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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUEL CELL TECHNOLOGIES -

Part 7-1: Single cell test methods
for polymer electrolyte fuel cell (PEFC)

EFOREWAORD
U\ VYV UT N\

1) The International Electrotechnical Commission (IEC) is a worldwide organization for st atiop~comgrising
all national electrotechnical committees (IEC National Committees). The obje mote
infernational co-operation on all questions concerning standardization in the electfical and s. To
th|s end and in addition to other activities, IEC publishes International Stangd tions,
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides e “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any C mittee’intefested
in| the subject dealt with may participate in this preparatory work. i non-
ggqvernmental organizations liaising with the IEC also participate in thi osely
with the International Organization for Standardization (ISO) in accorda bd by
adreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matt , possible, an interngtional
cdnsensus of opinion on the relevant subjects since eac i m all
inferested IEC National Committees.

3) IE tional
C f IEC
P r any
m

4) In icptions
trg pence
bd ted in
the

5) IH Independent certification bodies provide confprmity
as marks of conformity. IEC is not responsible fqr any
sq

6) Al

7) N s and
me gge or
ot whether direct or indirect, or for costs (including legal fees)) and
ex r IEC
P

8) Af ibns is
in

9) Af ject of
pgtent rights~|E€_shall pot be held responsible for identifying any or all such patent rights.

The |main Mask of IEC technical committees is to prepare International Standards. In

excelptignal circumstances, a technical committee may propose the publication of a techpical

specification-when

» the required support cannot be obtained for the publication of an International Standard,

d

espite repeated efforts, or

+ the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide

whet

her they can be transformed into International Standards.

IEC 62282-7-1, which is a technical specification, has been prepared by IEC tech
committee 105: Fuel cell technologies.

nical
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
105/241/DTS 105/253A/RVC

Full information on the voting for the approval of this technical specification can be found in

the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 62282 series, under the general title: Fuel cé¢
be fqund on the IEC website.

The [committee has decided that the contents of this publication w

the stability date indicated on the IEC web site under "http://we el in he

related to the specific publication. At this date, the publicatio

transformed into an International standard,
reconfirmed,
* wWithdrawn,
replaced by a revised edition, or
*+ admended.

A biljngual version of this publication later date.

hnolegies

can

until
data
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INTRODUCTION

This Technical Specification describes standard single-cell test methods for polymer
electrolyte fuel cells (PEFCs); it provides consistent and repeatable methods to test the
performance of single cells. This Technical Specification is to be used by component
manufacturers or stack manufacturers who assemble components in order to evaluate the
performance of cell components, including membrane-electrode assemblies (MEAs) and flow
plates. This Technical Specification is also available for fuel suppliers to determine the
maximum allowable impurities in fuels.

Users—of—this—TFechnical anr\uﬂr\ahnn may cnlnr\h\lnl\l execute—test—items—suitable—for-their

purppses from those descnbed in this technlcal speC|f|cat|on This document is not intepded

to exclude any other methods.

3
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FUEL CELL TECHNOLOGIES -

Part 7-1: Single cell test methods
for polymer electrolyte fuel cell (PEFC)

1 Scope

This
mea

This

—

a)

b) materials or structures of other components of PEFCs, o

c) t
2 |

The
For ¢
of th

IEC/

ISO/
mem

3

3.1
anod
the o
the

elecfrolyte

3.2

Terms and ; i

For fhe purposes

suring methods, performance test methods, and test reports for PEF

Technical Specification is used for evaluating:

he performance of membrane electrode assemblies (MEAs

brane (PEM) fuel

le

external—~ete

cata
subs

The

yst
tance that accelerates (increases the rate of) a reaction without being consumed itself

catalyst lowers the activation energy of the reaction, allowing for an increase in the

reaction rate. This is also referred to as an electrocatalyst, as defined in IEC/TS 62282-1.

3.3
cata

lyst-coated membrane

CCM

term
catal

used to describe a membrane (in a PEFC) whose surfaces are coated with a layer of

yst to form the reaction zone of the electrode

part of IEC 62282 covers cell assemblies, test apparatus, measuring instruments| and

hent.
ition

ange

uel oxidation takes place by the removal of electrons from the fuel to
load, concurrent with the release of protons (H*) to the polymer
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3.4

cathode

the electrode at which oxidant reduction takes place, facilitated by the donation of electrons
from the external circuit and protons (H*) from the polymer electrolyte, followed by the release
of reduced oxidant products (water)

3.5

clamping plate (or pressure plate)

frame used to compress the cell components together to maintain electrical conductivity and
sealing

3.6
current collector

concfuctive material, which can consist of metals, graphite or co
collects electrons from an anode or disburses electrons to a cathode

that

3.7
electrode

catalytic layer that facilitates either an oxidation or reductio
and |onic conduction.

as both electfonic

3.8
flow|plate

conductive plate made of metals, a
may |be a carbon-filled composite, whic
gas feed and has electrical contact with a

or/a conductive polymer| that
channels for fuel or ox|dant

3.9
fuel
hydrpgen or hydrogen-conta

3.10

fuel ccell g}

elecfrochemical devie * chemical energy of a fuel and an oxidant to electrical
enerfgy (DC power))\f -

The [fuel and oxi 3 ally stored outside of the fuel cell and transferred into the fuel

3.1
gas fiffusio
GDE
component.on the anode or cathode side comprising all electronic conductive elements of the
elecllrode, i.e. gas diffusion layer and catalyst layer

3.12

gas diffusion layer

GDL

porous conductive component placed between an electrode and a flow plate, to serve as
electric contact and allow access of reactants to the electrode and the removal of reaction
products

3.13
gasket
sealing component which prevents the reaction gas from leaking out of a cell
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3.14
limiting current density
the current density where the cell voltage sharply decreases to near zero

3.15
maximum current density
the highest current density specified by the manufacturer allowed for a short time

3.16

membrane electrode assembly
MEA

comd)onent of a fuel cell (3.10) consisting of an electrolyte membrane with gas diffdsion
elecfrodes (3.11) on either side

3.17
minimum cell voltage
the Ipwest cell voltage specified by the manufacturer

3.18
open circuit voltage
oCV
the gell voltage at zero current density with the cell

3.19
oxidEnt
oXyd

3.20
poly
polymer resin membrane having\proton exc y the
movs ;

3.21
poly
PEF
fuel
protd

ed a

3.22
power
measure calcula

3.23
power.dénsity
measure calculated by dividing the power by the geometric, electrode area

3.24

rated current density

maximum current density specified by the manufacturer of the MEA or single cell for
continuous operation

3.25

rated power density

maximum power density specified by the manufacturer of the MEA or single cell for
continuous operation
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3.26
rated voltage

minimum cell voltage specified by the manufacturer of the MEA or single cell for continuous

operation

3.27
single cell

cell typically consisting of an anode flow plate, MEA, cathode flow plate and sealing gaskets

(see Annex B for additional information)

3.28

singie cell test
test pf the fuel cell performance based on a single cell

3.29
stoichiometry

molgr ratio of the fuel (or oxidant) gases supplied to the cell to
reaction, as calculated from the current

4 General safety considerations

An operating fuel cell uses oxidizing and reducingga /Tygpica
highipressure containers. The fuel cell it : <b
thanfatmospheric pressure.

Op

Thoge who carry out single cell testing
single cell test systems and specifically i edures involving electrical eq
and |reactive, compressed \g i a single cell test station

apprppriate technical training and i 1
which are outside the pe of this technica

5 Cell comp@

5.1 General

pecification.

A single cell 6 omposed of all or some of the following components:
a) gn

b) daskets

c) 4gn anodé-side v plate and a cathode-side flow plate,

d) 4dn anode-side current collector and a cathode-side current collector,

e) gn anode-side clamping plate and a cathode-side clamping plate,

, thése gases are stor
ated at pressures gregater

hevchemical

bd in

n of
ment
lires

f) electrically insulating sheets,

g) clamping or axial load hardware which may include bolts, washers, springs, etc.,
h) temperature-control devices,

i) other miscellaneous parts.

5.2 Sizing the membrane electrode assembly (MEA)

The electrode area shall be as large as needed to measure desired parameters. A suggested
electrode size should be approximately 25 cm2, though larger cells having larger electrodes
may give more relevant data for practical applications. The active electrode area shall be
reported and shall be the smaller of the two electrode active areas. The approximate

uncertainty in the area measurement shall be reported also.
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5.3 Gas diffusion layer (GDL)

A gas diffusion layer shall be made of highly gas-diffusible, electrically conductive and
corrosion-resistant materials.

5.4 Gasket

The gasket material shall be compatible with fuel cell reactants, components and reaction
products, and cell operating temperature. It shall prevent gas leakage.

5.5 Flow plate

Flow plates shall be made of materials that have negligible gas permeability;~but high.elactric
conductivity. Resin-impregnated, high-density, synthetic graphite, poly sites,
or corrosion-resistant metal, such as titanium or stainless steel, is reco 9 . al is
used, the plate surface may be coated/plated (e.g., with gold) i htact
resigtance. The flow plate should be corrosion-resistant and should ide i sedl.

A sefrpentine flow channel is suggested. Further informatior S esSign is given
in Annex A. The flow field configuration shall be documented in“the

The flow plates for testing shall allow the accurate ell operating temperature.
For |example, flow plates may have a smal r to
accommodate a temperature sensor. Imthi S flow
plate.

NOTH If the objective of testing is to evaluate ign 0 use

the syggested flow plate design.

5.6 | Current collector

Current collectors sha
metdl. Metal collectors
gold|or silver; @v
compatible with the& cé

They should be thick\enougt minimize voltage drop over their surface area. They should
provide an ou ire connection.

If mgtal s\act as gurrent collectors, independent current collectors are not requirgd.

5.7 | Clamping-plate>(or pressure plates)

Clamping_plates (or pressure plates) shall be flat and smooth-surfaced, with their mechajical
properties strong enough to withstand the bending force being applied when clamped|with
bolts:

If the clamping plates are conductive, they shall be insulated from the current collectors in
order to prevent short-circuiting.

5.8 Clamping hardware

Clamping hardware shall have high mechanical strength in order to withstand the stresses
generated during installation and operation. Washers and springs may be used to maintain
constant, uniform pressure on the single cell. A torque wrench or other measuring device shall
be used to set exact pressure on the cell.

It is recommended to electrically insulate the clamping hardware.
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5.9 Temperature-control device

The single cell shall be provided with a temperature-control device (for heating/cooling) in
order to maintain it at a constant temperature and with a uniform temperature profile along the
flow plate and across the cell. The temperature-control device may be programmable to follow
a fixed temperature profile. The temperature-control device shall have means to prevent over-
temperature.

There are multiple ways of achieving this requirement.

One simple way is to convectively cool and electrically heat the clamping (pressure) plates.
The heating can be achieved by attaching a skin resistance heater to the external surfage of
the plate. An alternate method is to insert a cartridge heater into a hole in

In either case, care is required to maintain isolation for electrical safe

6 Cell assembly

6.1 | Assembly procedure

b) diffusion media (i.e., GDL) alignmenty i i ioh of anode and cathode parts,
s well as the sides to be placed faging the mem ne and flowfield,

€) compression proce a ificati such as diffusion media compression values,
bolt tightening ord pressi ofi and final torque specifications.
NOTH Pressure m

6.2 | Cello

A cell shalhbe operated in an orientation which facilitates product water removal. Theg cell
orientation,shall be documented.

Many flow patierns can be used; the flow paitern shall be documented. Examples are given in
Annex A.

6.3 Leak check

The differential pressure on the membrane is the most critical. The maximum differential
pressure specified by the manufacturer should not be exceeded.

The cell must have minimal external and internal leakage. Examples leak-check procedures
are given in Annex C. In principle, the leak-check procedure consists of injecting an inert or
test gas into both the anode and cathode sides. By using a suitable pressure difference, the
nature and direction of the leak can be ascertained. The maximum pressures, the nature of
the test gas and leakage rates shall be documented. If a leak is detected, other tests, such as
bubble test, may be performed to further delineate type and nature of leak.
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7 Test station setup

71

Minimum equipment requirement

A fuel cell test station is required to conduct the testing of the single cell. The minimum test
equipment functionality in order to meet the intention of the single cell test procedure includes

the f

ollowing test parameters:

a) reactant gas flow rate control — to meter the flow rate of fuel and oxidant gases to the fuel
cell at the desired stoichiometric ratio;

b)

o e @ Hln

NOTH The gas transfer lines between the humidifiers and the cell should be heat
abovd the dew point temperature to minimize condensation. The lines should be in

eactant gas humidification control — to humidify the reactant gases to a specified dew
oint prior to delivery to the fuel cell. The recommended water resistivity is at\|east
MQ-cm (or at most a conductivity of 10=4 S m—1).

d, at minimum, 5 °C to[10 °C
lated to mipimni a

c) reactant gas pressure control — to regulate the reactant gas pres cell;
d) Igad control — load bank to draw a specified current from the cel le of
perating in either constant current or constant voltage
e) Il heating/cooling control — to heat or cool the ating
temperature;
f) Il voltage monitoring and data acquisition —i [ easure and record the
Il voltage throughout the test;
g) test station control — test station must be of\Cantrolling the above parameters;

h) s@fety systems — a safety system i

b~

7.2

Figu
stati

e of automatically (or manpally
vent of a failure. A nitrogen purge
d by
igh/low cell voltage,{pressufe and era ded.

ith audible alarms) shutting dow

Schematic diag

e 1 is a sc. ati

test
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Matg
wate
mateg

The
the g

NOTH
exchg

If thi

Test station
control pemmm e rmmmm—m r
i i
[} 1
T [} 1
] 4 [}
' Load Fuel cell '
b e ] control temperature | |
! control !
i i
) [}
] 1
| et AaTTTTTssssEsT T 1
: : : TT TT :
Oxidant ! : Heated N/ < ! Oxidant
inlet Cathode Cathode pipie Cathode exhaust
flow ) gas N Fuel cell sure
control humidification [— under :> contr@
' . : test
' : !
] ) :
Anode Anode : /\%en -
flow i gas |:> pressure —>
control humidification \cgtro

Heated Fuel
pipe \> exhaust

IEC 1239/10

Figure 1 — Tes i iagram for single cell testing

contact with humidified gas or humi
er to prevent the extraction of impurities fron

rials used for all

r shall be compati
rial. Exam (i

Hifier
h the

from

Proton

Variations“to' this configuration are acceptable providing that the functional requiremenits of
this document are met.

7.3 Maximum variation in test station controls (inputs to test)

The fuel cell test station shall have the following recommended maximum variation in its
controls:

a) current control =1 % relative to set point;

b) voltage control £1 % relative to set point;

c) cell temperature control £1 °C at set point (at steady state);

d) humidity dew point control +2 °C at set point (at steady state);

e) flow rate control £5 % relative to set point;

f) pressure control £3 % relative to set point.
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8 Measurement

8.1 Instrument uncertainty

The maximum instrument uncertainty for the measurements (test outputs) in the tests shall be
as follows:

a) current +1 % of maximum expected value;
b) voltage 10,5 % of maximum expected value;
c) temperature +1 °C;

d) dew point 12 °C;

e) flow rate 12 % of maximum expected value;
f) pressure 13 % of maximum expected value.

NOTH At low current, voltage and flow rates, the uncertainties may be very sured

values.
8.2 | Measuring instruments and measuring methods

8.2.1 General

Meas - D be
measured. The instruments shall be cali intai | of
accuracy described in 10.1. All measuki ‘ 5 ds.

8.2.2 Voltage

A vo|tage meter shall be co
minimizing the influence
betwleen the connection
termjnals of anode a

negligible. Q

8.2.3 Current

tors,
nces
Ltput
, if not

A cJ € located in the current-carrying circuit of the cell.| The
current-mea consist of a low-impedance ammeter or a calibrated ghunt
resistor, [ Sely known voltage reerctmg the current flowing. The cufrent
may

8.2.4

Recq
impe
alsola !
the measurement frequency should be reported

Plus/minus sense leads of these measuring instruments shall be connected to the output
terminals of cathode and anode current collectors, respectively.

8.2.5 Fuel and oxidant flow rates

Fuel and oxidant flow rates shall be measured by means of a volumetric meter, a mass flow
meter, or a turbine-type flow meter. If such a method is not practical, flow measurement by a
nozzle, orifices, or venturi meter is recommended. The location of a flow meter shall be
upstream of the humidifier.
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If the flow meter requires pressure compensation, a static pressure measuring port shall be
located immediately upstream of the flow meter to be corrected.

8.2.6 Fuel and oxidant temperature

The recommended sensor for direct temperature measurement is a thermocouple, resistance
thermometer with a transducer or a thermister.

The temperature sensor shall be located immediately downstream of the single cell. It is
recommended to position another sensor immediately upstream of the single cell.

If thJe fuel and/or oxidant flow meter require temperature compensation, the sensor férsuch

correction shall be located immediately upstream of the flow meter.

8.2.7 Cell temperature

The recommended sensor for direct temperature measuremenj/is~a t c istance
thermometer with a transducer or a thermister.

The temperature sensor should be located as close a i node
activie area. Ideally, it should be at the center of both/anode & £ 5.5
and Annex A for more details.)

8.2.8 Fuel and oxidant pressures

metHod. Other acceptable methods include cali , -wei ges,
bourfdon tubes or other elastic type gauges

A static pressure measuring ’ mediately upstream of the single cell. If
necgssary, another pre i be also placed immediately downstregm of
the dingle cell.

ConJecting piping NS in

advance of the pe

If prgssure f ctive

posifion.

Prespures sha i i i i and
eliminated.

8.2.9 Eudel and oxidant humidity

For measuring fuel and oxidant humidity, a chilled mirror, aluminum oxide, bulk polymer
resistive or capacitance type hygrometer can be used to obtain humidity values, depending on
the fuel and oxidant temperatures.

Humidity shall be expressed as a dew-point temperature.

A humidity measuring port shall be located upstream of the single cell, or the humidity sensor
can be in the reactant gas before testing commences. In the case of using ambient or
synthetic air as oxidant, the dew point shall be measured and reported.

8.2.10 Ambient conditions

It is recommended that the ambient temperature, pressure and humidity shall be measured
and recorded.
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For the direct measurement of ambient temperature, thermocouples with transducer or a
resistance thermometer with transducer is recommended.

For the direct measurement of ambient pressure, a mercury barometer is recommended.
For direct measurement of ambient humidity, a hygrometer is recommended.

8.3 Measurement units

Table 1 identifies the parameters and their measurement units for the tests.

Table 1 — Parameters and units /\
Parameter L@t\\ N\
Tempkrature °C ( \ \
Fuel and oxidant pressures kPa® /\ \
Dew points of fuel and oxidant °C \\ \ \/
Fuel 4nd oxidant flow rates (NTP?) cm® min~', cm3 s‘\ X
o\

Fuel and oxidant stoichiometries

Currept A ( o \/
Currept density /é chx‘\x// /\/ \
Voltage \ v & )\/

Outpyt power ; VV\

A
Powef density < ~ W\C},—\z \

Area-gpecific cell resistance /\ \Qcm\z\

Fuel gomposition®

Oxidgnt composition®

a

NTP = normal pe TP is
ised for the flow rate

mpurities shall b

SO recommends using.absotute d as

9.1 Fuel c

9.1.1 Hydrogen

Hydnogen purity shall be 0,999 9 mol/mol or better. Details regarding the impurities in the
hydrogen are given in ISO/TS 14687-2 (2008).

9.1.2 Reformed gases

The simulated reformed gas may be specified by the cell or component manufacturer. The
purity and composition of the reformed gas shall be determined by chemical analysis. The
results of the chemical analysis shall be reported.

9.2 Oxidant composition

If air is used as oxidant, then either atmospheric or synthetic air may be used. In the case of
atmospheric air, it is recommended that the air shall be oil- and particulate-free. The oxidant
composition, including the concentration of impurities, shall be reported.
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10 Test preparation

10.1 Standard test conditions

The following shall be specified by the cell and/or cell component manufacturer as the
standard test conditions before commencing a test. If no specifications are given, the
conditions will depend on the study to be performed. These conditions must be reported.

a

o O T

)
)
)
)

m

Performance tests shall
specified in the description _of
in Figure 2.

Eeak check —©>

)

Cell temperature (recommended: center of cathode flow plate).
Fuel operating pressure (representative value: immediately upstream of the cell).

)\iddllt Upcldtillg pITooultc (IUIJIUDUIItdtiVU Vd:UU. illllllGU‘;dtU:y UIJDtIUdIII Uf t:lc bG“).
uel humidity at fuel cell operating temperature (representative e: immedi
pstream of the cell).

xidant humidity at fuel cell operating temperature (represen 3 uedi

pstream of cell).

uel composition.

uel stoichiometry.
xidant stoichiometry.

ated current density.

ated voltage.

G
F
u
q
u
F
OQxidant composition.
F
q
F
R
Maximum current density.
|

Ninimum cell voltage.

rd testing conditions unless othef
ods. A typical testing flowchart is g

ately

ately

wise
iven

——»| /-Vtests |—>|Special tes

(7]

IEC 1240,

10.2| Ambie

c)

temperature,

gressure, and

relative humidity.

10.3 Frequency of measurement

The recommended data sampling rate is 1 per second. One measurement value is defined as
an average value over 1 min (i.e., 60 single measurements).

10.4 Repeatability and reproducibility

The entire I-V curve shall be measured three times and the average voltage values calculated
at each current density.
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10.5 Maximum permissible variation in measured values

Values for three or more measurements of the test input and output parameters shall be

within the range of +5 % of their average except for the long-term operation test.

10.6 Number of test samples

Tests can be conducted either in sequence with one sample or in parallel with multiple
samples. The repeatability and reproducibility specifications are limited to /-V curves only.
The measurements shall be performed consecutively. Between measurements, the fuel cell

shall be shut down and re-conditioned from the ambient start-up conditions.

10.7| Leak check of gas circuit with inert or test gas

All materials used for leak checking the gas circuit shall be compatibl

pipind and

cell components. After setting the single cell in the stand, check fg S gningrt or

test gas and using a liquid leak detector test on all connections.
10.8( Initial conditioning and stable state check

Initig
conditioning is to bring the cell to a stable state in p equent testing.

10.9] Shutdown
Shutdown proced;e

geng

Shut|
man

A ref

10.1p Re-conditioning

ain/purpose of i

hitial

The
while

nent

Recc Aditianina nracadiirac chall ha
HoH o g—proceaures—Stat—oe

MEA is properly humidified.

that

Reconditioning shall be carried out in accordance with the MEA or component manufacturer’s

instruction.

Representative reconditioning procedure is provided for information in Annex F.
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11 Performance tests

11.1 Steady test
11.1.1 General

The objective of this test is to verify output voltage or current and output power under
standard test conditions.

11.1.2 Test methods

Therge are two similar methods to perform this test.

a) Yet all test input parameters to desired values. Set the current corresponding to.the rated

15 min. Record cell voltage (V). Power output under the stand ition_(PL;) is
Iculated from the test results.

b) et aII test input parameters to deswed values. Set the voltage Q\ corresponding to the

Record cell current (/ ;). Power output under the standard iti ) is calculated
om the test results.

—h

11.2| I-V characteristics tests

11.2{1 [I-V characteristic at consta:

11.211.1 General

The |objective of this test is to determi e R of cell voltage (and, in parallgl, of
power density) when varyir onstant gas flow condition

11.2{1.2

Set the fuel and i orrespond to the standard stoichiometries at a maximum
currgnt density, iy nat ified e cell manufacturer. Set current /., and maintaip the
currgnt until the cell v6 i ilize in £5 mV for 15 min.

Obtdin I-V chata |s iciof thexcell by varying the current in the range of 0 to /., at a suifable
interyal, while ) e fuel and oxidant flow rates constant. The minimum requirement
for yoltage-stabili ' mV for 5 min for each current density value. The gxact

procgdur . Typical current density increments are given in Annex G.

This|test can jalso. be” performed by varying the voltage in the range of OCV to minimum
voltage and.allowing the current to stabilize to within £2 % for 5 min.

Since—the—fuetandoxidant-flowrates—are—constant-in—the range of 6—to l’max, both—fuet and
oxidant stoichiometries will change as the current changes. Although this may be different
from the actual condition of fuel cell operation, cell conditions such as temperature, pressure
and humidity are maintained stable even under variable current at the constant flow rates.

11.2.2 |-V characteristic at constant gas stoichiometries
11.2.2.1 General

The objective of this test is to determine the evolution of cell voltage (and, in parallel, of
power density) when varying the current density under constant gas stoichiometry condition.
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11.2.2.2 Test method

Set the fuel and oxidant flow rates to correspond to the stoichiometries at maximum current /.,
that is specified by the cell manufacturer. Set current /,,,, and maintain the current until the cell
voltage is stabilized within £5 mV for 15 min. Obtain /-V characteristic of the cell in the range of
0 to /4 by varying the current from O to /,,, at a suitable interval, while maintaining the fuel
and oxidant stoichiometries constant at each current level. The minimum requirement for voltage
stabilization is + 5mV for 5 min for each current density value. Typical current density
increments are given in Annex G.

NOTE This test can also be performed by varylng the voltage in the range of OCV to minimum voltage and
a”OWI Li®) I.IIU currerit to bl.dUIIILU [19] WII.IIIII L /0 IUI 9 IIIIII

Sincg the fuel and oxidant stoichiometries are held constant in the range of both
fuel j[and oxidant flow rates naturally change as the current changes: i the
actugl condition of fuel cell operation. However, due to a different ~ rrent
level, local heat and water balances are changed as the curke ari ires a
substantial amount of time to reach a new steady-state point-afte \ - nge.
Spegifically, under low current values including 0, voltage beco gas
flow Jrate. For current /,;, specified by the cell manufacturg rate
spedfified by the cell manufacturer is usually applied in orde o av |d 5 U pe. If

not gpecified, /,,;, can be assumed to be 10 % of /,,,

11.3| IR measurement

11.3]11 General

The pbjective of this test is to determing esistance of the cell at different cufrent
dengdities. Measuring techniques described- in 8.2 nall be used for IR measurement.
Mea}urmg technique sho ist 2 state, if the IR measurements| are
conducted in parallel wif easurement will disturb steady gtate,

recofd the voltage and i es, then perform the IR measurement. The¢ I-V
chargcteristic is meas )

11.3]2 Test mt@d

Connect an IR meg L o the cell. Record the instrument reading in parallellwith
obta|ning /-V cha ari in the range of 0 to / ., by varying the current from 0 to
Imax |t @ sui [ . area-specific resistance (ASR), Q cmZ, is calculated from the
folloying

NOTH Thism 8 an pe performed during all the following test procedures.
11.4| Limiting cu
11.4}1 ./, General

The objective of this test is to evaluate the cell mass transport limitations within an MEA.

11.4.1.1 Test method

Set the fuel and oxidant flow rates to correspond to the standard stoichiometries at rated current
density iy, specified by the cell manufacturer. Increase current step by step in small
increments while maintaining the fuel and oxidant stoichiometries constant (that is to increase
fuel and oxidant flow rates step by step). Record the cell voltage at each step. When voltage
sharply goes down to near, but not to, 0 V, record the current, and decrease the current at
once so as not to damage the MEA.

Use the extrapolated value to 0 V as the limiting current.
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For this method, caution should be exercised to prevent the cell voltage from going to 0 V or
below which may cause irreversible degradation for MEA. Also precautions must be taken to
use load cables capable of handling limiting current.

11.5 Gain tests
11.5.1 Hydrogen gain test
11.5.1.1 General

The objective of this test is to evaluate the dlffu5|on capabllltles of anodes A hydrogen gain
test M i
dioxide, nitrogen and the other |mpur|t|es) for fuel in actual use.

11.5{1.2 Test method

This|test can be performed using one of two methods, constant
stoichiometries. They are described in 11.2.1 and 11.2.2,
selec¢ted, it must be used throughout the entire test. The test

out helow.

First

hum

sele¢

Next|

hydr gas
is sf bgen
mixtlire and air using the s

Compare I-V characteristi » i . i veen
thes isti f ernst
equdti

NOTH ce of
carbo iffusion

capalili

NOTH
11.5
11.5

The pbjective of this'test is to evaluate the diffusion capabilities of cathodes. An oxygen|gain
test s eonducted to evaluate MEAs which use air for oxidant in actual use.

11.5.2.2 Test method

This test can be performed using one of two methods, constant flow rate or constant gas
stoichiometries. They are described in 11.2.1 and 11.2.2, respectively. Once a method is
selected, it must be used throughout the entire test. The test shall then be conducted as set
out below.

Measure the -V curve using air using the selected method.

Then, use oxygen instead of air using the same flow rates, humidification and pressure.
Obtain -V characteristic using the selected method.
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Compare the /-V characteristic of oxygen to that of air. If the difference between these two /-V
characteristics is larger than the theoretical value predicted from Nernst equation, it may
indicate a diffusion issue for the cathode.

NOTE 1 Cross-over leakage using O, can result in a rapid exothermic event resulting in hardware damage and
potentially personnel injury.

NOTE 2 O, system needs to be designed and cleaned to special requirements.

11.6 Gas stoichiometry tests

11.6.1 Fuel stoichiometry test

11.6}11.1 General

The |objective of this test is to evaluate the diffusion capabilities o
Hydnogen gain test.

11.6{1.2 Test method

Set the current density as specified under the standard tes dant
stoichiometry to be in the range of that given in the ste four
times that specified under the standard test conditions. Ch : rtain
range as specified by the cell manufacturer and recard f

o't|ons Set the ox

NOTH 1 This test is not conducted on hyd € while
hydrofgen flow is decreased until starvation occurs. This test use

NOTH 2 Care must be taken with this test ing it.
Starvation can cause irreparable damage to th

11.6]12 Oxidant stoichi

11.6]2.1 General

The [objective o i 5.2,
Oxygen gain test.

11.6]2.2

Set |the curfent ifi iti fuel
stoichiome two
times t rtain

range as spe ifi

NOTH 1 This\test is conducted on oxygen because there are no notable performance changes while the
oxyggn flow istdecreased until starvation occurs. This test uses air.

NOTH 2 Care must be taken with this test since it intentionally stresses the cathode by almost starving it.

11.7 Temperature effect test
11.7.1 General

The objective of this test is to measure the effect of cell temperature on cell performance.
Temperature is expected to affect the electrode reaction rates and electrolyte conductivity.
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11.7.2 Test method

Set cell temperature at T4, T,,---T, where the values of T, T,,---T,, are specified by the cell
manufacturer, and T, is the maximum operating temperature; additionally, keep anode and
cathode relative humidities at the fuel cell operating temperature constant by
increasing/decreasing the dew points and gas inlet temperatures. At each temperature level,
obtain /-V characteristic of the cell The procedure given in either 11.2.1 or 11.2.2 may be used.

11.8 Pressure effect test

11.8,1 _ General

The |objective of this test is to measure the effect of fuel and oxida
performance. Care must be taken to keep the pressure difference a
consftant. High pressure increases the density of reactant gase
incrgase the electrode reaction rate.

pressures™on| cell
membrane
d to

11.8{2 Test method

Set the fuel or oxidant pressure at Py, P,,---P,,, where the™ ified
by thHe cell manufacturer, and P, is the maximum ope Aange
the other pressure accordingly to keep the pressure dij { sure
level, obtain /-V characteristic of the cell The proeedure gi S may
be uged.

Carg must be taken so as not to unintentio bster
shodld be alert for indications of leak may

lead|to internal ignition.

11.9| Humidity effect tes
11.9{1  Fuel humidit
11.9{1.1 Gene
The pbjective of

performance. Hu
diffugion into&

€ the effects of varying the humidity of the fuel on cell
ected to affect the electrolyte conductivity as well ag gas

11.911.2

This|test can*be performed using one of two methods, constant flow rate or constanf] gas
stoichiometries. They are described in 11.2.1 and 11.2.2, respectively. Once a meth¢d is
sele¢ted~itmust be used throughout the entire test. The test shall then be conducted ap set
out helow:

Set the oxidant humidity at the standard conditions. Set fuel humidity at several levels
corresponding to desired dew-point temperatures and obtain /-V characteristic.

11.9.2 Oxidant humidity effect test
11.9.2.1 General

The objective of this test is to measure the effects of varying the humidity of oxidant on cell
performance. Humidity in oxidant is expected to affect the electrolyte conductivity as well as
gas diffusion into cathodes.
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11.9.2.2 Test method

This test can be performed using one of two methods, constant flow rate or constant gas
stoichiometries. They are described in 11.2.1 and 11.2.2, respectively. Once a method is
selected, it must be used throughout the entire test. The test shall then be conducted as set
out below.

Set the fuel humidity at the standard conditions. Set oxidant humidity at several levels
corresponding to desired dew-point temperatures and obtain the /-V characteristic.

11.10 Fuel composition test

11.10.1 General

The jobjective of this test is to measure the effect of the composition
perfarmance. This test is to check the electrode capability for/diffe
Reformed gas contains hydrogen, CO, and inert gases such as C
which depends on the difference in raw fuels and reformin i
expdcted to affect the diffusion of hydrogen into the electrod

11.10.2 Test method

This|test can be performed using one of two methods 3 gas
stoichiometries. They are described i
selec¢ted, it must be used throughout
out helow.

5 set

Using the standard fuel, i isti the
stangard fuel to another fyel which ha ffere ¢ h -V
characteristic using the se

11.11 Overload test

11.101.1 Gener@

The |objective of The
over|oad durabili

11.11.2 Test met

Set load a =\ flow
rateg to correspond standard stoichiometries and then set current. Operate the cell for

a period of time pecified by the cell manufacturer. Record the cell voltage during the

operption.

11.1 I"'ong-term operation test

11.12.1 General

The objective of the long-term operation test is to determine the evolution of the voltage of a
cell operating for a long period of time in the specified, constant-current conditions. Long-term
operation test is mainly performed in steady state, but qualifies the cell performance at fixed
intervals over the duration of the test by measuring recurrent /-V characteristics and cell
resistance.
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11.12.2 Test method

Run the cell for an extended period of time under the standard test conditions in accordance
with the allowable operating time specified by the cell manufacturer. Record the cell voltage
during the operation. If desired, obtain the /-V characteristic of the cell and cell resistance
under the standard test conditions at regular intervals. The suggested minimum number of
these measurements is ten. The basic procedure is given in either 11.2.1 or 11.2.2 for I-V
characteristic measurement and 11.3 for cell resistance measurement.

11.13 Start/stop cycling test

11.18.1 General

The pbjective of the start/stop cycling test is to determine the evolution formange of

of the pe
a cell operating in specified conditions as a function of start/stop profile :

It cah be used as a specific test to qualify the life-time of MEAs for a i yplication| with
adagted operating conditions.

11.18.2 Test method

Optipnally, gas flow and temperature control can be partof this

Aften operating the cell at 100 % load witch
off the load (open circuit) for a definite erate
at 100 % load. Repeat the procedure w - and
operpting duration are specified by cell’ manufact and

its operating duration are given in Annex H

NOTH Operating a fuel cell at gp i age.for long periods of time can accelerate the degradation pf the
electrpde materials.

11.14 Load cy@t
11.14.1 General
The

oper
vers

| cell
ofile

It ca with

adap

11.14.2 AT est method

AfterLopeérating the cell at 100 % load (rated current density) for definite period of time, switch
load from 100 % to a partial load with the gas stoichiometries maintained constant and
operate for definite period of time at a partial load. After that, increase load again to 100 %.
Repeat this procedure while recording the voltage (Load profile and operating duration are
specified by cell manufacturers). A typical load profile and its operating duration are given in
Annex I.
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11.15 Impurity influence tests
11.15.1 Fuel impurity influence tests

11.15.1.1 Influence of impurity-containing fuel and the recovery of the cell at rated
current density

11.15.1.1.1 General

The objective of this test is to determine the influence of impurities in fuel on cell performance
and the degree of recovery of the cell from performance damage at rated current density. A
cell is_subjected to steady tests and operated with a fuel containing some impurities.

NOTH Impurities are given in ISO/TS14687-2 (2008), Hydrogen fuel — Product specifi . Rroton
exchgnge membrane (PEM) fuel cell applications for road vehicles.

11.15.1.1.2 Test method

The ftests shall be conducted at several levels of impurities i in etefming the
highest impurity level that does not affect the cell performance.

The tests shall be conducted as set out below.

Opetate the cell at rated current density with cle ¢ ir until the voltage is
stabllized within £5 mV for 15 min. Change th impurity-containing fuel| with
the impurity species and their quantities [ anufaCturers. Run the cell until a
stable voltage within £5 mV for 15 min i inec : g voltage.

Ther, change the impurity- conta|n|ng j el. Run the cell until a stable vo|tage
within £5 mV for 15 min is attai

NOTH Some impurities, such as , Vi posed surfaces of the components of the test gtation
(for ekample, gas supply plping.ahd ‘gaske ) € must be taken to be sure that the test station materials are

compatible with the @ty being use
11.15.1.2 |-V charac i

11.15.1.2.

The ristic
of th mine
the hi

11.15.1.2.

Measure\the /-V curve using clean fuel and clean air at constant flow rate or at constan{ gas
stoichiomietries in the same way as 11.2.1 or 11.2.2, respectively.

Change clean fuel to the impurity-containing fuel. Obtain /-V characteristic of the cell in the
same method as that used in the previous measurement.
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11.15.2 Oxidant impurity influence tests

11.15.2.1 Influence of impurity-containing oxidant and the recovery of the cell at rated
current density

11.15.2.1.1 General

The objective of this test is to determine the influence of impurities in the oxidant on cell
performance and the degree of recovery of the cell from performance damage at rated current
density. A cell is subjected to steady tests and operated with an oxidant containing some
impurities.

11.15.2.1.2 Test method

The ftests shall be conducted at several levels of impurities in oxidan mine

the highest impurity level that does not affect the cell performance.
The tests shall be conducted as set out below.

Ope
stablli
impuri
until

Then, change the impurity-containing “ai
withi

11.15.2.

11.15.2.2.1 General

The pbjective of this t
of the cell.

11.15.2.2.

ristic

The a veral levels of impurities in order to determine the highest
impuri '

The

Mead -V che eristic using clean fuel and clean air at constant flow rate or at congtant
gas stoichiemetries in the same way as 11.2.1 or 11.2.2, respectively.

nitatnino H Obiat
Uouuainil

method as that used in the previous measurement

12 Test report

12.1 General

Test reports shall accurately, clearly and objectively present sufficient information to
demonstrate that all the objectives of the tests have been attained. A suggested template for
the test report for /-V characteristic test is given in Annex J.
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12.2 Report items

The report shall present the following information, at a minimum:

Y

title of the report,

[}

authors of the report,

Q O

)
)
) entity conducting the test(s),
) date of the report,

)

D

standard number/test procedure number,

—h
=

bcation of the test,

g) test data (see 12.3 for details).
12.3| Test data description

Test|data shall include the following information:

a) tltle of the test(s),

b) measurement conditions (see 12.4 for details),
c) measurement data,

d) date and time when the test(s) was conducted
e) gmbient test conditions,

f) rlame and qualifications of person(
g) test cell data (see 12.5 for details).

12.4| Measurement condition descri

a) dell temperature,

b) flel and OXi@
c) dew-points of fué
d) fpel and oxid

e) flel and

f) flow ra

12.5| Test

Test|cell data-shallNin€lude the following information:

a) dctive electrode area,

b) product name and brand name of MEA (optional),

c) type and thickness of membrane (optional),

d) types and amounts of anode and cathode catalysts (optional),
e) type of gas flow path (optional),

f) type of GDL material (optional),

g) clamping pressure (optional).
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Annex A
(informative)

Flow plate

Figure A.1 shows an example design for the flow plate according to this Technical
Specification. The example design is intended for an active area of 25 cm2. Both anode and
cathode flow plates have a horizontal serpentine single-groove as the gas flow channel on
their faces that contact the MEA. The recommended channel configuration is as follows:
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Figu

Tech
diffe

idth: 1,0 mm;

- clepth: 1,0 mm;

terval: ~1,0 mm.

nical Specification. The example
fence between Figures A.1 and

dctive area of 25 cm?2.
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dure
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The
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Figure A.2 — Design for flow plate (triple serpentine flow channel)
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Annex B
(informative)

Cell component alignment
Figure B.1 shows a single cell assembly using typical components; these are compressed

together with bolts and nuts. If necessary, spring washers or spring disks can be placed on
the bolts in order to prevent loosening.
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Annex C
(informative)

Leak test

Typical leak test protocols are described below.

a) Procedure 1:

Injedt nitrogen into both anode and cathode sides. Set the backpressure
then|shut off the exit valves of anode and cathode gases. First, pressun 7e the
50 kPa(G) (or 150 % of the maximum operating pressure) and the ca
(or 125 % of the maximum operating pressure) simultaneously. Sht
anode and cathode gases to seal the gas in the cell. Keep the cell i
while monitoring the pressures on the anode and cathode sides

Secqnd, pressurize the cathode side to 50 kPa(G) (
pressure) and the anode side to 30 kPa(G) (or 125
simufltaneously. Shut off the inlet valves of anode and cath
cell. [Keep the cell in this condition for 10 min while i i and
cathpde sides, respectively.

perating pressgure)

In thie above procedures, the pressure 3) on

both|anode and cathode sides.

In the gas
crosgover through the me g4 and
anode pressure rises, rection occurred. If either pressure drops

independent of the ot
leak$ are suspec

K occurred. If both pressures drop, external

b) Procedure 2:
and-ctathode sides. Set the backpressure to nearly 0 kPa(G),
S anode and cathode gases. First, pressurize both anode|side
GYysimultaneously. Shut off the inlet valves of anode and cathode
e cell. Keep the cell in this condition for 10 min while monitoring the
{ cathode sides respectively. Document this leakage out of the cell.

Injeg
then
and

gase
pres

Secqnd, pressurizethe anode side to 30 kPa(G) and the cathode side to 0 kHa(G)
simultaneously. Shut off the inlet valves of anode and cathode gases to seal the gas in the
cell. [Keep the cell in this condition for 10 min while monitoring the pressures in the anodq and
cathode sides respectively. Document this crossover from anode to cathode side.

Third, pressurize the cathode side to 30 kPa(G) and the anode side to 0 kPa(G)
simultaneously. Shut off the inlet valves of anode and cathode gases to seal the gas in the
cell. Keep the cell in this condition for 10 min while monitoring the pressures in the anode and
cathode sides respectively. Document this crossover from cathode to anode side. In the
above procedures, the pressure drop after 10 min shall be less than 5 kPa(G) on both anode
and cathode sides.

If the cell operates at higher pressures, the test pressure should be roughly equivalent.
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Annex D
(informative)

Initial conditioning

As an alternative to the MEA supplier’s initial conditioning procedure, four examples of
conditioning protocols are described below.

a) Procedure A:

1) Set up the test station to operate the cell.

2) Hurge both anode and cathode with purge (e.g., nitrogen) gas. The imilar
tp those used in the subsequent tests and will be used until the ce bly.

3) Warm up the cell to 80 °C using a cell heater or other appre [ ods.
Introduce fully humidified N, gas. The flow rates will be simi the
ubsequent test. During warm-up, maintain the cell te gas

S

piping temperatures to be higher than the gas dew pd@int at_all.t i vent
water condensation in the system.
Vi

4) Wait until the cell temperature and gas hum|d|t stabili ~JIntroduce fully-humidgified
reactant gases in the appropriate stoichiome ) 4 for hydrogen and 2,5
for air, with respect to 1 000 mA/cm ally while keeping theg cell
violtage above 0,4 V until the current d

5) Maintain the load (the current density) with stoichiometry of 1,4 fc r H

this criterion indicates the completion o

b) Pfocedure B:

hydrpgen at op 5 min, run at 600 mV for 75 min, then run three
cycles consisting or 20 min followed by 600 mV for 30 min. The [total
time|for conditioning

At standard operaiing conditio ysed\during the subsequent test, run the cell on |pure

c) Procedure @

Set Up th ation”to\operate the cell. Set the standard operating conditions to be psed
during the c > In potentiostatic mode, hold at 500 mV for 5 min, run I/V cydle at
constant gas (e om 800 mV to 300 mV in 50 mV steps for 10 s each step and pack
from[300 mV to' 800 mV at same speed and time. Hold the cell at 500 mV for 5 min. Run the
cycle untilsthe variations of current density at 500 mV are below +10 mA cm=2 in 5 min and
the deviation of current density in 3 subsequent cycles is below 10 mA cm—2,

d) Procedure D:

Operate the cell in galvanostatic mode at the selected operating temperature and at the gas
conditions given in the standard test conditions. Increase the current density in steps of
100 mA cm=2 or at a rate not greater than 10 mA cm=2 s=1, while keeping the cell voltage
higher than 500 mV until reaching the current density identified for the conditioning. The
current density for the conditioning of the cell will correspond either to the maximum current
possible at 500 mV in the selected conditions or to a current density specified by the specific
objective of the test.

The conditioning step shall last at least 24 h with a cell voltage variation of less than £5 mV in
the last hour before starting the test.
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Annex E
(informative)

Shutdown

A typical shutdown protocol is described below.

a) Decrease the electrical load to values corresponding to the steps in the polarization curve
in the reverse sequence (that is, decrease current density from i, ,, to 0 while keeping

ases Tiowing). bisengage the electrical load.

b) Hurge anode and cathode with humidified nitrogen at flows correspohding to the\lo

mnd cathode for 5 min to 10 min (this step is optional
embrane hydration desired).

d) Disconnect the cell and tightly cap the anode and

&

west
own,
nt at

hode
el of
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Annex F
(informative)

Reconditioning

Typical reconditioning protocols are described below.

a) Procedure A:

1) Repeat steps 1) to 5) of the Procedure A of Annex D. One hour should be enough for
step 5) for stabilization of the cell condition.

cd\.maintain the

N

) Specify test condition(s) appropriate for the test to be carried o
condition(s) until they are stabilized.

b) Hrocedure B:

1) Supply fully-humidified gases with a hydrogen stoichiofie R\ 1,4 d ar dant
stoichiometry of 2,5 through the cell for 1 h while heating to 8 nt of
400 mA cm—2.

2) Operate the cell under these conditions for 4
voltage is equilibrated.

&

the
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Annex G
(informative)

I-V characteristic test

Typical current density increments used for /-V characteristics test are given below.

If the expected maximum current density is known (e. g., indicated by the manufacturer or due
vious measurements), select the current steps as given in Table G.1

to pr

If the

Table G.1 — Current density increments if maximum current de s.known

maximum @

Percentage of expected maximum

Step current density

0 0 (0CcVv) x
1 2%

2 5%

3

4

5

6

7

8

&

9
N
OT\E\( More pei may b ecessary at low
current if Tafel slape analysis is of interest.

nown, use the current increments given in Table G.4.
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Table G.2 — Current density increments if maximum current density is unknown

Step Current density (mA cm™2)
0 0 (OCV)
1 20
2 50
3 100
4 200
5 Z00
6 600
7 800
8 1000
9 1200 x
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Annex H
(informative)

Start/stop cycling test

A typical start/stop cycling profile and its operating duration are described below.

The cycling will follow the following profile:

a) “off” phase = 15 min at 0 A cm=2;
b) “¢n” phase = 15 min at i;; A cm=2 (iy: rated current density).

currgnt of ig; /4 at each step:
% ig; A cm=2 during 10 s;

)

b) % ig A cm=2 during 10 s;
) ¥4 ig A cm=2 during 10 s;
)

ikt A cm=2 during 14 min 30 s.

The |duration of this step depends on the

rtant
j the

ated

spedfific “ending” criterion: fixed life tim the
power, the voltage on load or the open ei

Apart from the different possi bped
(gases, temperature controlle the
minimum value recommende r (in order to avoid irreversible damage of

the dell components).
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Annex |
(informative)

Load cycling test

Typical load cycling profiles and length of the test are given below.

Two current density profiles allowing the cell to operate between two current density levels
with

are

roposed: one is more dynamic, with the profile lasting 1 min, and the other less so

the

The
stab
shall

The

of i ff

rofile lasting 1 h.

lize the operating conditions before starting the cycling pha
be performed with one of the two current density profiles sho

Ratio of current density

600

IEC 1244/10

low current density phase
of iygg 9); and high current density phase = 20 s with an incr
2

40 s at irgo AL
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