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Overview

= EXxperimental 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

METROLOGY @a T
HYDROGEN VEHICLES =




Experimental procedures, programs and
campaigns in HYDRAITE project
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Overall work distribution in WP2

Partner VIT SINTEF CEA 7ZSW ZBT NPL Total effort
Task, impurity measurement type days | period | days | period | days | period | days | period | days | period | days | period
2.1 CO 0.5 ppm tolerance 10 MI1- 5 M13- 10 MI1- 10 MI1- 35
M24 M24 M24 M24
2.1 CO 0.2 ppm tolerance 10 MI1- 5 M13- 10 MIl- 10 MI1- 5 MI1- 40
M24 M24 M24 M24 MI2
2.1 CO 0.05 ppm tolerance 10 MI1- 5 MI13- 10 MI1- 5 M1- 5 MI1- 35
M24 M24 M24 M24 MI12
2.1 O; effect for CO tolerance 15 M1- 5 M13- 10 M1- 30
(internal AB) M24 M24 MI12
2.1 Mixed effect of CO + CO, 5 MI- 5 MI- 10
MI12 M12
Task 2.1 total 50 20 30 30 20 150
2.2 Sulphur contamination recovery 30 M16- 30 MI1- 30 M1- Task 2.2
M30 M30 M30 | 90
2.3 New impurities from HRS - ionic 30 MI13- |20 | MI13- | 30 M13- 20 MI13- | Task 2.3
liquids, halogenates, hydrocarbons M35 M35 M35 M35 | 100
2.4 Mixtures (e.g CO, S, CO») 20 MI13- | 15 MI13- | 15 M13- 20 M13- | Task 2.4
including new mixtures HRS M35 M35 M35 M35 |70
2.5 New MEAs CO 0.5 ppm 10 + | Ml16- 5 Ml6- |5 MI16- 5 MI16- 20 (S2) + 10
tolerance - S2 stack with new anode 5(83) | M35 M35 M35 (S3) | M35 (S3)
Pt alloy (0.02 mgem-2)
2.5 New MEAs CO 0.2 ppm 10 MI16- 10 10 MI16- 10 M16- 40 (S3) + 10
tolerance - S3 stack and high current 5| M35 k5 M35 M35 (82)
(52) (82)
2.5 New MEAs CO 0.05 ppm 5 M16- 10 M16- | 10 MI16- 15 MI16- 40 all S3
tolerance - S3 stack and high current) M35 M35 M35 M35
2.5 New MEAs O; eftect for CO 5 MIlo6- 5 Mlo6- 10 all S2
tolerance (internal AB). Ultra-thin M35 M35
MEAs or/and new anode Pt alloy
2.5 Mixed effect of CO + CO» with 10 M16- 5 M16- 5 M16- 20 all S2
new anode Pt alloys M35 M35 M35
Task 2.5 total | 50 15 35 20 30 150
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Test modules, test programs and test campaigns
for stacks illustrated for Task 2.1

= The experimenta| work is Input parameters Pass [ fail criteria
planned using Stack-test * +
project recommendations. o st roram 4 Test

= Test programs (typically for g 2 [ 177 for stackx
one day, 6-12 hours) has panner

been built from test modules.

= Ten such programs form a
test campaign for one stack
by one partner.
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est campaigns - 15 campaigns for

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)

1-1VTT 1-2 NPL 1-3 Z8W
2-1 ZSW 2-2 CEA 2-3VTT
aS k 2 . 1 3-1 NPL 3-2VTT 3-3 CEA
4-1 CEA 4-2 SINTEF 4-3VTT
5-1 SINTEF 5-2VTT 5-3 ZSW
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 Reference characterization & Reference characterization & Reference characterization & Reference CO-poisoning
and Reference Reference CO-poisoning x 2 Reference CO-poisoning x 2 Reference CO-poisoning x 2 and FAT
CO-poisoning e 0.5ppm CO (2 reps) e 0.2ppmCO e 05ppmCO
e 0.2 ppm CO (2 reps) e Internal AB (13-CO) e 0.2ppmCO
e Internal AB (13-CO)
Powercell I ZSW i CEA VTT Powercell
Break-in, FAT ! Reference characterization & i Reference characterization & Reference characterization & Reference CO-poisoning
and Reference | Reference CO-poisoning x 2 i Reference CO-poisoning x 2 Reference CO-poisoning x 2 and FAT
CO-poisoning | e 0.5ppm CO (2 reps) i e 0.5ppmCO e 0.5ppm CO (2 reps)
i e 0.2 ppm CO (2 reps) i e 0.2ppmCO e 0.2 ppm CO (2 reps)
i e CO (0.2 ppm) & CO2 (0/2/20 i e CO (0.2 ppm) & CO2 (0/2/20
I M) ! ppm)
Powercell NPL VTT CEA Powercell
Break-in, FAT Reference characterization & Reference characterization & Reference characterization & Reference CO-poisoning
and Reference Reference CO-poisoning x 2 Reference CO-poisoning x 2 Reference CO-poisoning x 2 and FAT
CO-poisoning e 0.05ppm CO (2 reps) e Internal AB (13-CO) e 0.05ppm CO
e 0.2 ppm CO (2 reps) e 0.5ppm CO (2 reps) e 0.2ppmCO
e Internal AB (13-CO) e 0.2 ppm CO (2 reps)
__________________________________ ’ Stacks 4-5 for months 13-24
Powercell i CEA i SINTEF VTT Powercell
Break-in, FAT i Reference characterization & i Reference characterization & Reference characterization & CO reference poisoning
and Reference | Reference CO-poisoning x 2 | Reference CO-poisoning x 2 Reference CO-poisoning x 2
CO-poisoning | e 0.5ppmCO | e 0.5ppmCO e 0.5ppmCO
|+ 005ppmCO | * 02ppmCO * 0.05ppm CO
Powercell SINTEF VTT ZSW Powercell
Break-in, FAT Reference characterization & Reference characterization & Reference characterization & CO reference poisoning
and Reference Reference CO-poisoning x 2 0.35 ppm Reference CO-poisoning x 2 Reference CO-poisoning X 2 o.35 ppm
CO-poisoning e 0.05 ppm CO (2 reps) 'grs e Internal AB (13-CO) e 0.05ppm CO —»or
.0 ppm

e 0.2 ppm CO (2 reps)
e Internal AB (13-CO)

e 0.2ppmCO

e 0.2 ppm CO (2 reps) %8 PPm
e 0.5 ppm CO (2 reps)
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Example of test campaign details (VTT 1-1)

Day 1/ Begin and end characterisation
e A start-up - modified stack-test
Break-in
Preconditioning
Polarisation curve
Reference CO-poisoning

Day 6 / "*CO — conditions A
e A start-up - modified stack-test
. Preconditioning
. Internal AB — measurement 1 A
e  Shut-down - safe air purge

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

L
L]
L]
L]
e Shut-down — safe air purge
2/0.5 ppm FC-DLC

e  Astart-up - modified stack-test

e Preconditioning

e 0.5ppm CO with FC-DLC (max 6 hours)
e  Shut-down — safe air purge

Day

Day 7 / 3CO - conditions A
e A start-up - modified stack-test
. Preconditioning
¢ Internal AB — measurement 1 B
e  Shut-down — safe air purge

* In each day one program

Day 3 /0.5 ppm FC-DLC
e A start-up - modified stack-test
e Preconditioning
e 0.5ppm CO with FC-DLC (max 6 hours)
e  Shut-down - safe air purge
Day 4 /0.2 ppm FC-DLC
e A start-up - modified stack-test
e  Preconditioning
¢ 0.2 ppm CO with FC-DLC (max 6 hours)
e  Shut-down — safe air purge
Day 5/0.2 ppm FC-DLC
¢  Astart-up - modified stack-test
e Preconditioning
e 0.2 ppm CO with FC-DLC (max 6 hours)
e  Shut-down — safe air purge

Day 8/ '*CO - conditions B
e A start-up - modified stack-test
. Preconditioning
. Internal AB — measurement 2 A
e  Shut-down - safe air purge
Day 9/ '*CO - conditions B
e A start-up - modified stack-test
e Preconditioning
. Internal AB — measurement 2 B
e  Shut-down — safe air purge
Day 10 / Begin and end characterisation
e A start-up - modified stack-test
Break-in
Preconditioning
Polarisation curve
Reference CO-poisoning
Shut-down — safe air purge

IS used.

* One program consists Iin
several test modules
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METROLOGY
<




Test modules for Task 2.1 (and other Tasks)

Test module

Title

Comment

Test module TM 1

Shut-down without air

Not used normally

Test module TM 2

Shut-down with air

The default

Test module TM 3

Shut-down with hydrogen soak

Only for S-measurements

Test module TM 4

A start-up

Test module TM 5

A start-up after hydrogen soak

Only for S-measurements

Test module TM 6

Break-in procedure

Test module TM 7

Preconditioning

Test module TM 8

Polarisation curve

Test module TM 9

Reference CO-poisoning

5 ppm CO

Test module TM 10

|AB effect measurement

Internal air bleed using *CO

Test module TM 11

CO and CO+CO; with FC-DLC

C0O: 0.05, 0.2 and 0.5 ppm
CO2: 0 ppm, 2 ppm, 20 ppm

Test module TM 12

CO and CO+CO, with steady-state

C0O: 0.05, 0.2 and 0.5 ppm
CO2: 0 ppm, 2 ppm, 20 ppm
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Test programs for
Task 2.1 (Study of
reversible impurities )

= The CO levels 0.35 ppm or
0.8 ppm may be added if
0.05 ppm level is not usable.

* The detalls for the program
for 13CO oxidation rate (IAB
effect) are still developed

= New results for CO,
Importance may change
CO+CO, programs

Test program Title Comment
Test program P-01 Reference characterization Break-in, Pol curve and ref CO. Day
1 and day 10.

Test program P-02

IAB effect measurement 1

Selected parameters 1 (cathode or
cathode/anode pressure asin NPL
first measurements in campaign 3-
1)

Test program P-03

IAB effect measurement 2

Selected parameters 2 (anode
recirculation rate as in NPL in
campaign 3-1)

Test program P-04

FC-DLC measurement with CO level

0.05 ppm CO

Test program P-05 FC-DLC measurement with CO level
0.2 ppm CO

Test program P-06 FC-DLC measurement with CO level
0.5 ppm CO

Test program P-07

FC-DLC measurement with CO level
0.2 ppm + 2 ppm CO;

Test program P-08

FC-DLC measurement with CO level
0.2 ppm + 20 ppm CO;

Test program P-09

Steady-state measurement with CO
level 0.2 ppm CO

Optional. For comparing FC-DLC
and steady-state.

Test program P-10

Steady-state measurement with CO
level 0.5 ppm CO

Optional. For comparing FC-DLC
and steady-state.

Test program P-11

FC-DLC measurement with CO level
0.5 ppm CO and H2 soak.

Optional. For comparing SU/SD
procedures.
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Test conditions for S2 — mild automotive conditions
(limited by pressure ratings of components)

hydrogen quality is lower than 5.0.

Parameters Symbol Unit Values
Nominal stack operating temperature | T.Si,CL G 80
at stack inlet
Fuel gas inlet temperature T.Si.A °C 85
Fuel gas inlet humidity RH.Si.A % RH 50 @80°C
Will depend on recirculation rate. At °C 64
-2
Iowy pgwer (less tl:an 0.'6 Acm. ) dew e (1.5 single pass
point is over 64 °C, since minimum v .
el fuel stoic)
flow rate must be maintained.
W Fuel gas outlet pressure (absolute) p.So.A kPaa 130
(=)
O | Fuel gas composition / purity Conc.Si.A.H2, According to H2
< . . 5.0 quality with
< | p. 5in DoA: The level of oxygen in the | Conc.Si.A.GasX : q
hydrogen fuel is also controlled if details, when
needed

(CO/CO2 more
than 20% of ISO
limits).

Parameters Symbol Unit Values
Oxidant (or air) gas inlet humidity RH.Si.C % RH 50 @80°C
DPT.Si.C °C 64

Oxidant gas outlet pressure p.Si.C kPaa 120

Oxidant Conc.Si.C.02, According to
g Conc.Si.C.GasX 28:%10 R
5 Cathode stoichiometry Stoic.S.C 2.0

Minimum  current  density for | |.S.MinGasFlow | A/lem2 0.3

stoichiometry operation

Minimum air flow rate [.S.MinGasFlow | dm3/min | 19.4

value for 10 cell S2 stack

= max. (1.2 Acm). This recirculation
rate (single point) is used in all
measurements, excluding possibly
*CO measurements.

Fuel stoichiometry Stoic.S.A 1.01 (99% total
fuel utilisation)

Single pass fuel stoichiometry Stoic.sp.A About 15 at

The target is to have 50% RH when i 100%, which Is
14-16 lpm.!

The nominal current density is 0.6 Acm=2. 50% of nominal current
density is 0.3 A cm2 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.
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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 |

| ' Max continuous temperature 85 °C
| Humidity Non-condensing at inlet
Fuel Pressure < 1.2 Bar (9)
Coolant pressure < 1.5 Bar (g)
g b A Ambient temperature -30-70°C
W Fuel composition (dry basis) 40-100 % H2 (0-60% inert dilutants, i.e. He + N2 + Ar)
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Result examples from different test procedures and
programs
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Example — start-up and preconditioning procedures

< Start Startup >

L]

| Start stack temperature controls

| T.Si.CL.set =30°C
F.Si.CL.set = min flow

F.5i.C.N2.set = F.5i.CAmin

if possible to control.

‘ Purge cathode side, stack, humidifier and by-

Cathode purged first,
pass lines with inert gas (wet or dry N2). ‘

If there has been H2

leakage on the anode

02/02+H2 system is
possible

Purge anode side, stack, humidifier and by-
F.5I.AN2.set =F.5.Amin

pass lines with inert gas (wet or dry N2).

| Start recirculation pump, bypass humidifier |

Avoid
condensation!

Increase stack and reactant temperatures and

start reactant humidification

T.5i.CL.set = nominal
‘ T.51.A/C.set = T.5i.CL.set + 5K

DPT.5i.C.set = T.5i.CLset — 10K

No—n-| Wait until stack warmed up

At the same time —no

L
3
¥ . . . long delay!
F.5i.A.H2.set = F.5i.Amin
| Start reactant feed ‘ F.5i.Cair.set = F.5.CAmin or
H2 first to avoid 02/
02+H2 gystem

U.S.MinCell z 0.9V No—b-{ Wait until all cells reach OC

L

§

Increase stack load stepwise to minimum value Idens.S.set = 0.2 Afem?

No Wait until stack temperature exeeds
reactant DPT

I
"

¥ F.5i.A.H2.set = noeminal
| Increase rectant flows to nominal values | F.Si.C.air.set = nominal

T.5i.CL > DPT.SI.C
should be valid all the
time!

Purge parameters needsto

ack-test ﬁ“f“éi)ject

p.5o0.C.set = nominal

Transition to dees

Increase reac

Nominal or highest

pohhllﬂp in I.'hptm.[
srocedure:-
It b ched.

Cathode humidity is increased stepwise, when

circulation and

Idens.5.set = 0.3 Afem?

-end mode

nominal value

- dea

< Start Break-in >~l—
v

Increase load to nominal value with 300 sec
ramp

v

Keep nominal load for 60min

v

v

Increase to high load, keep constant for 2 min

Stability criterion fulfilled? No—p=

§

Keep nominal load for 20min

v

Decrease load to 50 % of nominal value with
XXX Sec ramp

( Break-in finished )

After al[proced.ures,|0E | The purpose

nominal valu

Idens.S.set = 0.6 A/cm?

Idens.S.set = 0.6 A/cm?

Decrease to low load, keep constant for Zmin ﬁ Idens.S.set = 0.2 A/cm?

Idens.S.set = 1.2 A/cm?

Idens.S.set = 0.6 Afcm?

Idens.S.set =0.3 A/cm?
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Cell average voltage (V)
& Current density (A/cm?)

Example — start-up and preconditioning procedures

Anode flow (NI/min) &
Stack outlet temperature
9]

Anode & Cathode
Pressure (Bar)

80

60

40

20 I

1.5
141 i ;

1.2

e e e
1.0 ;

0.9

081 i N

0.6

04

0.2 ,
' P Aa— :

0.0- : :
175 177 179 181 183 185 187 189 191 193

Time (min)

—5Stack outlet temperature (°C)
— Anode flow (NI/min)

— Cathode flow (NI/min)
—Cell average voltage (V)

— Current density (A/cm?)

- Cathode pressure (Bar)

— Anode pressure (Bar)

Cell average voltage (V)
& Current density (A/cm?)

Anode flow (NI/min) &
Stack outlet temperature
()

Anode & Cathode
Pressure (Bar)

80
60

40

20 §

0 '

15
14 |
139
1.2
11}
1.0
0.9 !

10 :

0.8 ’?\‘

'
'
'

0.6
04 \_/

0.2

0.0

195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285

Time (min)

v’ Steps validated with HYDRAITE PC-S2 stack
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Example — polarisation curve procedure

Step Load [%] i/ Acm”-2 dwell
1 100 1.2 5
After all procedures, load is in 50% 2 90 1.08 5
nominal value 3 30 0.96 5
< . ool . > 4 60 0.72 5
tart Polarization Curve
+ Since recirculation rate is the same 2 20 0.43 >
asin 50% nominal value no 6 20 0.24 >
Increase load to maximum value with XXX sec adjustment is needed. 7 10 0.12 2
ramp Ramp rate test station dependent ) 5 0.06 p)
9 2 0.024 2
10 0 0 2
Stability criterion fulfilled ? No— Wait until criterion fulfilled
11 2 0.024 2
s 12 5 0.06 2
L A careful selection of parameters. 13 10 0.12 2
Measure polarisation curve Table to be made for i and flows. 14 20 0.24 5
+ Otherwise, r:u:amln al state 15 20 0.48 5
conditions.
Decrease load to 50% nominal value with XXX 16 60 0.72 5
sec ramp
. 17 80 0.96 5
[ |
{ Current density 8 % Lo :
( Polarization Curve finished ) Steps are StaCk 19 100 1.2 5
Total time

design related
(here for S2)

METROLOGY @
HYDROGEN VEHICLES ;




V/cell.

Example results — polarisation curve HYDRAITE

—Stack outlet temperature (°C)

3 e
[ ' — Anode flow (NI/min) z E
“x,ﬁ —Cathode flow (NI/min) SE
0.9 —Cell average voltage (V) s52
\a — Current density (A/cm?) 33
0sl 5 - Cathode pressure (Bar) 2%
' e — Anode pressure (Bar) 2
\\RH\\R o
] 3
07+ \\“9\ 25
KH "3' %
e 3 3
. Iy
06 N e a
. 2
- .
0.5 \\ﬁ\m % “‘E\
"“-\.\ S
8 £3
S%
0.4 ' ' ' ' ' ' .3
0 0.2 0.4 0.6 0.8 1 1.2 E =
| {A/cm?-Densité de courant} s 2
33
I=e]

» Test conducted at several partners
(performance consistent with PC data)

v Procedure ok — Test to be repeated for final validation

" 0.6 '
0.4 \
I

Bad cathode flow and pressure control when workingat
MFC maximum =» MFC range will be steppedup.

I 1
— ———

80

60 i—Minimum flow
i rate below i
40 i 0,3 Alcmz |

20 - "W R HM

0 b

1.5
1.4 :
1.3 g
1.2 :
1.1
1.0
0.9

1.0 T—l_\_

0.8

0.2 i_]—IIII‘Ji:
0.0~

280 290 300 310 320 330 340 350 360 370
Time (min)

METROLOGY
e




Example results — CO reference poisoning

* The purpose with CO reference

After all procedures, load is in 50%

nominal value. CO ref - - -
< Start CO reference measurement > m:z;szzn;::nt::;ig?t?;:i:h pOISOnIng IS tO
a) Verify that stack has not been aged
eep the load 30 minutes ecord base level average voltage . .
=t f“ : R iy too much during previous tests

Target is 50 mV steady state

Feed 5 ppm CO average voltage drop vs. base b) Ve”fy that CO pOISOnIng by dlfferent

level in less than 60 minutes. . . .
partners can give similar results
@ No—# Keep the load

—
[y}

( CDreferencemelurementﬂnished ) Ssaggczézfﬁgzg:::ntfrﬁS - The CO COncentratlon IS hlgh to

wouidbe posstie minimize effects of test station
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Example results —reference (5 ppm CO) poisoning

52 £ £ i ™\ —Stack outlet temperature (*C)
g5z2 — Anode flow (NL/min)
5833 | | —cathode flow (NL/min)
§2° 2 — Anode pressure (H_PT_02)
0 —Cathode pressure (O_PT_02)
- —Cells average Voltage (V)

Anode and cathod:
inlet pressure (bar

13
ﬁ |”~ * Procedure ok
— But still preliminary measurement

- done at 0.6 instead of 0.3 Acm2

Time for AV = 50 mV = 38 min

65 70 75 80 85 90 95 100 105 110 115 120 125
Time (min)
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Example results — FC-DLC measurement

After all procedures, load is in 50% 3 FC-DLC with pure H2 followed by H2+CO
< Start CO/CO2 measurement > nominal value (i=0.3 Acm ). Reference voltage value FC-DLC until 50mV loss at 100%
CO ref measurements is done with at 100% load in the end )
exactly same conditions ° (or maximum number of cycles about 15-25)
of 3 FC-DLC . o
Measure 2 x FC-DLC. Record average cell 120 """" 100------
voltage in the end of the second 100% step. B
[ 90
* LEJ 100 _________ §_3_O ______ Pure
Feed 0.05/0.2/0.5 ppm CO (+ x ppm C0O2) - (>5.0) H2
+ S; Pure +
- 70 (55,0 0.5 ppm
Measure FC-DLC. Calculate dV at 100% step. =— = 2 H2 o
n 0.70 - < 80— >
c © 1
) M 50 1
© o ]
2 0.50 ~ 3 57 :
c ]
@ _ E
= 0.35 oo ;
Stop feeding CO/CO2 8 10 E
y 0.15 -5 '
Increase or decrease load to 50% nominal O 06 _____________
value with XXX sec ramp . 0 !
+ 0 1000 2000 3000 4000 5000 6000 7000 8000 9000

< CO / CO2 measurement finished ) H_J Time /s

Total time 1181 s
METROLOGY @ .i‘t“
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Example results — FC-DLC with 0.2 ppm CO

300 —

250 -

200 -

100

N
m.

PureH, 0.2 ppm CO + CH, trace molecule
—— C02
CO [pmol/mol
CH4 [pmol/mol

400

+ 300

- 200

-4 100

CO, CO, and CH, / umolimol

= 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
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Example results — 13CO measurement (HyCoRA stack)

‘ ‘ After all procedures, load is in 50%
nominal value (i= 0.3 Acm™).
CO ref measurements is done with

< * > ety smecondtions = A central part of the experimental work in WP2 in

| Keep the load 30 minutes | Record baselevel average vohage HYDRAITE project is to measure CO oxidation rate

| d* | ToEtisce somy steady ste when CO contamination is proceeding using 13CO.

average voltage drop vs. base
levelin lessthan 4 hours.

Stability criterion fulfilled? No—#~ Keep the load

In 13CO measurements the rate of CO oxidation is
‘ Adjust new cathode p or anode recirc. rate |= measured aS a funct|0n Of dlfferent parameters
(pressure, recirculation rate).

Stability criterion fulfillad ? No—= Keep the load

. - Low levels of CO oxidation can be measured from
___d_:;_c;;es. For example. the |eve| Of 13C02 formed-

‘ A) cathode pressure 110 kPa-»
120 kPa -» 130kPa -» 140 kPa

All steps measured No

‘ Keep the load 30 minutes

+ B) H2 recirculation rate 100% ->

| Double ®CO lvel - Give very important information for the contamination
risk model.

No—#= Keep the load

Surface would be covered with CO
‘ Stop feeding Z*CO ‘ faor the SU/5D effect
+ measurements

< 2 CO measurement finished >

METROLOGY @
HYDROGEN VEHICLES .




Example results — 13CO measurement

Test conducted at NPL with HyCoRA stack
e 2.5 ppm 13CO used

« 12C0O, and 3CO, measured at the anode
recirculation loop.

v" First time CO oxidation rate measured in

operated PEMFC
While significant amount of CO, is present.

v" Successful differentiation between

12CO, from cross-over from the cathode
13CO, 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.

E/V

0.75 300
Cell voltage
- 250
0.70 4 E
~200 &
~
12 S
€0, 150 S
0.65 - e g |' i ®
i ‘ Q
Constant concentration om) 1100 8
o
0.60 - ©
From 5 ppm to ca. 40 pp 1=
13(;02 WMWWM
- JRyTPR AT % " '““.‘.“,.,"“” \ ,“ﬂ,""‘, ol O
0.55 —— 71— .
0 50 100 150 200 250 300

time/ min
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Example results — on-line gas analysis implementation

100000
10000
1000
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Anode flow (NI/min) &
Stack outlet temperature

Cell average voltage (V)

Example results — on-line gas analysis during
prellmlnary reference (5ppm CO) poisoning test
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Example results — on-line gas analysis during FC-DLC
with 0.2 or 0.05 ppm CO
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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 1:3CO)

= 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+CO, mixtures and sharing of the stacks among partners
for comparison.
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