
Technology organic and inorganic substances

27

DETERMINING THE 
EFFECT OF SOY METHYL 

ETHER ADDITIVES 
TO COMMERCIAL 

DIESEL FUELS ON OIL 
CHANGE INTERVAL IN 

A 1.5 RENAULT DIESEL 
ENGINE, MODEL K9K

V a s y l  M e l n y k
Corresponding author

PhD, Associate Professor*
E-mail: vasjamel@ukr.net

ORCID: https://orcid.org/0000-0002-5793-5486
M a r i i a  H n y p 

Doctor of Philosophy (PhD), Associate Professor*
ORCID: https://orcid.org/0000-0003-3662-0941

I h o r  Z a k h a r a
PhD, Associate Professor*

ORCID: https://orcid.org/0000-0001-6214-6548
I v a n  M y k y t i i

Doctor of Philosophy (PhD)*
ORCID: https://orcid.org/0000-0002-8925-6349

*Department of Motor Vehicle Transport
Ivano-Frankivsk National Technical University of Oil and Gas

Karpatska str., 15, Ivano-Frankivsk, Ukraine, 76019

This study explores viscosity-temperature char-
acteristics of Castrol GTX RN-Spec 5W-30 engine 
oil and its oxidation resistance. The task addressed 
investigates the effect of adding SME to diesel fuels 
on the timing of oil changes in the engine.

The results showed that the maximum service 
life of Castrol GTX RN-Spec 5W-30 oil under speci-
fied conditions is 12 thousand km when operating 
on commercial diesel fuel. In the case of using mix-
tures of diesel fuel and 10, 20, and 50 vol. % SME, the 
maximum service life of cars before oil replacement 
according to viscosity-temperature characteristics is 
reduced from 9 to 6 thousand km, respectively.

The total base number (TBN) indicator of all 
experimental samples of engine oils reaches a crit-
ical value after a run of 9 thousand km. In general, 
the use of fuel mixtures with biodiesel based on soy-
bean methyl ether in an amount of up to 50 vol. % 
does not require a significant reduction in the oil 
replacement period according to the TBN indicator.

The deterioration in the viscosity-temperature 
characteristics of Castrol GTX RN-Spec 5W-30 
engine oil is explained by the fact that biodiesel 
fuel based on soybean methyl ether has a lower 
heat of combustion. The fuel mixtures do not 
have time to completely burn in the engine cylin-
ders and, being washed away with the oil into the 
sump, partially dilute it.

The accumulation of biodiesel fuel in engine oil 
also contributes to a decrease in the alkaline number 
of Castrol GTX RN-Spec 5W-30 engine oil and accel-
erates its oxidation process.

The findings made it possible to move from gen-
eral assumptions to specific regulations – reducing 
oil change intervals by 20–50% or introducing spe-
cialized engine oils.

The results of this work could be used in the field 
of car service to adjust the mileage limits before oil 
change when operating cars on biodiesel fuel
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1. Introduction 

Oil consumption in an engine significantly depends on 
its operating modes, the quality and type of fuel, as well 
as the operating conditions of the internal combustion en-
gine (ICE). In an internal combustion engine, the operating 
conditions of the oil are extremely unfavorable: the combus-
tion temperature reaches even above 2000°C, the engine 
crankshaft rotation speed can reach 6000 rpm. At these 
speeds, the piston must overcome the distance between the 
so-called dead centers of the cylinder 100 times per second 
with a speed of movement of up to 20 m/s, which requires the 
use of high-quality oils.

The choice of high-quality lubricant does not always pro-
vide high-quality protection of friction surfaces as the type 
and quality of fuel used in engines plays an important role.

Along with conventional types of commercial fuels, their 
alternative analogs are widely used. In particular, in [1, 2] 
the use of biodiesel fuel based on RME is proposed. The 
conversion of engines to diesel-hydrogen fuel is proposed 
in work [3]. In [4], the results from studying parameters of 
the DD15 diesel engine for the Sandvik LH514 loader in the 
process of using alternative fuels based on RME are reported. 
Experimental studies on a diesel engine operating on a mix-
ture of diesel fuel and fusel oils are described in [5].

For gasoline engines, the use of pyrolysis gas [6] is pro-
posed, as well as fuel made from Jerusalem artichoke [7] and 
biogas obtained from livestock waste [8].

Such a wide use of alternative fuels gives rise to a num-
ber of unsolved problems, in particular their impact on the 
quality indicators of motor oils and the timing of their re-
placement.



Eastern-European Journal of Enterprise Technologies ISSN-L 1729-3774; E-ISSN 1729-4061	 2/6 ( 140 ) 2026

28

motor oils and shortens their service life. A problematic com-
ponent of studies [19–21] is that they were limited to the use 
of B20 biodiesel fuel, and the results do not take into account 
the post-warranty period of operation.

In [22], the obtained safflower methyl ester was mixed 
with diesel fuel in a ratio of 20% and 50% (vol.), and 100% 
SME was also used. However, the goal was to improve the 
environmental performance of the engine by coating the 
combustion chamber elements with chromium oxide by 
plasma spraying or layered graphene and MoS2 [23]. These 
approaches are promising but they do not solve the issue of 
optimal oil change intervals.

In [24], a technology for obtaining biodiesel fuel based on 
soybean methyl ester (SME) is described. The main quality 
indicators of the resulting biodiesel fuel are established and 
the optimal composition in a mixture with commercial diesel 
fuel is proposed. This lays a basis for further research but 
does not answer the question of the influence of SME on the 
resource of motor oil.

In the considered literature, a sufficient number of stud-
ies on the influence of various factors on oil degradation have 
been reported. However, they lack generalized data on the 
degradation of engine oil when using biodiesel fuels RME, 
SME, B20 in the post-warranty period. There is no data on 
the optimal oil change intervals for engines running on 
biodiesel fuels, their compliance with manufacturers’ recom-
mendations, as well as the need for adjustment.

Thus, the basis for our study is the need for a scientifically 
based determination of the impact of biodiesel fuels on the 
resource of engine oil and the establishment of optimal inter-
vals for its replacement, which could enable smooth engine 
performance throughout the entire period of operation.

3. The aim and objectives of the study

The purpose of our research is to establish a connection 
between the oil change intervals and the type of fuel used in 
the 1.5 Renault K9K diesel engine. This will make it possible 
to adjust the mileage depending on the volumetric content of 
SME-based biodiesel in diesel fuel.

To achieve the goal, the following tasks were set:
– to establish the influence of SME additives to diesel fuel 

on the change in density, kinematic viscosity, and viscosity 
index of Castrol GTX RN-Spec 5W-30 engine oil depending 
on the engine mileage;

– to derive experimental dependences of change in the 
flash point of Castrol GTX RN-Spec 5W-30 engine oil de-
pending on its service life under the condition of using SME 
diesel fuel additives;

– to establish the influence of SME diesel fuel additives 
on the water content and change in the base number (TBN) 
of Castrol GTX RN-Spec 5W-30 engine oil depending on its 
service life.

4. The study materials and methods

The object of our study is the viscosity-temperature char-
acteristics of Castrol GTX RN-Spec 5W-30 engine oil and its 
oxidation resistance.

The principal hypothesis assumes that the presence of 
biodiesel fuel residues in the experimental engine oil causes 
intensification of oxidation processes, which negatively af-

Therefore, studies aimed at identifying the impact of soy-
bean methyl ether (SME) additives to commercial diesel fuels 
on the viscosity-temperature indicators of motor oil and its 
resistance to oxidation are relevant.

2. Literature review and problem statement

The results reported in [9] establish a relationship be-
tween oil change intervals and its quality, conditions, and 
operating modes of the engine. In [10] it was found that the 
service life of motor oil is also affected by the quality of the 
fuel used in the engines. However, the studies do not concern 
the use of biodiesel based on RME.

Research by scientists shows that oil change intervals 
also vary significantly depending on the region. For ex-
ample, in China, 56.1% of car owners change their oil ev-
ery 5000 km [11], in Europe – every 10000–30000 km [12], 
while in Mexico this interval is 10000 km for Mazda cars 
or 5000 km for Nissan cars [13]. For the most part, the cited 
studies are based on two characteristics – time and mileage, 
depending on which comes first, without considering the in-
fluence of other factors, including biodiesel additives.

In [14], the results of analyzing the physicochemical pa-
rameters of Castrol Edge 5W/30 motor oils and Castrol Mag-
natec 10W/40 semi-synthetic oil are reported. The exceeding 
of the limit values of such parameters as the degree of oxida-
tion, water content, glycol content, total base number (TBN), 
total acid number (TAN) was established. However, the dis-
advantage of the study is that the oil was examined only after 
the expiration of its use period. 

The authors of study [15] used samples of SAE 5W30 mo-
tor oil and analyzed the following parameters: viscosity, den-
sity, flash point, contamination with fuel and solids, degree of 
oxidation, dispersion ability. However, the data in the study 
relate to the use in the fuel supply system of commercial die-
sel fuel; therefore, they cannot be extended to biodiesel fuel.

In [16], research focused on the material compatibility of 
blends of methyl ester of karanja oil (biodiesel) with modern 
diesel engine equipment. It was found that blends of such 
biodiesel could be used in a CRDI engine without causing sig-
nificant problems with engine durability or oil degradation. 
However, the study was conducted only for blends of diesel 
fuel and 20% karanja oil with a duration of 274 h, which is 
insufficient to detect the effect on oil degradation.

In [17], a comparison of the state of used diesel and gas-
oline engine oils was performed, focusing on nitration. The 
state of motor oil from diesel and gasoline vehicles was inves-
tigated and the exceeding of limit values of such parameters 
as oxidation, nitration, and residual content of amine antiox-
idants was established. However, the studies were conducted 
only for commercial gasoline and diesel fuels and therefore 
cannot be extended to other types of fuel.

Paper [18] showed that all used cars showed an increase 
in iron particles, increased silicon concentration, and an 
increase in nickel particles in the oil over 12,000 km. The 
disadvantage is that the authors used affordable low-carbon 
biofuel blends (B7 and E10).

In [19–21], the effects of using RME and B20 biodiesel 
on base oil aging and anti-friction performance were inves-
tigated. The results reported in [19] showed that using B20 
biodiesel caused increased lead corrosion, fuel dilution and 
oxidation, and reduced oil viscosity. Findings from [20, 21] 
confirmed that RME biodiesel affects the degradation of 
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fects the operational properties of the oil and can reduce the 
engine’s service life.

Basic assumptions:
– Castrol GTX RN-Spec 5W-30 engine oil in its pure form 

has stable viscosity-temperature characteristics and suffi-
cient oxidation resistance;

– biodiesel fuel residues may be in the crankcase of a die-
sel engine due to its incomplete combustion;

– biodiesel fuel residues are capable of entering into 
chemical reactions with engine oil, which can accelerate its 
degradation.

For simplicity, during the research, only the total mileage 
of cars was recorded and the possible influence of specific 
routes of their movement was discarded.

Sampling of oil for the study was carried out at the V.S.K. 
Renault Company, Ivano-Frankivsk (Ukraine), from Novem-
ber 2023 to November 2024.

All test vehicles were operated in the post-warranty pe-
riod. The total mileage of the vehicles before the start of the 
tests did not exceed 145 thousand km. Table 1 gives specifica-
tions for the test vehicles before the tests.

The vehicles used in this study were operated on fuel 
containing 10, 20, and 50% biodiesel by volume.

Before the start of the test, each vehicle was ser-
viced and the engine oil was replaced with fresh  
Castrol GTX RN-Spec 5W-30 oil. The basic oil quality indicators 
according to the V.S.K. Renault Company are given in Table 2.

Table 2

Experimental quality indicators of Castrol GTX RN-Spec 
5W-30 engine oil [25]

Indicator ID Method Units of  
measurement

Indicator 
 value

1. Density of oil at 15°C ASTM D4052 g/ml 0.855
2. Kinematic viscosity at 100°C ASTM D445 mm2/s 12
3. Kinematic viscosity at 40°C ASTM D445 mm2/s 73

4. Viscosity index ASTM D2270 – 161
5. Pour point ASTM D97  °C –43

6. Flash point, PMCC ASTM D93  °C 201
7. Sulphated ash ASTM D874 % wt. 1.3

8. Total Base Number (TBN) ASTM D2896 mgKОН/g 8.5

To assess the impact of SME biodiesel on oil aging, the 
mileage to mandatory oil change was divided into 5 parts 
during the tests. Then, periodic sampling was carried out ev-
ery 3000 km with a small delay depending on possible operat-
ing conditions. Oil samples from each vehicle were taken with 
the engine warmed up to operating temperature (85–90°C) 
and cooled for a period of time not exceeding 2–3 min to limit 
possible particle deposition.

The oil samples were studied at the Laboratory of Au-
tomotive Operational Materials, Department of Automotive 
Transport, Ivano-Frankivsk National Technical University of 
Oil and Gas (Ukraine).

The density of motor oil was determined according 
to ASTM D4052 [26] with a maximum error of ±1%. To 
measure the density, we used an AON-1 hydrometer with a 
scale range of 820–880 kg/m3, manufactured by PrAT “Sk-
loprylad”, Kyiv, V. Ivasyuka ave., 2G, Building 1 (Ukraine).

The viscosity of the motor oil was determined according 
to the ASTM D445 standard [27] with a maximum error 
of ±3%. To determine the viscosity, we used a set of VPZH-2 
viscometers with capillary diameters from (0.34 to 4.5)∙10-3 m 
manufactured by VAT “KHIMLABORREAKTIV”, Brovary, 
Sich. Striltsiv str., 8 (Ukraine).

The kinematic viscosity of the oil (mm2/s) was calculated 
from the following formula

,t cν τ= 					     (1)

where s is the viscometer constant, mm2/s 
(taken from the manufacturer’s passport);  
τ is the arithmetic mean oil flow time, s.

The viscosity index of motor oil was de-
termined according to the ASTM D2270 stan-
dard [28]. According to the standard, the vis-
cosity index of oil samples was calculated based 
on their kinematic viscosity at 40°C and 100°C.

The flash point was studied in accordance 
with the ASTM D93 standard [29]. According 
to this method, tests were performed on a 
manual Pensky-Martens device in a closed 
crucible with an accuracy of ±1%, manu-
factured by Koehler Instrument Company, 
Inc., New York, Sycamore Ave, Bohemia, 
NY 11716, (USA).

The water content in oil was studied using a Dean and Stark 
device manufactured by PrAT “Skloprylad”, Kyiv (Ukraine). 
According to the methodology, 100 ml of oil is poured into a dry 
flask using a graduated cylinder, 100 ml of solvent is added us-
ing the same cylinder and mixed thoroughly. To prevent shocks 
and ejections of liquid during boiling, several glass capillaries 
are placed in the flask. The flask with the oil sample under study 
is heated so that 2...4 drops of condensate fall into the trap from 
the end of the refrigerator tube per second. Heating of the flask 
is stopped when the volume of water in the trap stops increasing 
and the upper layer of the solvent becomes transparent.

The water content in the oil in mass percent was calculat-
ed from the following formula

0100
,mass

V
W

V
ρ

= 		                     (2)

where ρ is the density of oil at 15 ℃, g/cm3;
V0 is the volume of water in the trap, cm3;
V is the volume of the oil sample, cm3.
The water content in oil in volume percent was calculated 

from the following formula

0100
.volume

V
W

V
= 	    	                  (3)

To assess the deterioration of engine oil quality under 
operating conditions, the alkaline number (TBN) was de-

Table 1

Technical characteristics of cars used in the study

No. Model Year Engine 
capacity, l Fuel type Power, 

kW

Standard oil 
change inter-

val, km*

Odometer 
readings, 

km
1 Renault Megane 2011 1.5 DF 80.9 10000 126000
2 Renault Megane 2011 1.5 DF + 10% SME 80.9 10000 132000
3 Renault Megane 2013 1.5 DF + 20% SME 80.9 10000 144000
4 Renault Megane 2011 1.5 DF + 50% SME 80.9 10000 135000

Note: * – recommendations for Ukraine due to low quality diesel fuel.
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density decrease are observed when operating a Renault Me-
gane car on commercial diesel fuel. Under such conditions, 
the oil should be replaced at 12 thousand km of mileage.

When operating cars on mixtures of diesel fuel and  
10, 20, and 50% vol. SME, the maximum service life of cars 
before oil replacement is reduced from 9 to 6 thousand km, 
respectively.

Kinematic viscosity should enable reliable engine oper-
ation in a wide temperature range. High-quality oils should 
have low viscosity at low air temperatures to ensure easy en-
gine start. And, accordingly, high viscosity at engine operating 
temperatures to enable high lubricating properties, that is, the 
viscosity should change little with temperature changes.

The results of our study on the change in kinematic vis-
cosity and viscosity index of Castrol GTX RN-Spec 5W-30 
motor oil during the use of biodiesel additives from 10 to 
50% vol. are shown in Fig. 2–4. The maximum relative error 
in determining kinematic viscosity is ±3%.

The curves of changes in the viscosity of motor oil shown 
in Fig. 2, 3 are described by the following approximate depen-
dences with coefficients of determination ranging from 0.993 
and 0.997, respectively

2 ,t a L b L cν = − ⋅ − ⋅ + 	 (4)

where a, b, c are the experimental coefficients given in Ta-
ble 3, determined by the least squares method;

L is the mileage of test cars, km.

Table 3

Experimental coefficients for equation (4)

Fuel type 
Coefficient values
a b c

At an oil temperature of 100°C
DF 0.008 0.0916 15.765

DF + 10% SME 0.0024 0.1759 15.482
DF + 20% SME 0.0024 0.1624 14.956
DF + 50% SME 4∙10-16 0.2563 14.794

At an oil temperature of 40°C
DF 0.0437 0.5976 101.2

DF + 10% SME 0.0635 0.1571 97.3
DF + 20% SME 0.0595 0.2119 95.9
DF + 50% SME 0.0159 1.4143 96.3

The results of our study on the 
kinematic viscosity and viscosity in-
dex of Castrol GTX RN-Spec 5W-30 
oil, which was operated on Renault 
Megane cars with a turbocharging 
system on diesel fuel, a mixture of 
diesel fuel, and 10, 20, and 50% vol. 
SME (Fig. 2–4) indicate a decrease in 
its kinematic viscosity and viscosity 
index. Thus, the results of the study 
of oil samples from a car operated on 
diesel fuel show the limit values of 
the kinematic viscosity and viscosity 
index for 9 thousand km of mileage. 
A further increase in the car’s mile-

age to 15 thousand km leads to a decrease in the viscosity 
index by 6.2% below the norm, which will lead to increased 
wear of friction pairs on the engine.

termined according to the ASTM D4739 standard [30]. This 
test method involves the determination of the alkaline com-
ponents of lubricants by titration with hydrochloric acid in a 
mixture of isopropanol, toluene, chloroform, and water. This 
method makes it possible to record a decrease in the base 
number in the presence of almost all acids that can be found 
in the combustion zone. 

In the process of studying TBN according to the ASTM 
D4739 standard, an automatic titrator GT-310 was used in 
the basic configuration with a glass pH electrode GTPH1B 
for acid-base titration. A silver chloride electrode GTRS10B 
(Ag/AgCl, 1…3 M LiCl, ethanol) was used for titration in 
non-aqueous solutions. All equipment was manufactured 
by Nittoseiko Analytech Co. Ltd, Japan. The discreteness of 
the burette dosing of the device 0.001 cm3 corresponds to the 
established method of accuracy for measuring the volume of 
the titrant. The limits of permissible relative measurement 
error are ±2%.

5. Results of investigating the influence of soybean 
methyl ether additives on engine oil quality indicators

5. 1. Results of studies on changes in density, ki-
nematic viscosity, and viscosity index of Castrol GTX 
RN-Spec 5W-30 oil

The results of determining the density of samples of Cas-
trol GTX RN-Spec 5W-30 engine oil, which was operated on 
Renault Megane cars with a turbocharging system on diesel 
fuel, a mixture of diesel fuel and 10% vol. SME and a mixture 
of diesel fuel and 20% SME at a temperature of 15°C are 
shown in Fig. 1.

According to the density indicator, Castrol GTX RN-
Spec 5W-30 engine oil should be replaced when it drops be-
low 850 kg/m3. As shown in Fig. 1, the lowest dynamics of oil 

 

 
  

Fig. 1. Change in the density of Castrol GTX RN-Spec 5W-30 engine oil depending 
on the service life at a temperature of 15°C: vehicle mileage: 1 – 3 thousand km; 	

2 – 6 thousand km; 3 – 9 thousand km; 4 – 12 thousand km; 5 – 15 thousand km
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  Fig. 2. Change in kinematic viscosity of Castrol GTX RN-Spec 5W-30 engine oil depending on the service life at a temperature 
of 100°C: 1 – engine operation on diesel fuel; 2 – diesel fuel plus 10% soy methyl ether; 3 – diesel fuel plus 20% soy methyl 

ether; 4 – diesel fuel plus 50% soy methyl ether
 

 
  

Fig. 3. Change in viscosity of Castrol GTX RN-Spec 5W-30 engine oil depending on the service life at a temperature of 40°C: 
1 – engine operation on diesel fuel; 2 – diesel fuel plus 10% soy methyl ether; 3 – diesel fuel plus 20% soy methyl ether; 	

4 – diesel fuel plus 50% soy methyl ether

 
  

Fig. 4. Change in viscosity index of Castrol GTX RN-Spec 5W-30 engine oil depending on the service life: 	
1 – 3 thousand km; 2 – 6 thousand km; 3 – 9 thousand km; 4 – 12 thousand km; 5 – 15 thousand km



Eastern-European Journal of Enterprise Technologies ISSN-L 1729-3774; E-ISSN 1729-4061	 2/6 ( 140 ) 2026

32

For the experimental Renault Megane car, which operated 
on commercial diesel fuel for a mileage of 10 thousand km, 
according to Fig. 5, the flash point was observed to comply with 
the regulatory data in Table 2. An increase in the car’s mileage 
to 15 thousand km leads to a decrease in the flash point below 
the regulatory one by 6%, which indicates dilution of the oil with 
unburned diesel fuel and will lead to an increase in its consump-
tion for burnout, deterioration of lubricating properties.

During the operation of the Renault Megane car on fuel mix-
tures of diesel fuel and 10% vol. SME, the vehicle’s maximum 
mileage in terms of the oil flash point is set at 9 thousand km. 
An increase in mileage to 15 thousand km on the specified fuel 
mixtures contributes to a decrease in the flash point by 9.5% 
below the regulatory one, which will lead to an increase in 
negative consequences for the engine compared to operation on 
commercial diesel fuel.

The results of investigating the operation of the Renault Me-
gane car on fuel mixtures of diesel fuel and 20% vol. SME show that 
the maximum service life of the car in terms of the oil flash point 
is close to 9 thousand km, and an increase in mileage to 15 thou-
sand km worsens this indicator by 11.4% below the standard.

The results of investigating the operation of the Renault 
Megane car on fuel mixtures of diesel fuel and 50% vol. SME 

show that the maximum service life 
of the car in terms of the oil flash 
point is close to 7 thousand km, and 
an increase in mileage to 15 thou-
sand km worsens this indicator by 
15% below the standard.

5. 3. Results of research on a 
change in the alkaline number 
of Castrol GTX RN-Spec 5W-30 oil

The harmful effect of water in oil 
is that at negative temperatures water 
freezes, causing increased mechani-
cal wear, has a catalytic effect on the 
oxidation processes of oil, accelerates 
the rate of formation of low-tempera-
ture deposits. Water in oil can cause 
corrosion of ferrous metal parts and 
intensifies corrosion of bearing liners 
and other parts made of non-ferrous 
metals and alloys. When the tempera-

ture rises, in the presence of water, the oil foams, its loss increases, 
lubricating properties deteriorate and additives are washed out. 
The latter circumstance is the most dangerous. A relatively small 
amount of water (0.1…0.2%) is capable of decomposing more than 
half of the additives contained in the oil within a few days. There-
fore, it is necessary to prevent atmospheric precipitation or other 
sources of water from entering the engine oil.

A study on the water content in Castrol GTX RN-Spec 5W-
30 oil using a Dean and Stark device showed that for all operat-
ing modes of Renault Megane cars, the water content was in the 
range of 0.01 to 0.02 cm3. This indicator is considered traces of 
water and does not have negative consequences for the engine.

Fig. 6 shows the results of determining the TBN alkaline 
number of used oil when the engine is running on diesel fuel 
and its mixtures with 10, 20, and 50% vol. biodiesel. The per-
missible relative error of TBN measurements was within ±2%. 
As soon as the alkaline additives are depleted beyond a certain 
limit, the lubricant no longer performs its function, and the 
engine is at risk of corrosion, sludge, and varnish formation. At 
this point, it is necessary to top up or replace the oil.

Under the condition of operation of Renault Megane cars 
on diesel fuel with the addition of 10, 20, and 50% vol. SME 
limit values of kinematic viscosity and viscosity index will be 
after 6 and 3 thousand km of run, respectively. And, therefore, 
in the process of using diesel fuel mixtures with a SME content 
of 10% vol. and more, it is necessary to reduce the oil service 
life by 40% compared to operation on commercial diesel fuel.

5. 2. Results of the study on a change in the flash 
point of Castrol GTX RN-Spec 5W-30 oil

The flash point characterizes the flammability of the 
oil product. It can also be used to determine the presence 
of low-boiling point impurities in fuel and lubricants. When 
fuel enters the engine oil during engine operation, its flash 
point decreases significantly, due to which the oil is liquefied 
and its consumption increases. For oils of the same viscosity 
class, for example, 10 mm2/s at 100°C, a decrease in the flash 
point from 250°C to 218°C can cause oil overconsumption 
due to increased burnout for diesel engines by 10…15%.

The results of our study on the flash point of Castrol GTX RN-
Spec 5W-30 oil are represented in the form of a graphical depen-
dence in Fig. 5. The accuracy of measuring the flash point in 
a closed crucible on a manual Pensky-Martens device is ±1%.

The obtained curves of changes in the flash point of mo-
tor oil in Fig. 5 can be described by the characteristic equa-
tion (5) with determination coefficients ranging from 0.991 
and 0.998, respectively

2
1 1 1,flt a L b L c= − ⋅ − ⋅ + 			   (5)

where a1, b1, c1 are experimental coefficients given in Table 4, 
determined by the least squares method;

tfl is the flash point of motor oil in a closed crucible, °C.

Table 4

Experimental coefficients for equation (5)

Fuel type 
Coefficient values

a1 b1 c1

DF 0.0952 1.0857 227.2
DF + 10% SME 0.0476 2.2762 227.2
DF + 20% SME 0.0794 1.7714 222.8
DF + 50% SME 0.0317 2.8286 220.6

 
 

 
  
Fig. 5. Flash point of Castrol GTX RN-Spec 5W-30 engine oil depending on the service 

life: 1 – engine operation on diesel fuel; 2 – diesel fuel plus 10% soy methyl ether; 	
3 – diesel fuel plus 20% soy methyl ether; 4 – diesel fuel plus 50% soy methyl ether
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completely restore the operational properties of the oil with 
additives.

In general, although there are recommendations for the 
optimal oil change interval for both diesel and gasoline vehi-
cles [11–13], the use of fuel mixtures of commercial diesel fu-
els and SME in an amount of up to 50% vol. does not require 
a reduction in its service life according to the TBN indicator.

Therefore, the results of our study could be used by car 
owners to adjust the engine oil mileage before replacement, 
provided that biodiesel fuels are used in the fuel system. 
Compliance with the recommendations for oil change inter-
vals proposed in our work will reduce the impact of biodiesel 
fuel on the engine resource.

However, the research had a number of limitations, name-
ly urban operating conditions, seasonality of the research, and 
the use of one car model. Therefore, further studies should 
significantly expand car models and car operating conditions. 

The disadvantages of our study include the use of test cars 
with an engine with a Common Rail power supply system; 
therefore, in the future, the research should be extended to 
diesel engines of other modifications.

7. Conclusions 

1. In the oils that we have studied, a decrease in the density 
of the engine oil was observed during operation, so the maxi-
mum service life according to this indicator is 12 thousand km 
when operating on commercial diesel fuel. In the case of using 
SME biodiesel additives with a volume fraction of 10, 20%, 
these terms are reduced to 9 thousand km. According to the 
viscosity indicators of Castrol GTX RN-Spec 5W-30 oil during 
operation in Renault Megane cars with a turbocharging 
system on diesel fuel, a mixture of diesel fuel and 10% vol. 
SME and a mixture of diesel fuel and 20% SME, a decrease 
in its kinematic viscosity and viscosity index was established. 
Thus, the results of research on oil samples from a car that 
was operated on diesel fuel show the limit values of kinemat-
ic viscosity and viscosity index after 9 thousand km of run, 
an increase in the car’s run to 15 thousand km leads to a de-
crease in the viscosity index by 6.2% below the norm, which 
will lead to increased wear of friction pairs on the engine. 
Under the condition of operation of Renault Megane cars on 
diesel fuel with the addition of 10 and 20% vol. SME, the limit 

According to the results from TBN studies, Fig. 6, it was 
found that the maximum service life of the oil according 
to this indicator is the same for all samples and is 9 thou-
sand km. After this mileage, the TBN level is ≤ 2 mgKOH/g, 
which is critical for this indicator, and its further decrease 
causes the risk of corrosion, sludge, and varnish formation.

6. Discussion of results based on studying the influence 
of soybean methyl ether additives on engine oil quality 

indicators

dCi engines are a very complex mechanism in which 
many factors can affect the deterioration of the viscosity-tem-
perature properties of the oil.

An increase in the volumetric content of SME additives 
in diesel fuel leads to an increase in the rate of decrease in 
density (Fig. 1), kinematic viscosity (Fig. 2, 3), and viscosity 
index (Fig. 4) of Castrol GTX RN-Spec 5W-30 engine oil. 
Moreover, it should be noted that these phenomena are also 
observed with an increase in the mileage of test cars. This is 
explained by the fact that biodiesel fuel (SME) has a lower cal-
orific value and as a result, its overconsumption in the power 
system occurs. Such fuel mixtures do not have time to burn 
completely in the internal combustion engine cylinders and, 
being washed out with the oil into the sump, partially dilute it.

The decrease in the flash point of Castrol GTX RN-Spec 
5W-30 engine oil (Fig. 5) with increasing service life is ex-
plained by the accumulation of unburned fuel in it, and the 
addition of SME accelerates this process. This can also be 
explained by the accumulation of unburned fuel in the oil.

Since the accumulated biodiesel in the oil contains an 
additional amount of oxygen, this contributes to a decrease 
in the base number (TBN) of Castrol GTX RN-Spec 5W-30 
engine oil (Fig. 6) and accelerates its oxidation process.

Studies [31, 32] focus on fuel economy and protection of 
engine parts from wear through an individual approach to 
choosing oil for a specific engine. The experimental analysis 
of engine oil degradation allows for protection of engine parts 
from wear through a rational choice of its service life.

Works [33-35] propose adding additives and viscosity 
modifiers to the oil to improve the operational properties 
of the oil. The results of studies show that when using SME 
diesel fuel additives in an amount of 50%, it is impossible to 

 

 
  

Fig. 6. Change in the total basic alkaline number of Castrol GTX RN-Spec 5W-30 engine oil depending on the service life: 	
1– 3 thousand km; 2 – 6 thousand km; 3 – 9 thousand km; 4 – 12 thousand km; 5 – 15 thousand km
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values of kinematic viscosity and viscosity index will be after 
6 and 3 thousand km of run, respectively.

2. The results of research on the flash point of oil from a 
Renault Megane car that was operated on commercial diesel 
fuel after a run of 10 thousand km meet the standards for 
Castrol GTX RN-Spec 5W-30 motor oil. Increasing the car’s 
mileage to 15 thousand km leads to a decrease in the flash 
point below the standard by 6%, which indicates dilution of 
the oil with unburned diesel fuel and will lead to an increase 
in its consumption for burnout, deterioration of lubricating 
properties. When using fuel mixtures of diesel fuel and 10% 
vol. SME, the limit mileage of the car in terms of the oil flash 
point is set to 9 thousand km.

3. The results of our study on the water content in Castrol 
GTX RN-Spec 5W-30 oil selected from Renault Megane test 
cars showed its content in the range from 0.01 to 0.02 cm3. This 
content is considered traces of water and will not lead to nega-
tive consequences for the internal combustion engine. The total 
base number (TBN) for all test samples of motor oils acquires a 
critical value at a mileage of 9 thousand km, where TBN ≤ 2 mg-
KOH/g. Further reduction in TBN increases the risk of corro-
sion of metal engine parts and the formation of varnish deposits.
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