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The environmental impact of fossil fuels is well known nowadays, since the fossil fuels
contribute to global warming by transferring previously sequestered carbon molecules into the
atmosphere as carbon dioxide, a greenhouse gas, which is major source of air pollution through
other combustion products found in an exhaust. Biodiesel fuel offers a solution to the air
pollution problems. It has been claimed that biodiesel fuel does not contribute to an inhibition of
global warming, because like petroleum, the exhausted gases from biodiesel fuel contains carbon
dioxide. However, plants remove carbon dioxide from the atmosphere during photosynthesis, so
that a net production of COz is arguably zero. The levels of other pollutants are generally lower
with biodiesel fuel than with petroleum. The fuelstocks for biofuels are produced by domestic
agriculture, which means that biodiesel fuel production is conducted domestically as well.
Biodiesel fuel, an alternative diesel fuel, is made from renewable biological sources such as
vegetable oils and animals fats. Chemically, it is defined as the alkyl esters of long chain fatty
acids derived from renewable lipid sources (triglycerides). It is environmentally biodegradable,
and produces significantly less the amount of carbon monoxide, sulfur dioxide, hydrocarbons,
particulates and air toxic emissions than those of diesel. Fatty acids alkyl esters (FAAE) can be
used as biodiesel fuel or can be used as an additive or extender to diesel fuel.

This thesis was conducted with three purposes. The first one was the transesterification of triolein under



the ultrasonic irradiation condition. The influences of the molar ratio of alcohol/triolein, base-catalyst
concentration and test temperature were studied to elucidate the optimum condition for the transesterification
of triolein. The second one was to evaluate the effects of the alcohols with a long chain and secondary alcohols
on the transesterification of triolein under the ultrasonic irradiation condition. The third one was to evaluate the
transesterification of fatty acids by using various acid catalysts and molar ratios and the role of acid catalyst
under the ultrasonic irradiation condition.

In chapter 1, the introduction of the biodiesel fuel and sonochemistry was described on the
advantages and disadvantages of the biodiesel fuel, the specification of the biodiesel fuel, the overview of the

biodiesel fuel production technology, and the characteristics of ultrasound.

In chapter 2, the transesterification reaction of triolein (triglyceride) and methanol was
investigated as functions of molar ratio ( methanol/triolein ) and KOH (as catalyst) concentration
at 25 °C under a stirring condition. This is a preliminary experiment to compare with the results
obtained under an ultrasonic irradiation condition and to make an effect of ultrasound clear by
obtaining a methyl ester conversion under a stirring condition. The optimum condition was
found at the molar ratio of 6:1 (methanol /triolein) and 1.5%wt KOH catalyst concentration.
However, it was found that the time to reach the maximum methyl ester conversion was so long,
that the other methods need to be conducted to overcome that. Furthermore, it was also found
that the maximum methyl ester conversion decreased with an increase in KOH concentration
more than 1.5 %wt, above which the gel- formation as a form of soap was considered to take place.
Therefore, it was concluded that this formation led to the decrease in the methyl ester
conversion.

In chapter 3, it was systematically investigated on the effects of ultrasonic irradiation,
molar ratio ( alcohol to triolein ), catalyst concentration and test temperature on the
transesterification of triolein with a short chain alcohol (methanol and ethanol) and base
catalysts such as KOH and NaOH to find out the optimum condition of the transesterification
and to elucidate a fundamental insight into transesterification of triolein under ultrasonic
irradiation condition.

By comparing the results obtained under the ultrasonic irradiation condition with those
under the stirring condition, it was found that (1) the time to reach the maximum methyl and
ethyl esters with KOH and NaOH was significantly short, (2) the maximum ester conversion
tended to have a higher value and (3) the catalytic concentration to get the maximum ester

conversion was small. In addition, it was also decided that the optimum condition under the



ultrasonic irradiation condition was as follows: molar ratio ( methanol to triolein ) 6:1, catalytic
concentration of 1%wt and reaction time 30 min. As a result, it may be concluded that the
ultrasonic irradiation method provides a possibility for producing the cheap alternative biodiesel
fuel.

From the test temperature dependence of the transesterification of triolein with
methanol and a base catalyst (NaOH and KOH) under the ultrasonic irradiation condition, it
was found that the maximum methyl ester conversion increased with increasing temperature.
Furthermore, the apparent activation energy (AG ) was estimated from relationships between
the rate and the reciprocal of temperature as follows: AG at high temperatures (more than 20°C)
is 0.18 ~ 0.22 kJ/mol for NaOH and KOH, and AG at a lower temperature (less than 20°C) is 2.4 ~
2.7 kd/mol for NaOH and KOH. The latter value shows that the transesterification reaction was

the diffusion controlled reaction.

In chapter 4, the transesterification of triolein under the ultrasonic has been conducted is
to elucidate the effects of the kind of catalyst and the type of alcohol under low-frequency
ultrasonic irradiation conditions (40 kHz). It was found that the ester conversion was very low at
sulfuric acid catalyst at 25 °C and no conversion was observed at acetic acid catalyst. In addition,
it was found that the ester conversion depended upon the kind of alcohols; as the number of
carbon in alcohol increased, the reaction rate decreased, which means that the structural effect
of the alcohol affected the transesterification reaction. Furthermore, the secondary alcohols such
as 2-propanol, 2-butanol, 2-hexanol, and 2-octanol showed little ester conversion. It was
presumed that the steric hindrance of alcohol strongly affected the transesterification of triolein.

In chapter 5, we tried to elucidate the transesterification of FFAs for the parameters
under the ultrasonic irradiation and stirring conditions by using acid catalyst, but not base
catalyst. The optimum condition for the production of ethyl ester under the ultrasonic irradiation
condition was as follows: molar ratio of ethanol to oleic acid 3:1, H2SO4 concentration of 5%wt
and irradiation time 2 hour at 60°C.  Therefore, it was found that the transesterification of the
fatty acids was very difficult compared to that of triolein.

On the basis of the results obtained, we decided the optimum condition on the
transesterification of triolein to get the maximum ester conversion. We also found that as
ultrasound accelerates the transesterification reaction, the ultrasonic irradiation method is one
of the best methods to produce the biodiesel fuel with the highest ester conversion. In addition,

we elucidated the roles of catalyst, alcohol, test temperature and fatty acids et al in the



transesterification of triolein.

Finally, the conclusions of this thesis were summarized in chapter 6.

BEEROESR

AL, VBT & ORI IAEME TR DEW T BDF DI E2 5 2 & T, BDF I
FRORIEFIEPAEIC SN TE LT, 512, BDF RN TV a— Ll 7L — LiREE filliif,
FOGK 2 12 ED X I BE I N0 E2EEN, BRENIIHREISNTHWRWNWZ L, flix DT L
FAEHDO M) 7V &Y RORGY THLMEMMDOET ULEME LT 7 AFAEE T 7 TLEKES
W1OB5F LAV (ETAF LA Y) ZBY, R T 0 AT AT MEUGIZ DOV TRA BT L
ToRER, UTOZ ENHLMNE R oT2,

(1) 7AVREEZ N 8T AT VA D T AT AT B RIGE K ORI %2 7= HER
B DT 2T MAGBUGT 6 LT, S IR R o T O IR & bl U CBRE RMREE A B - T2,
Q) 1M|TNa—=NTHDHAHK ) =Nz Z ) — IO T )V a— VR T BDF RNk & 7
DT ENbNoT, SBIT, A% —ZHAWT, BDFIEROKESMEZ S LT,

() LT a— BT, I—Rr BNy /) —L L) RKEWT /L 2—)L Tl BDF YR A5
DT EWG ol THUIA—R BN KRELRDITHEND, T T LA T IVva— & OUfEME
DI 2126 2303 53, BOF RN T2 2 Enh, 7va— L Ot 2 f (F84) 23 BDF
INRIZEBE L 7= b O EHERI L7z,

(4) SRREEOKRE W 2 BT Va3 — VLRI D b T v A 2T ACSOS IR PR I OV 5 5=
R TIIFREEIT LW R G oTe, NP XIS, T UV AZAT MBI T b= — /L DR
MBI R E SRS, BERIISZ BEHEEET 20 TN LR LIk o7z,

(5) filARIZRI L C, T U filfit (NaOH, KOH) 72355E2EARLEE (CH,COOH) & 2% W Ntk fliE (H,S0,)
L0 P T RAZZAT RO b AN TH D Z LT,

ABFF21%, BDF OBGEIZBI LT, FIA A LA D b T v 2T 2T IALRSIZ OV TRA BT
TWRE TSRS b T A F LA v BD, BOF RO S E2H 595 & & I, BDF
IHRICRIET T v — VR, il Fs J OB O 8 4 3R~ BIEIC L TR v | #if=7s BDF
RS DFEIEFS L OVBDF RO EGHEILICEIRT 2 L ZAKTH D, £7-, HiEE S H I L CHIZEEE &2
175 DICKERRERNEFHBEAT DI EEZMELIE D TH D,
AZEERIE, KX OFER L OEMERBROFE RO, it (L5 OFEeRE5T 22 L4y
LR D,



