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NATTHAPHONG CHAIYAKHAM : CHARACTERIZATION OF PARTICLE RELEASE
FROM DIESEL AND GASOLINE COMBUSTION ENGINE UNDER URBAN AND
EXTRA-URBAN CONDITION DRIVING SIMULATION TEST
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This research studied the characteristics of particles emitted from diesel and
gasoline engine combustion under simulated urban and extra-urban driving conditions.
A Portable Aerosol Spectrometer Dust Detector (GRIMM 11D) and a Scanning Mobility
Particle Sizer with Condensation Particle Counter (GRIMM 5416) were utilized to
investigate particle size distribution (10 nm-35.15 um), number concentration, and
mass concentration. Polycarbonate membranes and a Nano Particle Sampler (NPS)
were employed to collect particle samples for morphological and elemental
composition analysis using a Field Emission Scanning Electron Microscope (FESEM-EDS).

The study of the characteristics of particles from diesel engines simulating
driving conditions in urban and extra-urban areas showed that the number size
distribution of particles from diesel engine combustion exhibited a range of 10-100 nm.
The extra-urban driving condition had higher concentrations than the urban driving
condition across all sizes, with most particles concentrated in the 10-30 nm range. For
urban driving, the peak number concentration was found at 0-50 km/h with a particle
size of 17.24 nm, while for extra-urban driving, the peak was at 70-100 km/h with a
particle size of 29.51 nm. The number concentration tended to increase with speed
and decrease when decelerating for both conditions. However, during extra-urban
driving, the number concentration continued to rise when decelerating from 70 km/h
to 50 km/h. Regarding the mass size distribution, for urban driving, the average mass
distribution was highest in the 10-111.37 nm range, peaking at 111.37 nm, while for
extra-urban driving, the highest average mass distribution was in the 10-111.37 nm
range, peaking at 51.18 nm. The extra-urban condition exhibited a higher mass
distribution, especially in the 10-100 nm range. For both conditions, total suspended
particulate (TSP) had the highest average mass concentration among the
environmental parameters, while inhalable dust had the highest among the
occupational parameters. The mass concentration tended to increase with
acceleration and decrease with deceleration, although no statistically significant

difference was observed between the two conditions across all parameters.



The morphology of diesel particles from both driving conditions exhibited irregular
shapes, with agglomeration into chain-like structures observed in the urban condition,
ranging from particles smaller than 100 nm to larger than 100 nm. Urban driving
primarily produced nucleation mode particles, while extra-urban driving produced
accumulation mode particles. The analysis revealed carbon and oxygen as the main
elemental components from fuel combustion, along with aluminum, iron from engine
components or exhaust pipe erosion, and chlorine, potassium, silicon, and calcium
from lubricating oil additives.

For gasoline engines simulating urban and extra-urban driving conditions, the
number size distribution during driving was in the range of 10-111.37 nm, with most
particles being accumulation mode particles concentrated in the 30-500 nm range.
However, the extra-urban condition exhibited a higher particle distribution in the 10-
30 nm range compared to the urban condition. For urban driving, the peak number
concentration was found at 0-50 km/h with a particle size of 111.37 nm, while for
extra-urban driving, the peak was at 70-100 km/h with a particle size of 12.10 nm. The
number concentration tended to increase slightly with acceleration and more
significantly at 70-100 km/h during extra-urban driving. Additionally, the number
concentration continued to rise when decelerating. Regarding the mass size
distribution, particles exhibited two distinct peaks: one at 91.05-737.02 nm with the
highest concentration at 351 nm, and another at 1.42-23.3 pym with the highest
concentration at 7.36 um. The first peak showed similar mass distributions between
conditions, while the second peak had a higher mass distribution in the extra-urban
condition. For both conditions, TSP had the highest average mass concentration among
the environmental parameters, while Inhalable dust had the highest among the
occupational parameters. The mass concentration tended to increase with
acceleration and decrease with deceleration, except during extra-urban driving when
decelerating from 70-50 km/h, where the mass concentration increased. No statistically
significant difference was observed in the mass concentration between the two
conditions. The morphological analysis revealed irregular shapes and agglomeration of
particles for both conditions, ranging from particles smaller than 100 nm to larger than
100 nm, with elemental compositions similar to those of diesel engines.

Comparing the number size distributions between the two engine types in
urban driving conditions, both exhibited high concentrations in the 10-100 nm range,
with diesel engines peaking in the 10-30 nm range and gasoline engines peaking above
30 nm. Significant differences in number concentrations were observed for most driving

stages. For the mass size distribution, diesel engines had higher concentrations in the



10-100 nm range, while gasoline engines had higher concentrations above 100 nm.
Statistically significant differences were found in the mass concentrations of TSP and
Inhalable dust. The morphological analysis revealed the presence of both nucleation
mode and accumulation mode particles, with gasoline engine particles generally larger
in size. While the main elemental compositions were similar, no statistically significant
differences were observed.

For extra-urban driving conditions, the number size distributions of both engine
types exhibited high concentrations in the 10-100 nm range, with diesel engines
peaking in the 10-30 nm range and gasoline engines peaking above 30 nm, similar to
urban conditions. Significant differences in number concentrations were observed for
most driving stages. For the mass size distribution, diesel engines had higher
concentrations in the 10-100 nm range and particles larger than 351 nm, while gasoline
engines had higher concentrations above 351 nm. Statistically significant differences
were found in the mass concentrations of TSP, PM10, Inhalable dust, Thoracic dust,
and Respirable dust. The morphological analysis revealed the presence of both
nucleation mode and accumulation mode particles. While the main elemental
compositions were similar, carbon and oxygen contents showed statistically significant

differences between the two engine types.
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