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In HyCoRA project Deliverable 1.2 has been prepared for
understanding the needs for development of analytical methods
and experimental PEMFC work with contaminants
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Deliverable 1.2 in HyCoRA
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Deliverable 1.2 in HyCoRA project
In this review, focus has been in measurements, which are
used for the determination of ISO 14687-2:2012 or in
which exit gas analysis and/or recirculation has been
applied
The review and text in standard ISO 14687-2:2012
indicate that limitations for number of the contaminants
may have been over-specified – since the data allowed
only conservative assumptions
The review shows the urgent need for developing anode
gas recirculation system for laboratory fuel cell test
stations for contaminant research with both single cells
and stacks.
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Importance of developing test procedures for
hydrogen fuel contaminant research
• H2 used in PEMFC is never 100% pure, it contains inert gases as well
as contaminants (CO being most important).
• The effect of contaminants and inert gases is dependent on (at least):
The operation strategy of the anode side.
Fuel utilization per pass and total fuel utilization (automotive).
Anode catalyst loading and type.
Temperature, pressure, relative humidity.
Concentration of the impurity
Membrane thickness.
Gas diffusion layer (GDL) transport properties (also cathode!).
Aging of the components.
Flow homogeneity in the stack.
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Open questions for automotive PEMFC research
Which are the most relevant contaminants?
What are most relevant anode Pt loadings?
What should be the temperature, pressure and humidity?
What is the most relevant duration of one measurement and what
should be the load profile?
How to simulate change of gases (H2, O2, N2) between anode and
cathode in start and stop and shut-down of the automotive
PEMFC?
How to simulate the effect of aging, i.e. BoL performance vs. EoL?
How to minimise the effects of test station, cross-contamination?
How to deal with cathode GDL water management (flooding)?
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Introduction

The effect of recirculation and fuel utilisation

• In automotive PEMFC, fuel utilization is over 99% (laboratory 50-80%).
Contaminants and inert gases can enrich over 100 times in anode
loop.
In laboratory test station enrichment is 2-5 times.
• In automotive PEMFC N2 is enriched up to 10-30%, even higher.
• Linear flow velocities are different in automotive PEMFC and in
laboratory cells.
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Single cell measurements with humid anode gas
recirculation – some example results
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Notice about the fuel cell data presented in
this presentation
Results contain still major
uncertainties
Anode has a very low
catalyst loading (0.05
mgPtcm-2) – very sensitive
to CO
The operating conditions are
not optimal for selected GDL
– GDL seriously flooded
As a consequence the CO
poisoning is order of
magnitude faster than in
number of publications
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The effect of recirculation and fuel utilisation
The change of single pass to recirculation operation mode
has been shown to have an extremely strong effect on
the contamination process of strongly adsorbing hydrogen
sulphide (Matsuda, et al., 2009).
The change of single pass to recirculation operation mode
has been shown to have a clear effect on CO
contamination (VTT, HyCoRA project result).
More data and measurements are needed to find out in
which cases the anode gas recirculation and high fuel
utilisation must be applied in H2 contamination research.
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When uf is low (70%), recirculation mitigates poisoning
(CO in at 20 min; MEA 0.4/0.05 mgPtcm-2 and SGL 24 BC)
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Comparison between single pass and recirculation
– test matrix
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The acceptable level of performance drop &
The duration of the measurements
The acceptable voltage drop should be such that FCEV can operate
safely and maintaining acceptable efficiency and durability. With the
knowledge of the authors, a suitable criterion for the average
voltage drop is 20-50 mV, while the weakest cell could experience a
voltage drop of up to 100 mV.
The use of continuous steady-state measurements for the FCEV is
questionable, as there are processes during start and stop (S/S) that
will affect the contamination dynamics.
If full power (e.g. 1.5 Acm-2) is applied, then the hydrogen in the
tanks of FCEV is consumed within one hour. If the FCEV is used at
constant low partial load (20 %, 0.2 Acm-2), then maximum
continuous operation time is 5-8 hours.
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Current density has a very large effect on the poisoning time!
However, this data is with counter flow and flooded cathode GDL
- multiplies the effect!

CO in at 20 min

16.11.2014

14

Current density effect – test matrix
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The importance of average load (current) &
The load (current) profile on the measurements
The average current during the measurement defines the hydrogen
consumption. Therefore, the molar rate of contaminants entering the
cell/stack will depend on the current level.
Most of the experiments presented in literature are made under steady
state conditions. However, it is known that the voltage of the electrode
(induced by the current profile) has a strong effect on the adsorption and
the desorption rate of the impurities, especially sulphur (Imamura and
Matsuda, 2011).
When discussing the use of a load profile, it is important to mimic the real
hybridised PEMFC system.
Following a load profile in measurements is feasible only with liquid cooled
single cell or stack.
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Load profile determination with hybridisation by VTT (Matlab)
Nonlinear NEDC scaling: Small car with 5-10 % BoP consumption

FC rated power chosen to match cycle
peak power demand of 36.23 kW =
100% in the chart
Variable
Vehicle mass
Rolling resistance
Standard gravity
Wind resistance coeff.
Air density
Front-side effective area
BoP idling power
BoP maximum power

Symbol

Value
1380 kg
0.009
9.81 m/s2
0.335
1.292 kg/m2
2 m2
0.05
0.1

The power profile shows sawtooth type peaks during acceleration
Not very easy to implement with artificial load
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The effect of start and stop (S/S)
The effect of S/S is of crucial importance, especially for CO
oxidation by oxygen permeating from the cathode through
the membrane. This process is generally referred to as
internal air bleed.
During a longer shut-down, there the remaining hydrogen
on the anode side will be consumed and a slow diffusion of
oxygen from the atmosphere to the anode will occur via
the cathode and through the membrane.
The effect of a shorter S/S is unclear.
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The importance of gas permeation through the membrane &
The importance of cross-contamination from cathode
If there is any sulphur in the cathode air, some of it can be
diffused on the anode. Due to the possibility of anode sulphur
contamination via cathode, the low limit (4 ppb) for sulphur
compounds in ISO 14687-2:2012 seems unreasonable.
St-Pierre, Zhai and Angelo (2014) have recently studied
systemically many potential airborne contaminants and have
discussed the probability of cross-contamination.
It has not been discussed if anode side fuel utilisation has
importance for cross-contamination from the cathode. The higher
the fuel utilisation, the higher will be the concentration of any
contaminant in the anode loop, including contaminants
(especially CO2) permeating from the cathode.
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The effect of contaminant dissolution
in product water (wash-out)
The dissolution to the product water (purged water) may
have a significant impact on the contamination mitigation
for those impurities, which are assumed to accumulate in
the anode recirculation loop. Most importantly, formic
acid has a Henry's law constant for solubility in water (at
298.15 K) of about 5000, and for formaldehyde the
Henry's law constant is about 5.
In their recent paper, St-Pierre, Zhai and Angelo (2014)
have discussed the importance of wash-out for the
selected airborne contaminants using Henry’s law
constants. A similar analysis for the contaminants on the
anode side would be useful.
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The logical tree, when the effect of impurity is studied
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The recommendations for the future
hydrogen contamination research
It must be verified when measurements can be done with a single
pass (open anode) and when they must be done with fuel
recirculation allowing similar fuel utilisation as in automotive PEMFC
systems (>99%).
Measuring the enrichment of contaminants in the anode
recirculation loop or anode exit is crucial because it provides
information about adsorption and reaction of impurities as well as
information about diffusion through the membrane (especially CO2).
The reactivity of some of the most problematic contaminants (in
terms of gas analysis) has not been measured. These include formic
acid and formaldehyde in particular. As discussed, these can also be
“washed out” from the cells/stacks.
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Conclusions concerning ISO 14687-2:2012 - 1
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Conclusions concerning ISO 14687-2:2012 - 2
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Which contaminant limits may be over-specified
ISO 14687-2:2012?
CO – maybe, but only a factor of 2-5
The CO tolerance is a strong function of number of parameters and
clear picture needs extensive amount of data.
The use of low loading PtPd may provide a solution?
Total sulphur – highly probable, as in the measurements the desorption
and wash-out in real life has not been taken into account
Formic acid – most probable candidate for major revision as the data
behind the limits in ISO 14687-2 does not consider conversion or washout.
Formaldehyde – as Formic acid, but the revision might be smaller.
The budget in HyCoRA project does not allow all of these – which are the
most important limits to be studied?
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