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Abstract. In this study, the aim was to find out if mixing two common fuels together could be
beneficial for both the environment and storage stability of fuel. It is obvious, that adding
biodiesel to fossil fuel will decrease its sulphur content and reduce its carbon monoxide and
hydrocarbon, sulphur dioxide and soot emissions. But will the high sulphur content enhance the
storage stability of the biodiesel? Four B20 samples were produced, consisting of 20 vol%
biodiesel and 80 vol% fossil diesel. The samples were prepared from rapeseed methyl ester
(RME), low sulphuric fossil diesel fuel and high sulphuric diesel solvent. The blends had different
sulphur contents of 6, 76, 149 and 226 mg kg'!. For these B20 fuel samples, the parameters were
compared that correlate with the storage stability of the fuel blends. The studied parameters were

the oxidation stability (OSI, according to EN 15751:2015), acid number (AN, according to EN
14104:2003) and kinematic viscosity (KV, by ﬂ). The
measurements were carried out straight after mixing the blends, and again after 4, 8 and 12 weeks.
According to the results, the fuel containing less sulphur slightly lost its oxidation stability within
three months. Instead, the oxidation stability of high sulphuric samples improved within the same
time frame. As a conclusion, the study gave a reason to assume that — in spite of its known
drawbacks — the sulphur may be favourable to fuel blends’ storage stability but the phenomenon

and chemistry should be studied in more detail.
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INTRODUCTION
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Due to the environmental reasons on one hand and to the agricultural needs, on the
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the lifetime of the engines. A review of
short run tests reports that biofuels can replace conventional diesel fuel but a long run
analysis is needed for assessment of the engine life. Problems that may occur are carbon
deposition, lubricating oil dilution, piston ring sticking and injector nozzle choking
(Patel et al., 2016).

MATERIALS AND METHODS

Sample RME (ml) DFO (ml)  Diesel solvent (ml)

B20 1 100 400 0
B202 100 360 40
B20 3 100 320 80
B20 4 100 280 120
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Acid number

Oxidation stabilit

Viscosit

The elemental analysis was measured by a Thermo Scientific Flash 2000
instrument. It determines the mass fractions of carbon, hydrogen, nitrogen and oxygen.
Sulphur may also be analyzed in case its amount is high enough. The analysis was
produced according to Standard ASTM D5291 (ASTM D5291-16, 2016).
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Sulphur content

The sulphur contents were measured by a Thermo Scientific, iCAP 6500 duo
instrument. In this method, the samples are decomposed by an ultrasonic oven and
transformed from organic to water-soluble form. The solution is injected to
spectrometers plasma. Calibration was made by the known concentrations of the
standards. The defined standards (emission intensities in known concentrations) and the
presence and concentration of the element are evaluated by comparing the intensity of
the light to these standards. The method was an in-house method produced based on
Standard ISO 10478 (ISO 10478, 1994).

RESULTS AND DISCUSSION

The analyses results related to storage stability are presented in Table 2 and
elemental analyses results in Table 3. All the obtained results are arithmetic means of at
least two replicate measurements. The OSI, AN and KV results are also depicted in
Figs 1, 2 and 3, respectively, and the elemental analyses in Fig. 4.

Table 2. The storage stability analyses results for DFO, RME and B20 fuels

Property DFO RME B20 1 B20 2 B20 3 B20 4
Oxidation stability (h)

Fresh 72%* 11 45 47 47 51

4 weeks 44 47 51 54

8 weeks 42 48 52 55
12 weeks 10 42 47 53 56
Acid number (mgKOH g™)

Fresh 0.19 0.07 0.06 0.06 0.07
4 weeks 0.06 0.06 0.06 0.06
8 weeks 0.07 0.06 0.08 0.07
12 weeks 0.07 0.07 0.07 0.07
Kinematic viscosity, 40 °C (mm? s™!)

Fresh 3.5 4.5 3.6 3.4 3.2 3.1
4 weeks 3.6 3.4 3.2 3.1
8 weeks 3.6 3.4 3.2 3.1
12 weeks 3.7 3.4 3.2 3.1

The relative standard deviations are: KV 1%, AN 7.9%, and OSI 4.5%. These had been determined for the
analysis methods earlier. For the OSI results above 48 hours, the reproducibility is approximately 9.5 hours.
The OSI results above 48 hours should be announced >48 hours according to Standard EN 15751.

*The measurement was stopped after 72 hours.

Table 3. Elemental analyses result for B20 fuels

Property B20 1 B202 B203 B20 4
C (m-%) 83.7 83.5 84 83

H (m-%) 13.2 13.2 13.8 13.7
N (m-%) 0.2 0.2 0.2 0.2

O (m-%) 2.2 2.2 2.2 2.2

S (mg kg™ 6 76 149 226

The relative standard deviations for these methods were not determined.
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Fig. 1 shows how the oxidation stability of the samples changed during 12 weeks:

e  B20 1, decreased 5% (from 46 to 42 h)
e  B20 2, remained almost constant (varied between 47 and 48 h)
e  B20 3, increased 12% (from 47 to 53 h)
e B204, increased 10% (from 51 to 56 hours).
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Figure 1. Oxidation stability results for B20 fuels. The

For the OSI results of above 48 hours, the reproducibility is approximately
9.5 hours. According to Standard _ the OSI results of above 48 hours
should therefore be announced as > 48 hours. In this study, the trend in the results was,
however, so clear that the actually measured values were chosen to announce.

It should also be noted that, as fresh, the OSI was the longer, the higher was the
sulphur content.

Fig. 2 shows that the acid numbers of all the samples remained within
0.06-0.08 mgKOH g during the whole study. There were no significant differences
between the samples and the results did not change during the storage. Thus, the sulphur
content did not either seem to affect the AN.

0.1
0.09

0.08

|
0.07
] u 0 weeks
mgKOH g 0.06 +— I — I |- ] - =4 weeks
= § weeks
0.05 12 weeks
0.04 — — —
0.03
0.02 - s R - =

B20 1 B20 2 B20 3 B20 4

Fiiure 2. Acid number results for B20 fuels. The F
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Fig. 3 shows that the kinematic viscosities remained quite constant during the
storage time of 12 weeks for all the samples. The differences between the samples were
due to different mixing ratios. For the samples B20 2, 3 and 4, the diesel solvent
containing sulphur lowered the KV in relation to its mixing ratio.
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Fiiure 3. Kinematic Viscositi results for B20 fuels. The r

Polczmann et al. (2016) studied the storage stability of diesel fuels containing
biodiesel and made a mathematical correlation between a) the viscosity increase and
oxidation stability decrease and b) between the acid number increase and oxidation
stability decrease. As a result of their study, the authors conclude that the found
correlation could reduce the number of needed analyses in biodiesel quality follow-up.
According to them, the kinematic viscosity and acid number could be estimated based
on the oxidation stability result (P6lczmann et al., 2016).

However, this was not clearly seen in the present study because no correlation was
observed between the oxidation stability and acid number nor kinematic viscosity. In the
current study, the amount of samples was, though, small and the timescale was shorter
(12 weeks against 150 weeks in Polczmann et al., 2016).
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Figure 4. Elemental analyses result for B20 fuels. The
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Fuels mainly consist of carbon and hydrogen and some small quantities of sulphur,
nitrogen, and oxygen (Riazi, 2005). Even at its highest in the present study, the amount
of added sulphur was not high enough to cause differences in elemental contents of the
fuels, Table 2, Fig. 4. It can, thus, be assumed that adding diesel solvent did not affect
the elemental composition of the samples. It needs, however, to be kept in mind, that the
elemental contents are approximate. The measured sulphur values of 6, 76, 149 and
226 mg kg were very close to the calculated values of 5, 78, 151 and 226 mg kg™'.

The form of the sulphur compound is determining. In fossil fuel, sulphur can be
found in cyclic compounds such as thiophenes and benzothiophenes as well as in
noncyclic compounds such as mercaptanes and sulphides (Ma, 2010). In this study, the
added sulphur was n-dibutyl sulphide which is a simple hydrocarbon chain that contains
sulphur in the middle, and it is a noncyclic compound, Fig. 5.

HaC™ "8 ™""CHj,
Figure 5. Structure of n-dibutyl sulphide. (Sigma Aldrich, 2016).

In the presence of water, sulphur may form sulphuric acid and the acids will
promote oil thickening and oxidation, e.g., in lubricating oils (Folkson, 2014). This
phenomenon may also occur within fuels. Biodiesel is hydrophilic and it is possible that
its moisture content will increase during three years of storage. The water content of
RME was not measured. Most likely, based on the other analysis results, it can be
assumed that no water was present in the studied samples and the increasing amount of
sulphur did not affect adversely the oxidation stability, quite the contrary.

McCormick & Westbrook (2007) mentioned that sulphur compounds can work as
antioxidants and the same conclusion is also supported by the studies of Karavalakis et
al. (2010) and Sirvio et al. (2016). Sirvid et al. (2016) was a prestudy in relation to this
research theme. In that study, the B20 sample containing more sulphur loosed its
oxidation stability less than the B20 sample containing less sulphur. Karavalakis et
al.(2010) have found that the oxidation stability behaviour of biodiesel blends is a very
complicated process. They say that the most important factors affecting the blends’
oxidation are the biodiesel composition and used antioxidants. Additionally, according
to McCormick & Westbrook (2007), the stability of the biodiesel is the most important
factor from the point of view of the blends storage stability.

In this study, the biodiesel and fossil diesel were the same in all samples but the
mixing ratios of the diesel solvent containing sulphur varied from 0 (B20 1) to 22%
(B20 4). Most likely, the reason for the difference in the oxidation stability of the fresh
blend samples was, thus, the different sulphur content. For the diesel solvent, the
oxidation stability was not measured but the oxidation stability of the DFO was high
(measurement was stopped at 72 hours). The DFO quality was, thus, not a threat to the
stability of the blends.

As mentioned above, the decrease in OSI was 5% for the sample B20 1 while the
oxidative stability increased by 12 and 10% for the samples B20 3 and 4, respectively.
This may indicate the antioxidative effect of sulphur. To prove this thesis, again
indicated by the current study, the chemistry of the fuel blends and organic sulphur
should be studied more detailed.
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Karavalakis et al. (2011) showed in another study, that even a 4—6 weeks storage
time may cause OSI to decrease below the 20 hours’ limit due to natural ageing. The 20
hours’ limit is set in Standard EN 590:2013 for automotive diesel fuels. In this study, the
OSI of all the samples remained clearly above the 20 hours’ limit for 12 weeks. The
other measured properties were also at a proper level though the adopted RME was
produced 3 years before this study.

CONCLUSIONS

The aim of this study was to find out if increasing sulphur content is beneficial for
storage stability of the fuel blend.

The measured sulphur

contents of the samples were 6, 76, 149 and 226 mg kg!

e  There is a reason to assume that the sulphur may be favourable to fuel blends’
storage stability. The decrease in oxidation stability was 5% for the sample B20
containing the lowest amount of sulphur while the other samples behaved
differently. During the storage, the oxidation stability of the sample containing
76 mg kg™! sulphur remained quite constant and for the samples containing 149 and
226 mg kg sulphur, the OSI increased by 12 and 10%, respectively. This may
indicate the antioxidative effect sulphur has. The phenomenon and chemistry
should, however, be studied more thoroughly and for a longer period to confirm
this statement.

e  The other properties related to storage stability, i.e., AN and KV seemed not to vary
much within the storage time of 12 weeks. Any clear correlations between the
oxidation stability and the acid number and kinematic viscosity were not observed
in the examined samples.
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