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Thailand's automotive sector continues to rely heavily on diesel-powered
vehicles that have been in service for more than a decade. A substantial proportion of
these aging vehicles are not equipped with diesel particulate filters (DPFs), resulting in
significantly higher particulate emissions than modern diesel vehicles and contributing
to elevated concentrations of fine and ultrafine particulate matter with adverse health
implications. Although biodiesel has been widely promoted as an alternative fuel, the
physicochemical characteristics of nanoparticles emitted from aging diesel engines
fueled with biodiesel blends remain poorly understood. This study investigated the
size distribution, number concentration, mass concentration, morphology, and
elemental composition of particulate emissions from a diesel engine aged over 10
years operating on three biodiesel blends (B7, B20, and B30) under simulated driving
conditions at 50 and 100 km/h. Experiments were conducted using a chassis
dynamometer coupled with an Engine Exhaust Particle Sizer (EEPS) for in-pipe
measurements and a Portable Aerosol Spectrometer (PAS) together with a Scanning
Mobility Particle Sizer coupled with a Condensation Particle Counter (SMPS+C) for
tailpipe measurements. Particle morphology and elemental composition were
subsequently characterized using field-emission scanning electron microscopy coupled
with energy-dispersive X-ray spectroscopy (FESEM-EDS).

The results revealed that emissions from all three biodiesel blends exhibited a
bimodal Particle size distribution within the exhaust pipe, comprising a nucleation
mode (6-20 nm) and an accumulation mode (25-100 nm). Outside the tailpipe, particle
sizes ranged from 10 to 1,000 nm, with a shift toward larger particle diameters while

nanoparticles within the nucleation mode remained detectable.



Particle number concentrations varied with biodiesel blend and driving speed.
At both 50 and 100 km/h, B7 consistently exhibited the highest in-pipe particle number
concentrations  (1.24x10° and 1.87x10" particles/cm3, respectively), whereas
concentrations measured outside the tailpipe were substantially lower. At 50 km/h,
B30 produced the highest downstream particle number concentration, whereas B7
exhibited the highest concentration at 100 km/h. In contrast, the largest geometric
mean diameters (GMDs) were generally associated with B20 or B30, indicating
differences in particle size characteristics among the biodiesel blends.

Mass concentrations were evaluated using environmental (TSP, PM10, PM4,
PM2.5, and PM1) and occupational (inhalable, thoracic, and respirable dust) exposure
metrics. Across all biodiesel blends, TSP and inhalable dust exhibited the highest mass
concentrations. B30 consistently produced the highest TSP concentrations, reaching
44.56 pg/m3 at 50 km/h and 60.79 pg/m* at 100 km/h, whereas B20 consistently
yielded the lowest values. A similar pattern was observed for PM2.5, with B30
producing the highest concentrations (27.66 and 36.39 pg/m? at 50 and 100 km/h,
respectively), B7 showing intermediate levels, and B20 exhibiting the lowest
concentrations.

Particle morphology analysis revealed that B7-derived particles formed
compact aggregates, whereas B30-derived particles exhibited open-chain, highly
porous, fractal-like structures, indicating a larger specific surface area. Elemental
analysis identified carbon (C) and oxygen (O) as the dominant constituents of particles
from all biodiesel blends. At 100 km/h, B30-derived particles exhibited the highest
carbon content (36.81%), compared with B20 (22.44%) and B7 (12.52%). Trace amounts
of iron (Fe) and sulfur (S) were also detected.

The findings indicate that although biodiesel enhances fuel oxygenation, its use
in aging diesel engines was associated with increased particulate mass emissions and

the formation of nanoparticles in both the nucleation and accumulation modes.



These results underscore the importance of strengthening emission-control
strategies for older diesel vehicles, particularly through the implementation of effective
diesel particulate filters (DPFs) and stricter emission regulations, to reduce nanoparticle
emissions and mitigate their potential impacts on public health. In occupational
settings where exposure to diesel exhaust nanoparticles cannot be adequately
controlled through engineering or administrative controls, appropriate respiratory
protective equipment (e.g., R95/R100 or P95/P100 respirators) should be used to

minimize inhalation exposure.
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