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Summary

The paper regards the use of bio-blends consisting of vegetable oil and a higher alcohol as a new 

component of diesel fuel. The use of rapeseed oil as one of the components eliminates the need 

energy-intensive conversion rapeseed oil  to  esters. The use of higher alcohol, such as butanol second 

generation, obtained directly from biomass will be in accordance with requirements of the European 

Union on the promotion of renewable energy resources. Experiments with bio-blends were carried 

out with selected commercial fuel diesel, rapeseed oil, and two alcohols: iso-amyl alcohol and n-butyl 

alcohol. There was prepared two bio- fuel blends containing 20% by volume bio-blends (BM) and 80% 

by volume of diesel fuel (D). Comparison of physico-chemical properties of experimental mixtures were 

done. This article presents the qualitative characteristics of the new fuel composition and evaluate their 

compliance with the normative requirements. The summary highlights the need to continue research to 

improve fuel formulations, particularly in the selection of fuel additives.
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1. Introduction

Over the past decades, there has been an increase in efforts to reduce the reliance on 

petroleum fuels throughout the world. This is due to the increase in prices of petroleum 

based fuels, strict governmental regulations on exhaust emissions and depletion of 

worldwide petroleum reserves. Among the proposed alternative fuels, vegetable oils have 

received much attention in recent years for diesel engines owing to their advantages 

as renewable and domestically produced energy resources. The major disadvantage of 

vegetable oils is their inherently high viscosity, leading to poor fuel atomization, incomplete 

combustion, coking of fuel injectors, ring carbonization, and accumulation of vegetable 

oil in the lubricating oil [3, 1]. Several methods are consequently being used to reduce 
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vegetable oil’s viscosity. Blending of vegetable oils with an alcohol of lower viscosity is 

one of the methods. This allows the engine fuel system to handle vegetable oils without 

any difficulty. Different blends of vegetable oil–diesel fuel were found to be successful as 

engine fuels [1].

A classic fuel to power diesel engines is diesel oil. It is a hydrocarbon fuel obtained from 

crude oil by refinery processes. In accordance with the requirements of Directive 2009/30/

EC on the promotion of the use of biofuels or other renewable fuels for transport [5], and 

directive 2009/28/EC [6] on the promotion of the use of energy from renewable sources, 

petrochemical companies are obliged to market fuel containing bio-components. 

In Poland, it is consistently implemented, resulting from the above directives, the National 

Indicative Target, which specifies the minimum percentage share of biofuels and other 

renewable fuels in the total amount of fuel and liquid biofuels in terms of energy value. 

According to the above assumptions, the composition is used for bio-ethanol gasoline in 

quantities not exceeding 5% vol. (according to EN 228 [7]), and to compose oil fatty acid 

methyl esters in an amount not greater than 7% vol. (PN-EN 590 [8]). There are also known 

in some European countries use biofuels such as E85 - ethanol fuel to power vehicles FFV 

(Flexible Fuel Vehicles) containing approximately 85% vol. ethanol and 15% gasoline, E95 

- a fuel containing 95% vol. bioethanol used to power city buses equipped with a modified 

diesel engine. On the Polish market is also used B100 biodiesel consisting of 100% of 

methyl esters of fatty acids and B20, a blend of diesel and 20% esters. The research team 

of prof. Lech Sitnik developed a formula for a new biofuels - BMD, consisting of blends (BM): 

rapeseed oil, and higher alcohol and mineral diesel (D). The advantage of this fuel is the use 

of crude rapeseed oil, which eliminates the need to convert it to energy-intensive esters, 

and higher alcohol, eg butanol, obtained by biochemical process using waste biomass. 

The biofuel directly contribute to fulfilling EU requirements on promoting renewable energy 

sources. An additional advantage of this fuel is that it can be used to power diesel engines 

without requiring any prior modification [4].

2. Experimental

To assess the quality of biofuel containing components such as higher alcohol and 

rapeseed oil were prepared two experimental blends. The main component of mixtures was 

conventional diesel (in the amount of 80% vol.), to which was added two biocomponets 

composition of the total amount of 20% vol. Experiment was carried out with two higher 

alcohols: n-butyl alcohol and iso-amyl alcohol. First were prepared blends consisting of 

selected alcohol and rapeseed oil in a ratio of 2:1, and then received blend introduced 

into diesel fuel. Prepared samples are marked with symbols B20-1 (with n-butanol) and 

B20-2 (with iso-amyl alcohol). Mixtures of B20-1 and B20-2 were clear, without haze and 

sediment. New biofuels stored for several days at room temperature showed no features 

of separation. Diesel fuel used to compose biofuels met all quality requirements according 

with PN-EN 590[8]. Table 1 shows the basic parameters of diesel, and Table 2 compares 

properties of n-butyl alcohol and iso-amyl.
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Table 1. Basic physico-chemical properties of diesel fuel.

No. Property Result

1. Cetane number 53,0

2. Density at 15oC, kg/m3 836,2

3. Flash point, oC 63

4. Carbon residue (on 10% distillation residue), %(m/m) <0,10

5. Distillation

%(V/V) recovered at 250oC, 39,5

%(V/V) recovered at 350oC, 94,9

50%(V/V) recovered at, oC 266,7

95%(V/V) recovered at, oC 350,5

finish boiling point, oC 362,4

Table 2. Properties of n-butyl alcohol and iso-amyl.

No. Property n-butyl alcohol iso-amyl alcohol

1. Density at 20 oC, kg/m3 810 814

2. Boiling point oC 117 138

3. Flash point, oC 30 43

3. Results

Prepared biofuels samples were examined according with regulatory requirements of the 

standard PN-EN 590. The results obtained are presented in Table 3 and Table 4.

Comparing the results of bio-fuels B20-1 and B20-2 with quality requirements for diesel 

fuel it worth to note that most of the parameters meet these requirements; however, 

several parameters deviate from the normative requirements. Cetane number is similar on 

both biofuels and amounted 44.4 and 45.0 for B20-1 and B20-2, respectively and is lower 

than the required standard that is at least 51 units. This is due to the participation of 20% 

biocomponents. Rapeseed oil has a cetane number of the order of 40-50 units [2] and 

a small addition to the diesel fuel should not drastically reduce the cetane number. However 

alcohol is usually characterized by a very high octane number, which is beneficial in case 

of composing gasoline, added to the diesel fuel can degrade the diesel engine start-up 

parameters.

The process of starting engine and his operation is also influenced by fractional composition 

of fuel, particularly temperature distillation of 50% by volume of fuel, T
50
. The lower the 
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Table 3. Comparison of the results of bio-fuels B20-1 and B20-2 to PN-EN 590.

No. Property Test method
Result Limits 

PN-EN 590 B20-1 B20-2

1 Cetane number PN-EN ISO 5165 44,4 45,0 min 51,0

2 Cetane index PN-EN ISO 4264 46,8 46,9 min 46,0

3 Density at 15oC, kg/m3 PN-EN ISO 12185 837,9 837,8
820,0 

– 845,0

4
Polycyclic aromatic hydrocarbons, 

%(m/m)
PN-EN 12916 1,9 1,9 max 11

5 Sulfur content, mg/kg PN-EN ISO 20846 5,7 5,7 max 10,0

6 Flash point, oC PN-EN ISO 2719 < 40,0 45,0 above  55

7
Carbon residue (on 10% distillation 

residue), %(m/m)
PN-EN ISO 10370 0,48 0,27 max 0,30

8 Ash content, %(m/m) PN-EN ISO 6245 < 0,001 < 0,001 max 0,01

9 Water content, mg/kg PN-EN ISO 12937 110 110 max 200

10 Total contamination, mg/kg PN-EN 12662 <6,0 9,0 max 24

11
Copper strip corrosion 

(3 h at 50°C) 
PN-EN ISO 2160 class 1 class 1 class 1

12
Lubricity, corrected wear scar 

diameter (wsd 1,4) at 60°C, µm
PN-EN ISO 12156-1 281 339 max 460

13 Viscosity at 40°C, mm2/s PN-EN ISO 3104 2,710 2,827 2,00 – 4,50

14

Distillation

PN-EN ISO 3405

%(V/V) recovered at 250oC, 47,3 44,2 < 65

%(V/V) recovered at 350oC, -- -- min 85

50%(V/V) recovered at, oC 261,9 261,4 --

95%(V/V) recovered at, oC -- -- max 360

Finish boiling point, oC 349,9 349,7 --

15
Fatty acid methyl ester content,  

FAME, %(V/V)
PN-EN 14078 < 1,6 < 1,6 max 7,0

16 Oxidation stability, g/m3 PN-ISO 12205 66 39 max 25

Table 4.  Comparison of low-temperature properties of fuels B20-1 and B20-2 to the climatic requirements 

of PN-EN 590.

No. Property
Test 

method

Result Climate-related requirements   

B20-1 B20-2 Summer
Spring & 

autumn
winter

1
Cold filter plugging 

point, CFPP, oC
PN-EN 116 -21 -21 max 0 max -10

max 

-20

2 Cloud point, oC PN-ISO 3015 -6 -6 Limits only for arctic climate
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temperature T
50
 is the easier start, but at too low temperature ignition characteristics fuel 

property is worsen - cetane number decreases.

Fig. 1. Comparison of the distillation process of diesel fuel, biofuels B20-1 and B20-2.

Figure 1 shows the distillation process composed of biofuels compared to diesel. T50 

temperatures for the tested biofuels B20-1 and B20-2 are similar and amounted 261.9 

and 261.4 °C, respectively and slightly differs from the T
50
 for diesel fuel - 266.7 °C. The 

temperature range from about 250 °C to 340 °C showed the course of the distillation of 

biofuels and diesel fuels are similar. The beginning of the distillation is unusual for sample 

B20-1, which begins to boil in temperature 114 oC, and B20-2 at a temperature of 127 °C. 

Alcohol is distilled off first at the initial stage of the distillation followed by hydrocarbons 

and rapeseed oil. Distillation process indicates that the biofuel combustion in the engine 

can be irregular.

The share of alcohol in biofuel can cause the reduction of ignition temperature. Flashpoint 

of biofuel blend is determined by its flash point of the lightest component, which in the 

case of n-butyl alcohol and iso-amyl alcohol was 37 °C, and 45 °C, respectively. Safety 

in transport and storage of diesel fuel requires that the ignition temperature have to be 

higher than 55 °C. Thus, the fuel with a lower flash point can not be marketed and sold, 

could possibly be used as fuel for selected fleets.

The tested biofuel has a high tendency to form sludge and carbon deposits, which is 

determined by the remains of carbon residues. In the case of B20-1 sample carbon residue 
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value exceeds regulatory requirements by 60%, for the B20-2 approaches the limit. Biofuel 

with such high carbon residues will cause the formation of deposits in the combustion 

chamber, the valves, piston rings and injector components. Sediments and carbon residues 

change conditions of heat exchange process, worsen the quality of fuel atomization and 

ultimately can lead to immobilization of the vehicle.

Both samples biofuels have good low temperature properties (Table 4). Tested cold filter 

blocking temperature for both samples amounted -21 °C, and the cloud temperature 

-6 °C and slightly was different from the analogous parameters of diesel. Low-temperature 

stability studies have shown that bio-fuel stored for several days at a temperature 

of about-10 °C becomes cloudy, but do not stratify and keep hold the liquid properties. 

Viscosity of biofuels is correct and for B20-1 and B20-2 was 2.710 mm2/s and 2.827 mm2/s, 

respectively. Proper fuel viscosity is very important, because directly influence on the 

quality of atomization and combustion. Other biofuels quality parameters measured; do not 

differ from the normative requirements. The sulphur and water content, polycyclic aromatic 

hydrocarbons, solids, ash residue, lubricity and density are within the limits. Please note that 

this type of biofuel may not be used for long-term storage, it is unsatisfactory because of 

their oxidation stability. The amount of sludge after being marked with an accelerated aging 

process is large, about 2 times the standard requirements. It is therefore recommended 

product produced in small quantities, intended for rapid consumption.

4. Conclusions

Tested biofuels B20-1 and B20-2 were assessed in terms of regulatory quality requirements. 

It is difficult to clearly determine, which biofuel blends is better. Features such as low cetane 

number, low flash point, and atypical distillation limit the usefulness of both bio-fuels to 

power the diesel engines. Preliminary experiments should be continuing for improvement 

the composition of biofuels and carry out the procedure for the selection of additives. It is 

necessary to increase the cetane number. The appropriate corrosion protection should be 

considered due to the presence of alcohol component in biofuel.  The introduction of new 

biofuels still requires much research and improvements of its formula. 
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