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Abstract. Powering high-efficiency devices, such as fuel cells, with waste products will allow for 
a broader development of renewable energy sources and utilisation of by- products. This publication 
presents the possibility of electrooxidation of the emulsion of waste rapeseed oil, prepared on the basis of 
the detergent Syntanol DS-10. The process of electrooxidation was carried out on platinum electrode in 
alkaline (KOH) and acidic (H2SO4) electrolyte, in the temperature range of 293-333 K. In each analysed 
case the process of electrooxidation took place. The maximum current density obtained was 7 mA⋅cm-2. 
Thus, it has been shown that it is possible to generate electricity directly from the emulsion of the waste 
rapeseed oil.  

1 Introduction  
Today’s energy production is based mainly on crude oil, 
coal, natural gas and nuclear energy. But in the last few 
years alternative energy sources have also been 
developing very fast. There is use of photovoltaic cells, 
solar collectors, heat pumps, wind turbines and more. 
One of these sources is also fuel cells (FC). The actual 
efficiency of FCs is up to 80-90% [1, 2]. Thus, the FCs 
are the most efficient power devices. Moreover, the main 
advantages of fuel cells are zero or low negative 
influence on the environment and silent operation [3, 4]. 
Most often the hydrogen is used as fuel for FCs [2-4, 5]. 
However, there are problems with cheap production and 
storage of this fuel, and that is the reason for the search 
of new fuels for FCs, including biofuels [3, 6-9]. 
Previous studies by the authors [10-15] have shown 
a possibility of electrooxidation (in various electrolytes) 
of petroleum derivatives and vegetable oils, e.g. canola 
oil, sun flower oil or grape seed oil. Canola seed oil is 
often used as additive for biodiesel fuel, especially as 
a blend with petroleum diesel fuel. Almost all 
manufacturers of diesel vehicles and engines have 
approved the use of B5 (a blend containing 5% of 
biodiesel), some approve the use of B20 blends (20% 
biodiesel) or higher, up to 100% biodiesel (B100) [16, 
17]. Also, significant amounts of waste canola oils are 
produced everyday. Therefore, an attempt to use waste 
canola oil as fuel for fuel cells seems justified. In this 
case, electrooxidation of waste canola oil should be 
carried out in order to determine the basic ability of this 
substance to electrooxidate on platinum electrode. 
Theoretically, the current density can be calculated using 
the Butler-Volmer exponential function [18] 
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where i is electrode current density (A⋅m-2); i0 is 
exchange current density (A⋅m-2); R is universal gas 
constant; E is electromotive force at the terminals of the 
real cell (V); Eeq is equilibrium potential (V); αa is the 
so-called anodic charge transfer coefficient; αc is the so-
called cathodic charge transfer coefficient; A is electrode 
active surface area (m2); n is number of electrons 
involved in the electrode reaction; F is faraday constant 
per volt gram equivalent (kJ); 
or in a more compact form [18] 

i = i0 ⋅e
K⋅ηact( )

   (2) 

where ηact is activation overpotential (V); K is the factor 
of dependence of activation overpotential on reaction 
speed. 
But, in real conditions the choice of fuel (or catalyst) is 
mainly carried out by experimental methods. The work 
covered the research on obtaining electricity from waste 
canola oil electrooxidation. This work covers the 
analysis of possibility of powering FCs with waste 
canola oil. The possibility of powering FCs with waste 
canola oil will allow for further development of 
renewable energy devices and will enable to eliminate or 
reduce the emissions of toxic substances. 

2 Material and Methods 

Tested canola oils came from five places (where it is 
used for frying). Oils were mixed to obtain 
a homogeneous sample. Next, the prepared oil was 
filtered in standard automotive fuel filter to eliminate 
solid substances and other pollution. In case of using 
waste canola oil as fuel for fuel cells, conducting the 
electric current is very important. Waste canola oil is 
a hydrophobic substance and does not conduct the 
electric current. In order to cause the conduction, an 
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intermediate agent to solve waste canola oil in water was 
used. In order to cause the conduction, an intermediate 
agent to solve waste canola oil in water was used. Due to 
its excellent emulsification properties, Syntanol DS-10 
was used as the detergent [19]. Syntanol DS-10 is 
characterized by high superficial activity, dispersion, 
solubilisation capabilities and emulgation [20, 21]. After 
the electrooxidation of the emulsion, Syntanol DS-10 
can be degraded, e.g. promoted by energy transfer 
reactions or by bacteria [22, 23]. Investigated waste 
canola oil emulsion (WCOE) was obtained by mixing, in 
various ratios of water, waste canola oil and the 
detergent. WCOE was obtained with the use of 
a mechanical stirrer, with the speed of about 1200 rpm 
[10-15]. Concentration of canola oil and Syntanol DS-10 
was equal to 0.0100%, 0.025% and 0.0500%. Emulsion 
stabilization time was about 6-8 hours (depending on the 
temperature). The Fig. 1 shows scheme of emulsion 
preparation. 
 

Fig. 1. Scheme of emulsion preparation  
1 – points of acquisition of the waste canola oil samples, 2 – 
mixing of waste canola oil samples, filtration of mixed waste 
canola oil, 4 – WCOE preparation (by mixing), 5 – water, 6 – 
detergent (Syntanol DS-10), 7 – WCOE for measurements. 

Measurements were done by the method of polarizing 
curves of electrooxidation of waste canola oil emulsion 
in glass vessel, on a smooth platinum electrode in 
aqueous solution of KOH and H2SO4 electrolytes. The 
electrode surface area was equal to 6.28 cm2. Platinum 
was used as the catalyst of working electrode, due to its 
excellent catalytic properties [18], while saturated 
calomel electrode (SCE) was used as a reference 
electrode. The measurements were conducted at various 
temperatures 293, 303 and 333K. Electrochemical 
measurements were performed in a glass cell with 
potentiostat connected to a computer. Potentiostat 
AMEL System 5000 was used in the research. The Fig. 2 
shows the scheme of glass vessel with electrodes. 

Fig. 2. Scheme of glass vessel with electrodes  
1 – to potentiostat, 2 – working electrode (Pt), 3 – auxiliary 
electrode, 4 – reference electrode (SCE), 5 – electrolyte (KOH 
or H2SO4), 6 – Luggin capillary, 7 – WCOE, 8 – stirrer bar. 

The Fig. 3 shows scheme of measurement position. 

Fig. 3. Scheme of measurement position  
1 – potentiostat, 2 – glass vessel, 3 – computer. 

3 Results 

First, the measurements were taken on electrooxidation 
of Syntanol DS-10 in electrolyte (aqueous solution of 
KOH and H2SO4), for various concentrations of the 
detergent at temperatures of 293-333K. Next, the 
measurements were taken on electrooxidation of WCOE 
in aqueous solution of KOH and H2SO4 electrolytes, for 
various concentrations of the detergent at temperatures 
of 293-333K. The comparison of these two processes 
(electrooxidation of Syntanol DS-10 and WCOE) 
allowed to determine whether the electricity is generated 
form the electrooxidation of the oil, or just from the 
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detergent. Figs. 4-6  shows  electrooxidation  of  WCOE 
in KOH at the temperature of 293-333K.  

Fig. 4. Polarization curves of WCOE electrooxidation in 0,1n 
concentration of electrolyte KOH at 293K - concentration of 
canola oil was equal to 0.0100%, 0.025% and 0.0500%. 

 

 

Fig. 5. Polarization curves of WCOE electrooxidation in 0,1n 
concentration of electrolyte KOH at 313K - concentration of 
canola oil was equal to 0.0100%, 0.025% and 0.0500%. 

 

 

Fig. 6. Polarization curves of WCOE electrooxidation in 0,1n 
concentration of electrolyte KOH at 333K - concentration of 
canola oil was equal to 0.0100%, 0.025% and 0.0500%. 

Figs. 7-9 show electrooxidation of WCOE in H2SO4 at 
the temperature 293-333K.  

Fig. 7. Polarization curves of WCOE electrooxidation in 0,1n 
concentration of electrolyte H2SO4 at 293K - concentration of 
canola oil was equal to0.0100%, 0.025% and 0.0500%. 

 

Fig. 8. Polarization curves of WCOE electrooxidation in 0,1n 
concentration of electrolyte H2SO4 at 313K - concentration of 
canola oil was equal to 0.0100%, 0.025% and 0.0500%. 

 

Fig. 9. Polarization curves of WCOE electrooxidation in 0,1n 
concentration of electrolyte H2SO4 at 333K - concentration of 
canola oil was equal to 0.0100%, 0.025% and 0.0500%. 

4 Conclusions 

The use of used oil to generate electricity in fuel cells 
would allow to develop the management of waste 
substances in a way that ensures low negative impact on  
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the environment. Analysis of data from the 
measurements has shown the validity of the research 
undertaken in order to use the analyzed oil for energy 
production without the process of combustion. Potential 
of working electrode was establishing in about 22 
minutes and was badly reproducible. Stationary, current-
free real potential depends on canola oil concentration 
and is included in potentials range of 0.60-1.28V. These 
values are very close to the values obtained with pure 
canola oil [14]. To ascertain that the emulsion (and not 
the detergent) was electrooxidated, measurements of 
electrooxidation process run in the scope of kinetics, but 
the potential on the electrode is low and establishes in a 
long period of time. The highest results of current 
density (7 mA⋅cm-2) were obtained at the temperature of 
333K for acid electrolyte. But the electrooxidation of 
WCOE occurred for all temperatures (293-333K), for all 
concentrations of waste canola oil, and for both 
electrolytes (KOH and H2SO4). Current density during 
the electrooxidation of WCOE in acid electrolyte 
(H2SO4) is slightly greater (0.1-0.9 mA⋅cm-2) than the 
current density during WCOE electrooxidation in 
alkaline electrolyte (KOH). At all measurement attempts, 
electrooxidation in the acid electrolyte occurred more 
efficiently than in the alkaline electrolyte – the 
measurements were more reproducible. With the 
temperature above 333K, the first electrooxidation of 
Syntanol DS-10 takes place, and only then – of canola 
oil emulsion. For this reason, to ensure the occurrence of 
the process of electrooxidation in fuel cells (with KOH 
or H2SO4 electrolyte) powered with emulsion of waste 
rapeseed oil, the temperature of 333K should not be 
exceeded. 
It has been demonstrated that using the detergent 
Syntanol DS-10 to prepare the emulsion of waste canola 
oil allows for the electrooxidation of WCOE in aqueous 
solution of KOH and H2SO4, and thus enables direct 
conversion of waste canola oil into electrical energy (3-7 
mA⋅cm-2). Therefore, a fundamental possibility of 
electrooxidation (electricity production) of waste canola 
oil on electrode (with platinum catalyst) in alkaline 
(aqueous solution of KOH) and acid (aqueous solution of 
H2SO4) electrolyte was shown in this paper. The next 
stage of the research should be the analysis of the 
composition of the emulsion after electrooxidation, as 
well as the selection of a suitable catalyst. 
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