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1. Introduction

The development of green energy devices is increasing
over time, boosted for the acceleration of global warming 
and climate change [1]. Polymer Electrolyte Fuel Cell (PEFC) 
is raised as a potential technology that uses hydrogen and 
oxygen to produce clean electrical energy. It is accomplished 
due to the unique products resulting from the energy con-
version process are water and heat [2]. These devices can be 
used on several applications applied to the transportation 
sector, stationary systems, and portable appliances. Hence, 
it presents significant opportunities to decarbonize the 
global energy market [3][4].  

Different carbon materials and Platinum loading on cat-
alyst layers have been tested to determine the better elec-
trode composition: structure, geometry, and catalyzer 
[5][6][7]. On the other side, another crucial operating factor 
that affects the catalyst performance of the PEFC is the tem-
perature. Some studies have shown that the Electrochemi-
cal Surface Area (ECSA) of the cathode catalyst decreases 
drastically as the operating temperature of the cell increases 
[8][9]. However, only a few investigations are presented. 
This work aims to analyze the behavior of the ECSA experi-
mentally as a function of the temperature and compare it 
with other results published in the literature. This manner 
ensures a deep understanding of temperature influence in 
PEFCs.  

2. Experimental

2.1 Hardware and Testing Equipment

A single PEFC with an active area of 25 𝑐𝑚  was used in 
the current study. Nitrogen (𝑁 ) gas was used to feed the 
cathode and hydrogen (𝐻 ) gas was used to feed the anode. 
The membrane electrode assembly (MEA) consists of a 
Nafion® 212 membrane with a thickness of 50.8 microme-
ters, a Pt-based catalyst layer on carbon support with a load-
ing of 0.5 mg /cm  and a woven carbon GDL. A Fuel Test 
System 850e multi-range is used to control the operating pa-
rameters such as inlet pressure of the gases, temperature, 
flow rate, and relative humidity (RH). The reference and 
counter electrodes were assigned to the cell anode. In con-
trast, the working electrode was set to the cell cathode. A 
potentiostat 885e was also used to perform a cyclic voltam-

metry test. The ECSA values are obtained from voltammo-
gram plots. Furthermore, an 850e auto multi-gas unit was 
used to control the gas supply automatically. Finally, the 
data is recorded by a computer with the Fuel Cell software®. 
Figure 1 shows the connection between the systems with 
the single PEFC and the computer. 

Fig. 1. Schematic of the connection between the systems involved 
in the current study 

2.2 Experiment Setup 

The study was carried out by configuring several param-
eters involved to evaluate ECSA as a function of the temper-
ature. The mass flow of inlet gases was fixed at 0.1 L/min to 
quantify the hydrogen adsorption accurately. Gases em-
ployed were set to an inlet pressure of 55 psi. The tempera-
ture was swept from 40 C° to 80 °C keeping an RH of 100%. 
Throughout this study, the potentials were referred to as the 
reversible hydrogen electrode (RHE). The cyclic voltammo-
gram plots of the electrodes were obtained by scanning the 
potential between 0 and 0.8 V vs. RHE for three cycles. This 
scanning period was necessary to get stable and reproduci-
ble data. The cycle voltammogram curves were obtained us-
ing a fixed scan rate of 20 mV/s. The selected parameters 
were established based on the recommendation of the liter-
ature [10][11].  

2.3 Electrochemical Surface Area (ECSA) 

Five cyclic voltammetry tests were carried out with dif-
ferent temperatures for anode/cell/cathode, i.e., 40/40/40; 
50/50/50; 60/60/60; 70/70/70; 80/80/80. Further, it was 
obtained a cyclic voltammogram plot for each test. These 



 
 

 
                                                       8th Symposium on Hydrogen, Fuel Cells and Advanced Batteries, Buenos Aires, July 11th-14th, 2022 

 

plots are required to analyze the influence of the cell tem-
perature over the electrochemical activity on catalyst parti-
cles through the calculation of ECSA. It was computed with 
Equation (1) [10], in which the ECSA has units of m /g  , 
the constant "Γ" related to hydrogen absorption by Pt is 
0.21 mC/cm  [10], the Pt content in the cathode electrode 
is represented by "m" and has a value of 0.0005 
g /cm  and finally, the charge density of hydrogen 
adsorption "q", which has units of C/(cm  ).  

 

𝐄𝐂𝐒𝐀 =
𝟏𝟎 𝟏𝐪

𝚪𝐦
 (1) 

 
Hydrogen charge density was obtained from the hydro-

gen adsorption region of the cyclic voltammogram by the in-
tegration of the recorded values of the current density 𝑖 
from the lower section of the curve in the range of 0.06 V to 
0.4 V, as illustrated as the shaded area of Figure 2.  

 

 
Fig. 2. Schematic for hydrogen charge density extraction from CV 
voltammogram 

 
To perform calculations properly, the charge associated 

with the double-layer charging effect of the electrode was 
neglected. Therefore, from the integration, it was sub-
tracted the area corresponding to the double layer current 
density 𝑖  above the baseline, current density at 0.4 V. Thus, 
Equation (2) is the corresponding expression to compute the 
hydrogen charge density "q",  including the scan rate "v" of 
20 mV/s. For more details, the readers can be referred to 
[10]. 

 

q =  
∫ (i − i )dV

.

.

v
 

 
(2) 

3. Results 

3.1 Cyclic Voltammogram Plots Temperature-Dependent 
The cyclic voltammetry experiment in a PEFC allows re-

cording the current density for different operating temper-
atures, i.e., 40 °C, 50 °C, 60 °C, 70 °C, and 80 °C. The RH of 
the inlet gases is established at 100%, and the results are 
shown in Figure 3. It is observed that the contour of the dia-
gram considerably shrinks as the cell temperature is in-
creased. The cyclic voltammetry diagrams reported in [8] 

share the mentioned particularity, i.e., the 60 °C curve is 
smaller than the 40 °C curve. They noted that the shape of 
the hydrogen adsorption and desorption region is related to 
the platinum crystal structure change. In the literature, this 
effect is also observed in R. W. Lindström et al. [9]. It sug-
gests that this effect is associated with the expansion of the 
gas with increasing temperature in the cell. As a result, the 
actual flow velocity of gases decreases. This event causes a 
variation in the transport of evolved hydrogen through the 
cell and then an overlap of the hydrogen evolution reaction 
with the hydrogen absorption and desorption peaks. Thus, 
high temperatures weaken hydrogen absorption and shift 
the volta-metric peaks to lower potentials, reflected in the 
cyclic voltammetry graph's size [12].   
 

 
Fig. 3. Cyclic voltammogram plots at different PEFC operating 
temperatures.  

3.2 Electrochemical Surface Area Temperature-Dependent 

After data processing, the ECSA was obtained as a func-
tion of temperature, and it is shown in Figure 4. It is noted 
that ECSA values decrease from 59.96 to 51.57 m2 Pt/ g Pt 
when the temperature is varied from 40 °C to 80 °C. This fact 
represents an ECSA reduction of 14%. Also, it corroborates 
the ECSA reduction when the curves of the cyclic voltammo-
gram plots are narrower. Subsequently, the loss of ECSA is 
associated with the issues regarding mechanisms of degra-
dation of the catalyst layer [13]. The temperature influences 
the dissolution and redeposition of Pt ions (also known as 
Ostwald ripening) and the carbon support's corrosion.  

However, in the current work, carbon corrosion is ne-
glected because the potentials in the experiment are below 
0.8 V. The dissolution of small platinum particles and the re-
deposition of platinum ions on larger platinum particles 
causes platinum particle growth. As a result, there is less 
platinum distributed on the surface of the catalyst layer and 
the consequent loss of ECSA. Ting-Chu Jao et al. [13] and Bai 
Qiang et al. [14] performed an accelerated aging experi-
ment. They also suggest that catalyst particle grain growth 
is the primary source of loss of ECSA. Furthermore, research 
on this degradation mechanism indicates that it is signifi-
cantly increased by the temperature rise [15]. 
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Fig. 4. Linear empirical temperature-dependent correlation for 
the ECSA. 

4. Discussion 

Studies conducted by T. R. Garrick et al. (12) obtained a 
reduction of the ECSA from 47.4 m2 to 42.9 m2 Pt/ g Pt for 
the temperature range of 40 °C to 80 °C, respectively. It 
showed a slope of -0.112. On the other side, a study by S. 
Wasterlain et al. [8] shows a drop in the ECSA value of 31% 
with a temperature increase from 40 °C to 60 °C. This high 
percentage drop in ECSA is justified because the relative hu-
midity of their gases was relatively low, enough to induce 
strong proton immovability in the catalyst layer. Hence, the 
results obtained in the current study are close to those 
found in the literature previously mentioned. Thus, the 
study is validated.  

5. Conclusions 

A single PEFC was tested under different temperatures 
applying a cyclic voltammetry test to evaluate the ECSA as a 
function of the temperature. The results show a reduction 
in ECSA of 14% over the temperature range from 40 °C to 80 
°C. The decrease in ECSA is reflected in the cyclic voltammo-
gram by reducing the hydrogen adsorption area of the dia-
gram as the curve shrinks with increasing temperature. It is 
suggested that the decrease of the hydrogen adsorption 
area with the temperature is primarily due to hydrogen re-
action kinetics and Ostwald ripening. Subsequently, it was 
found that the linear function is an adequate model to eval-
uate the ECSA tendency regarding temperature; neverthe-
less, the correlation proposed in this work is limited to the 
parameters of the experiment conducted and the compo-
nents of the MEA.  
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