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The combustion engine is a very widespread energy source for many machines and devices. Diesel, gasoline, LPG,
CNG, as well as many biofuels such as ethanol, butanol, etc. are used as propellants at the present time. During
the running of the internal combustion engine, some fuels penetrate into the crankcase and degrade the engine oil.
This potentially reduces the lubricating ability of the oil and changes its degradation process. Submitted paper
follows possible changes in lubricating capabilities of oil used in engines with specific fuels: n-butanol, LPG and
diesel. Different type of fuel used in combination with an inappropriate operating mode might have a significant
influence on the oil and consequently on the engine wear (monitored by a laser particle analyzer). This paper also
deals with presence of various types of particles in the engine oil. Results demonstrate proceeding changes noticed
in oil and also how was the degradation process effected.
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1 Introduction

The world demand for energy is expanding at a fast
rate with the increasing trend of modernization and indus-
trialization. Rapidly depleting petroleum resources and
rising public concern related to climate change due to
emissions associated with fossil fuel combustion has
prompted much research into alternative energy re-
sources. Consequently, strict legislation demands the au-
tomobiles to use more renewable fuels and n-butanol is
one of those which take the most of attention. Nowadays,
there are many types of standard and alternative fuels
used for combustion engines and each of them has differ-
ent influence on environment as well as on engine parts
and oil charge [10, 12]. One of the most important re-
quirements for biofuels is to have similar chemical and
physical properties as standard fuels have. However, al-
ternative propellants will always have more or less differ-
ent character (e.g. vapor pressure) of burning in combus-
tion engine. A variety of fuels can be produced from plant
biomass and fatty acids such as ethanol, methanol, buta-
nol and biodiesel. Compared to conventional fossil fuels,
biofuels have several advantages like the source of bio-
fuel is renewable, combustion of biofuels produces less
toxic compound and biofuels can reduce net carbon emis-
sions up to a very low level [4, 9].

When the fossil or alternative fuels are used to propel
the engine, the tribological effect on lubricant properties
and performance of engine may appear. It is resulting
from fuel dilution, thermic degradation or friction pro-
cesses of moving parts of engine. There would be visible
changes in oil structure and its lubrication capability and
this state results into higher engine wear. During the com-
bustion process, some amount of unburned fuel will im-
pinge on the cold wall of the combustion chamber and
then it will be scrapped into the crankcase of engine oil
through cylinder liner. The piston ring and cylinder wall
interface generally suffer from the most of engine friction
and fuel dilution into the lubricant. It shall be noted that
the impact of alternative fuels on lubricating oils proper-

ties and performance is different from the gasoline or die-
sel [5,6, 11].

It has been observed that even a small amount of fuel
dilution is possible to degrade the physicochemical prop-
erties of lubricant (viscosity, total base number, and total
acid number) those have an important role in the lubricat-
ing system. When is lubrication oil degraded, the wear of
combustion engine is excessive. Oil contamination is the
most common and serious source of machine failure. The-
refore, testing and analysis of lubrication oil is one of the
most important condition monitoring techniques for ma-
chinery maintenance and failure diagnosis [7]. For this
reason, research is focused on the observation and com-
parison of the tribological properties of the lubrication en-
gine oil [1, 4, 5]. The aim of this paper is to probe engine
oils used in different types of engines and find out if there
is any remarkable influence on its contamination by par-
ticles and detect particle types distribution.

2 Materials and methods

In this experiment, there were three engines used and
powered by different fuels: LPG, n-butanol and diesel.
For long-term observation LPG engine was chosen in
a passenger vehicle Skoda Felicia 1.3 MPi with engine
modified from gasoline to LPG fuel usage and it was reg-
ularly maintained and oil filters were changed. Service in-
terval for changing the oil charge was 15000 kilometres.
The engine was powered by a 4-cylinder, 4-stroke OHV
engine. Before the beginning of experiment, car had al-
ready driven 107898 kilometres. The producer recom-
mended to use engine oil Mogul GX FE 10W-40 and the
volume of oil was 3,5 — 4,5 litres in system. The engine
oil filter was replaced approximately after each 8000 kil-
ometres. During the experiment, engine oil sample was
taken at a regular interval of about 500 kilometres with a
volume of 100 ml. The car was operated in standard out-
side conditions, driven mostly in city traffic.

Second device was a small electric power generator
from Briggs & Stratton company, used as an engine for
n-butanol fuel. This engine was completely new one. It
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can provide 2700 Watts of electric power. The engine
configuration is OHV with single-cylinder. The manufac-
turer recommended to use oil from Briggs & Stratton SW-
30, which was used. The replacement interval for oil is
given to 50 operating hours cycle. Only during the run-in
period, the first exchange interval is set to 5 hours. The
oil sample was taken at a regular interval 10 hours with a
volume of 20 ml (a larger sample volume is not possible
with a total engine oil volume of 0.7 liters). The generator
was loaded with an electric power of 2000 Watts during
operation, representing approximately 80% of its effec-
tive value in a room that has a constant temperature of 22
° C =2 °C. Due to the n-butanol fuel parameters (vapor
pressure), the engine had to be running on the gasoline
firstly and after brief heating-up it is switched to the test
fuel. The combustion of the test fuel is close to the stoi-
chiometric ratio 12: 1 (coefficient of excess air 1). The oil
system in this generator does not have any filtration sys-
tem with closed circulatory so contaminating particles are
accumulating until the oil is refilled.

Diesel engine is installed in a passenger vehicle Cit-
roen C3 Picasso with total volume of engine 1,6 HDi. It
is 4-stroke, 4-cylinder engine. The type of oil recom-
mended by producer is Total Quartz INEO ECS 5W-30
and volume of the oil was 3,75 litres in lubrication sys-
tem. Service interval for oil refilling is 30000 kilometres.
It was a brand new car in run-ning period while experi-
mental sampling. The car was observed only during its
first 10000 kilometres on roads. The friction processes
were expected to be different for the new machine be-
cause of higher friction and wear level of moving parts.
During the experiment, engine oil sample was taken at a
regular interval of about 700 kilometres with a volume of
100 ml. The car was operated in standard outside condi-
tions, driving mostly in city traffic.

Particle analyzer used for oil analysis was LaserNet
Fines (LNF) which is one of the best devices for detecting
different kind of particle in liquids [2, 7]. It is an optical
system for automatic detection and identification of faults
or incipient failure in mechanical systems due to excess
mechanical wear, and for detecting contamination in hy-
draulic and fuel systems, and identifying underlying
causes of that contamination. It is an analytical tool that
combines the oil analysis techniques of particle size anal-
ysis and particle counting in one instrument. The LNF-C
analyzes hydraulic and lubricating oil samples from vari-
ous types of equipment and machinery that are part of a
machine condition-monitoring program. LNF determines
size distributions of wear particles in lubricating systems
and classifies the particles according to the mechanical
process responsible for their presence. The monitoring is
based primarily on the morphological analysis and the
particle size distribution of the abnormal wear particles
that are created from the internal components of the ma-
chine. LNF utilizes a pulsed laser diode to form images
of debris particles (visual in Fig. 1) in a flowing fluid sys-
tem and computer image analysis and classification algo-
rithms based on neural networks and fuzzy logic to deter-
mine the size and concentration of particles and identifi-
cation of the mechanical wear processes associated with

the particles from their shape characteristics. The opera-
tor is presented with an assessment of particles found in
the fluid sample and a history of previous results for the
same equipment.

LNF provides shape recognition of all particles
greater than 20 um by using a neural network. An algo-
rithm sorts particles into the following categories: abra-
sive, adhesive, fatigue, non-metallic and other fibres. The
shape recognition software also does a test for circularity
so that bubbles and droplets greater than 20 pm are elim-
inated from the particle counting results [7].
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Fig. 1 Basic operation of LaserNet Fines [2]

As a particle counter, the LNF processes and stores
thousands of images to obtain good counting statistics.
Particles are sized directly and results can be displayed by
ISO 4406 Code (>4pum, >6um, and >14um), or several
military codes. The direct imaging capability of this in-
strument eliminates the need for calibration with a test
dust. Air bubbles greater than 20um are ignored and the
laser is powerful enough to process heavily contaminated
(black) oils. It can also detect various types of particle for
coming from different wear processes (abrasive, adhe-
sive, fatigue, non-metallic or other types) [2].

ISO Cleanliness Code 4406:1999

ISO 4406:1999 Code Chart

Particles per milliliter
More than Up to / Including

Range Code

24 80000 160000
23 40000 80000
22 20000 40000
21 10000 20000
20 2000 10000
19 2500 2000
18 1300 2500
17 540 1300
16 320 540
15 160 320
14 80 160
13 40 80
12 20 40
11 10 20
10 ) 10
9 2.5 5

8 1.3 2.5
7 0.64 1.3
B 0.32 0.64

Fig. 2 ISO 4406:1999 Cleanliness Code Cart [8]
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The International Organization for Standardization
created the cleanliness code 4406:1999 to quantify par-
ticulate contamination levels per milliliter of fluid at three
sizes: >4pm, >6um, and >14um. Each number represents
a contaminant level code for the correlating particle size
interval. The code includes all particles of the specified
size and larger. It is important to note that each time a
code increases the quantity range of particles doubles. In
Fig.2, intervals for particles amounts per millilitre at-
tached to each code number are shown [8].

SVM 3000 Stabinger Viscometer

For the LPG engine only there was measured dynamic
a kinematic viscosity as well. “The SVM 3000 Stabinger
Viscometer measures the dynamic viscosity and density
of oils and fuels according to ASTM D7042. From this
result, the viscometer automatically calculates the kine-
matic viscosity and delivers measurement results which
are equivalent to ISO 3104 or ASTM D445. The Sta-
binger measuring principle with Peltier thermostat ena-
bles an incomparably wide viscosity and temperature
range with a single system. The thermostat works with
high-precision stability of 0.005 °C. SVM 3000 is quick,

compact and energy-saving, versatile in use, with only
small amounts of sample and solvents required. It can
measure up to 30 samples per hour. From 2.5 millilitres
sample volume (from 1 milliliter without density meas-
urement). This device uses an unique measuring princi-
ple. The measuring cell contains a tube filled with sample
which rotates at a constant speed. In this tube floats a
measuring rotor. The result is the first rotational viscom-
eter which completely eliminates the influence of bearing
friction”,in [3].

3 Results and discussion

Following graphs and figures show measured
amounts of particles by ISO 4406:1999 detected in engine
oils used for LPG, n-butanol and diesel engine. Each en-
gine worked in wvarious circumstances and running
modes. Moreover, there are also percentage distributions
of various particles (abrasive, adhesive, fatigue, non-me-
tallic and other fibres) calculated three times for each en-
gine to show how the structure of contaminants was
changed. For LPG engine only dynamic and kinematic
viscosity is shown.
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Graph 1 Skoda Felicia (LPG engine): particles in oil according to ISO4406

In the Graph 1 results of experiment with LPG engine
made out of 210 samples during operating period approx-
imately 105000 kilometres are stated and sampling had
been done each 500 kilometres. Three curves are repre-
senting particles of different size by ISO 4406 Code
(>4um, >6pm, and >14pm), as is stated in description of
graph. From graph is evident that highest amount of par-
ticles is in category >4pum and the lowest amount is in
category >14pm. The curves are oscillating in range of 4-
5 cleanliness codes. The engine has been regularly main-
tained and the oil filters substituted in intervals around
8000 kilometres. Total amount of particles did not gradu-
ally increase in any operating period of the engine. Parti-
cles of any type did not accumulate in the oil signifi-
cantly. Contrary, the trend was slightly decreasing. The

trend of curves was effected by maintainance period, re-
placing filters and driving modes, too.

Additionally, in the Graph 2 measured values of dy-
namic and kinematic viscosity of the oil used in LPG en-
gine are presented. Viscosity was measured at 40°C and
100 °C for each sample. Here is also not visible any sig-
nificant change during any part of operating period and
functional curve is linear without extremes in increasing
and decreasing parts which would indicate change in lu-
brication characteristics of oil. Due to the fact that no se-
rious influence has been noticed even during long-term
observation, viscosity was not measured for another two
engines with short-term experiment (n-butanol and die-
sel).
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Graph 2 Skoda Felicia (LPG engine): dynamic and kinematic viscosity of oil at 40°C and 100 °C
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Graph 3 Citroen (diesel engine) — particles in oil according to ISO4406

From the point of view of the total number of particles
present in the engine oil, it can be stated according to
Graph 3 that after the first samples (run-in period), the
number of particles increased to the maximum after
around 4000 operated kilometres. At this point cleanli-

the particles have been accumulated in new diesel engine.
Wear and friction processes are more evident when mon-
itoring a brand new engine. However, filtration system
separated the contaminating particles and curves were
slowly decreasing to its lowest point at the end of experi-

ness codes for all three particles sizes increased, because ment.
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Graph 4 Electric generator (n-butanol engine) — particles in oil according to ISO4406
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According to Graph 4 total number of particles is
gradually increasing in the interval 250 - 300 operating
hours. In this case the engine powered by n-butanol fuel
was constructed in the way, that there is no filtrating sys-
tem of oil. The volume of oil remains the same until it is
refilled. Consequently, there is visible increase of parti-
cles in the interval 250 — 300 hours, although the oil was
refilled each 50 operating hours. There might be eventu-
ally incorrect running modes of engine or over-heating of
the oil causing this change. Considering this fact, there is

after 70 samples

other
2%

abrasive

10%
zdhesive
15%

non-metallic
fatigue
16%

other
2%

.

non-metallic
58%

57%

after 140 samples

adhesive

fatigue

increasing total number of particles of all sizes and the
engine oil charge needed to be refill and engine main-
tained.

In following diagrams it is shown how percentage dis-
tribution of various types of particles is modified (abra-
sive, adhesive, fatigue, non-metallic and other fibres) dur-
ing the experiment period. For each engine comparison of
three distributions was made. Samples were divided into
three thirds according to the length of experiment for each
of them.

after 210 samples
abrasive other abrasive

10% 2% 12%
adhesive
14%

non-metallic
62%

15%

15% fatigue

10%

Fig. 3 Changes in distribution of various particle types during the experiment with LPG engine
— after 70, 140, and 210 samples

Diagrams in Fig. 3 represent percentage distribution
for total numbers of detected elements in oil used in en-
gine powered by LPG fuel. Distribution was calculated
after 70 samples, 140 samples and 210 samples. By Fig.
3 gradually increasing amount of non-metallic particles

after 3500 km

other abrasive other

1% 6% 2% 9% 4%
adhesive
12% adhesive
13% non-metallic
fatigue 28%
7%

) non-metallic
non-metallic 61%

74%

after 6500 km

(from 57% to 62%) and decreasing ratio of particles
caused by fatigue wear (from 16% to 10%) are noticed.
Abrasive particles are slowly increasing as well. It may
be caused by thermic and friction degradation of the oil
as well as polluting matter.

after 10000 km

abrasive other
abrasive

14%

adhesive
\_ fatigue
15%
fatigue
10%

Fig. 4 Changes in distribution of various particle types during the experiment with diesel engine
— after 3500, 6500 and 10000 operating kilometres

In the Fig. 4 changing percentage distribution struc-
ture of particles while running the brand new diesel en-
gine is significantly visible. At the beginning, non-metal-
lic particles are dominant with three quarters partition, but
sharply descending (from 74% to 28%) because other
particles became more extensive. After 10000 kilometres
there is 32% increase of adhesive particles and 8% in-
crease of abrasive particles. It means that moving parts of
running engine were exposed to friction processes and
this most likely causes the difference in oil structure for
new engine.

In Fig. 5 percentage distribution of various particles
in small electric generator filled by n-butanol as a biofuel

is stated. Sampling was realized during its 300 operating
hours after each 10 hours. After 100 hours the distribution
of particle types was balanced because the engine was
brand new without any previous usage. Later after oper-
ating 200 hours there was 33% increase in amount of non-
metallic particles in compare to other ones and after 300
hours even 8% more and it takes very dominant propor-
tion (in total 41% increase). It may be caused by thermic
degradation of the oil which effects creating of gel resin
particles. Contribution of abrasive, adhesive and fatigue
particles decreased significantly (19% decrease of fatigue
particles is the most noticeable).
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Fig. 5 Changes in distribution of various particle types during the experiment with n-butanol engine — after 100, 200
and 300 operating hours

4 Conclusion

In this paper three different engines powered by LPG
and diesel as for standard fuels and n-butanol as a biofuel
were followed. Each engine operated in various running
modes. The main aim of our experiment was to find out
if there was any coherence between fuel type and engine
oil degradation process. In LPG engine was performed a
long-term observation. Oil was sampled each 500 kilome-
tres (in total 210 samples). Other two engines, with n-bu-
tanol and diesel, they were brand new and here the very
beginning of their functional life was observed. For n-bu-
tanol engine was observed first 300 operating hours (sam-
pling each 10 hours) and for diesel engine it was first
10000 kilometres (sampling each 700 kilometres).

From the point of view of particles amount, there was
not found any significant change in oil caused by using
different types of fuel in engine. The particles amounts
observed according to ISO 4406:1999 did not show any
tendency of accumulating in oil used for LPG engine (in
Graphl). Viscosity also remained the same (Graph 2).
This result opposes to original ideal of authors who ex-
pected considerable transformation in oil composition.
However, in n-butanol (Graph 4) and diesel engine
(Graph 3) slow increasing of particles at some samples
was noticed, most likely because of new moving parts of
engine which influenced contamination of oil by friction
processes as well as maintainance intervals. On the other
hand, type of fuel does not seem to be relevant and
changes are explainable by other effects.

Changes in distribution of various particle types dur-
ing the experiment shown in Fig.3, Fig.4, and Fig.5 are
much more evident. There were compared different types
of particles (adhesive, abrasive, fatigue, non-metallic and
other fibres) in term of their percentage distribution in oil.
Especially content of non-metallic particles has markedly
increased in n-butanol from 37% to 78% (Fig. 5) and in
LPG 57% to 62% (Fig. 3) engines, likely caused by ther-
mic degradation of oil and contaminants. Moreover, in
diesel engine amount of adhesive particles from 12% to
46% (Fig. 4) increased which might be cause by friction
process. Most of the indicated changes observed in oils

are consequences of their usage in various conditions (en-
gines) depending on physical effects (friction, heat, pres-
sure) and contamination. Influence of different types of
fuels was not proved by this experiment.
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