Methodology for characterization of the soot morphology
of particulate emissions in a diesel engine through
thermophoretic sampling and HR-TEM analysis
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Abstract
There are several methods to capture and analysing diesel particulate matter (PM) but many of them alter the nature of the particles collected. The aim
of this work is to develop a methodology for morphological analysis of diesel PM with the aim of becoming a standard technique. This methodology is
based on the use of the thermophoretic phenomenon as a PM capture method. For the analysis, the grid is studied in a high-resolution transmission
electron microscope (HR-TEM) to obtain different micrographs of the agglomerates and primary particles that are processed in order to obtain particle
size distribution of the agglomerate, its fractal dimension, lengths of the interplanar layers for the case of the primary particle’s nanostructure,
between others.

Methodology
• A Euro 4 diesel engine was tested in two
steady-state operating modes: High Mode
(MA) at 2200 [rpm] @90 [Nm] and Medium
mode (MM) at 2800 [rpm] @80 [Nm].
• The engine was operated with commercial
diesel fuel (10% v/v of palm Biodiesel fuel,
B10) and with neat palm Biodiesel fuel
(B100).
• A pneumatic thermophoretic probe was
used in order to collect PM that is captured
in a 3 [mm] formvar/carbon coated grid.

Fig. 1: Thermophoretic probe used.

Fig. 2: HR-TEM FEI Tecnai G2-F20.

a)

• The PM collected is analysed in a HR-TEM
to obtain images of the morphology of the
agglomerates and the nanostructure of the
primary particles.
• This micrographies from the HR-TEM are
processed with the open source software
ImageJ®. For agglomerates, the fractal
dimension and its particle size distribution
is obtained. For primary particles that
formed the agglomerates, the interplanar
spacing, lenght fringes and tortuosity was
determined.

b)

Fig. 4: a) Agglomerates processing with ImageJ. b) Primary particle processing following the algorithm
proposed by Botero (2016) [1].

Results and conclusions

a)

c)

• Fractal dimension of the agglomerates increases with higher loads
and with more biodiesel due to higher presence of oxygen.
• The particle size distribution follows a normal distribution with a
mean 27,79 ± 6,81 [nm] for MM B100 condition, and 26,75 ± 6,71
[nm] for MA B100.
• The mean fringe lengths are in a small range for all soot samples of
10-12 [Ä].
• The mean interplanar spacing in all samples was around 0,47 [nm].
• A disminution in particle size is observed with pure biosiesel. Also,
the particle number density increases as the engine load condition
raises.
• This methodolgy has shown results that are consistent with
literature [2-3].

b)

d)

Fig. 5:

a) Fractal dimension of the agglomerates. b) Particle size distribution.
c) Fringe length of primary particle. d) Interplanar spacing between fringes.
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