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Abstract

The use of a two-stroke engine as the power unit on different hand tools is a widespread tendency. In case of the particular
hand tools, it is crucial to keep the exhaust gas emission of the engine as low as possible. To reduce the exhaust gas
emission of a two-stroke engine, alkylate petrol has been worked out. According to manufacturer's data, using alkylate
petrol in a two-stroke engine improves the combustion of the air-fuel mixture, thus, the proportion of dangerous
compounds in the engine exhaust gas also decreases. However, it is not exactly clear how much the proportion of
dangerous compounds, e.g. carbon monoxide, in the exhaust gas decreases. The aim of the given article is to study the
exhaust gas emission during the combustion of alkylate petrol and outline the proportion of dangerous compounds at
different loads of a two-stroke engine. The results indicate that when alkylate petrol is used, the proportion of carbon
monoxide in the exhaust gas increases.
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1. Introduction

Two-stroke engines are mostly used on hand tools due to the simplicity of those tools’ construction. The fuels
used in two-stroke engines are fuel blends, mostly consisting of 98 % regular petrol and 2 % two-stroke engine oil. When
operating hand tools, people are subject to health risk as the engine exhaust gas might affect their health, especially when
the hand tools are operated over a longer period of time. Therefore, it is important to keep the engine exhaust gas emission
during the use of hand tools as low as possible. There are several dangerous compounds in the engine exhaust gas that
affect human health. In general, the dangerous compounds in the exhaust gas can be divided into four, i.e. CO, CO2,
NOx, and HC. Carbon monoxide binds to hemoglobin in the human organism, which in turn hinders the transport and use
of oxygen in the body. Furthermore, carbon dioxide influences the central nervous system and might cause anesthesia [1].
Nitrogen dioxide causes the irritation of bronchial tubes, and when nitrogen oxides react with hydrocarbons, it results in
ground-level ozone that damages the lungs and irritates bronchial tubes [2]. In addition, the impact of the abovementioned
exhaust gas compounds on human health is discussed in Fridell et al., 2014, Coburn et al., 2011, Winebrake et al. 2011,
etc [3,4,5]. Therefore, it is very important to keep the exhaust gas emission of an engine running in close proximity of a
human as low as possible.

There are several possibilities to reduce the exhaust gas emission of a two-stroke engine. One of these would be
the use of biofuels during which the exhaust gas emission generally reduces [6, 7, 8, 9,10,11]. Another option would be
using alkylate petrol. Alkylate petrol is a special fuel for use in hand tools that has a low level of alkanes, oxygen and
aromatic compounds. The chemical properties of alkylate fuels are more precisely described in Zardini et al., 2014 [12].
According to the data of alkylate petrol’s manufacturers, the combustion of alkylate petrol is more effective than, for
example, the combustion of the blend of regular petrol and two-stroke engine oil. Therefore, when alkylate petrol is used
in a two-stroke engine, the exhaust gas emission decreases. The use of alkylate petrol in two and four-stroke engines has
been researched in the world. For instance, Zardini et al. 2014 studies the use of alkylate petrol in two and four-stroke
scooter engines [12]. The results indicate that in case of cold and warm engine, the proportions of CO, HC, and NOx
reduce in the exhaust gas, whereas the proportion of CO2 increases. However, the engines of scooters used in the particular
test are equipped with a catalyst that reduces the amount of dangerous compounds in the exhaust gas significantly [12].
Therefore, the data in this test do not describe the composition of exhaust gas coming into existence during the combustion
of alkylate petrol directly. However, hand tools do not have a catalyst in the exhaust pipes, which would reduce the
amount of dangerous compounds in the exhaust gas. For that reason, the exhaust gas emission of two-stroke engines
without catalysts might significantly differ from the exhaust gas of engines equipped with one. The impact of alkylate
petrol and blends of alkylate petrol and oil produced specifically for two-stroke engines on the exhaust gas of two-stroke
engines has been studied as well [13]. In these cases, the difference between fuels lies in the fact that in the alkylate petrol
produced specifically for two-stroke engines, the lubrication additive is selected and added by the manufacturer company.
Alander et al. (2005) states that in comparison to the use of regular petrol, the proportions of, for example, CO and HC in
the exhaust gas decrease when alkylate petrol for a two-stroke engine is used [13]. Magnusson et al. (2000, 2002) draws
the conclusion that the exhaust gas emission increases as alkylate petrol is used [14,15]. Therefore, it is unclear how the
exhaust gas emission changes when alkylate petrol with different additives and regular petrol is used, which justifies
further research in this particular area. The particular study points out that the fuels produced do not always fulfill the
conditions as stated by the manufacturer, e.g. the reduction of engine exhaust gas. In case of two-stroke engines, there is
a direct risk on human health. In addition, the study brings out that the removal of components that improve combustion
from oil fuels might impair the combustion process and significantly increase the level of exhaust gas.

The current article aims at comparing the exhaust gas emission of a two-stroke engine when alkylate petrol and
a blend of regular petrol and oil is used in a two-stroke engine, which is not equipped with a catalyst. The proportions of
more significant dangerous compounds are brought out and results analyzed.

2. Material and methods
Over the course of study, engine tests were carried out on a two-stroke engine. Part-load tests were run on an

engine and the exhaust gas emission measured, like in other similar tests [13,16]. Fractional distillation characteristics
were carried out with test fuels as well as the test for assessing lubrication properties [12].

Name Technical data

Model LTE145

Type 2-stroke, air-cooled, one-cylinder
Piston stroke 40 mm

Cylinder capacity 63 cm3

Maximum engine power 2 hp (1.5 kW) 3000 rpm

Fuel Unleaded petrol

Fuel to oil ratio of the fuel 1/50

Ignition system C.D.

Spark plug type F6RTC

Table 1. Technical data of the generator LTE145
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An increased friction in the engine might cause greater fuel consumption and faster wearing. An increase in the
fuel consumption in turn conditions a greater exhaust gas emission. The technical data of the test device — a generator
LTE145 equipped with a two-stroke engine — are given in Table 1.

A generator enables to test an engine at different loads while guaranteeing engine work stability. The engine was
loaded at three different generator loads, which were Pg = 100, 200 and 300 W, whereas the rotational speed of the engine
crankshaft was n. = 3000 rpm. During the tests, the exhaust gas emission of the engine was measured. At each engine
mode, the exhaust gas emission was measured during t = 60 s after every second. Each test was repeated three times. The
results indicate the average result of all three tests and standard deviation. The analyzer AVL SESAM-FTIR was used to
measure the exhaust gas. The engine fuels used were special alkylate petrol for two-stroke engines and a blend of regular
petrol E95 (A-class) and Addinol two-stroke engine oil MZ408 in a ratio of 1/50. The fuels were tested in a laboratory
where their fractional distillation characteristics and density (device Automatic density meter DDM2910, standard EN
ISO 12185) were determined and lubrication parameters assessed. The data of these results are given in Table 2. The
purpose of determining fractional distillation characteristics was to assess how big the proportion of lubrication oil in the
fuel is since the proportion of lubrication oil in the fuel influences the exhaust gas emission of an engine. What is more,
distillation characteristic was also necessary to assess the properties of fuels. The device Koehler K45090 was used for
that objective. The device used for evaluating the lubrication parameters was GUNT TM 260. 03. To evaluate lubrication
parameters, the force sufficient to overcome the force of friction between a steel pin and a steel disk was measured. The
test device can be seen more closely on Figure 1 and test data in Table 3. During tests, the static and kinetic friction forces
were determined. The measurements of the kinetic friction force were carried out on the rotational speeds of 20, 50 and
70 rpm of the steel disk.

Fig. 1. Test device GUNT TM 260.03 for measuring friction force (1 — steel pin; 2 — steel disc) [17]

The lubrication parameters of the fuel impact the serviceable life and wearing of the engine. The technical
condition of the engine is important for assuring low exhaust gas emission. When analyzing the test results, compounds
that are widely known and most hazardous to human health, i.e. CO, CO2, NOy, NO,, HC, and CsHg, were focused on
[18;19]. At this point, 1,3-butadiene (C4Hs) is considered separately as it is a very dangerous compound to human health,
which irritates mucous membranes, causes breathing problems, and is considered one of the factors predisposing leukemia
[5, 19, 20].

3. Results and discussion

The data of fuels’ distillation are given in Table 2. The data indicate that alkylate petrol contains more volatile
compounds for which reason the easier cold start of the engine and better evaporation of the fuel is guaranteed (see IBF,
BP 10 %, E70). Parameters BP 50 % and E100 describe the impact of fuel on the warming of an engine and smooth
transition from one mode to another. Based on Table 2, it can be said that in case of alkylate petrol, 50 % of the fuel distils
on a lower temperature than regular petrol and oil blend (BP 50 %). What is more, in case of alkylate petrol, a bigger
amount of fuel (E100) has distilled at 100 C, which leads to the assumption that in case of alkylate petrol, the evaporation
of the air-fuel mixture happens at lower temperatures, the engine warms more quickly and runs more stably. The
evaporation of the air-fuel mixture in the engine cylinder can be described by parameters BP 90% and E150. In case of
cold outside temperature, it might happen that part of the air-fuel mixture remains unvaporized in the cylinder, which in
turn increases the proportion of CO and HC in the exhaust gas. Based on Table 2 data concerning alkylate petrol, 90 %
of the fuel has distilled at a significantly lower temperature than the blend of regular petrol and oil. Therefore, it could be
said that when alkylate petrol is used, the evaporation and combustion of the air-fuel mixture is more effective. Concerning
the distillation residue, in case of alkylate petrol, the proportion of heavy fractions in the fuel is smaller, which leads to
the conclusion that during combustion, the proportions of CO and HC decrease. The distillation residue characterizes the
portion of non-vaporizing fuel and the proportion of oil in the fuel. The regular petrol standard EVS-EN 228:2012
determines a distillation residue of maximum 2 % in A-class regular petrol. Therefore, it can be said that there is
approximately 2% of lubrication oil in fuels.
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Fractional distillation parameter Petrol + Oil Alkylate petrol
Initial boiling point (IBP) 38 28
BP 10% 55 59
BP 20% 60 64
BP 30% 63 79
BP 40% 87 93
BP 50% 102 99
BP 60% 118 103
BP 70% 137 106
BP 80% 158 109
BP 90% 195 132
E70 34 26
E100 49 54
E150 76 91
Final boiling point (FBP) 207 186
Recovery wt % 95 95
Residue wt % 4 3
Loss wt % 1 2
Density (15C), g/cm® 0.7918 0.7001

Table 2. Fractional distillation parameters of test fuels

Table 3 contains data which characterize the lubrication properties of test fuels. With alkylate petrol, the static
friction force is 28 % higher. Results are similar regarding the kinetic friction force. Therefore, with alkylate petrol, as
details start moving, the wearing of the engine is greater. The impact of fuel on the wearing of the details during the
motion of work details is similar.

Fuel Petrol + Oil Alkylate petrol
Ste}tic _frict_ior) force, N 5.3 7.3
Kfnet(fzcof:;:rtr;(;’n '\Torce 105 10.05
Kfne%%frré%c?n’\lforce 93 91
Klnez;cofrrpl,cmtl)(janorce 8.85 88

Table 3. The measurement data of the lubrication properties of test fuels

Based on data obtained during engine tests, it became evident that in case of the blend of regular petrol and oil,
the proportion of hydrocarbons in the exhaust gas is higher at low loads of the engine (a load of 100 W) (see Fig. 2). As
the load increases, the proportion of hydrocarbons decreases. However, with alkylate petrol, the proportion of
hydrocarbons in the exhaust gas is the smallest at 200 W load. As the load increases (300 W), the proportion of
hydrocarbons also starts to increase. In comparison to the data obtained during the use of the blend of regular petrol and
oil, at heavy engine load, the proportion of hydrocarbons in the exhaust gas is ~18 % higher with alkylate petrol. The
decrease in the proportion of hydrocarbons is connected to the rise in the combustion and engine temperatures as the load
increases. With alkylate petrol at heavy engine load, the increase in the proportion of hydrocarbons is conditioned by the
combustion of oil added to the fuel. As the proportion of air-fuel mixture in the cylinder increases, the entire air-fuel
mixture does not evaporate and burn completely (heavy fractions in particular), for which reason the amount of
hydrocarbons increases. In addition, the partial removal of benzene from the fuel might cause the inefficient combustion
of the air-fuel mixture, especially at heavy engine loads where fuel is directed into the engine significantly more than at
low engine loads.
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Fig. 2. The proportion of hydrocarbons in the exhaust gas

Figure 2 demonstrates that when alkylate petrol is used, the proportion of carbon monoxide is ~60 % higher at
all engine loads. This could also be due to the combustion of oil added to the fuel as well as the removed benzene, which
causes the combustion quality of the air-fuel mixture to drop. Both fuels demonstrate a tendency of having the lowest CO
level at the load of 200 W. In this particular case, it is caused by the constructional peculiarity of the engine as the air-
fuel mixture is kept rich at heavy engine load to ensure a lower temperature in the combustion process. In case of a rich
air-fuel mixture, the proportion of CO in the exhaust gas increases.
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Fig. 3. The proportion of carbon monoxide in the exhaust gas
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Fig. 4. The proportion of nitrogen dioxide in the exhaust gas

With nitrogen dioxide (see Fig. 4), it becomes clear that when alkylate petrol is used, the proportion of nitrogen
dioxide in the exhaust gas increases as the engine load increases. With the blend of regular petrol and oil, the proportion
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of nitrogen dioxide in the exhaust gas decreases at heavy engine loads (when comparing the proportions of nitrogen
dioxide at engine loads of 200 W and 300 W). Compared to alkylate petrol, the proportion of nitrogen dioxide at heavy
engine loads has decreased ~42%. At low engine loads (100 W and 200 W) with alkylate petrol, the proportion of nitrogen
dioxide decreases ~4%.

When looking at the entire proportion of nitrogen compounds (NOX) coming into existence during the
combustion of fuel (Figure 5), it can be seen that when alkylate petrol is used at low engine loads (100 W and 200 W),
the proportion of nitrogen compounds does not change significantly. Compared to the blend of regular petrol and oil at
engine load of 100 W, the proportion of nitrogen compounds is 57% lower with alkylate petrol. At engine load of 200 W,
the proportion of nitrogen compounds is 44 % lower. At heavy engine load (300 W) with alkylate petrol, the proportion
of nitrogen compounds is 7% higher in comparison to the use of regular petrol and oil blend. In contrast to alkylate petrol,
when the blend of oil and regular petrol is used, the proportion of nitrogen compounds in the exhaust gas decreases as the
engine load increases. Based on Figure 3, it can be deduced that the combustion temperature of alkylate petrol is low, and
thus, the entire air-fuel mixture does not burn completely. For this reason, the proportion of nitrogen compounds in the
exhaust gas is low and the proportion of CO high. The results are opposite when the blend of regular petrol and oil is
used. The decrease in the proportion of nitrogen compounds as the engine load increases is conditioned by the use of
richer air-fuel mixture during the increase in the engine load.
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Fig. 5. The proportion of nitrogen compounds in the exhaust gas

The proportion of carbon dioxide in the exhaust gas with either fuel decreases as the engine load increases (see
Figure 6). With alkylate petrol, the proportion of carbon dioxide is lower at all engine loads than with regular petrol and
oil blend. An interesting nuance is that when the blend of regular petrol and oil is used, the increase in engine load brings
about a greater decrease in the proportion of carbon dioxide than with alkylate petrol. A lower level of carbon dioxide in
the exhaust gas with alkylate petrol is conditioned by the high level of carbon monoxide.
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Fig. 6. The proportion of carbon dioxide in the exhaust gas

As the engine load increases, the proportion of 1,3-butadiene in the exhaust gas decreases with the use of regular
petrol and oil blend. With alkylate petrol, the proportion of 1,3-butadiene decreases at engine loads of 100 W and 200 W.
At the engine load of 300 W, the proportion of it in the exhaust gas starts to increase. At low engine loads during the use
of alkylate petrol, the proportion of 1,3-butadiene is ~36% lower. At heavy engine load, the proportion of 1,3-butadiene
with either fuel is similar.
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Fig. 7. The proportion of 1,3-butadiene in the exhaust gas

The above given data indicate that when alkylate petrol is used in a two-stroke engine, the proportions of several
dangerous compounds (mostly CO and HC) in the exhaust gas increase. The main advantage of using the blend of regular
petrol and oil appears at heavy engine loads when, according to the results, the proportion of, for example, CO in the
exhaust gas was significantly lower when compared to the use of alkylate petrol. Therefore, this particular study partly
confirms the results in Magnusson et al. 2000 and Magnusson et al. 2002, which state that the engine exhaust gas
emissions increase when alkylate petrol is used [14,15].

4. Conclusions

In conclusion, it can be said that based on the distillation data, the properties of alkylate petrol for use in an
engine are better than those of the blend of regular petrol and oil. During the measurement of friction force in order to
assess the lubrication properties of fuels, it became evident that the kinetic friction force was similar with both fuels. The
static fiction force, which causes greater fuel consumption and wearing of the engine, was 28 % higher with alkylate
petrol than in case of regular petrol and oil blend. An increase in the fuel consumption also conditions greater exhaust gas
emission.

The proportions of CO and HC either increase or remain the same when alkylate petrol is used at all engine
loads. The test results indicated that at low engine loads, it would be efficient to use alkylate petrol, however, at heavy
engine loads, it would be more rational to use the blend of regular petrol and oil. In comparison to the blend, some air-
fuel mixture remains unburned, which can be inferred from the significantly higher CO level in the exhaust gas when
alkylate petrol is used. What is more, the proportion of nitrogen compounds decreases when alkylate petrol is used. This
could be due to the benzene having been removed from the alkylate petrol that causes the inefficient combustion of the
air-fuel mixture. This becomes most evident at heavy engine load. When hand tools are used, it is important to note the
type of engine the tool is equipped with. With continuous mode engines, the use of regular petrol and oil blend would be
more practical. With variable mode engine, it would be more effective to use alkylate petrol. The tests of this study did
not confirm that the proportion of dangerous compounds in the exhaust gas change significantly when alkylate petrol is
used in a two-stroke engine.

In addition, the study reveals that the use of oil fuels in two-stroke engines does not enable a significant reduction
of exhaust gas emission. Therefore, in the future, it is relevant to develop a standard for two-stroke engine fuels to avoid
an increased risk on human health by the use of special fuels. What is more, the study serves as a basis for developing
biofuels (e.g. bioethanol fuel) for a two-stroke engine. Modelling engine's combustion process is important for the more
efficient use of alkylate petrol. Furthermore, it is crucial to study how alkylate petrol impacts the thermal process and
waste heat of the engine, which could be used for the more convenient use of hand tools [21,22].
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