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Abstract 

Ethanol electrooxidation reaction (EOR) has great importance since the fully completed EOR provides a considerable amount of 

energy. In order to achieve this goal, various types of anode electrocatalysts are studied in the literature. Carbon supports are widely 

used to increase the catalytic activity and catalytic surface area of a catalyst. This study was conducted to compare the effect of two 

different carbon support materials (carbon black and graphite) on the same non-noble metal-based anode electrocatalyst for EOR in 

alkaline media. Physicochemical characterizations of the catalysts were investigated via XRD, SEM, and TEM analysis. 

Electrocatalytic performances of the catalysts were investigated via cyclic voltammetry (CV) and Linear Sweep Voltammetry (LSV). 

The stabilities of the catalysts were investigated by the chronoamperometry (CA) technique. 

 
1.Introduction 
Fuel cells are one of the most significant alternative energy 

generation systems since they allow to use various kinds of 

fuels such as, hydrocarbons, hydrogen, methanol, ethanol and 

etc. Among them ethanol has a great importance since it has a 

very high theoretical energy density. Moreover, it is a carbon-

neutral, non-toxic, economical fuel and can be produced, 

transported and, stored so easily. Ethanol must be 

electrooxidized to provide energy and in order to achieve this 

goal, there must be a suitable electrocatalyst [1-2]. 

 

Direct Ethanol Fuel Cells (DEFCs) are used for generating 

electrical energy from ethanol. This system can be operated 

in both acidic and alkaline environment however, studies 

showed that the kinetics of ethanol electrooxidation reaction 

(EOR) in alkaline media is faster than acidic media. 

Therefore, studies are started to focus on Alkaline Direct 

Ethanol Fuel Cells (ADEFCs). Alkaline media allows to the 

system to use non-noble metal based anode electrocatalysts 

for EOR. Unlike noble metal based anode electrocatalysts, 

non-noble metal based anode electrocatalysts are cheaper, 

have more resistance to catalytic poisioning, more available 

and show a good performance as a noble metal based anode 

electrocatalyst [3]. 

 

Support materials increase the catalytic activity and the 

surface area of the catalysts. Chosing a proper support 

material is vital for EOR since it effects the measured current 

density and stability. In literature, carbon based support 

materials are widely used. Among them, Vulcan is a well-

known support material and it is known that it increases 

catalytic activity of noble metal based anode electrocatalysts.   

 

In this study, two different carbon based catalyst support 

materials were used to prepare Ni-Mo2C anode 

electrocatalyst. The electrocatalytic performances of the 

electrocatalysts were investigated and compared in alkaline 

media.  

 

 

2. Experimental  
NiCl2.6H2O (Sigma Aldrich), Mo2C (-325 mesh, 99.5% 

Aldrich), Hydrazine Hydrate (64-65%, Sigma Aldrich), 

Vulcan XC- 72 (Cabott Corporation), Graphite, Ethylene 

glycol (Merck), NaOH (Sigma Aldrich), ethanol (Merck). All 

the chemicals were used as received without further 

purifications. 

The preparation of the Ni-Mo2C/C and Ni-Mo2C/G is 

inspired by the Ref. [4]. The Ni-Mo2C/C (or Ni-Mo2C/G) 

catalysts were synthesized as follows: 5 ml of 0.1M 

NiCl2.6H2O in Ethylene Glycol (EG) and 3 mL of pure EG 

were taken and mixed with the specified amounts of Vulcan 

XC72 (or graphite) and Mo2C. Then, the temperature was 

brought to 120 ºC. Next, 0.5 mL hydrazine hydrate was 

added. After, 1.5 mL 0.5 M NaOH (in EG) solution was 

added and stirred for 20 minutes. Finally, it was cooled to the 

room temperature, diluted with ethanol, filtered, washed with 

distilled water, and dried. The amount of the Ni, Mo2C and 

carbon support were decided according to preliminary tests. 

Accordingly, the carbon support amount is %30 by weight. 

The Ni amount is %75 by weight. 

Physical characterization of the catalysts were made by XRD, 

SEM (XL-30 SFEG, Philips, Eindhoven, Holland) and, TEM 

(Hitachi-HT7700) analysis. The XRD analyses were 

performed with Bruker D8 Advance device (40Kw, 40mA), 

with a Cu Kα radiation over a 2θ range from 2° - 90° and 

with 3° min-1 scanning rate.  

Cyclic Voltammetry (CV), Linear Sweep Voltammetry 

(LSV), and Chronoamperometry (CA) experiments were 

performed with using VersaSTAT3 Potentiostat/Galvanostat 

(Princeton Applied Research). Electrochemical 

characterizations of the catalysts were performed by cyclic 

voltammetry (CV), linear sweep voltammetry (LSV) and, 

chronoamperometry (CA). For all the electrochemical 

characterization experiments, a Pt wire was used as the 

counter electrode, Ag/AgCl was used as the reference 

electrode and, Glassy Carbon Electrode  was used as working 

electrode (WE). The diameter of the GCE used in this study 

was 3 mm (CHI Instruments). 
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3. Results and Discussion 

3.1. Physical Characterization 

XRD diffractograms of the synthesized compounds are given 

in Fig. 1, it was seen that the peaks observed at 2𝜃 = 44.32, 

51.74, 76.95 can be attributed to the surfaces of nickel 111, 

200, and 220. [5]. The diffraction peaks at 2 𝜃 = 34.39, 38.00, 

39.44, 52.13, 61.57, 69.57, 74.68, 75.57 in Fig. 1 are 

attributed to the (100), (002), (101), (102), (110), (103), (112) 

and (201) crystal planes of Mo2C [6]. Lastly, the diffraction 

peaks at 2𝜃 = 24.341, 46.540 show the surfaces of (200) and 

(10) of Vulcan XC 72 and, the peak at 2𝜃 = 26.46, 54.87 

show the surfaces of (002) and (004) of graphite. 

a)  

b)  

Fig. 1. XRD results of a) Ni-Mo2C/C, b) Ni-Mo2C/G. 

As seen, the nickel peaks are highly apparent thus, it shows 

that the nickel salt is very well reduced to elemental nickel. 

Moreover, there are not any additional peaks observed on Ni-

Mo2C/C and Ni-Mo2C/G catalysts which shows that there are 

no other nickel species (such as nickel oxide or nickel 

hydroxide) in the catalysts.  

SEM analysis results of the synthesized catalysts are given in 

Fig. 2. Fig. 2a shows that the surface structure of Mo2C. The 

surface structure of Ni-Mo2C/C and Ni-Mo2C/G dramatically 

changed with the addition of Mo2C. As seen, spherical 

shaped Mo2C nanoparticles are well and intensely disturbed 

on the surface of Ni particles.  

a)  

b)  

c)  

Fig. 2. SEM analysis results of a) Mo2C, b) Ni-Mo2C/C and, 

Ni-Mo2C/G. 

 

3.2. Electrochemical Characterization 
CV experiments were conducted in both 0.1M NaOH 

solution and 0.05M NaOH + 0.5M Ethanol at 0.01 V s-1 scan 

rate. In 0.1M NaOH solution, the catalysts form NiOOH 

species which has a high degree of electrocatalytic activity. 

Then EOR was performed in 0.05M NaOH + 0.5M Ethanol 

solution. 

Fig. 3a shows the voltammograms of Ni-Mo2C/C and Ni-

Mo2C/G in 0.1 M NaOH solution and Fig. 3b shows the 

voltammograms of the catalysts in 0.05M NaOH+0.5M 

Ethanol at 0.01 Vs-1 scan rate. The oxidative and reductive 

peaks of the catalysts seem similar however observed that the 

peaks in both samples are similar however their intensities 

are different. Comparing to Vulcan XC 72, graphite has 

increased the catalytic activity slightly more. The Ni(OH)2/ 

NiOOH transformation can be observed from the peaks 

between 0.65-0.7 V in Fig 3b [4].  The transformation of 

Ni(OH)2 to NiOOH starts and reaches its maximum at a 

potential value around 0.7 V, because of the oxidation 

process of ethanol [6, 7].  

As known, a better catalyst is generally characterized by a 

more negative onset potential and higher current density 

therefore, onset potential is an important parameter [8]. The 

onset potentials and the maximum current densities of the 

catalysts are shown in Table 1. Fig. 3b indicates that the both 

catalysts have similar onset potentials however, Ni-Mo2C/G 

showed higher current density with a slighter positive shift at 

the onset potential. That means, Ni-Mo2C/C may show a 

better durability that Ni-Mo2C/G. Table 1 shows the 

maximum current densities and onset potentials of the 

catalysts.  

 

Table 1 

Maximum current Densities and onset potentials of the 

catalystst in 0.05M NaOH + 0.5M Ethanol 

  

Catalyst Maximum 

Current Density 

(mA cm-2)  

Onset 

Potential (V) 

Ni-Mo2C/C 11.4 0.46 

Ni-Mo2C/G 12.7 0.46 
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Besides, there is Reversible Electron Transfer Followed by an 

Irreversible Homogeneous Chemical Reaction mechanism: 

ErCi mechanism in both samples [9]. However, Ni-Mo2C/C 

have a larger cathodic peak which can be resulted in a more 

stable catalyst for EOR in an alkaline medium. 

 

a)  

b)  

Fig. 3. CV voltammograms of the catalysts with 0.01 V s-1 

scan rate in a) 0.1M NaOH, b) 0.05M NaOH + 0.5M Ethanol. 

Fig. 4 represents the LSV results of the catalysts. As seen, the 

Ni-Mo2C/G has a higher current density than Ni-Mo2C/C 

shows better electrocatalytic activity at different scan rates. 

By using the Randles-Sevcik formula, the diffusion 

coefficients of thee catalysts can be calculated. The slope of 

the ip vs. v1/2 graph (see Fig. 4c and 4d) is used to obtain the 

diffusion coefficients. The Randles-Sevcik formula is given 

below: 

ip = 0.4463nFAC( 1/2 (1) 

where ip is the current density (A), F is the Faraday constant 

(96485 C mol-1), A is the electrode geometric surface area (in 

this study it is 0.07 cm2), R is the gas constant (J K−1 mol−1), 

D is the diffusion coefficient (cm2 s-1), C is the concentration 

(mol cm-3), T is the temperature (K), ν is scan rate (V s-1) and 

n is the number of electrons transferred in the redox which 

was taken as 2.8 according to the literature [10]. The 

diffusion coefficient of Ni-Mo2C/C and Ni-Mo2C/G would be 

calculated as 3.74x10-9, and 34.89x10-9 cm2 s-1, respectively. 

Consequently, a higher diffusion coefficient value indicates a 

higher reaction kinetics so that it would be easier to control 

the diffusion. 

 

a)  

b)  

c)  

d)  

Fig. 4. LSV results in 0.05M NaOH+0.5M Ethanol solution 

with various scan rates of a) Ni-Mo2C/G, b) Ni-Mo2C/C and, 

ip vs. v1/2 graph of c) Ni-Mo2C/G, d) Ni-Mo2C/C. 

 

To see the durability of the catalysts, chronoamperometry 

experiments were conducted for 1200s in 0.05M 

NaOH+0.5M Ethanol solution. Fig. 5 shows the current 

density-time curves of the catalysts. As expected from the 

onset potentials, current density of Ni-Mo2C/G was sharply 

decreased earlier than Ni-Mo2C/C next, decrease continued 
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slighter for both of the catalysts. It would be a result of 

polarization current density caused by the adsorption of 

ethanol in the first place. Then, the current densities of the 

catalysts decrease very slightly because of the tendency to 

equilibrium of the adsorption rate and electrochemical 

reaction rate of ethanol [12].  

Fig. 5. CA results of Ni-Mo2C/C and Ni-Mo2C/G in 0.05M 

NaOH + 0.5M Ethanol solution. 

4. Conclusion 

In this study, two different carbon supports namely, Vulcan 

XC 72 and graphite were used as catalysts support material 

for Ni-Mo2C electrocatalyst. The catalytic activities, 

diffusion coefficients and durabilities of the Ni-Mo2C/C and 

Ni-Mo2C/G were compared in alkaline media. In the 

catalyst’s compositions, the active sites were Ni and the 

carbon supports were introduced to the catalysts to increase 

the catalytic activity. The obtained anodic current densities of 

Ni-Mo2C/C and Ni-Mo2C/G are 11.4 mA cm-2 12.7 mA cm-2, 

respectively. The stability and catalytic poisoning tolerance 

of the Ni-Mo2C/C was slightly better than the Ni-Mo2C/G. 

Accordingly, the results of the study are promising for the 

further studies on EOR and provide useful data for ADEFC 

system. 
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