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Introduction

Overall aim was to support and promote the deployment of fuel cell vehicles, by
accelerating the development of next generation designs, thanks to Accelerated
Stress Tests (AST) for Proton Exchange Membrane Fuel Cells (PEMFC)

Start date 01/01/2018
3 4-year project

• ID-FAST worked on the development of PEMFC specific ASTs and link to real durability.
• Core focus is on degradation understanding and validation of new ASTs relating in-situ,

ex-situ and modelling data, before, during and after ageing to get insights on
mechanisms involved.

• Required starting point is to know the impact of real ageing: post-mortem analyses and
also the definition of a representative real ageing protocol applicable as the reference.

• Experiments and simulations involving single or coupled mechanisms and various
stressors allowed to propose accelerating protocols first applied on single cells.

• Validation with different MEAs, stressing tests on stacks, and correlation of ageing and
degradation in AST and real life conditions are concluding the project.

Summary
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1. Identification of real ageing degradation mechanisms and quantification of their impact,
as the basis for the identification of stressors and the development of relevant ASTs

2. Development and application of performance degradation models integrating several
degradation mechanisms, for the simulation of accelerated ageing, as a tool for the
development and validation of combined ASTs and later-on prediction

3. Development and validation of ID-FAST methodology: AST protocols and transfer
functions correlating accelerated degradation to real world degradation.

Objectives & concept

Validation by correlation 
with real life ageing 
Deg/REF < Deg/AST

+ quantified acceleration



ID-FAST Final Workshop online 2021/12/16 4

4 Main steps Aim WPs

Identification or confirmation and 
quantification of degradation phenomena 
(morphology, composition and properties 
of components) involved in real ageing 

Determination of major causes 
of components degradation for 
real aging case in correlation 
with operating conditions

WP1 and 
WP2 mainly

Analysis of stressors and of their 
accelerating factor for each single 
mechanism AST

Identification of stressors and 
quantification of their impact on 
degradation

WP2, WP3 
and WP4

Analysis and development of combined 
AST protocols (superposition of 
degradation modes and acceleration 
through coupling)

Definition of combined AST with 
regard to their relative impact 

WP2, WP3, 
WP4 and 
WP5

Validation of combined ASTs and 
development of transfer functions to link 
AST ageing in single cell to real ageing in 
stack, with realistic lifetime estimation

Validation of correlation to real 
world ageing and definition of a 
methodology to predict stack 
lifetime

WP1, WP2, 
WP3, WP4 
and WP5

Technical Plan & WPs

Focusing on scientific and technological R&D activities
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 Selected basic approach

 Specific points regarding the approach
 In general: starting from the definition of a driving cycle deduced from application data 

 In operando ASTs are defined – «artificial states» avoided (e.g. long term OCV, N2 atm. if 
not needed for safety reasons)

 Validation on several state of art materials (components and stacks for automotive case)

Basic idea: Drive-cycle-based ASTs

Development of
accelerated stress tests 

(assessment of stressors)

Reference real 
Driving Cycle

New ASTs
Combining Load 

Cycles & Stressors

To mimick representative 
degradation in driving cycle, 
with increased degradation 

rates (acceleration)

Starting point to get 
reference degradation 

mechanisms and rates on SoA 
components, cells and stacks

Assessment of stressing impact of operating 
modes and conditions, first on single cells 

(including simulation of local issues)
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 Identified required points about extendability to other applications
 Status on the development of the driving cycles

• relevant usage profiles to be known

 Need to assess specific stressors
• exacerbating the power losses on the whole range

 Sufficient understanding of mechanisms for new applications
• From this project: 

• active layer components and induced membrane degradation most relevant for 
automotive case;

• For long-term lifetime applications: 

• GDL and BPP could present a higher impact

• Integration of GDL and BPP issues in ASTs: relevance and feasibility

Items for discussion and extension



ID-FAST Final Workshop online 2021/12/16

OVERVIEW OF ACTIONS, INVESTIGATIONS, RESULTS
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 Specification and application of endurance test protocols 
reproducing real ageing  in controlled conditions (WP1)

Single cells & stacks

Ageing and degradation characterizations

 Assessment of phenomena to support modelling and empirical AST developments

80 

 

 
Figure 79 - Cathode flow field with RH Es positions. Anode flow field is symmetr ic to cathode one.  L abels of RH Es 

and segments are assigned with respect to anode flow direction: cell is working in co-flow configuration 

Two Catalyst-coated membranes (CCMs) were used for this work: the project JM CCM, named 

Type A, and a standard commercial ION POWER CCM, with 25 cm2 active area on Nafion® XL 

membrane, with Pt loading of 0.3 mg cm-2 for the anode/cathode side. The Type A CCM was 

assembled with Freudenberg GDL H14CX483 without hot-pressing into 25 cm2 cells while the 

ION POWER CCM was assembly with Sigracet® 29BC GDL’s (235 µm). The MEA’s 

compression were obtained using rigid gasket in PTFE and an optimal compression value of 80% 

was kept for all the samples. The active area was controlled using PTFE sub-gasket, at fixed value 

of 25 cm2 for macro segmented-cell. 

The list of the stressors evaluated with the in-operando hydrogen reference electrodes setup is 

depicted in Table 14. 
Table 14 - Stressors Tested with RH Es setup.  

 

First of all, the temperature effect is analysed. The potential profiles collected with the reference 

electrodes, during start-up operation under different temperature, for project MEA (JM Type A), 

were reported in Figure 80.  The gas flow rate is corrected in each test to take into account the 

different contribution of vapour (i.e. the RH at anode/cathode feed is 100% for each start-up), in 

order to maintain the same volumetric flow rate and then similar residence time. 

As reported in the literature the corrosion of carbon support (COR) is mitigated at lower 

temperature, since the kinetics is significantly slowed down. However, the potential peak in the 

cathode passive zone increases at lower temperature. Considering that the start-up operation could 

be likened to a galvanostatic mode, to balance the currents flow between active/passive part of 

the anode and cathode electrode the overpotential for the COR must increase. Despite the 

maximum potential increases the carbon corrosion is significantly mitigated at lower temperature 

(more details were reported in Task 3.1 and D 3.1). 

 

Stressors Low Value M iddle Value H igh Value 

Temperature 40°C 60°C 80°C 

Gas flow rate 87.5 ml/min 175 ml/min 350 ml/min 

Anode O2 Conc. N2 - 5% 20.9% 50% 

Andrea Bisello et al 2021 - J. Electrochem. Soc. 168 054501 

Rabissi C. et al 2018.
Journal of Power Sources, 397, 361



ID-FAST Final Workshop online 2021/12/16 9

 Post-mortem specific analyses on each stack component (WP2)

CL, GDL, Membrane, BPP samples - Spatially & vertically resolved distributions 
Elemental compositions / Morphology changes / Properties changes

 Along the project  Analysis of mechanisms involved during ID-FAST ageing tests

Ageing and degradation characterizations

 Assessment of phenomena to support modelling and empirical AST developments

Electron microscopy on 
the CCM and Pt catalyst

Electrochemical
measurements on 
aged MEA samples
from stacks IR thermography

on MEAs

Porosimetry analysis
of GDLs 

 Beginning of project  Selection of aged samples from stacks of previous projects

D. Garcia-Sanchez „Local impact of load cycling on degradation in polymer electrolyte fuel cells”, Applied Energy (2020)

Mitzel, “Operando and ex-situ investigation of PEMFC degradation“ ECS Transactions (2019)
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 Modelling of mechanisms and designs & Simulation (WP3)

Modelling of MEA components

 Modelling of CCM materials  Simulation of GDL microstructure, 
properties and degradation impact 
on FC operation

 Assessment of conditions impact, support to AST development and AST simulation

P.Sarkesi Selsky Parametric studies on capillary hysteresis” (DLR) (to be published) “Lattice Boltzmann 
simulation of liquid water transport in gas diffusion layers of proton exchange membrane fuel cells: 

 Simulation of drive cycles on the long-term 
with Pt particles degradation  LP AST simulation 

Realistic aging of LP AST vs AST under H2/N2

 Cell designs simulations

B. Randrianarizafy, “Modelling carbon corrosion during a PEMFC 
startup: simulation of mitigation strategies”, Energies 13 (2020)

A. Bisello, “The effects of Platinum oxide species 
on performance degradation in Polymer 
Electrolyte Fuel Cells”, EFC19 

P. Sarkezi-Selsky “Lattice-
Boltzmann simulation of two-
phase flows in the GDL and
MPL of Polymer Electrolyte
Fuel Cells”, EFCF 2019

T. Jahnke, “Physical Modeling of Catalyst Degradation
in Low Temperature Fuel Cells: Platinum Oxidation,
Dissolution, Particle Growth and Platinum Band
Formation”, J. Electrochem. Soc. (2020)
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Development of new ASTs

 GDL AST  Start-up AST

 New AST load cycles based on drive cycles

E. Colombo, “Local
degradation study of 
PEMFC during start-
up and shutdown
cycling”, EFC19

88 

 

In order to make possible the comparison between tests on different hardware, only the specific 

segment that undergoes the maximum potential is considered. As clearly visible, the performance 

loss after 200 cycles of start-up in real system can be effectively reproduced with the proposed 

SU-AST. In Table 15, the ECSA loss in real start-up operation, obtained with segmented cell, is 

compared with the one observed with SU-AST in New reference single cell: the obtained values 

are similar, suggesting a high representativeness of the proposed AST; an ex-situ characterization 

is planned in WP2 to further confirm that the same degradation mechanism is occurring.  

So, a direct correlation between real-world operation and proposed AST is found: the acceleration 

factor is close to 1. A preliminary analysis about the relevant transfer function is discussed in task 

4.4. In the future, a higher acceleration factor might be sought, if shorter testing time is required. 

 
Figure 91: Compar ison between SUSD in segmented-cell and SUSD-AST . iR-free polar ization curve performed at 

80°C – RH  1/1, P = 250/230 

 

Analysis of Pt dissolution with Polimi prototype of new reference single cell. 

In this task, the DoE Electro-catalysts AST was tested on POLIMI version of reference single 

cell, in order to evaluate the effect of operating conditions, as stressors, on the performance loss. 

The MEA was characterized by recording a specific set of polarization curves, following the 

protocol described in Task 1.3. The purpose of these protocol is to evaluate material performance 

and performance evolution under AST, at typical operating conditions of cathode inlet/outlet and 

cold/hot operating conditions (related to hot/cold part of driving cycle adopted in the project). 

After BoT characterization the cell was operated under Electrocatalyst AST protocol. 

Intermediate stops were performed after: 0 – 10 – 100 – 1k – 5k – 10k – 20k cycles. 

Electrochemical methods, as CV and LSV, were applied at every stop and ECSA was estimated 

(Figure 92) while polarization curves (only EU-Harmonized and CatInCOLD, see Task 1.3 for 

nomenclature) and limiting current test were executed only at 1k – 5k – 10k – 20k cycles.  The 

entire characterization was then performed at EoT. Before performing each characterization 

module, the cell was refreshed by a shutdown procedure in order to recover reversible degradation 

effects. The results of voltage change between BoT and EOT, for EU-Harmonized and 

CatInCOLD (ID-FAST operating conditions for stack testing) is depicted in Figure 93, while the 

ones related to CatOutCOLD and CatOutHOT are reported in Figure 94, including the effect of a 

lower oxygen fraction. 

Similar impact confirmed by 
comparison to real start-up

A. Bisello “In-operando 
investigation of the 
degradation 
mechanisms during 
startup/shutdown in 
PEMFC for automotive 
application”, FDFC 
2019

P. Gazdzicki “Carbon 

corrosion in PEMFC: 

linking startup / 

shutdown and 

accelerated stress 

tests”, EFCF 2019

Corrosion of carbon support related 
to Start-Up / Shutdown

Cf. the technical presentations
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