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Abstract. The article is devoted to the study of performance indicators of diesel fuel with the addition of rapeseed oil ether. To do 

this, the study used diesel fuel of Euro 5 grade "L" and the following dietary supplements: rapeseed oil methyl ester and rapeseed oil 

isopropyl ester. In the resulting biofuels the corresponding physical and chemical properties were determined. Based on the results of 

research, it was found that the complex of quality indicators of diesel fuel of petroleum origin and samples of rapeseed oil esters slightly 

differs from the indicators of petroleum diesel fuel, and, also, number of indicators of environmental properties are better than those of fuel 

of petroleum origin.  
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Introduction                         
Diesel fuel (DF) is one of the most popular types of fuel 

used for internal combustion engines. It is more economical than 

gasoline, and it is also cheaper [1,2].  

However, when diesel fuel is burned, the exhaust gases of 

cars with diesel engines contain carbon oxides, sulphur, nitrogen, 

soot, hydrocarbons and carcinogenic polycyclic hydrocarbons. 

During the combustion of fuel containing sulphur impurities, 

mainly sulphur dioxide is formed. When ash elements (for example, 

metal-containing additives) are retained, some of the sulphur is 

converted to sulphates and released as solid particles. Sulphur 

dioxide irritates the respiratory system, participates in the formation 

of acid rain, in corrosion processes, and destroys catalytic 

converters. Consequently, tougher standards for emissions of 

harmful substances from the exhaust gases of internal combustion 

engines, limiting carbon dioxide emissions, as well as saving energy 

carriers of petroleum origin, force most countries to look for ways 

to reduce the risk of heat engines affecting the environment. These 

problems of our time have led to tougher requirements for the 

environmental properties of oil refining products.  

The study of diesel fuel quality indicators with the addition 

of rapeseed oil methyl ester (ROME) and rapeseed oil isopropyl 

ester (ROIE) was carried out using standard methods regulated by 

technical regulations [3-5]. 

The Euro 6 environmental standard, which came into force 

in 2015, provides for a halving of nitrogen dioxide emissions for 

diesel vehicles produced later than this deadline. One of the 

methods to solve this problem is to add a certain amount of 

environmentally friendly bio-components to diesel fuels. 

Diesel biofuels have become increasingly widespread 

abroad in recent years. An increase in diesel fuel production from 

vegetable raw materials is observed in a number of Western 

European countries, primarily in Germany and France, as well as in 

the United States, Brazil, and Malaysia [6]. In European countries, 

the production of diesel biofuels focuses on the use of rapeseed oil, 

including from rapeseed grown in Ukraine. In the United States and 

Brazil, they prefer the production of biodiesel from soybean oil, and 

in Southeast Asian countries - from palm oil [7]. A mixture of 

complex methyl esters obtained based on rapeseed oil (ROME) is 

used as 100% diesel fuel in tractors that are operated in Austria. In 

France, a mixture of diesel fuel with 5% ROME was used. In the 

United States, soybean oil-based methyl esters are used as a 100% 

non-fuel or as a 20% supplement to petroleum fuel. Unfortunately, 

in Ukraine, this problem is more theoretical in nature in the absence 

of data on the results of a study of the mass use of bio-components 

for diesel fuel. The quality of diesel fuels made from vegetable raw 

materials differs from oil, which is due to the difference in chemical 

composition. The methyl and isopropyl esters of rapeseed and 

soybean oils closest to diesel fuel, and methyl esters based on palm 

oil differ significantly in their properties [8, 9]. 

 

Materials and Methods 

Standards for biodiesel mixtures are constantly being 

revised ASTM International (American society for testing and 

materials) for adopting biodiesel mixtures by manufacturers of 

components for cars (Original Equipment manufacturer – OEM). 

The EU regulates the requirements for biodiesel EN 14214:2003 

«Automotive fuels – Fatty acid methyl esters (FAME) for diesel 

engines – Requirements and test methods», in the USA – ASTM D 

6751 «Standard Specification for Biodiesel Fuel Blend Stock 

(B100) for middle Distillate Fuels». 

In Ukraine, the quality of biodiesel fuel is regulated by 

DSTU 6081:2009 "Motor fuel. Esters of methyl fatty acids of oils 

and fats for diesel engines. Technical specifications", DSTU 

7178:2010 "Alternative fuel. Ethyl esters of fatty acids of oils and 

fats for diesel engines. Technical requirements and control methods, 

DSTU 7688:2015 "Euro diesel fuel. Technical requirements", 

DSTU 8695:2016 "Alternative fuel for diesel engines. Technical 

requirements". According to the technical regulations on 

requirements for automobile, diesel, marine and boiler fuels and 

DSTU 7688:2015, the use of methyl or ethyl esters of fatty acids up 

to 7% is provided. The process of obtaining rapeseed oil esters is 

based on the reaction of transesterification of rapeseed oil with 

isopropyl or methyl alcohols using an alkaline catalyst – potassium 

alcoholate. The transesterification reaction consists of adding 

alcohol to triglyceride in the presence of an alkaline catalyst, and 

esters and glycerol are formed. The latter practically does not mix 

with esters. 

Transesterification was performed in a glass reactor with the 

separation of the glycerol fraction from below. The reaction mixture 

was stirred at a temperature of 60 °C with a glass agitator using an 

electric motor. The temperature was maintained by a temperature-

controlled water bath. At the end of the reaction, the mixture is 

gravitationally separated into two layers: biodiesel and glycerol, 

which settles on the bottom of the flask. By chemical composition, 

the new biodiesel fuel is isopropyl esters of rapeseed oil and is a 

yellow-lemon-collared liquid with a pungent alcohol smell [10-13]. 

 

Rezults and discussions 

At the next stage of the work, the physical and chemical 

properties of L-grade diesel fuel of petroleum origin, which is 

produced at PJSC Ukrtatnafta, as well as its biocomponents - 

ROME and ROIE - were studied.  

Table 1 shows the characteristics that are most important for 

comparing petroleum fuel and rapeseed oil acid esters and are 

determined according to standard methods. As can be seen from the 

table, all the properties of biocomponents are somewhat different 

from fuels of petroleum origin. The cetane number is the main 

indicator of the flammability of diesel fuel. It determines engine 

start, working process stiffness (pressure build-up rate), fuel 

consumption, and exhaust gas smokiness. The higher the cetane 

number of the fuel, the lower the pressure build-up rate and the less 

rigid the engine runs.  

As can be seen from the table, the cetane number of 

rapeseed oil esters is slightly higher than the cetane number of 

diesel fuel of petroleum origin. Viscosity and density determine the 

processes of evaporation and mixing in diesel. 
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Table 1. Physical and chemical parameters of Euro 5 diesel fuel of 

the "L" brand and alternative fuels 

 

Indicator 

 

Test 

methods 

Norm for 

DF 

according 
to DSTU 

7688:2015 

Actual data 

 

Diesel 

fuel 

Rapeseed 

oil 

isopropyl 
Ester 

Rapeseed 

oil 

methyl 
ester 

Cetane number, 

not less than 
 

DSTU 

ІSО 
5165 

51 49 53 54 

Density at a tem-

perature of 15 ° C, 

kg/m3, within 

DSTU 

ENISO 

3675 

820-845 835 875 880 

Mass fraction of 

polycyclic 

aromatic hydrocar-
bons,%, max  

DSTU 
EN 

12916 

8 7 0 0 

Sulphur content, 

mg / kg,  

no more than 

DSTU 

ENISO 

20884 

10 8 4 3 

Flash point in a 

closed crucible, ° 

C, not lower than 
 

DSTU 
ІSО 

2719 

55 58 62 59 

Ash content, % 

(WT.), 
no more than 

DSTU 

ENISO 
6245 

0,005 0,004 0,004 0,003 

Lubricity: wear 

spot diameter at 

60 ° C, microns, 
max 

DSTU 
ISO 

12156 

460 450 420 430 

Kinematic viscosi-

ty at a temperature 
of 40 ° C, mm2 / s, 

within 

DSTU 

ГОСТ 
33 

2,00-4,50 3,7 12,1 5,6 

Maximum 

filterability 
temperature, ° C, 

not higher than 

DSTU 
EN 116 

–5 –10 –3 –8 

 

As can be seen from the table, all the properties of bio-

components are somewhat different from fuels of petroleum origin. 

The cetane number is the main indicator of the flammability of 

diesel fuel. It determines engine start, working process stiffness 

(pressure build-up rate), fuel consumption, and exhaust gas 

smokiness. The higher the cetane number of the fuel, the lower the 

pressure build-up rate and the less rigid the engine runs. As can be 

seen from the table, the cetane number of rapeseed oil esters is 

slightly higher than the cetane number of diesel fuel of petroleum 

origin.  

Viscosity and density determine the processes of 

evaporation and mixing in diesel. Lower density and viscosity 

provide better fuel atomization, with an increase in these quality 

indicators, the diameter of the droplets increases and their complete 

combustion decreases, as a result, the specific fuel consumption 

increases, and the smoke content of exhaust gases increases. Bio-

components differ slightly from diesel fuel of petroleum origin in 

these indicators. They have a higher density at 15° C. This is due to 

their chemical structure. Unlike petroleum fuel hydrocarbons, 

which contain between 5 and 16 carbon atoms, hydrocarbon chains 

of Ester molecules contain an average of 14-26 carbon atoms. This 

leads to higher values of molecular weight, and, accordingly, 

density. In addition, due to the longer length of the hydrocarbon 

chain, the viscosity of bio-components increases compared to the 

viscosity of Petroleum Fuel.  

As the fuel viscosity increases, the resistance of the fuel 

system increases, and the pump filling decreases, which can lead to 

interruptions in its operation. When the viscosity of diesel fuel 

decreases, the amount of it that seeps between the plunger and the 

bushing increases compared to working on more viscous fuel, as a 

result, the pump performance decreases. 

Sulphur compounds, unsaturated hydrocarbons and metals 

affect carbon deposits in diesel engines and cause increased 

corrosion and wear. During the combustion of fuel containing 

unsaturated hydrocarbons, due to oxidation, resinous substances are 

formed in the engine cylinder, and then carbon deposits. As a result, 

power drops and engine parts wear increases. Fuel reduces the 

friction force of parts in fuel pumps and injectors, as well as the 

piston against the cylinder mirror, as evidenced by the lubricity of 

diesel fuel. Pollutants reduce this ability.  

The presence of water has a particularly negative effect. It 

can be concluded that carbon deposits in the engine directly depend 

on such indicators of diesel fuel as coking, sulphur and resin 

content, fractional composition, the amount of aromatic and 

unsaturated hydrocarbons, ash content. According to these 

indicators, biocomponents have significantly better properties than 

petroleum fuel [14]. The maximum filterability temperature makes 

it possible to assess the low-temperature properties of fuel, namely 

fluidity and pumpability at low temperatures. In biocomponents, 

this temperature is slightly higher. 

Another important property of diesel fuel is the flash point. 

For diesel engines (especially those with direct injection), it is very 

important at what temperature the fuel mixture ignites. The 

selection of the optimal temperature contributes to the complete 

combustion of diesel fuel. If the temperature is too low (or vice 

versa high), then some components of the substance - mainly 

unsaturated hydrocarbons - do not burn completely, forming carbon 

deposits on the surface of cylinders, spark plugs and other engine 

elements.  

The mass fraction of polycyclic aromatic hydrocarbons in 

diesel fuel indicates its environmental characteristics. As the 

content of aromatic hydrocarbons in internal combustion engine 

fuels increases, the amount of benzapyrene increases. For this 

reason, the content of polycyclic aromatic hydrocarbons is limited 

by legislative acts of a number of foreign countries to the level of 6-

11%.  

The sulphur content is the main indicator of the 

environmental properties of diesel fuel. Sulphur exhaust gases form 

acids when interacting with water. Sulphur causes damage not only 

to nature, but also to the engine - its combustion products provoke 

metal corrosion, and when they come into contact with engine oil, 

solid deposits are formed (the engine is coked). It should be noted 

that the bio-components do not contain polycyclic aromatic 

hydrocarbons, and the sulphur content is very low. 

According to the requirements of DSTU 7688:2015, the 

amount of bio-components in diesel fuel can be no more than 7%, 

since diesel with a higher content of bioadditives cannot be used as 

standard in most cars with diesel engines. A higher ratio of dietary 

supplements in diesel is also allowed, but in this case, it would be 

necessary to additionally adapt the fuel supply system, since 

biodiesel, in comparison with conventional diesel, is more 

aggressive to the components of the fuel system. The time between 

oil and filter changes will also be reduced. Therefore, this amount 

of bio-components was added to diesel fuel of petroleum origin. 

Mixtures of petroleum fuel and biocomponents were prepared by 

stirring for 10 minutes using a mechanical homogenizer.  

The mixtures did not contain water and did not delaminate. 

As a result, two types of fuel were obtained: DP + 7% isopropyl 

ester of rapeseed oil and DP + 7% methyl ester of rapeseed oil.  

In the resulting biofuels, the corresponding physical and 

chemical properties were determined, which are given in Table. 2. 

When biocomponents were added to petroleum fuels, the 

cetane number increased. Moreover, the higher this indicator, the 

lower the noise level and smoke during engine operation. In 

addition to our research, these data are confirmed by more than 

twenty years of experience in using such fuel in Europe and the 

United States. 
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Table 2. Physical and chemical parameters of alternative 

diesel fuel with bio-components 

 

Indicator 

 

 

Test 

metho

ds 

Norm 

for DF 

accord

ing to 

DSTU 

7688:

2015 

Actual data 

DF + 

7% 

rapeseed 

oil 

isopropy

l Ester 

DF + 

7 % 

rapeseed 

oil 

methyl 

ester 

Cetane number, 

not less than 

 

DSTU 

ІSО  

5165 

51 51 51 

Density at a 

temperature of 15 

°C, kg/m3, within 

DSTU 

ENISO 

3675 
820-845 842 839 

Mass fraction of 

polycyclic 

aromatic 

hydrocarbons,%, 

max  

DSTU 

EN 

12916 

8 7 7 

Sulphur content, 

mg / kg,  

no more than 

DSTU 

ENISO 

20884 
10 7,2 7,1 

Flash point in a 

closed crucible, 

°C, not lower than 

 

DSTU 

ІSО 

2719 

55 60 59 

Ash content, % 

(WT.), 

no more than 

DSTU 

ENIS

O 

6245 

0,005 0,004 0,004 

Lubricity: wear 

spot diameter at 

60 °C, microns, 

max 

DSTU 

ISO 

12156 

460 430 438 

Kinematic 

viscosity at a 

temperature of 40 

°C, mm2 / s, 

within 

DSTU 

GOST 

33 
2,00-

4,50 
4,3 3,9 

Maximum 

filterability 

temperature, ° C, 

not higher than 

DSTU 

EN 116 
–5 –6 –9 

 

The density and viscosity due to bio-components have 

slightly increased, but the new values meet the requirements of the 

regulatory document. This will ensure the pumping of fuel through 

the vehicle's fuel system and ensure its anti-wear properties. This is 

also confirmed by the fact that the area of the lubricating film 

covering the surface increases when using biocomponents.  

In terms of sulphur content, ash content and mass fraction 

of polycyclic aromatic hydrocarbons, the new biofuel has 

significantly better performance compared to petroleum, which 

improves its environmental properties. 

Another advantage is that fuel with the addition of methyl 

and isopropyl esters of rapeseed oil has improved cleaning 

properties. The remaining indicators are within the requirements of 

DSTU 7688:2015. 

 

Conclusions 

1. Based on the results of research, it was found that the 

complex of quality indicators of diesel fuel of petroleum origin and 

samples of rapeseed oil esters differs slightly from the indicators of 

petroleum diesel fuel, and a number of indicators of environmental 

properties are better than those of fuel of petroleum origin. 

2. As a result, it was found that when biocomponents are 

added to petroleum diesel fuel in the amount of 7%, the indicators 

of environmental properties improve first of all: sulphur content, 

mass fraction of aromatic hydrocarbons, ash content. It also 

increases the cetane number and significantly improves the 

lubricity, which increases the service life of the car engine. In 

addition, biodiesel saves fuel costs because it is cheaper than 

petroleum diesel fuel. 
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