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Fuel plays an important role in the development of every country in the world. In
recent years, fossil fuels are depleting, and environmental issues by using fossil fuel are
increasing. Therefore, there is a need to find new alternative fuels. Biodiesel fuels (BDFs) are
expected to be the alternative fuel used to fulfill the energy demands of the world in the
future because of their benefits such as eco-friendly, renewable and biodegradable. BDFs
have been increasing interest in recent decades, and exhausted gas emitted from diesel engine

by using BDFs has been also concerned when BDFs were used as replacement for diesel fuel.

Fuel combustions have long been recognized as one of the most important
anthropogenic sources of atmospheric polycyclic aromatic hydrocarbons (PAHs) which are
mutagenic and carcinogenic. BDFs have been demonstrated to decrease the PAHs emission.
In order to evaluate an impact of BDF utilization, we should know an accurate background
of the PAHs concentration in the atmosphere. Biodiesel fuel exhausted gas (BFEG) has
been also reported to associate with increases of NOx and non-methane hydrocarbon

(NHMC) which are important ozone precursors. The ozone increment resulting as



secondary pollution from the uses of BDFs and diesel fuel have been estimated by computer
simulation with a maximum increment activity of each carbonyl. Meanwhile, the reports on
the ozone increment resulting by experiment have not been available. This study provides a
better understanding of the ozone increment and focuses on the increment of ozone when

BDFs are used instead of diesel fuel.

The status of regulated emission (NOx, CO, and particulate matter) from BDFs
combustion has been confirmed. However, unregulated emission such as carbonyl compounds,
PAHs or unknown organic compounds is being investigated. Finding of a new pollutant group
is needed, which helps us to understand more about characteristics of BFEG. We found low
molecular weight - methyl ester (LMW-ME) group, which is more toxic than benzene. Thus,
study on detailed chemical kinetics for therma decomposition of LMW-ME becomes important

to reduce LMW-ME emission in the future.

In the framework of this thesis, we focus on BFEG which has been continuing
attention and discussion in recent years. This study is believed to have a significant
contribution to BDF exhausted emission research field. The thesisis divided into six chapters

with the structure as follows.

In Chapter 1, we provided some overviews of BDF exhausted emission profiles, BDF
production methods, types of BDF and specifications of BDF. Furthermore, purposes of this
thesis were also addressed.

In Chapter 2, new methods to collect PAHs in rain and snow were proposed. Benzene
was added to a brown glass bottle before rain sampling, and a heated funnel combined with a
brown glass bottle in which hexane was added for snow sampling in order to prevent decrease
of PAHs during sampling and storage. Whether it is raining or not, the concentrations of
a9PAHSs in gas were always higher than those in particles. The ratios of the a9PAHs
concentrations in the gaseous phase to those in the particulate phase were 3.51 and 1.99 during
rain and no rain, respectively. The concentration of 4 9PAHs in rainwater ranged between 17.49
and 646.52 ng dm™. The average ratio of these & 9PAHs in gas versus [gas plus particles] was
77.9 % and 68.3 % during rain and no rain, respectively. Among 4, 5 and 6 rings PAHs in gas,
particle, and rain, 4 rings were the highest contribution of PAHs. During the rain, the

compositions of PAHs in the rain were similar to those in the particle but not those in the gas



phase. Small fraction of 4 rings PAHs in the gas phase were also incorporated in the rain, but
the composition of PAHs in the gas phase was not affected by rain. The temperature and season
were significantly related to PAHs concentration in the gas/particle/rain, and the concentrations

of PAHsin the winter and spring were higher than those in summer and autumn.

In Chapter 3, ozone concentration increased with increasing amount of BFEG and diesel
fuel exhausted gas (DFEG) emitted to the atmospheric environment because of increasing NOx
and NMHC. The ozone increment was conducted under both experimental conditions in
chamber test with UV light and in the natural environment with sunlight. The ozone increment
depends on radiation intensity and quality of ambient air. NMHC and NOx are important
factors that influence the trend of ozone formation. BFEG and DFEG were added to the
separate air bags which were filled up by ambient air. With 30 cm® of BFEG and DFEG were
added to 18 dm® of ambient air, the highest ratios of ozone increment from BFEG versus DFEG
in Japan and Vietnam were 31.2 and 42.8 %, respectively, and the maximum ozone increment
resulting from BFEG and DFEG compared to the ambient air in Japan were 17.4 and 26.4 ppb,
respectively. The trends of ozone increments in Vietnam and Japan were difference: 1) ozone
increment in Vietham was higher and faster than Japan. 2) The ozone increment resulting
from the use of BFEG in Vietnam was high compared to that from DFEG under all
experimental conditions, but in Japan the opposite results were observed. We observed that
the NOx concentration decreased by the UV irradiation since NOy reacted with OH radicals

and volatile organic compounds (VOCs) to form HNO3 and unknown organic nitrates.

In Chapter 4, formation of LMW-ME having one carbon-carbon double bond
CiH2n202 (n=4-9) in BFEG was investigated. These compounds were generated from
unsaturated fatty acid methyl esters by therma cracking. LMW-ME was detected in
WCO-BDF exhausted gas from a diesel electric power generator and in catfish-BDF
exhausted gas from a mini truck. However, it was not detected in DFEG in both the power
generator and mini truck test. The C, concentration which was observed with the highest
concentration was 14.01 + 1.07 mg m®(B100, 0 % load) and 2.22 + 0.05 mg m™ (B50,0 km h™)
from the power generator and mini truck, respectively. C4 has an LDs, value of 277 mg kg™
in rats via oral testing. This toxicity is 15 and 3 times higher than those of xylene and
benzene, respectively. Therefore, LMW-ME emission is harmful and toxic for the

environment and human beings. The concentration of LMW-ME increased with increasing



BDF ratios because the source of LMW-ME is BDF. However, the LMW-ME concentration
decreased with increasing load or speed because of high temperature and combustion
efficiency. The concentration of LMW-ME depends on types of engines and source of fuels.
The concentration of LMW-ME with higher number carbon is smaller than lower number

carbon except for Csg.

In Chapter 5, the detailed chemical kinetics for thermal decomposition of LMW-ME
was investigated. Six standards of LMW-ME were used for thermal decomposition by a
continuous flow reaction system. Kinetic data such as reaction orders, activation energies,
and rate constants were calculated. The reaction orders of thermal decomposition reaction for
each LMW-ME were 1.13, 0.96, 1.17, 0.80, 0.99, and 0.84 for C,4, Cs, Cg, C7, Cg, and Co,
respectively. The reaction orders are not integer, which indicate that the decomposition of
LMW-ME is complex not only involved the thermal reaction but aso free radical reactions.
Activation energies of each LMW-ME are 321.04, 117.37, 87.29, 62.94, 74.80, and 75.79 kJ
mol™? for Cy4, Cs, Cs, C7, Cs, and Cy, respectively. From kinetic data, it can be explained why
C, is the most abundant in the BFEG as being described in chapter 4. The decomposition of
LMW-ME with higher carbon number was faster than LMW-ME with smaller carbon number
except for Cg. Based on the observation of by-products from decomposition of each
LMW-ME, it is suggested that from high number carbon methyl ester was not only
decomposed to lower carbon number but also directly decomposed to C,. This kinetic data
will be applied to modeling study on BDFs decomposition, and engine technol ogies to reduce

hazardous compounds emission.

In Chapter 6, the content of this thesis and future researches were summarized.
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