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Work package 2 - objectives

List of recommendations / harmonization
JRC involvement important
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Work package 2 - overview

Mitigating effect not seen in
open anode measurements
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Work package 2 - overview

E.g. removal of S through
the membrane
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Work package 2 – reversible impurities

Especially important when
hydrogen soak in SU/SD
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Work package 2 – irreversible impurities

OEM opinions needed

1. H2 soak
2. Air at
anode
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Work package 2 - deliverables
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§Realistic accumulation of impurities due to high fuel
utilization (>99%) is possible
§Best control for oxygen level in hydrogen
§ Oxygen from fuel, from recirculation present
§ Oxygen from the humidifier water avoided

§Realistic amount of CO2 in hydrogen
§ CO2 comes from the cathode
§ CO2 from the humidifier water avoided

§Sufficient amount of gas flow for gas sampling even
when high fuel utlisation is targeted

The motivation behind the approach
(stacks and anode recirculation)
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§During a stoppage air is let to fill anode
§“Long-Stop” in Stack-Test Test Module D-03:
Start/Stop Durability
§ No nitrogen is used on system side; tests on fuel cell test
benches may include nitrogen due to safety reasons
§ The stack is cooled down and in an off-state during Long-
Stop.
§ Anode compartment is air-flooded before restart and
Start-up.

§Must be done in a way so that no reverse current
decay (RCD) will not damage the stack
§Removes all CO by oxidation – clean surface
§ Important for reproducible CO/CO2 measurements

Start-up and shut-down methods
– air at the anode during SU/SD
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§ “Short stop” in Stack-Test Test Module D-03:
Start/Stop Durability
§May be difficult to do with FC test stations (safety)
§During a stoppage hydrogen is the cathode via
membrane and cathode compartment is closed
§Probably little removal of CO by oxidation
§ Accumulation from several refillings?
§ Formation/consumption of CO by WGS/RWGS reaction
during the shut-down?

Start-up and shut-down methods
– H2 at the cathode during SU/SD
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Oxygen issue in CO contamination
measurements

§Oxygen limit in ISO 14687-2:2012 is 5 ppm
§ In H2 samples several ppm found frequently
§ This is enough to mitigate about 50 ppb CO poisoning
§ The level of O2 in hydrogen should be controlled if lower

grade then 5.0 is used in experiments.

§Oxygen can be introduced in the hydrogen
from the humidifier water. In the worst case
the O2 level can be tens of ppm.
§ This will have a very strong impact on CO poisoning

measurements when < 1 ppm CO levels are studied

§ Oxygen is introduced in the hydrogen stream,
as recirculated hydrogen will contain some ppm
or tens of ppm oxygen (by Matsuda et al.)
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Oxygen permeation through the
membrane
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O2 detected at the exit of the PEMFC
– 10 times more than in ISO 14687

§ 30-75 ppm oxygen is detected at
the anode exit, depending on CO
poisoning level

§ The result is valid for 60° C,
atmospheric pressure, 1 Acm-2

and 0.11 mgcm-2 Pt loading

§How in other conditions?
§ Will be measured in HYDRAITE

measurements as a part of gas
analysis, which are applied in all
measurements

~ 75 ppm O2

~ 30 ppm O2
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• O2 is recirculated at the level of tens of ppm all the time even at
atm conditions, according to single cell measurements

• With a typical selectivity of 1%, these would mitigate 0.3-0.75 ppm if used
as ”air bleed” – actual level at the inlet depends on recirculation rate

• Recirculation may have a beneficial effect in CO poisoning
compared to open anode due to recirculated oxygen.

• For durability of membrane and catalyst layer (H2O2 formation) the effect
might be negative.

The effect of recirculation for CO poisoning
is unknown

Oxygen
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Experimental challenges for CO and CO2
tolerance measurements (Task 2.1)

§O2 level of the hydrogen used should be controlled for all
measurements. 5 ppm O2 will mitigate approximately 50 ppb CO

§ Anode humidifier issue is already avoided by using anode gas
recirculation for the humidification

§ For CO tolerance measurements the detection level of gas
analysis equipment should be at least the same as for
contaminant level (50-500 ppb for CO)

§ For measurements to study internal air bleed effect MS or GC-MS
needed for measuring 13CO2 or 13C16,18O2 or C16,18O2
§ About 1-2 ppm detection limit is needed to measure the effect of internal air bleed, if

enrichment factor of 100 can be achieved
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Measuring CO oxidation rate measuring
from 13CO2 production

In anode fuel
H2 and 13CO

In recirculated anode gas 13CO2 is accumulated to
the level of ppms when fuel utilisation is high

13CO is adsorbed and
oxidised to 13CO2

Flow rate and 13CO2 are measured
in exit anode gas bleed

Þ  CO oxidation rate can be calculated

Oxygen from the
cathode

§CO oxidation rate will be dependent on
§ Experimental conditions
§ Permeation rate, selectivity for CO oxidation vs. H2 oxidation

§Membrane thickness
§ Anode catalyst!!!
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13CO2 production measured from
recirculation gas – VTT plan for kW unit

§Measurement of contaminants from the recirculate gas
§ No tile lag for GC, but removal of some humidity and some impurities

§ Bleed can be down to 1 ml/min but the time lag is then 20-30
minutes for 13CO2 measurements as MS/GC-MS is far away
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13CO2 production measured
from exit gas – VTT plan for G60

§ Time lag (minutes) due to exit gas treatment system volume
§ Bleed can be down to 1 ml/min but the time lag is then 20-30
minutes for 13CO2 measurements as MS/GC-MS is far away



1914/03/2018 19

Experimental challenges for S-
contamination and desorption
measurements

§ S-measurement (preferably H2S and SO2 but total S is ok)
with detection level of few tens of ppb.
§ Condensing and collection of anode exhaust water
§ H2S and SO2 dissolve in water
§ Possibly measurement of cathode gas/exhaust water

§ Capability to perform CO tolerance measurements
§ Exit gas CO measurement preferred, but not mandatory
§ Control of O2 level for the used hydrogen

§ Capability to perform at least 2 different SU/SD
procedures applied (or planned) by automotive industry
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Summary

§ The plan for reversible impurities is quite fixed in DoA

§ The plan for irreversible impurities is less fixed

§ The procedures are not fixed, only general principles

§ Feedback from OEM is needed
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