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Abstract—Durability of Membrane Electrode Assembly for 

Proton Exchange Membrane Fuel Cells was evaluated in both steady 

state and accelerated decay modes. Steady state mode was carried out 

at constant current of 800mA/cm2 for 2500 hours using air as cathode 

feed and pure hydrogen as anode feed. The degradation of the cell 

voltage was 0.015V after such 2500 hrs operation. The degradation 

rate was therefore calculated to be 6uV/hr. Continuously Vigorous 

fluctuation of the cell voltage, which was switched between OCV and 

0.2V, was employed for the accelerated decay mode. No obvious 

change in performance of the MEA was observed after 10000 cycles 

of such operation. 

 

Keywords—Durability, lifetime, membrane electrode assembly, 

proton exchange membrane fuel cells. 

I. INTRODUCTION 

UEL cells receive much attention due to their high energy 

efficiency in comparison with internal combustion 

engines. In addition, a fuel cell is a zero emission device if 

hydrogen is employed as the fuel. Therefore, fuel cells are 

environmentally friendly and can dramatically reduce the 

pollution of on-site operation. Among the six types of fuel 

cells, a Proton Exchange Membrane Fuel Cell (PEMFC) 

operates at lower temperature and has a higher power density. 

Suitable power range of PEMFCs extends from tens of watts 

to hundreds of kilowatts. They are most suitable for 

applications as the power source for electric vehicles as well 

as many portable and stationary power demands [1]-[7]. For 

practical applications, the minimum operation lifetime of a 

PEMFC for vehicle and stationary power unit is 4,000 and 

40,000 hours, respectively. In a stricter point of view, it has to 

be 8,000 and 80,000 hours, respectively. However, such time 

could be tedious and bothersome for routine fuel cell’s 

durability evaluation works. Therefore, a “decay rate” or an 

accelerated aging process is usually applied for evaluating the 

durability of the membrane electrode assembly (MEA) and/or 

a fuel cell. There are a few proposals/standards for the 

durability tests of a fuel cell; however, publicly available data 
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regarding the durability evaluation of MEA for fuel cells are 

not many [8]-[13]. Here we report the results of two modes of 

durability evaluation of MEA for PEM fuel cells. 

II. EXPERIMENT 

A.  MEA and Single Cell 

The three-layered MEA (Fig. 1), also referred as catalyst 

coated membrane (CCM), with active area of 

5cm*5cm=25cm
2
 was supplied by Yangtze Energy 

Technologies, Inc. Such MEA was prepared by coating carbon 

supported platinum catalyst (40% Pt/C supplied from Tanaka) 

onto DuPont’s HP proton exchange membrane. The catalyst 

loading was 0.2mg Pt/cm
2
 on anode side, and 0.4mg Pt/cm

2
 on 

cathode side. SGL 10BC carbon papers were applied as the 

gas diffusion layers (GDLs) for the sample employed for 

steady state experiment; while CeTech 260GDL carbon papers 

were applied as the GDLs for the sample employed for 

accelerated decay experiment. The MEA was assembled into a 

single cell fuel cell test fixture, which has a triple channel 

serpentine flow field (Fig. 2). The thicknesses of the gaskets 

were selected so that the degree of compression of the GDLs 

was 30-35%. Therefore, the thicknesses of the GDL, after 

compression, were 70-65% of those of the original GDLs. 

Accordingly, two different sets of gaskets were employed 

because the thicknesses of SGL 10BC and CeTech 260 are not 

the same. 

B. Operation Condition 

The temperature of the single cell, humidifiers, and gas feed 

tubing are all set at 65C. The flow rate is 1.2 stoics for 

hydrogen (anode) and 3.0 stoics for air (cathode). The gas 

outlets on the test fixture were set open so that the experiment 

was carried out at ambient pressure for the steady state 

operation. However, in order to pick up the gas flows for 

loading following, the pressure was set at 35kPa for the 

accelerated decay experiment. The measurements were 

performed employed a Tension Energy Inc. Fuel Cell Test 

Station, model number TEI-P600-1AANAS. 

C. Steady State Operation 

The cell was set to undergo electric loading at constant 

current of 20 Amperes. Such current corresponds to a current 

density of 800mA/cm
2
. The operation was 24hr non-stop 

during weekdays. It was shut down during weekends owing to 

safety consideration. The experiment was carried out until a 

total of 2500 hours were accumulated.  
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Fig. 1 Three-layered MEA, i.e. CCM, supplied by Yangtze Energy 

Technologies, Inc. was employed in this study 

 

 

Fig. 2 MEA test fixture employed in this study has a triple channel 

serpentine flow field and an area of 25cm2 

D. Accelerated Decay Operation 

Accelerated mode was carried out by switching the voltage 

of the single cell between OCV and 0.2V. The durations held 

at OCV and 0.2V were 20 and 40 seconds, respectively. Such 

setting represents the cycle time of one minute per cycle. The 

cell was allowed to undergo consecutive 500 cycles each 

operation day. Polarization curves were taken before and after 

the cycling. Such operation was accumulated for 20 days so 

that there were 10,000 cycles and 40 polarization curves. 

III. RESULTS AND DISCUSSION 

A. Steady State Operation 

The results of the steady state operation are shown in Fig. 3. 

During the course of steady state operation, the fuel cell test 

station encountered humidifier dry-out for four times. Such 

dry outs correspond to the decrease of performance of the 

MEA. However, MEA’s performance was restored when the 

fuel cell test station’s humidifiers were refilled with water. In 

addition, permanent damage was not found for MEA 

experienced such dry operation conditions. From Fig. 3, the 

cell voltage at 800mA/cm
2
 current density decrease from 

0.630V at the beginning to 0.615V after 2500 hours of 

accumulated operation. According to this, its decay rate is 

6µV/hr. Such decay rate represents a relative good and 

acceptable performance.  

B. Accelerated Decay Study 

In this study, we employed one of the most extreme 

operation conditions for evaluation of the durability of MEA. 

As illustrated in the experimental section, the operations were 

under vigorous variations both in electric loading and gas flow 

rates. A total of 10000 such cycles were performed. Part of the 

data was shown in Fig. 4, in which 9501
st
-to-10000

th
 cycles 

and two polarization scans, one before and the other one after 

the cycling were illustrated. These two polarization scans are 

redrawn as curves of voltage versus current density as in Fig. 

5. 
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Fig. 3 Steady state durability test results of the membrane electrode 

assembly 
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Fig. 4 Representative results of the 500 OCV-0.2V cycling. Results 

shown here are the data of 9501-10000 cycles 

 

A total of 20 sets of cycling and 40 polarization curves were 

recorded. Cell current density at 0.7V, 0.6V, and 0.5V before 

and after the cycling were summarized in Table I. During the 

cycling, there was a slight decay in current density at a certain 

operation voltage. For example, by comparing the current 

densities at 0.7V of the cell before the cycling (the 2
nd
 column 

in Table I), we can calculate the decay rate to be 4.8µA/cycle 

(Fig. 6 (a) red line). However, the decay rate will be only 

1.0µA/cycle if calculated from the least decayed curve, which 

is the polarization at 0.7V after cycling (Fig. 6 (b) blue line). 

Figs. 6 (b) and (c) show the variation of MEA current density 

at 0.6V and 0.5V, respectively. 

Efforts had been paid to understand the degradation 

mechanism of the proton exchange membrane employed for 

fuel cell application [14]-[22]. Sethuraman et al. [22] showed 

that frequent start-stop cycles, which associate with frequent 

wetup-dryout cycles, can cause mechanical stress to the 

membrane and affect the stability and durability of the MEA. 

However, it also has been pointed out that the gradual washout 

of the hydrophobic component in the gas diffusion media by 

the gas flow can be the major cause of degradation of the 

overall performance of a fuel cell. Losing the hydrophobic 

component, the GDL will pick-up water which hinder the 

transport of reacting gases [23], [24]. Such phenomenon 
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usually can be observed by examining the low voltage portion 

of the polarization curves. 
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Fig. 5 MEA Polarization performed before the 9501st cycle and after 

the 10000th cycle 
 

TABLE I 

CURRENT DENSITY OF THE MEA AT 0.7V, 0.6V, AND 0.5V BEFORE AND AFTER 

THE CYCLING 

nth day 

 of  
operation 

current density 
(mA/cm2) before 

cycling 
number of  

cycles 

current density (mA/cm2) 

after cycling 

0.7V 0.6V 0.5V 0.7V 0.6V 0.5V 

1 674 1180 1617 1-500 646 1148 1575 

2 658 1162 1589 510-1000 656 1149 1591 

3 670 1168 1590 1001-1500 649 1176 1591 

4 664 1164 1578 1501-2000 651 1176 1590 

5 656 1161 1570 2001-2500 647 1150 1574 

6 663 1165 1579 2501-3000 654 1170 1577 

7 652 1152 1571 3001-3500 660 1180 1590 

8 642 1147 1555 3501-4000 658 1160 1582 

9 651 1152 1570 4001-4500 651 1170 1575 

10 656 1154 1575 4501-5000 647 1145 1570 

11 640 1145 1546 5001-5500 652 1168 1575 

12 652 1152 1568 5501-6000 657 1174 1585 

13 647 1149 1560 6001-6500 647 1152 1577 

14 637 1143 1540 6501-7000 646 1150 1573 

15 643 1149 1560 7001-7500 652 1148 1572 

16 639 1146 1550 7501-8000 642 1140 1569 

17 633 1142 1535 8001-8500 646 1150 1576 

18 623 1139 1520 8501-9000 649 1158 1581 

19 632 1142 1524 9001-9500 653 1160 1573 

20 613 1144 1521 9501-10000 656 1163 1577 

average 647 1153 1561  651 1159 1579 

 

As the lifetime evaluation of the MEA is still ongoing. Here 

in this paper we report the overall performance of the MEA 

throughout the durability test to date. Detailed examinations 

such as catalyst activity by CV, ionic conducting behavior by 

AC impedance, hydrogen crossover by linear sweep 

voltammetry will be followed.  

IV. CONCLUSION 

In this work, we have performed a steady state operation 

and an accelerated decay mode with vigorous vibration in both 

current density and gas flows for the evaluation of the 

durability of the MEA supplied by Yangtze Energy 

Technologies, Inc. The steady state mode showed that the 

decay rate of the MEA is 6µV/hr; while the accelerated decay 

mode employed in this study showed that there is 4.8µA/cycle 

decay at the 0.7V region when performed before each set of 

cycling; however, there is negligible decay at the same 0.7V 

when performed after the cycling. In general, the MEA 

investigated in this study represents a stable and reliable 

performance. 
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(c) 

Fig. 6 Changes of MEA current density before and after accelerated 

decay cycling. (a) at 0.7V, (b) at 0.6V, (c ) at 0.5V 
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