
1071

INFRASTRUKTURA I EKOLOGIA TERENÓW WIEJSKICH
INFRASTRUCTURE AND ECOLOGY OF RURAL AREAS

Nr IV/1/2016, POLSKA AKADEMIA NAUK, Oddział w Krakowie, s. 1071–1080 
Komisja Technicznej Infrastruktury Wsi

DOI: http://dx.medra.org/10.14597/infraeco.2016.4.1.078

ELECTROOXIDATION OF DIESEL FUEL IN  
ALKALINE ELECTROLYTE 

Paweł P. Włodarczyk, Barbara Włodarczyk
University of Opole

Abstract

In recent decades the demand of energy has increased significant-
ly. Providing more and more energy is an essential task of today’s en-
ergetic industry. In the last few years, addition to traditional methods 
of energy production, alternative energy sources have been developing 
fast. One of these sources is fuel cell, mainly due to their high efficien-
cy. Generally fuel cells are powered by hydrogen. However, problems 
with the storage of hydrogen are the reason for the search of new fuels 
for fuel cells. Moreover, fuel cells can provide an additional/emergency 
electricity source in energy systems using combustion engines. So, it is 
important using the main fuel for powering the fuel cell. One of the fu-
els used for powering the fuel cells could be diesel fuel. Diesel engines 
drive cars, trucks, boats, tanks and also agricultural machinery e.g. trac-
tors or harvesters. So, there are a lot the possibilities of using this solu-
tion. The paper presents results of measurements of electrooxidation of 
diesel fuel emulsion prepared on the basis of a nonionic surfactant on 
a smooth platinum electrode in an aqueous solution of KOH. The result-
ing current density reached the level of 25 mA/cm2. So, the possibility of 
using diesel as the fuel for emergency of the fuel cells has been proved.  
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INTRODUCTION 

Providing more and more energy is an essential task of today’s energetic 
industry. Energy production is based on crude oil, coal, natural gas and nuclear 
energy. But in the last few years some alternative energy sources also have been 
developing fast. There are used heat pumps, solar collectors, photovoltaic cells, 
with wind turbines and more. One of these sources is a fuel cell (FC). Principle 
of operation of the FC is known from 1839 (Grove, 1839). The real efficiency 
of fuel cells varies between 40-80% (O’Hayre at al., 2005; Stolten, 2010). In 
addition, zero or low negative influence on the environment and quiet operation 
is what characterizes the fuel cells (Larminie & Dicks, 2003). Generally, FCs 
are powered by hydrogen (Hoogers, 2003; O’Hayre at al., 2005; Stolten, 2010). 
However, problems with storage of hydrogen are the reason for the search of 
new fuels for FCs (Gawdzik at al., 2002; Harrison & Khan, 1970; Redey, 1970; 
Larminie & Dicks, 2003; Włodarczyk & Włodarczyk, 2013) or also biofuels 
(Hamnett, 1997; Milewski & Lewandowski, 2013; Włodarczyk & Włodarczyk, 
2015b; Włodarczyk & Włodarczyk, 2015c; Włodarczyk & Włodarczyk, 2016). 
The search of new catalysts for FCs is also very important to obtain high current 
density and to lower costs of electrodes production (Twigg, 1989; Włodarczyk 
& Włodarczyk, 2015c; Włodarczyk & Włodarczyk, 2015d), but first there is the 
need to evaluate a basic possibility of new fuels electrooxidation with reference 
(Pt) catalyst (Twigg, 1989; Bockris & Reddy, 2000). 

Fuel cells can be used as emergency electricity sources (Vielstich, 1965; 
Vielstich, 1969; Vielstich at al., 2003; Redey, 1970; Stolten, 2010). It is impor-
tant to use a fuel in vehicles which use internal combustion engines for powering 
emergency fuel cells. These fuel cells could be used during the vehicles layover, 
when combustion engines are stopped. One of fuels for powering the fuel cells 
could be diesel fuel. Diesel engines drive cars, trucks, boats, tanks and also ag-
ricultural machinery e.g. tractors or harvesters. So, there is a lot the possibilities 
of using this solution.

Diesel fuel, in general, is any liquid fuel used in diesel engines, where 
a fuel ignition takes place, without spark as a result of compression of the inlet air 
mixture and then injection of a fuel. Diesel fuel is produced from various sourc-
es from which the most common is petroleum. Other sources include biomass, 
animal fat, biogas, natural gas, and coal liquefaction. Petroleum diesel (fossil 
diesel) is the most common type of diesel fuel. It is produced from the fractional 
distillation of crude oil in temperature between 200°C (473K) and 350°C (623K) 
at atmospheric pressure which results in a mixture of carbon chains that typically 
contain between 8 and 21 carbon atoms per molecule (Collins, 2007).

The current density is most important parameter of a fuel cell (Bockris 
& Reddy, 2000; Liebhafsky & Cairns, 1968; Vielstich, 1965; Vielstich at al., 
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2003). Thus, it is important to assure an adequate current density of diesel fuel 
electrooxidation. The correlation between current density and overpotential is 
described by the Butler-Volmer exponential function (Bockris & Reddy, 2000). 
Unfortunately, despite extensive knowledge in the field of solid-state physics 
and kinetics of catalytic reactions, the implementation of the catalysts is carried 
out mainly experimentally. The paper presents the electrooxidation of diesel fuel 
with Pt catalyst in alkaline electrolyte (KOH) in various temperatures, and var-
ious concentration of oil. So, the paper presents the possibility of direct use of 
diesel fuel as the fuel for low temperature alkaline FCs.

MATERIAL AND METHODS

Summer diesel fuel (B), with the Cold Filter Plugging Point (CFPP) not 
higher than 0°C, was used as the fuel in measurements. This fuel is used in the 
moderate climate, during the summer period, i.e. from mid-April to the end of 
September. Parameters of fuel are shown in table 1.

Table 1. Parameters of diesel fuel

Parameter Value
Density in temp. 15 oC [kg/m3] 820.0-845.0

Concentration of polycyclic aromatic hydrocarbons, max. [%] 7.0
Content of sulphur, max. [mg/kg] 10.0
Content of water, max. [mg/kg] 200.0

Content of solid pollutants, max. [mg/kg] 24.0
Kinematic viscosity in temp. 40oC [mm2/s] 2.0-4.5

Temperature of Cold Filter Plugging Point (CFPP) [K] not plugging
Source: own compilation based on data fuel producers and Polish standards for liquid fuels

In the case of using any fuel as the fuel for a fuel cell, conducting the 
electric current is very important (Bockris & Reddy, 2000). Diesel fuel is a hy-
drophobic substance and does not conduct the electric current. To cause the con-
duction there was used an intermediate agent to solve diesel fuel in water. Due 
to excellent emulsification properties of Syntanol DS-10 it was used as a de-
tergent (Sakharov at al., 1975; Włodarczyk & Włodarczyk, 2013; Włodarczyk 
& Włodarczyk, 2015a; Włodarczyk & Włodarczyk, 2015b; Włodarczyk & 
Włodarczyk, 2016). DS-10 is characterized by high superficial activity, emul-
gation, dispersion and solubilisation capabilities (Survila at al., 2005; Paraska 
& Karvan, 2010). After electrooxidation of emulsion, Syntanol DS-10 can be 
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degraded e.g. promoted by energy transfer reactions or by bacteria (Ignatov at 
al., 1995; Kravchenko at al., 1994).

Investigated emulsion of diesel fuel (EDF) was obtained by mixing in var-
ious ratios of diesel fuel detergent and water using a mechanical stirrer with 
the speed of about 1200 rpm (Włodarczyk & Włodarczyk, 2013; Włodarczyk 
& Włodarczyk, 2015a; Włodarczyk & Włodarczyk, 2015b; Włodarczyk & 
Włodarczyk, 2016). Emulsion stabilization time was about 8 hours. Before 
obtaining an emulsion of diesel, the fuel was filtered in a standard automotive  
fuel filter.

Measurements were done by the method of polarizing curves of electroo-
xidation of EDF in glass vessel, on a smooth platinum electrode in KOH elec-
trolyte. Figure 1 shows the scheme of the research position for measurements of 
EDF electrooxidation.

Source: Own compilation

Figure 1. Scheme of apparatus for EDF electrooxidation (P – potentiostat,  
WE – working electrode (Pt electrode), L – Luggin capillary, AE – auxiliary electrode,  
RE – reference electrode (SCE), EE – electrolyte (2M KOH) with EDF, K – computer)

Platinum was used as a catalyst of working electrode due to excellent cata-
lytic properties (Bockris & Reddy, 2000; Twigg, 1989), while saturated calomel 
electrode (SCE) was used as a reference electrode. In this paper are presented 
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researches on electrooxidation of the emulsion based on diesel fuel in alkaline 
electrolyte (aqueous solution of KOH) for various concentrations of diesel fuel 
and detergent and in various temperatures (293-333K). Electrochemical mea-
surements were performed in a glass cell with potentiostat (AMEL System 5000 
apparatus connected with computer). 

In the next step there was built a prototype fuel cell powered by EDF. Plat-
inum was used as a catalyst of anode and Ni-Co alloy was used as a catalyst of 
cathode (Włodarczyk & Włodarczyk, 2015d). The anode was used in the mesh 
form with dimensions 4x1.5 cm. The cathode was also used in the mesh form 
with dimensions 3x2 cm and it was immersed in aqueous solution of KOH. Ni-Co 
cathode during the fuel cell working was aerated. Nafion 117 (thickness 183 µm) 
was used as a proton exchange membrane (PEM), which separates the cathode 
area (with aerated electrolyte) and anode area. The perforated ABS plastic cover 
was used as PEM casing. This part was printed on 3D printer (Włodarczyk & 
Włodarczyk, 2015b). Figure 2 shows the scheme of prototype fuel cell powering 
of EDF.

Source: Own compilation

Figure 2. Scheme of prototype fuel cell powering of EDF (V – voltmeter,  
A – amperemeter, R – electricity receiver, PEM – proton exchange membrane,  

MC – membrane cover, An – Pt anode, Ka – Ni-Co cathode, B – bubbler,  
EE – electrolyte with EDF, Air – air)
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RESULTS

First, there were carried measurements on electrooxidation of Syntanol 
DS-10 in alkaline electrolyte (aqueous solution of KOH). This measurement was 
allowed to assess whether the current density was formed from the electrooxi-
dation of diesel fuel or only from detergent. Figures 3-5 show the polarization 
curves of electrooxidation of EDF in various concentration of fuel. The elec-
trooxidation was carried out at temperature of 293-333K.

Figure 3. Polarization curves of EDF electrooxidation in 0.1n concentration of  
electrolyte KOH at temperature 293K; Concentration of diesel fuel was equal 0.0025%; 

0.0050%; 0.0100%; 0.025% and 0.0500%

Figure 4. Polarization curves of EDF electrooxidation in 0.1n concentration of 
electrolyte KOH at temperature 313K; Concentration of diesel fuel was equal 0.0025%; 

0.0050%; 0.0100%; 0.025% and 0.0500%
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Figure 5. Polarization curves of EDF electrooxidation in 0.1n concentration of  
electrolyte KOH at temperature 333K; Concentration of diesel fuel was equal 0.0025%; 

0.0050%; 0.0100%; 0.025% and 0.0500%

CONCLUSIONS

The potential of the working electrode was establishing in time of about 
20 minutes and was badly reproducible. Stationary, current-free real potential 
depends on diesel fuel concentration and is included in potentials range from 
0.63-1.28 V. To ascertain that the emulsion and not the detergent was electroox-
idated, measurements of electrooxidation process run in the scope of kinetics 
but the potential of the electrode is low and establishes in a long period of time. 
The highest results of the potential were obtained at temperature of 313K. In 
any case, the process of electrooxidation of EDF occurred. A current density of 
about 10-20 mA/cm2 was obtained for all concentrations of diesel fuel. With the 
increase in temperature to 333K the first electrooxidation of Syntanol DS-10 
took place, and only then of EDF.

A fundamental possibility of electrooxidation of diesel fuel on platinum 
catalyst in alkaline electrolyte (aqueous solution of potassium hydroxide) was 
presented in this paper. It was demonstrated that use of the detergent Syntanol 
DS-10 to prepare the EDF allows the electrooxidation of this fuel in aqueous 
solution of potassium hydroxide, and thus a permits a direct conversion of diesel 
fuel into electrical energy with alkaline medium. Measurements showed maxi-
mum current density of 25 mA from 1 cm2 of smooth surface platinum electrode 
in temperature of 333K. The prototype fuel cell (fig. 2) was characterized by 
power of about 50 mW. The current density and power is low, but it was demon-
strated a fundamental possibility of powering alkaline FC with diesel fuel. So, 
there was also demonstrated a possible construction of direct powering the fuel 
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cell with diesel fuel. However, the current density is low. So, it is necessary to 
conduct research for increase of current density e.g. with another detergent. The 
increase of current density will allow to power the emergency fuel cell with 
diesel fuel. This solution will allow equipping cars, trucks, boats, tanks, tractors 
or harvesters with an emergency source, powered by the fuel from a main tank.

REFERENCES

Bockris, J.O.M., Reddy, A.K.N. (2000). Modern electrochemistry, New York: Kulwer 
Academic /Plenum Publishers.

Collins C. (2007). Implementing Phytoremediation of Petroleum Hydrocarbons, 
Phytoremediation, Methods in Biotechnology 23 p.99-108.

Gawdzik, A., Gajda, Włodarczyk, P.P., Sofronkow, A. (2002). Electrooxidation of crude 
oil emulsion on smooth platinic electrode, Proceedings of the 15th International Congress 
of Chemical and Process Engineering CHISA 2002, 25 – 29 August, Praha, 273.

Grove, W. (1839). On the gas voltaic battery, Philosophical Magazine, 3 (14), 127-130.

Hamnett A., (1997). Mechanism and electrocatalysis in the direct methanol fuel cell, 
Catalysis Today, 38 (4) s.445–457. DOI:10.1016/S0920-5861(97)00054-0

Hamelinck, C.N., Faaij, A.P.C., (2002). Future prospects for production of methanol and 
hydrogen from biomass, Journal of Power Sources 111 (1) 1-22. DOI:10.1016/S0378-
7753(02)00220-3

Harrison, J.A., Khan, Z.A. (1970). The oxidation of hydrazine on platinum in acid 
solution, Journal of Electroanalytical Chemistry and Interfacial Electrochemistry, 28 (1) 
131-138. DOI:10.1016/S0022-0728(70)80288-1

Hoogers, G. (2003). Fuel cell technology handbook. Boca Raton: CRC Press.

Ignatov, O.V., Shalunova, Iu.V., Panchenko, L.V., Turkovskaia, O.V., Ptichkina, N.M. 
(1995). Degradation of Syntanol DS-10 by bacteria immobilized in polysaccharide gels 
(article in Russian), Prikl Biokhim Mikrobiol., 31 (2) 220-223. 

Kravchenko, A.V., Rudnitskii, A.G., Nesterenko, A.F., Kublanovskii, V.S. (1994). 
Degradation of Syntanol DS-10 promoted by energy transfer reactions, Ukrainian 
Chemistry Journal C/C of Ukrainskii Khimicheskii Zhurnal, 60 (11) 11-13. 

Larminie, J., Dicks, A. (2005). Fuel cell system explained, John Wiley & Sons Ltd.

Liebhafsky, H.A., Cairns E.J. (1968). Fuel Cells and Fuel Cell Batteries, New York: 
Wiley.

Milewski, J., & Lewandowski, J. (2013). Biofuels as fuels for high temperature fuel cells, 
Journal of Power Technologies, 93 (5), 347-353.



Electrooxidation of diesel fuel...

1079

O’Hayre, R., Cha, S. W., Colella, W., & Prinz, F. B. (2005). Fuel cell fundamentals. 
Hoboken: John Wiley & Sons.

Paraska, O., Karvan, S. (2010). Mathematical modelling in scientific researches of 
chemical technology processes, Technical Transactions. Mechanics, Cracow University 
of Technology Press, 8 (107) 203-210.

Redey, L. (1970). Tüzelőanyag-elemek. Budapest: Műszaki Könyvkiadó.

Sakharov, Iu.I., Rastiannikov, E.G., Verbitskaia, G.M., Tarasova, L.N., (1975). 
Washability of syntanol DS-10 from kitchen utensils (article in Russian), Vopr Pitan., 
(4) 75-7.

Stolten, D. (2010). Hydrogen and fuel cells. Fundamentals, technologies and applications. 
Weinheim: Wiley-VCH.

Survila, A., Mockus, Z., Kanapeckaitė, S., Samulevičienė, M. (2005). Effect of 
syntanol DS-10 and halides on tin(II) reduction kinetics, Electrochimica Acta, 50 (14),  
2879-2885.

Twigg, M. V. (1989). Catalyst handbook. London: Wolfe Publishing Ltd..

Vielstich W. (1965). Brennstoffelemente, Weinheim: Werlag Chemie.

Vielstich. W., (1969). Hydrazine fuel cell, Patent: US3442711A.

Vielstich W., Lamm A., Gasteiger H. (eds.), (2003). Handbook of Fuel Cells: 
Fundamentals, Technology, Applications, 4 vol., New York: Wiley-VCH,.

Włodarczyk, P.P., Włodarczyk, B. (2013). Powering fuel cell with crude oil, Journal of 
Power Technologies, 93 (5), 394-396.

Włodarczyk, P. P., & Włodarczyk, B. (2015a). Electrooxidation of canola oil with 
Pt catalyst in acid electrolyte, Archives of Waste Management and Environmental 
Protection, 17 (2), 18-28. 

Włodarczyk P.P., Włodarczyk B., (2015b). Possibility of fuel cell powering with 
grape seed oil, QUAESTI-Virtual Multidisciplinary Conference, 3 (1) s.300-304. 
DOI:10.18638/quaesti.2015.3.1.210

Włodarczyk P.P., Włodarczyk B., (2015c). Ni-Co alloy as catalyst for fuel electrode of 
hydrazine fuel cell, China-USA Business Review, 14(5) s.269-279. DOI:10.17265/1537-
1514/2015.05.005

Włodarczyk P.P., Włodarczyk B., (2015d). Possibility of using Ni-Co alloy as 
catalyst for oxygen electrode of fuel cell, Chinese Business Review, 14 (3) s.159-167. 
DOI:10.17265/1537-1506/2015.03.005

Włodarczyk P.P., Włodarczyk B., (2016). Electrooxidation of sunflower oil in acid 
electrolyte, New Trends in Management and Production Engineering – Regional, Cross-
border and Global Perspectives, Aachen: Shaker Verlag s.188-198.



Paweł P. Włodarczyk, Barbara Włodarczyk

Paweł P. Włodarczyk, Ph.D.
Barbara Włodarczyk, Ph.D.

Faculty of Natural Sciences and Technology
Department of Process Engineering

University of Opole
Dmowskiego Street 7-9

45-365 Opole
Poland

e-mail: pawel.wlodarczyk@uni.opole.pl

Received: 14.04.2016
Accepted: 13.06.2016


