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Overview

 Experimental procedures, programs and campaigns from HYDRAITE project are 
presented.

 Results examples for stack level measurements using HYDRAITE procedures 
and HYDRAITE or HyCoRA stacks

 Preliminary results of gas analyses applied in the FC measurements



Experimental procedures, programs and 
campaigns in HYDRAITE project



Overall work distribution in WP2 
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Test modules, test programs and test campaigns 
for stacks illustrated for Task 2.1

 The experimental work is 
planned using Stack-test 
project recommendations.

 Test programs (typically for 
one day, 6-12 hours) has 
been built from test modules. 

 Ten such programs form a 
test campaign for one stack 
by one partner.
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Test campaigns - 15 campaigns for Task 2.1
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BoL  Campaign 1  Campaign 2  Campaign 3 EoL before S-poisoning in 
Task 2.2 

Stacks 1-3 for months 1-12 
Powercell VTT NPL ZSW Powercell 
Break-in, FAT 
and Reference 
CO-poisoning 

Reference characterization &  
Reference CO-poisoning x 2 

• 0.5 ppm CO (2 reps) 
• 0.2 ppm CO (2 reps) 
• Internal AB (13-CO) 

Reference characterization &  
Reference CO-poisoning x 2 

• 0.2 ppm CO 
• Internal AB (13-CO) 

Reference characterization &  
Reference CO-poisoning x 2 

• 0.5 ppm CO 
• 0.2 ppm CO 

Reference CO-poisoning 
and FAT 

 
Powercell ZSW CEA VTT Powercell 
Break-in, FAT 
and Reference 
CO-poisoning 

Reference characterization &  
Reference CO-poisoning x 2 

• 0.5 ppm CO (2 reps) 
• 0.2 ppm CO (2 reps) 
• CO (0.2 ppm) & CO2 (0/2/20 

ppm)  

Reference characterization &  
Reference CO-poisoning x 2 

• 0.5 ppm CO 
• 0.2 ppm CO 

Reference characterization &  
Reference CO-poisoning x 2 

• 0.5 ppm CO (2 reps) 
• 0.2 ppm CO (2 reps) 
• CO (0.2 ppm) & CO2 (0/2/20 

ppm) 

Reference CO-poisoning 
and FAT 

 
Powercell NPL VTT CEA Powercell 
Break-in, FAT 
and Reference 
CO-poisoning 

Reference characterization &  
Reference CO-poisoning x 2 

• 0.05 ppm CO (2 reps) 
• 0.2 ppm CO (2 reps) 
• Internal AB (13-CO) 

Reference characterization &  
Reference CO-poisoning x 2 

• Internal AB (13-CO) 
• 0.5 ppm CO (2 reps) 
• 0.2 ppm CO (2 reps) 

Reference characterization &  
Reference CO-poisoning x 2 

• 0.05 ppm CO 
• 0.2 ppm CO 

Reference CO-poisoning 
and FAT 

Stacks 4-5 for months 13-24 
Powercell CEA SINTEF VTT  Powercell 
Break-in, FAT 
and Reference 
CO-poisoning 

Reference characterization &  
Reference CO-poisoning x 2 

• 0.5 ppm CO 
• 0.05 ppm CO 

Reference characterization &  
Reference CO-poisoning x 2 

• 0.5 ppm CO 
• 0.2 ppm CO 

Reference characterization &  
Reference CO-poisoning x 2 

• 0.5 ppm CO 
• 0.05 ppm CO 

CO reference poisoning 

 
Powercell SINTEF VTT ZSW Powercell 
Break-in, FAT 
and Reference 
CO-poisoning 

Reference characterization &  
Reference CO-poisoning x 2 

• 0.05 ppm CO (2 reps) 
• 0.2 ppm CO (2 reps) 
• Internal AB (13-CO) 

Reference characterization &  
Reference CO-poisoning x 2 

• Internal AB (13-CO) 
• 0.2 ppm CO 

Reference characterization &  
Reference CO-poisoning x 2 

• 0.05 ppm CO 
• 0.2 ppm CO (2 reps) 
• 0.5 ppm CO (2 reps) 

CO reference poisoning 

 

0.35 ppm 
or
0.8 ppm

0.35 ppm 
or
0.8 ppm

 Each stack is 
measured by three 
partners. 

 Each measurements 
is repeated 2 or 4 
times by 2 partners.

 Used stack are sent 
to Sulphur poisoning 
testing (Test 2.2)



Example of test campaign details (VTT 1-1)

 One campaing (e.g. 1-1) 
contains ten days.

 In each day one program
is used.

 One program consists in 
several test modules 
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Test modules for Task 2.1 (and other Tasks) 
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Test programs for 
Task 2.1 (Study of 
reversible impurities )
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 The CO levels 0.35 ppm or 
0.8 ppm may be added if 
0.05 ppm level is not usable.

 The details for the program 
for 13CO oxidation rate (IAB 
effect) are still developed

 New results for CO2
importance may change 
CO+CO2 programs 



Test conditions for S2 – mild automotive conditions
(limited by pressure ratings of components)
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The nominal current density is 0.6 Acm-2. 50% of nominal current 
density is 0.3 A cm-2 and all the measurements are started from this 
current density and returned to this current density.

This is also the minimum current density for stoichiometry operation 
(stoic 2). The cathode flow rate is kept constant (19.4 dm3/min) if 
current density is reduced.



Stacks used in measurements: S2 and S3 
from Powercell Sweden

 Anode MEA 0.05 mgPt/cm-2 with or without CRT additives
 In this S2 version MEA has 191 cm2 active area.
 Low pressure drop, easy integration, but only 1.2 Acm-2 max i
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Result examples from different test procedures and 
programs 



Example – start-up and preconditioning procedures
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 The purpose 
of the pre-
conditioning 
is to ensure 
controlled 
and similar 
status of the 
stack before 
specific tests

 The Stack-test project 
start-up procedure 
adapted for operating 
with recirculation and 
dead-end mode
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Time (min)Time (min)

Example – start-up and preconditioning procedures

 Steps validated with HYDRAITE PC-S2 stack



Example – polarisation curve procedure
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 Current density 
steps are stack 
design related 
(here for S2) 



Example results – polarisation curve HYDRAITE
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Time (min)

Minimum flow 
rate below
0,3 A/cm²

 Test conducted at several partners
(performance consistent with PC data)
 Procedure ok – Test to be repeated for final validation



Example results – CO reference poisoning
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 The purpose with CO reference 
poisoning is to 
a) Verify that stack has not been aged 

too much during previous tests
b) Verify that CO poisoning by different 

partners can give similar results

 The CO concentration is high to 
minimize effects of test station



Example results – reference (5 ppm CO) poisoning
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• Procedure ok
But still preliminary measurement
 done at 0.6 instead of 0.3 Acm-2



Example results – FC-DLC measurement
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Example results – FC-DLC with 0.2 ppm CO 

 Procedure tested on 
HyCoRA stack at NPL

 Low (95%) fuel utilisation
Still 150-200 ppm CO2

 No CO detected at the exit 
of the stack



Example results – 13CO measurement (HyCoRA stack)
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 A central part of the experimental work in WP2 in 
HYDRAITE project is to measure CO oxidation rate 
when CO contamination is proceeding using 13CO.

 In 13CO measurements the rate of CO oxidation is 
measured as a function of different parameters 
(pressure, recirculation rate).

 Low levels of CO oxidation can be measured from 
the level of 13CO2 formed. 

 Give very important information for the contamination 
risk model. 



Example results – 13CO measurement
 Test conducted at NPL with HyCoRA stack

• 2.5 ppm 13CO used 
• 12CO2 and 13CO2 measured at the anode 

recirculation loop. 

 First time CO oxidation rate measured in 
operated PEMFC
While significant amount of CO2 is present.

 Successful differentiation between
12CO2 from cross-over from the cathode
13CO2 produced by 13CO oxidation at the anode. 

 Next step: same but with increased fuel utilization
bleeding a total of 140 ml min-1 of dry gas out of 
the loop (low Uf 96.6%) - > 99% possible now. 
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Constant concentration   (140 ppm)

From 5 ppm to ca. 40 ppm 



Example results – on-line gas analysis implementation
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Time (h)
Gas (ppm)

CO2 peak area with µGC vs 
measurement with OFCEAS (ppm)

Evolution of gas peaks area measured with µGC (top) and CO2 
measured with laser IR (middle), cells voltage and current 

(bottom) during gas switch and stack operation



Time (min)

Example results – on-line gas analysis during 
preliminary reference (5ppm CO) poisoning test
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With 5 ppm CO some CO 
is seen immendiately at the exit

- 50 mV

 Test with HYDRAITE stack at CEA
 On-line measurement of CO ok
 To be added: CO2 and valid O2 

measurements

Used as preliminary information
Measurement done at 0.3 instead of 0.6 Acm-2

Measurement to be stopped with 50 mV voltage 
drop for the actual reference poisoning test



Example results – on-line gas analysis during FC-DLC 
with 0.2 or 0.05 ppm CO

HYDRAITE M2 Telco Meeting
05th April 2019

 Test conducted with 
HyCoRA stack

 Dilution system by NPL

 FC-DLC with 0.2 ppm CO ok
 FC-DLC with 0.05 ppm CO ok

During FC-Dynamic Load Cycles



Summary – Reversible impurities testing in HYDRAITE

 Experimental HYDRAITE procedures defined for Fuel Cell stack measurements
based on previous project and adapted to specific requirements for the anode side such as 

fuel recirculation, dead-end mode and fuel contamination

 Procedures implemented and validated at stack level
Preliminary measurements using HYDRAITE or HyCoRA stacks completed for each steps
First online gas analyses data available during FC measurements (particularly 13CO)

 On-going work and next steps
Complete application of the test programs for the different levels of CO concentration (down 

to 0.05 ppm when possible), CO+CO2 mixtures and sharing of the stacks among partners 
for comparison.
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