diameter of 97 mm. The experimental results revealed that at the retention time of 10 minutes,
catalyst concentration of 1.4 wt.%, molar ratio of methanol to ethanol as 5:1 is the optimum
conditions for the transesterification process for this study. Under this condition, the obtained
methyl-ethyl ester’s purity and yield were 96.96% and 93.76 wt.%, respectively, which is
quilified the Thailand standard of biodiesel.

Moreover, the Confocal Laser Scanning Microscopy (CLSM) was applied in
order to observe the apparent characteristics of glycerol-ester emulsions and distribution in
transesterification with mixtures of methanol/ethanol in this work. The confocal images showed
that as the amount of ethanol in mixtures of methanol/ethanol increased, the formation of the
suspended glycerol and micelle also increased. When the amount of ethanol was increased, the
reduction of glycerol/soap ration (G/S ratio) was reduced. This could be due to the decrease of
soap formation. Since soap is one of the good emulsifier, then it could enhance the emulsion

stability. So the emulsion stability is much enough to interrupt the reaction and separation.
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(b) sonochemical reactors : 1. condenser, 2. transducers, 3. reactor (500 ml), 4. stand support,
5. temperature sensor, 6. ultrasonic generator
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HCOOR + KOH --> RCOOK + H,0
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Fatty acid potassium hydroxide potassium soap water
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O: Oil tank; M1, M2: Methanol and catalyst tanks: P: Liquid pumps; V: Valves; F: Flow meters

US1, US2: Ultrasonic reactors; 51, S2: Separation tanks: G1, G2: Glycerin tanks

P’: Purification tank; B: Biodiesel product tank; W1, W2: fresh and waste water tanks
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117 : Thanh et al., 2010
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paA1lsznol dadau (wt.%) dadau (mol%)
methyl caprylate 0.02 0.03
methyl caprate 0.02 0.03
methyl laurate 0.18 0.26
methyl myristate 0.83 1.00
ethyl myristate 0.10 0.12
methyl palmitate 34.22 36.34
ethyl palmitate 4.23 4.40
methyl stearate 3.99 3.95
methyl oleate 40.20 38.91
ethyl oleate 4.40 4.16
methyl linoleate 9.12 8.96
ethyl linoleate 1.07 1.10
methyl linoleate 1.04 0.15
methyl arachidate 0.30 0.29
methyl eicosenoate 0.13 0.13
methyl behenate 0.04 0.05
methyl erucate 0.03 0.03
methyl lignocerate 0.04 0.05
methyl nervonate 0.04 0.04
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7. MIBATZHAELMAHA Gas Chromatograph — Flame lIonization Detector (GC-FID)
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- Inlet temperature: 290 °C - Detector temperature: 300 °C
- Oven initial temperature: 2 [0 °C, hold [2 min
- Hydrogen flow: 30 mL/min - Ramp to: 2[.0 °C, at 20 °C/min, hold [_min
- Oxidizer flow: 300 mL/min

- Column: Select Biodiesel for FAME, length 30 m., 320 um L.D, 0.2 Ehm film thickness
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TEST REPORT

Customer Name and Address:  Department of Chemical Engineering, Faculty of Engineering, Prince of Songkla University

Test Request Form No.: 2918/54

Test Item(s) Received Date: September 16, 2011

Test Request Date: September 16, 2011

Analyst: Ms. Songsuda Promthong

Test Performed Date: September 21, 2011

Test Method Used: In house method refer to WI-RES-Visco at 40 °C-001 and REF-RES-ASTM D445-06-001

Test Equipment: Viscometer at 40 °C

Test Technique: Kinetic Viscosity

Test Condition: Temperature at 40 °C

Test Item(s) Description: Biodiesel Quantity: 1 sample

Test Result (s):

No. Sample Name Viscosity at 40 °C (cSt) %RSD* Standard Criteria (cSt)
1 MEE 4.65 0.10 >35and < 5.0

b P

{Mrs. Roosanee Kulvijitra)
Head of Research Equipment Service
September 29, 2011

Remark This test report is valid only for the tested sample.

This test report shall not be reproduced except in full, without written approval of the Scientific Equipment Center.
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Customer Name and Address :

Test Request Form No. :
Test Item(s) Received Date :

Test Request Date :
Test Method Used :

Test Equipment :
Test Technique :

Test Condition :

No. 2992/54 Page 1/1
TEST REPORT

Department of Chemical Engineering
Faculty of Engineering, Prince of Songkla University
2922/54
September 16, 2011
September 16, 2011

In house method refer to WI-RES- GC-001 and REF-RES-BSEN 14105:2003

Gas Chromatograph, 6890, Hewlett Packard, USA

Gas Chromatography — Flame lonization Detector (FID)

Gas Chromatograph

Inlet temperature: Oven track Detector temperature: 380°C
Oven initial temperature: 50°C, hold | minute Hydrogen flow: 40 mL/ minute
Ramp to : 180° C, at 15°C / minute Air flow: 450 mL/ minute
Ramp to :230° C, at 7° C/ minute Makeup flow: 40 mL/ minute
Ramp to :370° C, at 10° C/ minute, hold 5 minutes  Initial flow: 3.0 mL/ minute
Column: Select Biodiesel for Glycerides, length 10 m., 320 pm LD, 0.1 pum film thickness plus

Retention gap, length 2 m,, 530 um LD

Test Item(s) Description : Biodiesel Quantity : 1 sample
Test Result(s) :
il %Contcnt. (%hsb') ;
Sample e g - —— — - - —
: Free glycerol | Monoglyceride | = Diglyceride Triglyceride ‘Total glycerol -
MEE 0.0042, (6.72) 0.37 (0.48) 0.08 (4.38) 0.01 (0.00) 0.11 (0.34)
Criteria - <002 <080 ig020 <020 <025
#RSD = % Relative standard deviation
Reference folder 2922-54
{Mrs. Roosanee Kulvijitra)
Head of Research Equipment Service
September 30, 2011
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Abstract: This research was aimed to study biodiesel
production (fatty acid methyl ester) by transesterification
batch process of refined palm oil with methanol (MeOH)
as reactants and potassium hydroxide (KOH) as a
catalyst, and investigated by using ultrasonic iradiation
(400 watt, frequency 24 kHz). The optimum condition of
the process was obtained as molar ratio of MeOH ro oil
af 6:1, KOH of 1 wt%, reaction time of 3 min, amplitude
af 100% and final temperature occurred at 64°C. The
results of vield and ester content were 90.46% and
97.30%, respectively. This process can enhance the
production rate and performance.

Key Words: Biodiesel, Transesterification, Ultrasonic
Irradiation, Methyl Ester, Taguchi Method

1. INTRODUCTION

Biodiesel can be produced by the transestenification
of triglycerides with alcohol, in the present of methanol
(MeOH), and base catalyst into fatty acid methly esters
(FAME). Biodiesel production with conventional batch
process required heating system approximately 63-70 °C
and there must be mixing throughout the reaction time of
1 hour. Batch process requires large reactors and
separation glycerol phase in the same tank Longer
reaction and higher operating costs [1. 7].

Ultrasomuc  wrradiation referring to the wused of
cavitation for intensification of biodiesel synthesis, there
are enhanced mass transfer and interphase nuxing
between phases and also can lower the requirement of
the severity of the operating conditions in terms of
temperature and pressure. Cavitation 1s the ongin
(nucle1). when 1t 15 compressed and expansion that can
form bubbles, it's expansion rate is greater than the rate
of compressed. Size is critical to the disintegration of
implosion and causes jet at higher speeds. And this
contributes to the mixing liquid The bubbles from the
ultrasonic waves are very small, it can increase surface
area for reaction than the mechanical agitation up to 67
times [2]. Moreover, the temperature and pressure
release came out in large quantities, and heated
thoroughly all the particles in space. This resulted i a

better and mmproved reaction rate [3]. It therefore can
concluded that biodiesel production assisted with
ultrasonic irradiation has several advantages such as
decreasing the wmradiated reaction time [4]. reduce the
size of the reactor tank, lower reaction temperature.
reduce the molar ratio of methanol to oil, reduction n
concentration catalyst, and especially there is no need for
external heat sources to support system. The properties
of other fuels were the same as the standard [1. 4].
Finally. this process can enhance the production rate and
performance.

This research was aimed to study the FAME
production by ultrasonic irradiation for design the
manufacturing process. different operating parameters
used in the present work include the molar ratio of
methanol to oil, concentration of catalyst, wradiation
time and amplitude of ultrasonic. Develop process for
production of FAME by ultrasonic irradiation in small
ndustry.

2. EXPERIMENTAL

2.1. Materials and reagents

The refined palm oil (RPO) wused in the
transesterification reaction were received gratis from
Specialized R&D Center for Alternative Energy from
Palm O1il and O1l Crops. as the free fatty acids content in
the RPO obtained was observed to be 0.13% and water
content less than 0.1%. Potassium hydroxide (KOH.
95%), Methanol (MeOH, 99.5%). purchased from the
P general group Company. all reagents used in the
experimental work were of commercial grade.

2.2. Equipment

An ultrasonic procedure model UP 400S from
Hielscher wultrasomic GmbH was wused to the
transesterification, ultrasonic processes operate at 400 W
of ultrasonic power and 24 kHz of frequency. Diameter
of ultrasonic horn of 22 mm.

Fatty Acid Methyl Ester Production by




2.3. Transesterification

Transestenification reaction of RPO (FFA 0.13%).
The experimental setup consist of a cylinder glass reactor
of 300 g capacity with an internal diameter of 60 mm.
Considering the theory of free circular jets, the angle
with which they expand 1s 11° show 1 Fig. 1. and liqmd
bulk movement circulation loops in the vessel [3].
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Fig. 1. Circulation loops in the vessel.
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Define the diameter of reactor 1s 2 time of diameter
of horn. With an decrease i the ratio of diameter of
vessel/diameter of horn. mixing time will increased.

Table 1. The different operating parameters used in
present work

Parameters Symbol | Level | Level | Level
1 2 3

KOH amount A 0.5 0.75 1

(wit%)

Molar ratio of B 41 5:1 6:1

methanol to RPO

Irradiation (65 3 5 7

reaction fime

(mun)

Amplitude (%) D 30 75 100

The experimental design used catalyst concentration
(A). molar ratio of methanol to RPO (B). wrradiation
reaction time (C) and amplimde (D) were selected as
independent variables. The levels of independent
variables determuned from prelinunary experiments are
shown value in Table 1. Homn was used to transmuit the
ultrasound into the liquid show 1n Fig. 2. with submerge
depth 20 mm.

Fig. 2. Experimental setup of ultrasonic procedure.

Temperature recorded at the end of the reaction.
Durmg the experiment one can observe the formation of

flock of glycerin seperation. After the end of the reaction
all the liquid went to complete the phase separation about
30 munutes. The lower layer, contamung glycerm.
catalyst and excess methanol, was carried out glycerin.
The upper layer. mainly FAME was to remove
contaminants by washing and remove water content in
the FAME by heating to 120 ° C through 20 nun.

2.4. Analysis

FAME in each experiment were prelimimary
determined by proximate analysis of the total amount of
glycerides using microwave, and measuring the %oyield
of FAME.

3. RESULTS AND DISCUSSION

3.1. Taguchi Method Orthogonal Array L, (3*)

Investigation into experiments with a three-level-
four-factor array used Taguchi Method Orthogonal Array
Ly (34) to design experiment. This method can reduce the
number of full factorial from 81 experiments into 9

experiments. Finally, the result in Table 2. The average
%FAME content (x) 15 92.18 and the average %FAME
vield (v) 15 94.24. It can be summarized relationship each
factor shown in Table 3.

Table 2. Orthogonal Arvay L, (3)

Run A|B|C|D FAME FAME
No. Yield content
(%) (%)

1 1 1 1 1 9241 85.03
2 12 ]2]2 94 95 8998
3 1 |33 ]3 96.37 94.58
4 2011213 93.68 86.67
5 202131 9588 9239
6 20312 96.42 96.49
7 3 1|3 |2 9275 8994
8 321113 91.47 96.41
9 33201 94.26 98.12

Table 3. Analysis of the relationship between each factor
affecting %FAME content.

Factor A B C D
1 8986 8721 9264 9185
2 91.85 9293 9159 9214
3 9482 9640 9230 9255
Delta 496 918 1.05 071
Order 2 1 3 4
Select A3 B3 C1 D3

1= x +(A3-x)H(B3- x) = 99.04%

Result from delta factor of irradiation time and
amplitude less than molar ratio and concentration of
catalyst. When on increase the irradiation time and
amplitude there is no change in %FAME content., are
neglect to calculate p (%oFAME content expected from
experiment with the optimum condition).

Interaction graph between each factor shown in
Fig. 3(a-f). Intersection of graph refer to dependent. If
graph be parallel. it mean between each factor are
independent.
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Fig. 3. Interaction graph : (a) Effect of concentation of
catalyst on the methanol ratio, (b) Effect of concentation
of catalyst on time, (c) Effect of time on methanol ratio,
(d) Effect of methanol ratio on amplitude, (e) Effect of
time on amplitude, and (f) Effect of concentation of
catalyst on amplitude.

3.2. Effect of molar ratio of methanol to RPO

The most important variable affecting the conversion
of TG (oil) to biodiesel esters is known to be the molar
ratio of methanol to RPO. The results confirmed that to

maximize the %FAME content. an excess of methanol
over the stoichiometric ratio was required. The results
have been given 1n Fig. 4. It has been observed that with
an increase in the meolar ratio from 4:1 to 6:1. the
%FAME content increases. The obtamned results effects
of using excess methanol leading to enhanced number of
cavitation events and enhanced “%FAME content. A 6:1
molar ratio gave the best FAME content 96.39% and
should be nearly the optimal ratio for this process.

Infutherance. If confinuous process is used can
reduced molar ratio of methanol to RPO.

3.3, Effect of catalyst amount

The amount of catalyst used in the process was vaned
as 0.5, 0.75 and 1 wt%. The results is shown in the Fig.
3. It can be seen that increase i the amount of catalyst
results . an increase in %FAME content. Imitially,
wmsufficiency amount of KOH results in mcomplete
conversion of TG mto the esters as indicated from its
lower %FAME content. An appropriate amount of KOH

base catalyst was 1 wit% as 1t gave maximum amount of
%FAME content.

]

-+ 08.30

]

B

ﬁ.sa

%FAME content
I

B

/57 21

3 4 & L] 7
Molar ratios of methanol to RPO

g B

Fig. 4. Effect of molar raties af methanol to RPO on
%FAME content.

9300 / T
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200 / TTES
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% FAME content

wt% KOH

Fig. 5. Effect of amount of catalvst on %eFAME content.

3.4. Effect of irradiation reaction time

From the results shown i Table 3. Increasing the
reaction tume shightly decreased %FAME content.
Correspondingly, ultrasonication increases the chemical
reaction speed of the transestenification Ultrasomce
irradiation reduces time from conventional 1-4 h batch

process to less than 3 mun.

3.5. Effect of ultrasonic amplitude

Experimental changes i the amplitude. 1s a 43%,
75% and 100%, respectively. from Table 3 showed wall
be seen that increasing the small implicit higher
amplitude results mn %FAME content imncreased only
slightly (about 0.92%) is considered insignificant when
compared to other factors. The results of amplitude
100% gave the best FAME content 92 55% should be a
nearly optimal ratio for this process.

3.6. Confirmation run

Confirmation run condition molar ratio of MeOH to
RPO of 6:1. concentration of catalyst of 1 wt%.
amplitude at 100% and irradiation reaction time of 3
min. The results of %FAME vyield and %FAME content
were 96.46% and 97.30% (p = 99.04%), respectively.
%FAME content passed the biodiesel standard. %oyield is
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low because the RPO in used a small amount, and weight
loss in washing process.

4. CONCLUSIONS

In this process, the %FAME content increased with
increasing amount of catalyst and molar ratio of
methanol to RPO because of excess methanol leading to
enhanced number of cavitation. In addition. a reaction
tume of 3 nun was necessary to obtain a high conversion.
this process indicated that the reaction under ultrasonic
irradiation are much faster than those under the
conventional procedure. Moreover. further experiments
could be focused in the use of mixed methanol/ethanol as
reactant and use waste cooking oil as raw material for
biodiesel production using ultrasonic irradiation, this can
reduce raw material cost.
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