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ABSTRACT
The research focuses on the relationship between automotive mileage and its effect on engine oil deterioration. The effects of the new
(2020) and old (2012) engines on the most important parameters, kinematic viscosity, flash point, and fire point were investigated.
Measurements were performed on four-engine oil samples. Profi-car Endurance SAE 10W-30 semi-synthetic was used for all the
engines. The maximum trip length for the oil samples was 8,000 Km. Kinematic viscosity was measured by using a K\V1000 Bath
(according to the ASTM D445). In addition, the flash point and fire point of the samples were determined by using the Open Cleveland
method. This work investigates the difference between old and new engines in actual use on the roads in the rate of decrease in engine
oil properties. The cumulative results obtained help drivers protect their car engines by changing engine oil when the engine’s mileage
is above 100,000 Km. The comparison of the average results shows that the rate of deterioration of used oil in old engines is higher than
in the new engines. It has been shown that the rate of difference in oil viscosity deterioration between old and new engines at cold
temperatures, 40°C, and 100°C were 9.3%, 10%, and 4.78% respectively. Also, the different rate for the oil flash points and fire points
was 5.56% and 6.75%.

https://creativecommons.org/licenses/by-nc/4.0/
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1. Introduction the lubricant affects the tribological properties of the engine

o . . . parts, such as the amount of wear and the rate of friction between
The most significant aspect is the engine oil for proper work of  ¢ontact surfacest®!. The required oil for the engine must retain its
the ‘engine apd reducing the friction for bette( sliding between properties under different operation conditions, for example,
engine moving parts. The rate of wear inside the engine’s when the load on the engine increases or during running at a cold
construction, such as the wear produced by the piston rings and start 1. Automotive engine manufacturers advise customers and
bearings during sliding on the cylinder block wall and the other  technjcians to use the allowable viscosities for their engines and
technical state of the engine, influences the properties of the used set a tight limit for changes in viscosity. Inside the engine, the
0iltll. The process of lubricating aging is the process of changes  maximum permissible rise or drop change rate in the lubricant
in physicochemical properties that occurs due to the engine  yiscosity is 25%[7. After using 10W-30 Delta NL motor oil brand
condition and oil usage for a long time. All the changes in the (unique synthetic with API SL) in different Nissan Sunny, the
engine oil properties have a negative influence on the engine  yjscosity of the lubricant at cold start, 40°C, and 100°C dropped
function and engine lubricating systeml. In addition, engine oil 22.92%, 23.61%, and 26.13% respectively. Also, the fire point of

helps the cooling system by removing some of the heat inside the the oil decreased by 15.6%, and the flash point of the lubricant
engine from hot spots to the sump®l. To protect the engine from dropped by 14.22%8!.

damage and choose an appropriate oil, it is essential to digest

some factors for choosing suitable properties. These factors are In their research Kaleli and Yavasliol,®! used SAE 20W-50 oil
the lubrication system of the engine, the condition and trip length grade. In the test, they used 2 engines, and the result of the tests
of the engine, and lubricant costl*l. Resistance to fluid flow at a shows that in the second engine, the viscosity of the lubricant
specific temperature is called a measure of viscosity. The critical models after 15,000 Km reduced from 18.09 cSt to 13.24 cSt at
properties parameter for choosing the correct engine lubricant is 100°C and dropped from 160.16 cSt to 103.02 cSt at 40°C. The
the kinematic viscosity of the oil. Also, the kinematic viscosity of percentage rate of drop in viscosity at 100°C was 26.81 cSt and
at 40°C was 35.67 cSt. In this study, another reason is the quality
* Corresponding author _ of the engine oil properties in which semi-synthetic oil was used,
E-mail address: dana.kareem@spu.edu.ig (Instructor). and the quality of the oil is lower than full synthetic oil.
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The study of the contact between gasoline and lubricant and the
information about gasoline dilution effect on the engine oil didn’t
establish clearly[?l,

Flashpoint and fire point are other two factors that can be used to
determine lubricant condition and their properties before and
after use. The point at which the engine lubricant flashes is the
flash point. It happens when the vapor on the oil produced by
increasing the temperature will ignite or burn momentarily upon
exposure to a naked flame or an igniting source in the laboratory
under specific conditions(®l.

Penetration of fuel in engine oil reduces the flash point. Pensky-
Martens closed cup and open Cleveland are the two unique
methods used to measure and determine the flash point of fuel
and lubricants. For those fuels which have high flammability, the
Pensky-Martens closed cup method is utilized, a closed container
is used in this method, and the temperature is below 50 °C. The
open Cleveland method is used with those oils which have low
flammability, an open container is used in this method and the
temperature is above 50 °C. However, the engine’s oil fire point
occurs when the engine’s oil heating increases continuously, and
the vapors on the oil surface are released rapidly to support
burning for longer than 5sI,

Oil dilution occurs when the fuel inside the combustion chamber
leaks into the crankcase, especially at a cold start or when the
piston rings are weakened. Inside the cylinder chamber, gasoline
or fuel does not burn completely. The upper part of burned and
unburned air-fuel mixture inside the chamber leaves with the
burned gases and the remaining unburned fuel mixes with the oil
films on the cylinder wall. The oil produces a thin film between
the cylinder wall and piston rings, the contact between oil and
fuel causes the engine oil to lose some of its kinematic viscosity,
which makes the oil films weaker and less withstanding at high
loads. According to the researchers*ll, the oil films on the
cylinder walls and around cylinder rings should be stable when
the fuel dilution reaches 5 wt% because after this point the rate of
the unburned gasoline decreases the oil flash and fire points to a
value that are no more acceptable for use. Some researchers
reported that mineral type of oil considerably loses its properties
when the dilution rate reaches 1% and when the fuel dilution
reaches 7%, the mineral oil completely loses its lubrication
properties to protect the movable parts from wearl*d, Also, for
synthetic oil at 7% dilution, the oil drops most of its properties
but shows more stability™2,

Ljubas et al.,*! prepared oil-fuel mixture samples to calculate the
effect of contact between oil and fuel. They use AG240 digital
balance Rotamix MM5 magnetic mixer from Tehtnica. They also
used thermostatic bath M3 from Lauda, and test results show that
for mineral engine oil (15W-40), when the rate of gasoline ES 95
increases to around 3 wt%, the kinematic viscosity of the mineral
oil decreases to below 12.5 cSt. For synthetic oil (5W-30), test
results show that the kinematic viscosity dropped to a minimum
of 9.3 cSt.

This study was conducted to determine the effect of vehicle
mileage on car oil properties. The research can be done in the
laboratory, and the data will be closer to the truth, but the research
focused on to achieve is to test the oil change and quality
deterioration of engine oil in a moving car. Two vehicles of the

same model and having the same features with nearly the same
odometer were used to obtain the average data, and it has been
done to be closer to the actual data and determine the changes.

2. Methods and Materials

The oil samples were collected from four different passenger
engines, two old Nissan Sunny engines model 2012 (odometer of
the passenger cars was upper than 100,000 Km) and two new
Nissan Sunny engines model 2020 (odometer of the passenger
cars was lower than 25000 Km) to calculate the effect of vehicle
mileage on the oil properties (flash point, fire point, and the
kinematic viscosity).

In this study, Profi-car Endurance SAE 10W-30 semi-synthetic
engine oil for different trip lengths was used in all the passenger
vehicles (one type of oil was used in the study to determine the
effect of the different odometer on the same type of oil), the speed
rate for all the vehicles was between 0 km/h to 120 km/h. The
road type was paved, and the trip was between Sulaymaniyah and
Hawler.

Air-conditioning (AC) was not used during the trips. The clean,
unused oil properties are shown in Table 1 and Table 2.

Table 1: Profi-car endurance SAE 10w-30 the sufficiency of the
lubricant engine is shown.

Title Measurements
API SL/CF
ACEA A3/B4

Table 2: Shows Profi-car Endurance SAE 10W-30 engine oil physical
and technical characteristics.

Technical Data Units ESI\,IADEulF(Q)CVI\fs(‘:OE
Density at 15°C Kg/m? 870
Flashpoint COC °C 225
Pourpoint °C -36
Viscosity 40°C cSt 75
Viscosity 100°C cSt 115

The details about the rate of trip length, car odometer, and other
details about the engine are shown in Table 3.

According to the details from Profi-car, Endurance SAE 10W-30
is a semi-synthetic high-performance, low-friction engine oil.
Moreover, the oil composition and shear-resistant VI enhancers
ensure that during the entire lubrication time, the oil saves its
specified properties. Also, the oil contains additives to prevent
cold sludge and deposits.

Clean bottles are used to collect engine oil directly from the car
sumps, and all the bottles are closed to protect them from any
contact with air, collect samples are kept in a dry place at room
temperature. To remove oil sludges and tiny agglomerate
particles produced by friction. All the oil samples were filtered
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before the tests. Fuel labs in the institute of Kurdistan in
Sulaymaniyah, Iraqg, were used for all the experimental tests and
results.

For measuring the rate of the oil viscosity, adjustable frontier
control K\V1000 Bath (according to ASTM D445) was used. The

Kinematic viscosity for all the collected oil samples was
calculated by KV1000 Bath (according to the ASTM D445) and
Koehler viscometer (conformed to ASTM D446) at the cold start
(room temperature), 40 °C, and 100 °C.

Table 3: Shows trip lengths, used vehicles, and used oils.

Make Model | Engine Capacity (L) Year Engine Odometer (Km) Trip Lengths (Km)
3400-6425 3025
1 6425-12443 6018
12443-20480 8037
2020
2345-5374 3029
2 5374-11421 6047
11421-19453 8032
Nissan Sunny 15
121245-124270 3025
3 124270-130324 6054
130324-138427 8103
2012
144153-147205 3052
4 147205-153324 6119
153324-161477 8153

Open Cleveland method with an open cup (NCL 120, Normes:
according to the ASTM D92, ISO 2592, Ip 36) was utilized for
measuring initial start and fire point at atmospheric pressure, and
this method was used to determine the fluids that have flash and
fire point above 100°C, and a thermometer with 300°C measuring
rangeability was used to determine the temperature of both of
them. Flash and fire points for oil are two essential properties
used to determine the properties of oils and their ability to protect
engines. In this study, approximately 50 mL of each oil sample
was put in a special cup, and to increase the oil temperature, a
heater was used. A heat regulator on the front of the heater was
used to control the heating rate.

A fire source was used to ignite the oil vapor on the oil surface,

and the fire moved every 3 seconds on the oil surface to determine
at which temperature the flash appeared. Also, to determine the
temperature of the oil samples, a thermometer was used.

3. Results and Discussion

In this section, the results of oil deterioration are illustrated and
discussed. The most critical factors are viscosities, flashpoints,
and fire points were used to evaluate the engine oil properties
after different trip lengths.

The rate of drop in flash point and fire point in the engines (3 and
4) is higher than the engines (1 and 2). The change in oil
viscosities, flashpoints, and fire points are shown in Table (4).

Table 4: Parameters of all engine oil samples (Viscosities, flash, and fire points) at different trip lengths are shown.

. . . . . . Flash . .
. Length . Viscosity (cSt) | Viscosity (cSt) | Viscosity (cSt) . Fire Point
S [ Trip BN at cold start at 40 °C at 100 °C pﬁ’g‘t °C
Pure 86 75 11.5 225 237
3025 71 67 10.1 206 216
1 6018 Used 66 63 9.5 192 201
8037 62 56 8.7 173 185
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3029 73 70 9.9 207 213
2 6047 65 63 9.1 189 192
8032 60 58 8.4 168 178
3025 76 64 9.3 202 206
3 6054 63 58 8.6 180 189
8103 55 51 7.9 159 165
3052 77 69 9.8 203 208
4 6119 62 60 9.1 185 192
8153 51 48 8.1 157 166

3.1 Engine oil kinematic viscosity

The oil viscosities significantly differ between the old (engine 3
and 4, model 2012) and the new (engine 1 and 2, model 2020)
vehicles. Viscosity tests were conducted at three different
temperatures to determine the rate of changes in the oil viscosity
after use:

1. Viscosity at the cold start (room temperature)

In Figure (1), it can be seen that the decrease rate in oil viscosities
engines (1 and 2) at 8000 km is lower than the oil viscosities
engines (3 and 4). For the new engines (1 and 2), the rate of drop

in viscosity for the first start was (27.91% and 30.23%),
respectively, as shown in Table 5. Also, For the old engines (3
and 4), the rate of drop in viscosity for the first start was (36.05%
and 40.7%), respectively.

The maximum permissible rate of oil viscosity drop should be
less than 25%. In this case, we see that for all engines at 8000 km,
the oil drop level is more than the permitted amount, although the
first and second engine’s oil lubricant drop is lesser than the other
two engines. However, the drop is still above the permissible
level, and the type of used oil should be used for less than this trip
length.

Table 5: Parameters of all engine oil samples (Viscosities, flash, and fire points) at different trip lengths are shown.

Engine No. Parameters Test Condition Rate of Drop %
Cold start 27.91
Viscosity 40°C 25.33
1 100°C 24.35
Flash point 23.11
Fire Point 21.94
Cold start 30.23
Viscosity 40°C 22.67
2 100°C 26.96
Flash point 25.33
Fire Point 24.89
Cold start 36.04
Viscosity 40°C 32
3 100°C 31.3
Flash point 29.33
Fire Point 30.37
Cold start 40.7
Viscosity 40°C 36
4 100°C 29.56
Flash point 30.22
Fire Point 29.96
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Figure 1: Drop in oil viscosity at cold start for four engines used in the
study on different trips.

The average drop for the new engines is 29.07% and for the old
engines is 38.37%. Here we see that the different rate of change
in oil viscosity between the old and the new engines at the cold
start was 9.3%, as shown in Figure (2).

38.38% D Average (Engine 1 & 2) | Average (Engine 3 & 4)

34%

30.43% 20.17%
29.78% -
3000%  29.07% 8

8.00%
26.00% 25.65%
24.22%
24.00% 23.42%
22.00% | |
20.00%

sity at Cold start  Viscosity at %40 °C  Viscosity at %100 °C Flash pos Flash point
Dﬂfmuu ate 9.3%  Difference rate %10 Difference rate %4.78 Difference r-m: “ﬁ Difference rate %6.75

Average rate of deterioration in engine oil

0il Properties

Figure 2: The difference in average rate between old and new engines.
2. Viscosity at the 40 °C

Figure (3) shows the deterioration in oil viscosity at 40 °C. This
temperature is helpful for the early detection of physical and
chemical changes in oil properties.

75 Engine 1 @
Engine2 @
Engine 3 @
Engine 4 @

Kinematic Viscosity cSt at
40 °C

Pure 3000, 6000 8000
Trip Length (Km)

Figure 3: Drop in oil viscosity at 40°C for four engines used in the
study on different trips.

The kinematic viscosity dropped at 8000 Km trip length from 75
cSt (pure oil viscosity at 40 °C) to 56 cSt for the engine (1) (the
rate of the drop was 25.33% ) and 58 cSt in the engine (2) (the
rate of the drop was 22.67%). At this temperature, the rate of the
drop in oil properties is near or under the maximum permissible

amount for the drop in oil properties. Nevertheless, in the old
engines, the decrease in oil viscosity for engines 3 and 4 was 51
cSt and 48 cSt respectively (the rate of the drop was 32% and
36%, respectively). The comparison of differences in oil
characteristics degradation rates between old and new engines at
this temperature was %10.

3. Viscosity at the 100 °C

Most engine oils are typically measured at 100°C because the
SAE engine oil classification system (SAE J300) is referenced to
the kinematic viscosity at 100°C, Figure (4) shows the decrease
in oil viscosity at 100 °C. The kinematic viscosity decreases at a
different rate, for the new engines (1 and 2), the rate of drop in
viscosity for 100°C was (24.35% and 26.96%). While for the old
engines (3 and 4) the drop rate in viscosity is higher than new
engines, the rate of drop in viscosity for 100°C was (31.3% and
29.57%), respectively. At 100 °C the comparison of differences
in oil degradation rates between old and new engines was %4.78.

3.2 Flash and fire points

Table 4 displays the flash point of pure oil is 225°C at 8,000 Km.
The number of flashpoints decreased for all four engines to a

12 115
s 115 Enginel @
» 11 Engine2 @
_; 10.5 Engine3 @
§ o 10 Engined @
-]
172}
= ]
=8
8 8.7
8.5 8.4
g o 8.1
= 7.9
R 7.5
7 Pure 3000 6000 8000
Trip Length (Km)

Figure 4: Drop in oil viscosity at 100°C for four engines used in the
study on different trips.

different degree. As for the new engines (1 and 2), the rate of the
drop in flash points was (23.11% and 25.33%). Although for the
old engines (3 and 4) drop in flash point is higher than the new
engines, the rate of drop in flash point was (29.33% and 30.22%).
See Figure (5) and Table (5). The average difference in the flash
point between old and new engines was 5.56%.
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Figure 5: Decrease in oil flash point for four engines in different trips.
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The amount of fire point of the engine oil decreases continuously
with increasing trip length, as it is shown in Figure (6). The pure
oil fire point was 237 °C, (see Table 4). For the new engines (1
and 2), the amount of decrease in fire points was (21.94% and
24.89%). See Figure (6) and Table (5). Although the old engines,
(engines 3 and 4) decreased in fire points higher than the new
engines, the rate of drop in fire points was (30.38% and 29.95%).
The average difference in the flash point between old and new
engines was 6.75%.
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Figure 6: Decrease in oil fire point for four engines in different trips.

The difference in average rate between the old and the new
engines shows in Figure (2). What we reach from this and other
studies mentioned earlier, the most important characteristics,
such as the oil viscosity, flash point, and fire point decrease, as a
result of driving and engines in use. This decrease varies
depending on the quality of the oil and the amount of driving.
According to researchers, the causes of deteriorating oil quality
are the wear of engine parts, fuel-oil contact in potential contact
areas such as piston and ring movement areas, as well as the
quality of oil used in the studies, and the amount of vehicle
driving. In this study, the results are similar (oil properties
decreased), but what is remarkable is that the decrease is more
significant in older models than in newer models.

The result of this drop in oil properties in the older engines is due
to the aging and decrease in the ability of the engines. In
exploring the exact cause of this drop in the oil properties, more
research is needed to determine the amount of fuel in the engine
oil (make a comparison of the rate of fuel in the oil between the
new and old engines) and determine the amount of wear in the
oil-fuel contact area. The number of corrosive substances should
also be checked, which is one of the causes of further
deterioration of the oil properties.

Conclusion

This experimental research was conducted to evaluate the impact
of the rate of engine mileage on the most critical parameters of
the engine lubricant. Four different vehicles were used in this
study to investigate flash points, kinematic viscosity, and fire
points. The findings indicate that the physical and technical
characteristics of the oil of the vehicles with higher mileage
(above 100000 Km) drop more when compared with the vehicles
that have lower mileage (lower than 25000 Km).

The conclusion can be summarized as follows:

e The rate of oil deterioration in the old engines is higher than
in the new engines.

o The difference between the change in average viscosity for the
old and new engines at cold, 40°C, and 100°C was 9.3%, 10%,
and 4.78%, respectively.

e The rate of decrease in average flashpoints in the old and new
engines is 5.56%. The rate of decreasing the flash point in the
old engines is higher than in the new engines.

e The rate of decrease in average fire points in the old and new
engines is 6.75%. The rate of decreasing the fire point in the
old engines is higher than in the new engines.
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