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Soluble organic fraction, SOF, is defined
as the fraction of particle mass soluble in
organic solvents like toluene or DCM. In the
extraction, the organic species adsorbed on
the surface of soot agglomerates during the
cooling of the exhaust gas are dissolved. The
health-harming potency of particles is often
associated with the organic constituents in
particles, like PAHs. Thus measuring SOF may
give some indication of the toxicological
properties of the particles. Also the efficiency
of the particle reduction by catalytic
converters is affected by the chemical
properties of the particles. In this study,
soluble organic fraction of particles, SOF, and
PAH content were analysed from diesel
engine emissions.

In the experiments, EPA Tier 1 / EU
Stage 2 Kubota D1105-T diesel engine was
used in combination with a 30 kW Froude
Consine eddy current dynamometer system.

Table 1. Engine, fuels and modes

Engine

Model Kubota D1105-T

Type 4-cycle diesel

Displacement [I] 1.123

ISO Gross

[kW/rpm] 24.5/3000

Fuels EN590°% HVOP, RME®

Lubricant fully synthetic Neste Turbo E6 SAE
10W-40

Modes

RS100 RS50 RS10 IS75
Speed [rpm] 3000 3000 3000 2050
Torque [Nm] 70.7 35.3 7.1 59.9

& sulphur free petroleum based diesel fuel
L hydrotreated vegetable oil NExBTL (Rantanen et al., 2005)
¢ rapeseed methyl ester, a first generation biodiesel

The fuels used were sulphur free
EN590, HVO and RME. Particle samples were

taken from four modes of the test cycle C1
(ISO 8178-4:1996(E)). Engine, fuels and
modes are presented in Table 1. Also tests
with a DOC+POC-X catalytic converter made
by Ecocat Ltd. were conducted; the converter
is described in Lehtoranta et al., 2007.

Soluble organic fraction of particles,
SOF, was measured by drawing a particle
sample on a weighed filter (Emfab, Pall,
47 mm) from a dilution tunnel (ISO 8178).
Filters were weighed before and after a 16-
hour-extraction with toluene in a Soxhlet
apparatus. The soluble organic fraction is the
fraction of particles dissolved during the
extraction. From the extracts, ten polycyclic
aromatic hydrocarbons (PAH) were analyzed
with a GC-MS (Agilent). The sample handling
procedure is described in Hytbnen et al.
(2009).

Emissions of soluble organic particles
(Fig. 1) and PAHSs increased with decreasing
load, probably due to a lower combustion
temperature. HVO had the lowest SOF
emissions. The decrease in the average SOF
emissions was, depending on the mode, from
4% to 51% when EN590 was replaced with
HVO. The same trend was found, for
example, in particle mass emission (lhalainen
et al., 2009). This is most likely due to the
higher cetane number and the lack of heavy
aromatics in HVO. The average reduction of
SOF emissions by the DOC+POC-X ranged
from 75% to 99%; the soluble particle
material was reduced more efficiently than
the insoluble material.

SOF emission from the blends of
vegetable oil ester and petroleum based



diesel fuel has been reported to be higher
than the emission from pure petroleum
diesel; a reason for this can be that in
biodiesel combustion, products  of
incomplete combustion are less volatile (Lin
etal., 2008, Bagley et al., 1998).

Lehtoranta et al. (2007) found that
DOC+POC-X reduced SOF emissions from
heavy duty diesel engine fuelled with EN590
by 81-90%, which is in a good agreement
with our results.
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Figure 1. Soluble organic fraction of particle
emissions (mg/kWh).

Concerning particle phase PAHs, HVO
and RME had generally lower emissions than
EN590; the reduction varied between the
modes. PAH emissions from RS100 mode are
presented as an example; the most abundant
PAHs in the particle phase were fluoranthene
and pyrene (Fig. 2). DOC+POC-X was
successful in reducing PAH emissions; the
average reduction ranged from 12% to 94%.
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Figure 2. PAH emissions from RS100 mode
(Mg/kKWh).
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Rantanen et al. (2005) found the
emission of 7 particle phase PAHs to be
reduced by 70-80% when EN590 was
replaced with a 85 vol-% HVO blend. Also
according to Bagley et al. (1998), soy methyl
ester fuel caused several tens of percents
lower PAH emissions compared to low-
sulphur petroleum diesel fuel.
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Soluble organic fraction, SOF, is determined by extracting
particles collected from diesel exhaust emissions with
organic solvent, for example with toluene or DCM. By this
extraction, organic species adsorbed on the surface of soot
agglomerates during the cooling of the exhaust gas are
dissolved.

Engine, fuels, and modes

Engine
Model Kubota D1105-T
Type 4-cycle diesel

Displacement [l] 1.123
ISO Gross [kW/rpm] 24.5/3000

Fuels EN590%, HVO", RME®
Lubricant fully synthetic Neste Turbo E6 SAE 10W-40
Modes

RS100 RS50 RS10 IS75
Speed [rpm] 3000 3000 3000 2050
Torque [Nm] 53 35.3 7.1 59.9

asulphur free diesel
b hydrotreated vegetable oil NExBTL (Rantanen et al., 2005)
¢ rapeseed methyl ester, a first generation biodiesel

300

m EN590

EN590 DOC+POC
250 mHVO

HVO DOC+POC
mRME
200 RME DOC+POC

SOF [mg/kwh]
&
o

=
o
S

50

RS100 RS50 RS10 IS75

The health-harming potency of particles is often associated
with organic constituents in particles, like PAHs. That is why
measuring SOF may give indication of toxicological
properties of particles.

In the experiments, EPA Tier 1 / EU Stage 2 water cooled
diesel Kubota D1105-T was used in combination with a 30
kW Froude Consine eddy current dynamometer system.

Tests with DOC+POC-X catalyst made by Ecocat Ltd. were
conducted. The catalyst is described in Lehtoranta et al.,
2007.

Particle samples were taken from four modes of the test
cycle C1 (ISO 8178-4:1996(E)) by drawing particle sample
on a weighed filter (Emfab, Pall, 47 mm) from dilution tunnel
(ISO 8178). Filters were weighed before and after the 16-
hour-extraction with toluene in Soxhlet apparatus.

The soluble organic fraction is the fraction of particles
dissolved during the extraction. From the extracts, ten
polycyclic aromatic hydrocarbons were analyzed with a GC-
MS (Agilent). The sample handling procedure is described in
Hytoénen et al. (2009).
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Soluble organic fraction of particle emission (mg/kWh).

PAH emissions from RS100 mode (pg/kwh).

Emissions of soluble organic particles and PAHs increased with decreasing load, probably due to a lower combustion

temperature.

HVO had the lowest SOF emissions. The decrease in the average SOF emission was, depending on the mode, from 4% to 51%
when EN590 was replaced with HVO. The same trend was found, for example, in particle mass emission (lhalainen et al.,
2009). This is most likely due to the higher cetane number and the lack of heavy aromatics in HVO. The average reduction of
SOF emissions by the DOC+POC-X ranged from 75% to 99%; the soluble particle material was reduced more efficiently than

the insoluble material.

PAH emission had not such a clear trend between the fuels as SOF content. The most abundant PAHs in the RS100 mode
particle emission were fluoranthene and pyrene. The average reduction of PAH emissions by the DOC+POC-X ranged from

12% to 94%.
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