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Abstract 9 

The present research aims to assess the durability of a single cell formed by a commercial 10 

high-temperature membrane electrode assembly (MEA) and Al bipolar plates (Al-BPPs) 11 

coated with Ni-P. To this end, an accelerated degradation test based on voltage load cycles 12 

is carried out, and the effects of the degradation on the MEA and its impact on the Al-13 

coated bipolar plates are analyzed. They are compared with the results obtained testing a 14 

similar cell formed by the same MEA with graphite plates. MEAs from both cells were 15 

analyzed by different characterization techniques before and after the degradation tests 16 

(XRD, SEM, TEM). The performance of the Al-based cell is initially better, but it suffers 17 

a faster deterioration mainly due to the degradation of the Ni-P surface coating. A green 18 

deposit is formed, probably due to the chemical reaction of the phosphoric acid leached 19 

from the MEA. These deposits cause an increase in the contact resistance of the plates, 20 

local channel blockages and, eventually, a larger degradation. This work proves that PBI 21 

membranes still need to be improved to ensure their long-term durability.  22 

 23 
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1. Introduction 26 

Compared to low temperature proton exchange membrane fuel cells (LT-PEMFCs), high-27 

temperature (HT-PEMFCs) ones offer several advantages like enhanced kinetics of the 28 

electrochemical reactions, simplified water and heat management, and better suitability 29 

to be integrated in combined heat and power (CHP) units [1–3]. These features make 30 

them promising candidates not only for the automotive sector but also for stationary 31 

applications, and have led to an increased research interest in the last years [2,4]. 32 

HT-PEMFCs are usually based on a phosphoric acid doped polybenzimidazole 33 

(PBI) membrane, instead of the Nafion one commonly used in LT-PEMFCs [5–7]. This 34 

type of membrane allows working at higher temperatures (120-200ºC), without 35 

humidification and with fuels with a higher amount of impurities [1,2,8,9]. 36 

Although great advances have been made in PEM fuel cell technology along the 37 

years, there are several issues still limiting their widespread commercialization [10–12]. 38 

In the case of HT-PEMFCs, the main issues to deal with are: the cost (Pt-based catalysts 39 

with high Pt loadings are the most used), durability and performance degradation [2,6,13]. 40 

According to the DOE’s requirements, PEMFCs should last for 5000 h for automotive 41 

applications and around 60,000 h for stationary ones [2,14–16]. It has been proven that 42 

under steady state operation conditions, HT-PEMFCs can reach up to 17,000 h of 43 

operation lifetime. However under variable load conditions, their lifetime still needs to 44 

be extended [13,17]. There is a great margin for improvement in the durability of these 45 

systems and so, understanding the mechanisms of fuel cell degradation is mandatory. 46 

Performance decay of HT-PEMFCs operating with phosphoric acid doped-PBI 47 

membranes is due to two main factors: reduction of the catalyst active area (caused by 48 

both agglomeration of metallic nanoparticles and carbon corrosion) and phosphoric acid 49 

migration [13,18–23]. The loss of phosphoric acid causes a decrease of the membrane 50 
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ionic conductivity and so a malfunction of the cell [13,24]. This malfunction can lead to 51 

the degradation of other cell components, such as the bipolar plates (BPPs) [18]. BPPs 52 

are one of the most significant parts of a fuel cell stack, accounting for more than half of 53 

its cost and weight [25–27]. The BPP properties that mainly affect the performance of 54 

fuel cells are both the corrosion and the contact resistance [28]. 55 

BPPs have been thoroughly investigated for many years. They can be manufactured 56 

in different materials: mainly, carbon based compounds (graphite, carbon composites, 57 

etc.) and metallic alloys (stainless steel, aluminum or titanium, among others). When 58 

using metallic plates, it is necessary to protect them with different coatings, in order to 59 

increase their resistance to corrosion [25,28–30]. 60 

Conventionally, substrates made of graphite have been mostly used as bipolar plates 61 

in PEMFCs, due to their good resistance to corrosion. However, metallic BPPs have also 62 

been considered, particularly for LT-PEMFCs, due to their lower cost, lower weight and 63 

volume (especially when thin films are used), and an easier manufacture than graphite-64 

based ones [31,32]. For HT-PEMFCs, the use of metallic BPPs has only been recently 65 

considered [18,33–38]. HT-PEMFCs present a more corrosive environment in 66 

comparison to LT-PEMFCs, due to the higher temperature of operation, that enhances 67 

corrosion processes in acidic environments. Requirements for BPPs in HT-PEMFCs are 68 

thus more demanding. It has been proved that graphite plates in HT-PEMFC become 69 

porous, up-taking higher amounts of electrolyte (phosphoric acid) and causing a faster 70 

degradation of the membrane electrode assembly (MEA), due to the redistribution of the 71 

acid [18,29]. 72 

Metallic BPPs are considered a promising alternative for HT-PEMFCs, in order to 73 

minimize the effects of phosphoric acid up-take, as well as to reduce the total weight and 74 

cost of the stack [34,38]. Some authors have studied stainless steel BPPs, coated with 75 
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different materials to increase their resistance to corrosion like Au, Ni, etc [30,34,35]. 76 

Aluminum is another light and cheap metal than has been widely used as BPP substrate 77 

in LT-PEMFCs [28,31,39–42]. However, the use of Al-based BPPs for HT-PEMFCs has 78 

been very limited [33,36,38]. Several coatings have been studied to increase the resistance 79 

to corrosion of Al-based BPPs (Ni, Ni-P, NiCo, etc) in LT-PEMFCs. Among them Ni-P 80 

and Ni-Mo have shown the best results in terms of corrosion resistance [25,40]. 81 

The present research aims to investigate the durability of a single cell formed with 82 

a commercial MEA and cost-effective Al plates coated with Ni-P. To this end, accelerated 83 

degradation tests were carried out to induce the MEA degradation, and to analyze its 84 

effect on the bipolar plates. A comparison with a cell made of graphite plates was also 85 

performed. Since life-time tests are impractical due to the their long duration [3,43,44], a 86 

new accelerated stress test based on voltage load cycles was designed for this study. The 87 

aim was to subject the cells to a high stress, analyzing the effects of the degradation on 88 

both the MEAs and the coated Al plates. 89 

 90 

2. Experimental 91 

2.1 HT-PEMFC single cell 92 

The MEA used for the measurements is a Celtec®-P 1100 supplied by BASF Fuel Cells, 93 

with a standard rectangular active area of 81.28 cm2. Celtec-P high-temperature 94 

membrane consists in a polybenzimidazole (PBI) immobile gel phase doped with 95 

concentrated phosphoric acid (PA) that ensures an adequate proton conductivity and gas 96 

permeability  [45–48]. The operating temperature was 120ºC (no humidification for the 97 

reactant gases needed). The cathode contains a Vulcan XC 72 supported Pt-alloy with 98 

0.75 mg Pt cm−2, whereas the anode contains a Vulcan XC 72 supported Pt catalyst with 99 

1 mg Pt cm−2. According to the manufacturer, membrane thickness in the MEA is 100 
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approximately 50–75 m. The gas diffusion layer (GDL) is composed of woven carbon 101 

cloth [33]. 102 

For the present experiments, two single cells were manufactured using graphite 103 

and aluminum plates, respectively. A serpentine-parallel geometry formed by 3 blocks of 104 

10 channels with a total length of 392.4 mm was selected to cover the whole flowfield 105 

area in both anode and cathode sides. The channels of the anode electrode have a 106 

rectangular cross section 1 mm wide and 0.5 mm deep, spaced by ribs 1 mm thick, while 107 

those of the cathode side have a squared cross section of 1 x 1 mm2. For a current density 108 

of 0.45 A cm-2, and flow stoichiometry of 1.2 for hydrogen, and 2 for oxygen, the reactant 109 

gases flowrates are 0.34 Nl min-1 and 0.31 Nl min-1, respectively. So, the design of the 110 

selected geometry flowfield ensures the homogeneous distribution of reactant gases over 111 

the catalyst layers reducing the total pressure drop [49–52]. A receded housing of 0.2 mm 112 

was manufactured for the area where the MEAs are positioned, ensuring a good electrical 113 

contact and simultaneously a maximum compression rate of 80%, as recommended by 114 

the manufacturer. It is also important to note that, to protect the aluminum plates from the 115 

corrosion caused by the acid media, a 40 m thick Ni-P (10-12% P) thin layer was 116 

deposited over the whole surface using electroless techniques [33]. 117 

2.2 Physical-chemical characterization 118 

MEAs were analyzed by different characterization techniques before and after the stress 119 

tests, in order to investigate the effects of degradation on the physical-chemical features. 120 

X-ray diffraction (XRD), performed in a Bruker AXS D8 Advance diffractometer with a 121 

- configuration and using Cu-K radiation, was used to analyze the Pt crystallite size 122 

from both the cathode and the anode electrodes. Crystallite sizes were calculated from the 123 

Scherrer’s equation on the (2 2 0) peak. Particle size and morphology of Pt particles on 124 
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both anode and cathode were investigated with transmission electron microscopy using a 125 

JEOL JEM-2000 FX II microscope. Morphological features of both fresh and used MEAs 126 

were observed by analyzing a cross-section with scanning electron microscopy (SEM, 127 

Hitachi S-3400 N). X-ray fluorescence spectroscopy (XRF) was performed in an 128 

ADVANT’XP Thermo Electron, ARL series spectrometer with a Rh X-ray tube, using 129 

UNIQUANT software for the semi-quantitative analysis of the bipolar plates after the 130 

degradation studies. 131 

2.3 Single-cell characterization 132 

All the tests were performed in the dual test bench available at LIFTEC research facilities. 133 

After flowing dry N2 to verify that there were no leaks of reactant gases, the following 134 

conditioning procedure was followed. In short, the cells were heated up to 120°C using a 135 

commercially available pyrolysis furnace from Fagor, model FAR FC 801 X, which 136 

incorporates a forced air fan to have a precise control of the heating temperature. After 137 

that, small flows of H2 and O2 were supplied to anode and cathode sides in order to remove 138 

the remaining N2, and to fill the channels of the flowfield geometry with reactant gases. 139 

Once the device was ready, a high voltage was fixed in the electronic load (0.8 V), which 140 

was maintained until the current generated by the device reached the steady state. After 141 

that, the electronic load working mode was changed to demand a constant current, which 142 

was slowly increased from 0.01 A to 16.3 A (0.2 A cm-2), increasing also the pressure of 143 

the reactant gases up to 0.3 bar. For every value, both hydrogen and oxygen flows were 144 

automatically adjusted considering stoichiometry of 1.45 and 9, respectively, as 145 

recommended by the MEA manufacturer. When the current produced remained constant 146 

at 16.3 A, the cells were kept in this working point for 8-10 hours, verifying that the 147 

electrical performance was stationary. 148 
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Once the conditioning stage was completed, the cells were ready to start the 149 

degradation test. The cells were placed inside the commercial oven, and when the 150 

temperature reached 120C (recommended by the MEA manufacturer), a constant voltage 151 

(0.8 V) was demanded by the electronic load until the generated current was stabilized. 152 

A constant pressure of 0.3 bar was set for both hydrogen and oxygen, and the flowrates 153 

were fixed to 0.15 Nl min-1 and 0.13 Nl min-1, respectively (stoichiometry of 1.2 and 2). 154 

Then, charge cycles began every 15 minutes, changing the demanded voltage between 155 

0.97 V and 0.1 V, and verifying the corresponding value of the generated current. It 156 

should be noted that working with such low voltage is neither typical in practical 157 

applications nor in other accelerated stress test protocols. However, using this strategy it 158 

is possible to both reduce the testing time and to induce an intense test malfunctioning, 159 

being able to study the performance of the MEA under extreme conditions. The test was 160 

stopped after 5000 minutes (83 hours), or when the value of the current was around 20% 161 

of the initial one. 162 

 163 

3. Results and discussion  164 

3.1. Physical-chemical characterization of the fresh MEA 165 

Figure 1 shows SEM images at low (Fig. 1a) and high (Fig. 1b) magnification of 166 

the fresh MEA. Several images were taken and the thickness of the MEA was measured 167 

in several points in order to obtain a distribution, shown in Fig. 1c. The mean thickness 168 

of the BASF Fuel Cell Membrane is around 57 m, as also confirmed by other studies in 169 

the literature [34,53]. In the figure, the cathode is in the upper part of the picture and the 170 

anode in the bottom one. From the image at high magnification, it is clear that the anode 171 

has a higher concentration of metal (higher brightness level), also confirming the different 172 
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loading for both electrodes [34,53]. The composition for the different components of the 173 

MEA (cathode, anode and membrane) was determined by Scanning Electron Microscopy 174 

coupled with Energy Dispersive X-ray spectroscopy (SEM-EDX). The membrane is 175 

composed of C, O and P, as expected. On the other hand, anode and cathode electrodes, 176 

show the presence of P due to phosphoric acid leached from the membrane when it is 177 

exposed to room air. Both anode and cathode present also F, that most probably comes 178 

from the Teflon (PTFE), usually employed as binder in the preparation of the electrodes. 179 

  

 
Figure 1. SEM images of fresh MEAs at lower (a) and higher (b) magnification. 
(c) histogram representing the thickness distribution. 
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Figure 2 shows the XRD patterns for both anode and cathode electrodes as 182 

obtained from the fresh MEA. Catalysts were scratched from the MEA to obtain the 183 

powder. Given the low amount of powder obtained, the resolution of the X-ray pattern is 184 

not optimal, but it is good enough to determine the species present in both electrodes and 185 

to estimate the Pt crystallite size. In both electrodes, the presence of Pt (green lines), C 186 

(black line) and PTFE (blue lines, probably employed as binder in the preparation of the 187 

ink for the electrode, as previously discussed) were detected. Crystallite sizes calculated 188 

by the Schrerrer’s law were around 3.7 nm for the anode and 4.6 nm for the cathode. 189 
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Figure 2. XRD diffraction patterns for both anode and cathode obtained from the 

fresh MEA (prior to use). 
 190 

Figures 3a and 3b show TEM images obtained from the powders scratched from 191 

the MEA. The cathode (Fig. 3a) presents a particle size distribution around 4.5 nm, with 192 

Pt, P, C and O as the main elements, determined by EDX, as also corroborated by SEM. 193 

The anode (Fig. 3b) shows a smaller particle size distribution, around 3.5 nm, and the 194 

carbon surface appears less uniformly covered than in the case of the cathode. In this case, 195 

it was more difficult to obtain a good image, due to the difficulties encountered scratching 196 

the anode powder from the MEA. The composition is similar to the one obtained for the 197 

cathode. 198 
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Figure 3. TEM images and particle size distribution for (a) fresh cathode and 
(b) fresh anode.  

 199 

 200 

3.2. Accelerated stress tests  201 

Figure 4 shows the current vs. time curves for both cells tested: (a) the one with 202 

Al-Ni-P plates and (b) the one made of graphite. The inset shows a zoom of the graph 203 

until the first 300 minutes. The variation of voltage (right axis) with current (left axis) is 204 

also plotted. As ascertained from the graphs, the single cell with Al-coated plates (Fig. 205 

4a) shows a better initial current, 150 mA cm-2 (around 12 A) in comparison to the 206 

graphite-based single cell (Fig. 4b), for which the initial current was 85 mA cm-2 (around 207 

7 A). This lower performance could be due to the porosity of the graphite, that could 208 

cause a larger initial ohmic resistance (higher contact resistance) as well as a higher in-209 

take of PA [18]. However, the graphite-based cell shows a slight improvement after the 210 

first 500 minutes of operation, reaching a current value around 100 mA cm-2 at 1000 211 
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minutes of test. The Al-Ni-P-based single cell however, shows a performance decay after 212 

the first 500 minutes of operation and the current decreases to one half of the initial value. 213 

The performance of both cells strongly decreases after 3000 minutes of experiment, 214 

falling to currents of 30 mA cm-2. For the Al-coated cell it represents a current loss of 215 

78.3% of its initial value, while for the graphite one the reduction is only of 54.2%, but 216 

working for more than 80 hours.  217 

  218 
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 219 

 220 

 

 
Figure 4. Current vs. time curve for (a) the Al-Ni-P-based single cell and (b) the 

graphite-based single cell. The inset shows a zoom of the variation of current with 
time for the first 500 minutes.  
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A green deposit was found over the plate of both cathode and, especially, anode 221 

sides when the single cell with the Al-based plates was disassembled, as displayed in the 222 

pictures in Fig. 5. This deposit, analyzed by XRF, was composed of Ni, P and traces of 223 

Pt. This indicates that, the degradation affects not only to the MEA, but also to the bipolar 224 

plate (composed of Al coated with Ni-P). The cathode side was slightly covered with a 225 

black residue, probably due to carbon corrosion [22]. This green deposit only appeared 226 

on the Al-Ni-P-based single cell, and had not been observed when using these plates in 227 

low temperature PEM cells or in previous work using aluminum plates coated with a very 228 

thin layer of chromium nitride [33,36]. Not apparent damage was observed for the 229 

graphite-based cell.  230 

 231 

  232 

  

  

Figure 5. Images of the Al-Ni-P  bipolar plates before (top left) and after (top right) 
the degradation studies and zoom (bottom) of the corroded plate obtained with a 

magnifying glass. 
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A similar result was obtained by Alnegren et al. [28] who studied the degradation 233 

of stainless steel bipolar plates in a HT-PEMFC. They detected the formation of a green 234 

deposit mainly composed of phosphates on the anode side of the bipolar plates. Their cell 235 

was operated at 160ºC and constant load of 200 mA cm-2 for 900 h. Although tests are 236 

different (constant current load at 160 ºC versus dynamic voltage load at 120 ºC), it is 237 

clear that both of them favor the leaching of the phosphoric acid (PA) towards the anode 238 

side. Reimer et al. determined the main driving force of water distribution when PA is 239 

used as an electrolyte [54]. They concluded that in HT-PEMFC operated with dry gases 240 

(as in our experiments), the PA in the anode electrode layer is highly concentrated and 241 

water concentration is very low. This result could explain the higher corrosion suffered 242 

from the anodic plate in our study as well as in the one by Alnegren. This fact was also 243 

corroborated by Eberhardt et al. that determined that PBI-based systems exhibit an 244 

extensive PA migration from cathode to anode, particularly under high current density 245 

operation [55] due to the charge balance. Hydrogen phosphate anions, negatively charged, 246 

carry on part of the ionic current, so a net movement of hydrogen phosphate from cathode 247 

to anode is induced in order to balance the charge. Although the cited studies employ 248 

higher testing temperatures, 160ºC, our present work proves that PA migration also takes 249 

place at lower temperatures, 120ºC, being an important contributor to the degradation and 250 

performance decay of HT-PEMFCs. 251 

The presence of the deposit on the Al-coated cell clearly causes a major 252 

degradation of its components, justifying its higher performance decay. It must be pointed 253 

out that the type of stress test performed is really aggressive, in order to study the behavior 254 

of these plates under extreme conditions in a short time. As previously explained, Al-255 

BPPs were successfully used in a HT-PEMFC without appreciable performance losses 256 
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due to degradation. Operation of this cell in a more conservative way should enlarge the 257 

lifetime of the Al-Ni-P BPPs. 258 

 259 

3.3. Physical-chemical characterization of the used MEAs  260 

A cross-section of the used MEAs was analyzed after the stress tests by means of 261 

SEM. Images obtained for the three studied MEAs, fresh and used from both Al-coated 262 

and graphite-based cells are shown in Figure 6, along with the fitting of the thickness 263 

histograms to a Gauss type curve (Fig. 6d). Yellow arrows indicate some of the points 264 

where thickness measurements were taken. The thickness of the fresh MEA (Fig. 6a), 265 

around 57 m, is significantly reduced after the accelerated stress tests, when Al-Ni-P 266 

BPPs were used (52 m, Fig. 6b). The thickness of the MEA from the graphite-based cell 267 

(56 um) however, barely becomes affected by the degradation processes (Fig. 6c). 268 

  269 
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Figure 6. SEM images of (a) fresh MEA, (b) used MEA from the Al-Ni-P single cell 
and (c) used MEA from the graphite-based single cell. Arrows are placed to indicate 
example points in which thickness was measured. (d) Gauss fitting obtained from the 

thickness histograms of the different MEAs analyzed. 
 271 

The composition of the MEA obtained from SEM-EDX analyses showed the 272 

presence of a small amount of Ni (around a 1.5 wt. %) both in the cathode and the anode 273 

sides in the Al-Ni-P used MEA, evidencing the corrosion suffered by the plates. The Ni 274 

traces detected indicate that some PA leaching also occurred on this side, causing the 275 

degradation of the coating of the Al-plates due to chemical reaction.  276 

XRD patterns for the used MEAs, extracted from both cells, are shown in Fig. 7. 277 

The Al-Ni-P-based single cell (Fig. 7a and 7b), evidenced the increase of the crystallite 278 

size of Pt, particularly in the cathode side, after the degradation tests. 279 
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 280 

 281 

 282 

Crystallite sizes, shown in Table 1 and calculated from the Scherrer’s equation, 283 

are 5.4 nm for the anode side and 8.9 nm for the cathode one (in comparison to 3.7 nm 284 

for the anode and 4.6 nm for the cathode of the fresh samples). XRD patterns shown in 285 

Fig. 7c and 7d for the used MEA in the graphite-based single cell, evidence the same 286 

trend that in the case of the Al-Ni-P-based cell. Pt crystal size increases after the 287 

degradation tests, particularly in the cathode side. In this case, crystallite sizes (Table 1) 288 

are 5.2 nm for the anode and 7.8 nm for the cathode. 289 

 290 

  

  
Figure 7. XRD diffraction patterns for both the anode and the cathode obtained from 
the fresh and the used MEAs for the (a) and (b) Al-Ni-P-based single cell and the (c) 
and (d) graphite-based single cell. 
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Table 1. Crystallite and particle size (nm) for Pt-catalysts from the different MEAs 291 
under study determined by XRD and TEM. 292 

 293 

TEM images (Fig. 8) for both the used anode and cathode electrodes of the two 294 

cells reveal an increase in particle size of the Pt due to the degradation, as previously 295 

corroborated by XRD. Table 1 also shows the interval of mean particle size obtained 296 

measuring the size of the particles studied by TEM analyses. XRD and TEM corroborate 297 

the slightly higher degradation suffered by the MEAs in the Al-Ni-P single cell in 298 

comparison to the one using graphite plates. As previously discussed, the graphite-based 299 

cell shows a lower performance decay due to degradation. 300 

  301 

Electrode 
Fresh MEA Al-Ni-P used MEA Graphite used MEA 

XRD TEM XRD TEM XRD TEM 
Cathode 4.6 4.5 8.9 4-8 7.8 4-8 
Anode 3.7 3.5 5.4 3-6 5.2 2-7 
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 302 

  

  

  

  
Figure 8. TEM images and particle size distribution for (a) used cathode and (b) used 
anode for the Al-Ni-P-based single cell and (c) cathode and (d) used anode for the 
graphite-based single cell. 
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The accelerated stress tests performed lead to both catalyst degradation, more 303 

severe in the cathode side (due to a higher extent of agglomeration of Pt particles) and a 304 

preferential leaching of phosphoric acid towards the anode. This leaching affects more 305 

severely the Al-based cell, probably due to the deterioration of the surface coating that 306 

causes an increase in the contact resistance, as well as gas circulation problems caused by 307 

the obstruction of the flow-field channels.  308 

Several recent articles claim that one of the main problems of HT-PEMFCs is the 309 

acid leaching from the PBI-membrane [6,18,24,56–59]. Bevilacqua et al. studied the 310 

insertion of phosphoric acid into gas diffusion layers of HT-PEMFCs. They determined 311 

that the structure of the microporous layer is determinant as a physical barrier to restrict 312 

the leaching of phosphoric acid through the GDL [24]. Myles et al. reviewed the 313 

challenges that HT-PEMFCs still face, the leaching of phosphoric acid being of 314 

paramount importance. These articles show the importance of designing improved 315 

membranes with minimized acid leaching in order to extent the durability of HT-PEMFCs 316 

[56].  317 

The advantages of using metallic bipolar plates, which offered a significantly 318 

higher initial performance, are obvious: lower cost, lower weight, and easy manufacture, 319 

among others. Taking this into account, future studies will be addressed towards the 320 

optimization of the operational parameters, in order to mitigate the leaching of PA, 321 

allowing a high performance for a long time, as well as the use of improved PBI 322 

membranes. To this end, both experimental and modelling techniques will be employed. 323 

Also, new coatings will be considered.  324 

 325 

 326 
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4. Conclusions 327 

Low-cost Al-based plates were employed in a high-temperature PEM single cell. 328 

New accelerated stress tests were designed and carried out to assess their feasibility in 329 

comparison with the commonly used graphite plates. The performance of the Al-based 330 

cell was initially better than that obtained for the graphite-based cell. However, its 331 

performance severely deteriorated due to the formation of a green deposit over the plates, 332 

due to the chemical reaction of the phosphoric acid leached from the MEA with the Ni-P 333 

coating. These deposits cause an increase in the contact resistance, local channel 334 

blockages and, eventually, a larger degradation. 335 

In both cases, the two major contributions to degradation were the agglomeration 336 

of Pt particles and the leaching of phosphoric acid. The agglomeration of Pt particles was 337 

more severe in the cathode side for both cells, i.e, Al-based and graphite-based. For the 338 

cell formed by Al-based BPPs, Pt crystallite sizes increased from 3.7 nm for the fresh 339 

MEA anode to 5.4 nm for the used one and from 4.6 nm to 8.9 nm in the cathode electrode. 340 

The same trend, although slightly milder, was verified for the graphite-based cell. 341 

Leaching of PA is responsible of the decrease in the MEA thickness when Al-Ni-P plates 342 

were used. The thickness of the MEA from the graphite-based cell however, barely 343 

became affected by the degradation processes. 344 

Al-based plates provide a better initial performance in comparison to the cell with 345 

graphite plates, being envisaged as adequate and low cost components for HT-PEMFC. 346 

However, to extend their durability several issues should be solved: (i) designing 347 

membranes with a better retention of the acid molecules, (ii) the optimization of the 348 

operational parameters of the cell, in order to minimize the acid leaching and (iii) other 349 

surface coating to metallic plates with a better corrosion resistance. The optimization of 350 
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operational parameters and the use of new surface coating will be the focus of future 351 

researches, in which both experimental tests and numerical studies will be considered. 352 
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