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Hydrogen Contaminant Risk Assessment
 3-year EU project (FCH JU), 2014-17
coordinated by VTT
 6 European partners. Total budget 3.907 M€.
 The objectives of the project are
 to provide information to reduce cost of hydrogen fuel quality
assurance (QA)
 to provide recommendations for revision of existing ISO 146872:2012 standard for hydrogen fuel in automotive applications
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Determining the correct limits for HCHO and HCOOH in
ISO 14687-2:2012


The limits for HCHO (0.01 ppm) and HCOOH (0.2
ppm) have been determined with safety factor of
500, due to possible enrichment



The measurements of HyCoRA project in 2015
indicated that the limits of HCHO and HCOOH are 10100 times too low

 Reference gas mixtures ordered from NPL for further
studies
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Determining the correct limits for HCHO and HCOOH in
ISO 14687-2:2012
2 x 10-l cylinders (100 bar) 10 ppm HCHO, and 100 ppm
HCOOH (in H2 6.0)



In 2016, the measurements with HCHO in H2 were
repeated with very high (>99.5%) fuel utilisation



Results for HCHO show that 200x current ISO limit
has very small effect



No decomposition of HCHO to CO was found



In 2017, the measurements with HCOOH in H2 were
repeated with high fu (>99.5%)



Results for HCOOH show that 100x current ISO limit
has very small effect
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HCHO and HCOOH stack measurements
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 Miniature automotive 1-2-kW system
 Three main subsystems: anode, cathode and coolant
 Additional instrumentation: contaminant injection line and gas sampling loop
and N2 flushing system for corrosive impurities
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 Anode is operated in dead end (constant fuel feed pressure) with purge
Vent
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HCHO and HCOOH stack measurements



Two repetitive measurement sets, each
 Ref ~2ppm CO in H2 6.0
 4-hour HCHO/HCOOH @ 0.6
Acm-2, with fuel utilisation of 99.599.6%* (contaminant enrichment
factor of 200-250)
 3-hour/4-hour repetition
HCHO/HCOOH
 Ref ~2ppm CO in H2 6.0
 Ref H2 6.0

*The fu estimate is based on
CH4 enrichment in anode loop
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HCHO: Poisoning with 2.0 ppm HCHO

6.0 H2
~1.6 ppm HCHO
2.0

A very small (~ 10 mV) average
voltage drop in 4 hours due to HCHO
•

~ 15 mV

2.5
H2

In CO reference poisonings 1.86
ppm led to 50 mV average voltage
drop in 55-71 min (next slide)

 The effect of HCHO is noticed to be
smaller than the effect of CO

6.0
H2

240 min

2.0 ppm (200 x limit in ISO
14687-2:2012) HCHO has a very
small effect
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HCHO: Ref poisonings with 1.86 ppm CO in H2 6.0

50 mV voltage drop in 67-72 min
with aged stack and 55-60 min with
new stack (0.6 Acm-2)

50 mV

From 6.0 H2 to
6.0 H2 and 1.86 ppm
CO
67 min

Temperature 80°C
Gas dew points 65°C
Pressures 0.2-0.3 bar(g)
Current density 0.6 Acm-2
Anode Pt 0.05 mgcm-2
(aged stack)
Fuel utilisation ~99.6%
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Earlier measurement (autumn 2015) using HCHO in N2

HCHO measurements
are inline with the
preliminary results
2015:
2.0 ppm HCHO had 20
mV effect in 4 hours
Recovery ~ 10 mV =
the real effect due to
HCHO
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HCHO: methane data indicates in-situ methane
production

→ CH4 production
(~ 40-50% of HCHO)

6.0 H2
~2.0 ppm HCHO

When 2.0 ppm HCHO is fed in the
system CH4 level in the anode
recirculation loop increases from zero
to 200 ppm
With 99.6% fuel utilisation, this
indicates that ~50 % of HCHO is
converted to methane
(it is very unlikely, that CH4 is
formed within GC and not in the FC
system)

240 min
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HCHO: H2 6.0 reference measurement

H2 reference measurement with the
same conditions
4 hours (with 2nd bottle and new
stack)
~ 7 mV

6.0
H2
4h
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HCOOH: Poisoning with 20 ppm HCOOH

A very small (~ 6 mV) average
voltage drop in 4 hours due to
HCOOH
•

~ 7 mV

2.5
H2

6.0
H2

240 min

In CO reference poisonings 1.86
ppm led to 50 mV average voltage
drop in 69-76 min (next slide)

 The effect of HCOOH is noticed to
be smaller than the effect of CO
20 ppm (100 x limit in ISO
14687-2:2012) HCOOH has a
very small effect
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HCOOH: Ref poisonings with 1.86 ppm CO in H2 6.0

50 mV voltage drop in 69-76 minutes
(0.6 Acm-2)

50 mV

From 6.0 H2 to
6.0 H2 and 1.86 ppm CO
69 min

Temperature 80°C
Gas dew points 65°C
Pressures 0.2-0.3 bar(g)
Current density 0.6 Acm-2
Anode Pt 0.05 mgcm-2
(aged stack)
Fuel utilisation ~99.6%
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HCOOH: H2 6.0 reference measurement

H2 reference measurement with the
same conditions

~ 5 mV

2.5
H2

6.0
H2
300 min
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Impact of formic acid – stack measurement (2015)
[with CHOOH in N2]

9.4 ppm HCOOH -> 5 mV very slow effect
Almost negligible effect because only few mV degradation. The same effect
in stack and single cell.
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Conclusions from HCHO & HCOOH measurements
 2.0 ppm (200 x limit in ISO 14687-2:2012) HCHO has a very small
effect
 A major part (~50%) of HCHO is methanated. Some part of HCHO
(~10%) is dissolved in water and purged out with H2 purge.
 20 ppm (100 x limit in ISO 14687-2:2012) HCOOH has a very small
effect
 The effect of both, HCHO and HCOOH, was noticed to be smaller than the
effect of CO
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