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Abstract 

Development of high performance electrodes for polymer electrolyte membrane fuel cells (PEMFCs) 

requires fast screening of the catalysts for their catalytic activity and durability by subjecting them to 

a suitable accelerated stress test (AST). Electrochemical potential cycling in acidic media is one of 

such frequently used ASTs of platinum nanoparticle-based catalysts. The activity degradation of such 

catalysts during AST takes place through different mechanisms including particle size growth, 

dissolution and detachment of catalyst particles, electronic connectivity loss, etc. Here, we present a 

quantification of these degradation mechanisms with the number of potential cycles (N) during the 

AST of carbon supported platinum catalyst. Among various mechanisms, the activity degradation 

due to particle size growth attributed to the Ostwald ripening is found to be the most prominent during 

the initial part of the AST (N < 500). On the other hand, the loss due to dissolution/detachment varies 

linearly during the AST cycling. Such understanding of the evolution of degradation mechanisms 

with N may be utilized effectively towards development of high performance PEMFC 

electrocatalysts. 
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1. Introduction 

Owing to their efficient and environmentally benign power conversion process, development of 

highly durable polymer electrolyte membrane fuel cells (PEMFCs) has attained considerable 

attention [1-5]. One of the durability issues is the degradation of the nanoparticulate heterogeneous 

catalysts, especially Pt/Pt-alloy nanoparticles supported on high surface area carbon (Pt/C) used at 

both of the PEMFC electrodes [6-12]. Different mechanisms have been suggested such as particle 

size growth, dissolution and detachment of catalyst particles, loss of electronic connectivity, etc. Fast 

screening of the catalysts for their suitability towards PEMFC catalysis may be performed using an 

accelerated stress test (AST), by subjecting the electrode to a potentiostatic and/or potentiodynamic 

electrochemical treatment in the presence of electrolytes and oxidants or fuels to provide similar 

conditions as under real-life operation. For example, degradation of carbon-based catalyst support 

may be studied by electrochemical cycling of the electrode potential ranging between ~1.0 and ~1.7 

V in acidic baths [12-18]. In this range of potentials, the carbon support corrosion becomes a 

significant degradation mechanism besides the degradation of Pt and Pt-alloy nanoparticulate 

catalysts which starts at potentials below 1.1 V [19]. Recently, we also observed Pt nanoparticle 

growth based on dissolution-redeposition mechanism at high potentials (>1V) despite surface 

passivation [20]. Moreover, a potential range between ~0.4 and ~1.7 V may be employed for a mixed 

AST including both the support and the catalyst degradations [21]. During such potentiodynamic 

AST, evolution of a parameter suitable as a measure of the electrochemically active surface of the 

electrocatalyst (e.g. - electrochemical surface area (ECSA)), may be monitored with number of 

potential cycles (N). 

Although different degradation mechanisms dominate for different potential ranges, none of the 

possible degradation mechanisms can be exclusively selected/eliminated during the AST potential 
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cycling in a particular potential range.[20] Hence, depending on the nature of the AST cycling, the 

catalyst activity degradation during AST takes place through a combination of various mechanisms. 

In liquid electrolytes, the most common degradation routes for the Pt/C catalysts may be categorized 

as (i) the loss of Pt-loading due to detachment/dissolution of the catalyst particles, (ii) the loss of 

electronic connectivity of the catalyst particles through corrosion of the catalyst support and (iii) the 

loss of surface area due to growth of particles via the dissolution-redeposition process along with 

particle agglomeration through particle migration, coalescence, etc.[22-25]. The evolution of the 

fractional contributions from these mechanisms during the AST may be of significant importance 

towards further understanding of the real-time catalyst degradation mechanisms. However, limited 

studies have been performed arguably reporting such evolution of degradation mechanisms.  

In the present study, we report the evolution of quantitative contributions of different degradation 

mechanisms with the cycle number (N) during an AST between 0.4 and 1.6 V in 1 M sulfuric acid, 

aiming for both the support and the catalyst degradations. The study provides the variation of the 

relative dominance of different mechanisms responsible for the loss of ECSA with the value of N. 

2. Experimental methods 

Commercial Pt/C catalyst powder (BASF; 20 wt. % Pt on Vulcan XC 72 carbon), was used to 

study the evolution of the Pt degradation mechanisms during AST. Catalyst ink was prepared by 

dispersing the Pt/C catalyst and Nafion® ionomer (5 wt% Nafion solution; Ion Power, Dupont D521) 

in a milli-Q (MQ) water/isopropanol (95/5 molar ratio) solution using ultrasonication (Hielscher 

UP200St ultrasonic probe) for 2 min. The obtained ink contained a catalyst/Nafion® weight ratio of 

7/3, corresponding to a solid content (Pt/C + Nafion®) of 3.0 wt. %. Further, working electrodes were 

prepared by drop casting the catalyst ink (6 µL) on a polished (0.5-µm alumina) glassy carbon (GC) 

rotating disc electrode (RDE; 5 mm diameter; Pine instruments). The Pt loading of the electrode in 
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the present study was ~150 µg/cm2. A loading higher than that used generally for the RDE 

experiments was used to enable X-ray diffraction (XRD) and X-ray fluorescence (XRF) 

characterizations of the post-AST Pt/C catalysts.  Electrochemical measurements and the AST were 

performed using a 3-electrode setup consisting of a graphite rod counter electrode (CE), an 

Hg/Hg2SO4 (REF 601 Radiometer®) reference electrode (RE) and a catalyst ink coated GC RDE 

working electrode (WE). The electrochemical measurements were performed using a Zahner®IM6e 

electrochemical workstation. The potentials were measured w.r.t. the Hg/Hg2SO4 (sat. K2SO4) and 

reported w.r.t. reversible hydrogen electrode (RHE). 

For an electrochemical study, the WE was initially subjected to an electrochemical activation 

treatment through a linear sweep voltammetry (LSV) for 20 cycles between 0.01 and 1.2 V at 

a scan rate of 100 mV/s in N2 saturated 1 M sulfuric acid (20 mL). Further, typical AST was 

performed by subjecting the Pt/C coated WE to an LSV treatment between 0.4 and 1.6 V at a 

scan rate of 1 V/s for a certain value of N. To study the variation of activity degradation with 

N, identical electrodes were subjected to different values of N. The electrochemical activity 

evolution of the catalyst during AST was observed by intermediate measurements of ECSA 

through LSV cycling between 0.02 and 1.2 V at a scan rate of 10 mV/s. The ECSA 

measurement was performed through the integration of the electric charge corresponding to 

the H adsorption peak by assuming a monolayer of H adsorption on polycrystalline Pt, 

corresponding to a charge density of 210 μC/cm2. Further, the evolution of ECSA with N 

obtained from multiple electrodes (different electrodes subjected to varying number of 

potential cycles) was compared with that obtained from a single electrode (electrode subjected 

to 1600 potential cycles with intermediate ECSA measurements at selected number of 

cycles).Further, determination of the degradation mechanisms was performed through 
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structural characterizations of the Pt/C catalysts collected from the post-AST electrodes. XRD 

patterns of the post-AST Pt/C catalysts were obtained using a Rigaku Miniflex 600 X-ray 

diffractometer (Cu K α (λ = 1.5418 Å). Samples for XRD analysis were prepared by 

transferring the catalyst inks from the GC RDE to the XRD sample holders. The average 

crystallite size of the Pt-nanoparticles of a post-AST Pt/C catalyst was determined using 

Scherer’s formula (𝐿 = 0.9𝜆/𝛽𝐶𝑜𝑠𝜃; with θ and β being the Bragg’s diffraction angle and 

the peak width (2Δθ) for the Pt (111) diffraction peak. Transmission electron microscope 

(TEM) images of representative samples were obtained using a Jeol JEM 2010F TEM. 

Average particle size and size distribution of the Pt nanoparticles were estimated from the 

TEM images using ImageJ software. 

The pre-AST and post-AST loadings of Pt on the working electrode were estimated by using a 

Thermo Scientific Niton XL3t GOLDD+ XRF analyzer as per the procedure described elsewhere 

(brief description:  supporting information S1) [7].  Also, correspondence between the Pt mass loss 

from the electrode measured through XRF and the amount of Pt dissolved in the electrolyte has been 

studied through atomic absorption spectroscopy (AAS) analysis of the electrolyte using a Graphite 

Furnace AAS (Agilent 200 Series AA) analyzer. Measurement of the Pt concentration variation in 

electrolyte with N was performed by collecting 100 µL of electrolyte at specified values of N during 

AST. This enabled validation of the Pt dissolution measurements through XRF. 

 

3. Results 

3.1 Effect of activation 

Activation of the catalyst before the measurement of its electrochemical parameters is necessary to 

remove the impurities/oxides adsorbed on the catalyst surface. Figure 1a shows the cyclic 
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voltammogram of a GC electrode coated with Pt/C catalyst, subjected to a linear sweep potential 

cycling (20 cycles) between 0.01 and 1.2 V. It was obtained at a scan rate of 100 mV/s in N2 saturated 

1 M sulfuric acid, which is a commonly applied procedure with variation of cycle number and/or scan 

rates (e.g. higher scan rates require higher number of cycles) [26]. The characteristic peaks 

corresponding to Pt-oxide formation (anodic scan: 0.8 − 1.2 V), Pt-oxide reduction (cathodic scan: 

1.1 – 0.6 V), H adsorption (cathodic scan: 0.4– 0.01 V) and H stripping (anodic scan: 0.001– 0.4 V) 

change significantly during the activation cycling. As can be seen, the shape of voltammogram, 

specially that corresponding to H adsorption and stripping peaks, changes significantly during the 

activation, suggesting significant change of the Pt active surface area.  

XRD patterns of the pristine and post-activation samples shown in Figure 1b exhibit the Pt (111) and 

Pt (200) diffraction peaks at the Bragg diffraction angle (2θ) values of 39.8o and 46.1o (JCPDS# 65-

2868), respectively. The Pt diffraction peaks exhibit decreased peak widths (𝛽 = Δ2θ) for the post-

activation sample as compared to their corresponding values for the pristine sample. This suggests 

growth of Pt crystallites during the activation process. Estimation of the average crystallite size of Pt 

using the Scherer’s formula for Pt (111) peak suggests qualitatively the increase of for the post-

activation sample (2.66 nm) as compared to that for the pristine sample (2.40 nm). The difference in 

average size between samples is very small (0.26 nm), even smaller than Pt’s unit cell (0.392 nm) 

which consist only of 4 Pt atoms. The XRD patterns are a bit noisy, which is usual for such samples 

(small crystallite size and small quantity of particles), so the error of determination is probably within 

the difference. 
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Figure 1: (a) Cyclic voltammogram of GC modified with Pt/C catalyst during activation treatment by 

potential cycling in N2 saturated 1 M sulfuric acid for 20 cycles at a scan rate of 100 mV/s. (b) XRD 

patterns of Pt/C catalyst before and after the activation treatment. 

Evolution of Pt nanoparticle size has been further investigated quantitatively by TEM analysis. As 

can be seen from the TEM images of Figure 2, the Pt nanoparticle size changes from 2.6 nm for the 

pristine sample to 3.3 nm for the post-activation sample. Hence, the electrochemical activation 

process leads to a growth of Pt particles and decrease of the Pt surface area. At the same time, the 

activation procedure also cleans up the Pt surface and possibly increases the surface wetting, which 

allows more protons accessible to the active sites. Therefore, the peak areas corresponding to H 

adsorption/adsorption exhibit marginal increments with number of activation cycles, despite of the 

increased particle size. 
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Figure 2: TEM images of Pt/C catalyst (a) before and (b) after the activation treatment. Particle size 

distribution histograms corresponding to the Pt/C catalyst (c) before and (d) after the activation 

treatment, with the number of particles analyzed being 110 and 116, respectively. 

3.2 Degradation mechanism quantification with cycle number 

The ECSA loss during the potential cycling between 0.4 and 1.6 V may be attributed to both the 

catalyst degradation and the support corrosion. The ECSA loss may be attributed to three different 

mechanisms, namely the loss of Pt loading due to physical detachment and dissolution of Pt 

nanoparticles, the corrosion of carbon support and the growth of catalyst particles.  Contributions 

corresponding to different mechanisms, namely the ECSA loss due to dissolution/detachment of Pt 

from the electrode (𝑙𝑑), the ECSA loss due to loss of e- connectivity (𝑙𝑒) and the ECSA loss due to 

2. 6 nm 

3.3 nm 
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particle growth (𝑙𝑎)  may be calculated using the relations described elsewhere [20]. Further, the 

activity degradations have been estimated by taking the post-activation ECSA as the initial ECSA 

and hence neglecting the activity degradation during the electrochemical activation. In brief, various 

contributions to ECSA loss have been calculated by considering the change of the effective surface 

area of the Pt-nanoparticles available for the electrochemical activity. The total ECSA loss (𝑙𝑡) has 

been defined through equation 1, where 𝐸𝐶𝑆𝐴𝑖 and 𝐸𝐶𝑆𝐴𝑓being the initial and final ECSA values, 

while the loss contribution 𝑙𝑑 is estimated by measurements of the pre-AST and post-AST Pt-loadings 

(𝑤𝑖 and 𝑤𝑓, respectively) on the electrodes through XRF and using the relation 𝑙𝑑 = 1 − 𝑤𝑓 𝑤𝑖⁄  [27]. 

𝑙𝑡 = 1 −
𝐸𝐶𝑆𝐴𝑓

𝐸𝐶𝑆𝐴𝑖 
      (1) 

Similarly, 𝑙𝑎 and 𝑙𝑒 have been estimated by measuring the average crystallite sizes of the pre-AST 

and post-AST Pt-nanoparticles and correlating the corresponding loss of physical surface area to the 

ECSA loss, through equations 2 and 3 [20, 22]. 

𝑙𝑎= [1 − (1 −
(1−𝑙𝑡)𝑅𝑖

𝑅𝑓
)]  × (1 −  

𝑅𝑖

𝑅𝑓
)     (2) 

𝑙𝑒 = 1 −  𝑙𝑑 −
(1−𝑙𝑡)𝑅𝑖

𝑅𝑓
      (3) 

Quantification of the degradation mechanisms and the evolution of their fractional contributions with 

the number of stress cycles may ideally be determined by several ex-situ/in-situ measurements of the 

loadings and the sizes of the Pt-nanoparticles on the electrode. However, such in-situ measurements 

require complex instrumentations while the ex-situ measurements on a single electrode may lead to 

practical issues such as the physical detachment of the catalyst layer from the working electrode 

during multiple removal/insertion cycles in the electrolyte as well as during the loading/size 

measurements. Therefore, determination of the crystallite size and the Pt loading on an electrode 
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subjected to AST and hence the quantification of degradation mechanisms during AST have been 

achieved here by subjecting identical electrodes to varying numbers of the AST stress cycling and 

measuring the relevant parameters. 

The validity of this approach has been demonstrated in Figures 3a-3c, by comparing the evolutions 

of the cyclic voltammograms and the electrochemical performance. Figure 3a shows the evolution of 

the observational cyclic voltammograms of the single GC coated with Pt/C catalyst subjected to an 

AST for 1600 cycles in N2 saturated 1 M sulfuric acid (scan rate: 10 mV/s) with the value of N. 

Similarly, the evolution of the last observational cyclic voltammograms (Pt loading normalized) for 

the multiple Pt/C modified GC electrodes subjected to varied numbers of potential cycles (under 

similar conditions) has been demonstrated in Figure 3b. It is evident from Figure 3a and 3b that the 

cyclic voltammograms obtained from the set of multiple electrodes exhibit evolution similar to that 

for the cyclic voltammograms obtained from a single electrode. The variations of ECSA with 

potential cycle number show reasonably similar patterns for both the cases (Figure 3c). Hence, the 

approach to use a set of identical electrodes is suitable for the quantification of degradation 

mechanisms with potential cycle number. 

 Further, the ECSA vs. potential cycle number data show fair correlation for multiple electrodes as 

compared to that for the single electrode. For example, exponential fit to the data exhibits reduced R-

Square values to be 0.97 and 0.91 for the data from single and multiple electrodes, respectively. 

Therefore, for degradation mechanism quantification, the ECSA vs. potential cycle number data for 

the single electrode have been used. Further, as shown in Figure 3d, the % decrease in Pt loading vs. 

potential cycle number data obtained from multiple electrodes show a linear variation except for a 

few data points showing higher % decrease in Pt loading. As the exceptionally higher % decrease in 

Pt loading may be attributed to the physical loss of the catalyst ink (detachment) during XRF 
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measurements, a linear fit has been obtained by excluding such points. The linear fit has been used 

to determine the variation of the % decrease in Pt loading with potential cycle number. 

However, measurement of % decrease in Pt loading for a single electrode at different numbers of 

potential cycles during AST (from multiple XRF measurements on the sample electrode) leads to 

higher overall dissolution/detachment than that for multiple electrodes (single measurement on each 

electrode), as shown in Figure 3d. This is possibly due to physical loss (detachment) during multiple 

XRF/electrochemical measurements where each XRF measurement requires removal of the electrode 

from liquid electrolyte and drying. Another possible reason of large change in the Pt loading in case 

of repeated measurements on single electrode is the formation of surface oxide layer due to Pt 

nanoparticle surface being exposed to atmospheric oxygen during every XRF measurement. The 

surface oxide formation provides an easy dissolution route. In contrast, electrodes are not exposed to 

oxygen during the dissolution measurement using multiple electrodes subjected to varying numbers 

of stress cycles in an electrolyte saturated with nitrogen. Hence, the data from the single electrode 

have not been used here for the degradation mechanism quantification. In the case of undisturbed 

electrochemical AST (multiple electrodes), the primary cause for the % decrease in Pt loading is due 

to electrochemical dissolution. As a result, particle detachment is minimal and hence the % decrease 

in Pt loading has been used to determine 𝑙𝑑 The Pt dissolution during AST has also been studied 

through measurement of Pt concentration in the electrolyte at different values of N through AAS. As 

shown in Figure 3d, the % decrease in Pt loading obtained through AAS (single electrode) exhibits 
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similar trend to that observed through XRF (multiple electrodes). 

 

Figure 3: Observational cyclic voltammograms of GC coated with Pt/C catalyst (second cycle; scan 

rate: 10 mV/s) recorded after different cycle numbers during AST in N2 saturated 1 M sulfuric acid 

for (a) single electrode and (b) multiple electrodes. Variations of (c) ECSA (%) based on 

electrochemistry and (d) % decrease in Pt loading based on Pt loading difference before and after the 

AST for single electrode (through XRF and AAS) and multiple electrodes. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

13 
 

Further, the ESCA loss due to growth of particle size has been estimated by using the X-ray diffraction 

patterns of the post-AST catalysts collected from the working electrode subjected to varying number 

of potential cycles. The XRD patterns shown in Figure 4a reveal the peak widths of the Pt (111) and 

the Pt (200) peaks to be decreased with increasing number of potential cycles. The variation of 

crystallite sizes (estimated using Scherer’s formula) with the increasing number of potential cycles 

has been depicted in Figure 4b, which reveal a fast initial growth for N < 800 and a relatively stable 

crystallite size for N > 800. A typical TEM image of the Pt/C catalyst subjected to AST for 1600 

potential cycles is shown in Figure 4c, while the corresponding particle size distribution histogram () 

is shown in Figure 4d. Here, the particle size obtained from the TEM image is higher as compared to 

that of the crystalline size estimated using the integral width of the Lorentz fit to the Pt (111) peak. 

This may be due to the fact that the peak width has not been corrected for the instrument broadening. 

In addition, the size obtained from XRD data corresponds to the crystallite grains while the particles 

observed through TEM analysis may contain more than one crystallite grain. However, the relative 

growth of particles obtained from XRD data (~59%) is comparable to that obtained from TEM 

analysis (~63%), suggesting the growth of crystallites (Ostwald ripening) being the dominating 

mechanism and not the agglomeration of the particles.  Therefore, the average crystalline sizes 

obtained from the XRD analysis have been used for the ECSA loss mechanism quantification.  
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Figure 4: (a) XRD patterns of Pt/C catalyst samples after varying number of stress cycles (0.4 – 1.6 

V; 1 V/s; N2 saturated 1 M sulfuric acid). (b) Variation of the Pt-crystallite size of the Pt/C catalyst 

with the cycle number based on XRD during AST. (c) TEM image and (d) corresponding particle 

size histogram of Pt/C catalysts based on TEM after AST treatment (1600 cycles; 0.4 – 1.6 V; 1 V/s; 

N2 saturated 1 M sulfuric acid). Inset of (c) shows a TEM image at higher magnification. The 

histogram (d) is based on 313 particles analyzed from both the images.  

Figure 5a shows the variations of the ECSA loss and the contributions from different mechanisms 

with N. Again, variations of the fractional contributions of different degradation mechanisms with N 

are depicted in Figure 5b. Here, it is evident that for the studied Pt/C catalyst on GC, the most 

important mechanism responsible for the ECSA loss during AST is the growth of particles (𝑙𝑎   ) due 
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to various mechanisms [10], which contributes > 80% of the total ECSA loss for N= 500. With 

increasing N, the fractional contribution of 𝑙𝑎   decreases to 60%, with increased contribution from 

𝑙𝑑    which shows a linear variation with N. Although the Pt dissolution rate in non-complexing 

electrolytes (electrolytes lacking ions suitable for formation of stable Pt-complexes) has been reported 

previously to be dependent on the concentration of dissolved species [11, 27], no effect of the 

increasing Pt concentration in the electrolyte with increasing N is detected on the dissolution. This 

may be due to very low overall concentration of dissolved Pt species (< 1 µM) in the present study. 

Here, the linear variation of 𝑙𝑑 with N despite the decreasing Pt surface area, may be attributed to the 

fact that the Pt dissolution during AST is combined effect of dissolution and redeposition, both of 

which may be affected significantly by various oxidizing/reducing carbon species generated during 

potential cycling. However, further studies investigating the effects of such species on the Pt 

dissolution and redeposition rates may be of significant interest. 

The ECSA loss corresponding to 𝑙𝑒 exhibits a comparatively complex variation with a maximum at 

lower N values (~200). The maximum may be attributed to (i) the carbon corrosion leading to increase 

of  𝑙𝑒and (ii) the initially incomplete wetting of the carbon support, which increases during the initial 

AST cycles [28, 29] to decrease it apparently. However, the fractional contribution of  𝑙𝑒  (Figure 5b) 

shows no such maximum and decreases monotonously for N ≤ 800 followed by a marginal increase 

for N > 800. The degradation rates through all of the mechanisms remain high at the beginning of the 

AST, as can be seen (Figures. 5c and 5d) from the first order derivatives of the ECSA loss 

contributions with respect to the N value. 
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Figure 5: (a) Variations of the total ECSA loss (𝑙𝑡 ) and the ECSA loss contributions (w.r.t. 𝑙𝑑 ) 

corresponding to dissolution/detachment (𝑙𝑑), e- connectivity loss (𝑙𝑒) and particle growth (𝑙𝑎) with 

the number of AST cycles (N). (b) Variations of the fractional contributions of different ECSA loss 

mechanisms with N. First order derivatives of (c) the ECSA loss contributions (𝑙𝑡, 𝑙𝑑, 𝑙𝑒 and 𝑙𝑎) and 

(d) the fractional contributions of different ECSA loss mechanisms with respect to N. 

4.  Discussion 

Here, as average particle size (�̅�) is used to calculate the Pt surface area (𝐴�̅� = 𝜋�̅�2), it may differ 

from the actual surface area (�̅� = 𝜋 ∑ 𝑟𝑖
2

𝑖 ) if the particle size distribution deviates from the lognormal 
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distribution. Table 2 shows the ratio 𝐴�̅�/�̅� for the as-received, activated and post-AST Pt/C catalyst 

samples (obtained from the corresponding TEM images). The 𝐴�̅�/�̅� values suggest the lognormal 

distribution of particle sizes with a small deviation for all the samples. The smaller 𝐴�̅�/�̅� ratio for the 

post-AST sample (~0.95) as compared to those for the as-received and the activated Pt/C samples 

(~0.97) may be attributed to the lesser number of particles analyzed. Further, as shown in Table 2, 

the errors in calculation of the surface area change by particle growth due to the use of 𝐴�̅� instead of 

�̅� are not significant. 

Table 2: Error estimation in surface area calculations using average particle size instead of particle 

size distributions 

Pt/C catalyst Number of particles 

analyzed 

𝐴�̅�/�̅� Error% 

As-received 110 0.977 0.0 

Activated 116 0.974 0.4 

Post-AST 313 0.948 2.9 

 

In contrast to our previous study on the state-of-the-art PEMFC catalyst layer consisting of 60 wt.% 

Pt supported on carbon (Pt loading: ~0.6 mg/cm2) [22], the present study on 20 wt.% Pt/C exhibits 

higher fractional contribution from the ECSA loss due to particle growth. The slower growth rate for 

the electrodes with higher Pt loading may be attributed to the lower redeposition rate of the Pt species 

dissolved during AST on the source Pt-nanoparticles. 

Further, the degradation pattern may change significantly for electrodes with higher Pt loadings due 

to other factors affecting the electrolyte accessibility to the catalyst particle. For example, the 

presented model assumes the initial utilization of the catalyst particles to be 100%, i.e., all the particles 

assumed initially accessible to the electrolyte. For higher loadings, a lower initial utilization may be 
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expected due to fraction of the catalyst particles being obscured by the other ones or their catalyst 

support. Such particles may become accessible to the electrolyte during AST due to degradation of 

the active catalyst particles and the supporting carbon.  In such a case, the ECSA loss during AST 

may be completely different. Further, the electrode structure (distribution of the ionomer/catalyst 

phases; agglomeration state of the catalyst, etc.) may also produce different degradation patterns. 

Hence, such evolution of the catalyst degradation mechanisms in various electrodes may be used for 

the identification on weakness of electrode interface structures. 

 

5. Conclusions 

In conclusion, significant growth of Pt-nanoparticles has been observed during the initial activation 

potential cycling (0.01 – 1.2 V; scan rate: 100 mV/s; 20 cycles) of the Pt/C catalyst coated on GC. 

Further, variations of the relative contributions from different ECSA loss mechanisms during AST 

potential cycling between 0.4 and 1.6 V with the number of stress cycles (N) have been investigated 

by subjecting identical electrodes to AST for different N. The relative contributions from different 

ECSA loss mechanisms corresponding to dissolution/detachment of Pt, e- connectivity loss and 

particle growth change significantly with N. While the ECSA loss due to dissolution/detachment 

varies linearly with N, high rates of ECSA loss (loss/cycle) have been observed initially (N< 200 

cycles) for the particle growth and the e- connectivity loss mechanisms. This may be attributed to the 

high growth tendency of the Pt-nanoparticles smaller than ~4 nm and the initially high rate of carbon 

corrosion. 
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