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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
FUEL CELL TECHNOLOGIES –  

 
Part  7-1 :  Test  methods – Sing le  cel l  performance tests   

for polymer electrolyte fuel  cel ls  (PEFC)  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  com pri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  prom ote  
i n ternati onal  co-operat i on  on  al l  quest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cati ons,  
Techn i cal  Reports ,  Publ i c l y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  m ay part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governm ental  and  non -
governm ental  organ i zati ons  l i a i s i ng  wi th  the  I EC  al so  part i ci pate  i n  th i s  preparat i on .  I EC co l l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reem ent  between  the  two  organ i zati ons.  

2)  The  form al  deci s i ons  or  ag reem ents  of  I EC  on  techn i cal  m atters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evant  subjects  s i nce  each  techn i cal  com m i ttee  has  representat i on  from  al l  
i n terested  I EC  N ati onal  Com m ittees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recomm endati ons  for  i n ternati onal  use  and  are  accepted  by I EC  Nati onal  
Com m i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  m ade  to  ensure  that  the  techn i cal  con tent  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  h eld  responsi ble  for  the  way i n  wh i ch  they  are  used  or  fo r any  
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  prom ote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Com m i ttees  undertake  to  apply I EC Publ i cati ons  
transparentl y  to  the  m axim um  extent  poss ible  i n  the i r  nat i onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cat i on  shal l  be  c l earl y i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I n dependen t  cert i f i cati on  bod ies  provi de  conform i ty  
assessm ent  servi ces  and ,  i n  som e  areas,  access  to  I EC  m arks  of  con form i ty.  I EC  i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cati on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  of  th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or i ts  d i rectors,  em ployees,  servants  o r  ag ents  i ncl u d i ng  i n d i vi du al  experts  and  
m em bers  of  i ts  techn i cal  com m i ttees  and  I EC  Nati onal  Com m i ttees  for  any personal  i n j u ry,  property  dam age  or 
o ther dam age  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l eg al  fees )  and  
expenses  ari s i ng  ou t  of  the  publ i cati on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  N orm ati ve  references  c i ted  i n  th i s  publ i cati on .  Use  of  the  referenced  publ i cat i ons  i s  
i nd i spensable  for the  correct  appl i cat i on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  som e  of  the  e l em ents  of  th i s  I EC  Publ i cati on  m ay be  the  su bject  o f  
paten t  ri g h ts .  I EC  shal l  not  be  held  responsibl e  for  i den ti fyi ng  any or  a l l  such  paten t  ri gh ts .  

The  m ain  task of  I EC  techn ical  com m i ttees  i s  to  prepare  I n ternati onal  Standards.  I n  
excepti onal  c i rcum stances,  a  techn ical  com m i ttee  m ay propose  the  publ icati on  of  a  Techn ical  
Speci f ication  when  

•  the  requ i red  support  cannot  be  obtained  for  the  publ ication  of  an  I n ternati onal  Standard,  
despi te  repeated  efforts,  or  

•  the  subj ect  i s  st i l l  u nder techn ical  developm en t or  where,  for  an y other reason ,  there  i s  the  
fu ture  bu t  no  imm ediate  poss ibi l i ty of  an  ag reem ent  on  an  I n ternati onal  Standard .  

Techn ical  Speci fi cati ons  are  subject  to  review wi th i n  th ree  years  of  publ ication  to  decide  
whether they can  be  transform ed  in to  I n ternational  Standards.   

I EC  TS  62282-7-1 ,  wh ich  i s  a  Techn ical  Speci f i cation ,  has  been  prepared  by I EC techn ical  
comm i ttee  1 05:  Fuel  cel l  technolog ies.  
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Th is  second  ed i t i on  cancels  and  replaces  the  f i rst  ed i t i on  publ ished  i n  201 0.  Th is  ed i t ion  
consti tu tes  a  techn ical  revis ion .  

Th is  ed i ti on  incl udes  the  fo l l owing  s i gn i f ican t  techn ical  changes  wi th  respect  to  the  previous  
ed i t ion :  

a)  add i t i on  of  new tests,  m ain l y regard ing  transportation  appl icati ons;  and,  

b)  restructuri ng  of  the  form at:  bas ic  and  appl i ed  perform ance  test  m ethods.  

The  text  of  th is  Techn ical  Speci fi cati on  i s  based  on  the  fo l l owing  docum ents:  

Enqu i ry d raft  Report  on  vot i ng  

1 05/568/DTS  1 05/621 /RVC  

 
Fu l l  i n form ation  on  the  voti ng  for the  approval  of  th is  techn ical  speci f i cati on  can  be  found  i n  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  docum ent has  been  drafted  i n  accordance  wi th  the  I SO/I EC  D i recti ves ,  Part  2.  

A l i st  of  al l  parts  of  the  I EC  62282  series,  publ ished  under  the  general  t i t l e:  Fuel cell 
technologies,  can  be  found  on  the  IEC  websi te .  

The  comm ittee  has  decided  that  the  con ten ts  of  th is  publ icati on  wi l l  rem ain  unchanged  unti l  
the  stabi l i ty date  i nd icated  on  the  IEC  webs i te  under "h ttp: //webstore. i ec. ch "  i n  the  data 
re lated  to  the  speci fi c  publ ication .  At  th is  date,  the  publ icati on  wi l l  be  

•  transform ed  i n to  an  I n ternational  s tandard ,  

•  reconfi rm ed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  am ended.  

A bi l i ngual  vers ion  of  th is  publ ication  m ay be  i ssued  at  a  l ater date.  

 

IMPORTANT – The 'colour  inside'  l ogo  on  the  cover page of  th is  publ ication  ind icates 
that  i t  contains  colours  which  are  considered  to  be  usefu l  for  the  correct  
understand ing  of  i ts  contents.  Users shou ld  therefore print  th is  document  using  a  
colour printer.  
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INTRODUCTION  

This  part  of  I EC  62282  describes  s tandard  s i ng le-cel l  test  m ethods  for po l ym er electro l yte  fuel  
ce l l s  (PEFCs) .  Th is  docum ent  provides  consis ten t  and  repeatable  methods  to  test  the  
perform ance  of  s i ng le  ce l ls .  Th is  docum ent  shou ld  be  used  by com ponen t  m anufactu rers  or  
stack m anufacturers  who  assem ble  com ponen ts  i n  order  to  evaluate  the  perform ance  of  ce l l  
com ponents,  i nclud ing  m em brane-e lectrode  assem bl i es  (MEAs)  and  f low plates .  Th is  
docum ent  i s  also  avai lable  for fue l  suppl i ers  to  determ ine  the  m axim um  al lowable  im puri t ies  i n  
fuels .  

Users  of  th is  docum en t  can  selecti vel y execu te  test  i tem s  su i table  for  the i r  purposes  from  
those  described  i n  th is  docum ent.  Th is  docum ent  i s  not  i n tended  to  exclude  an y o ther  
m ethods.  

 

  



 – 1 0  – IEC  TS 62282-7-1 :201 7  © I EC  201 7  

FUEL CELL TECHNOLOGIES –  
 

Part  7-1 :  Test  methods – Sing le  cel l  performance tests   
for polymer electrolyte fuel  cel ls  (PEFC)  

 
 
 

1  Scope 

This  docum ent  covers  cel l  assem bl ies ,  test  s tation  setup,  m easuri ng  i nstrum ents  and  
m easuring  m ethods,  perform ance  test  m ethods,  and  test  reports  for  PEFC s ing le  ce l ls .  

Th is  docum ent  i s  used  for evaluati ng :  

a)  the  perform ance  of  m em brane  e lectrode  assem bl ies  (MEAs)  for PEFCs  i n  a  s i ng le  ce l l  
conf iguration ;  

b)  m aterials  or  structures  of  PEFCs  i n  a  s ing le  ce l l  conf igurati on ;  or,  

c)  the  i n fl uence  of  im puri t i es  i n  fuel  and/or i n  ai r  on  the  fuel  ce l l  perform ance.  

2 Normative references  

The fo l l owing  docum ents  are  referred  to  i n  the  text  i n  such  a  way that  som e or al l  of  the i r  
con ten t  consti tu tes  requ i rem ents  of  th is  docum ent.  For dated  references,  on l y the  ed i t i on  
ci ted  appl i es.  For undated  references,  the  l atest  ed i t i on  of  the  referenced  docum ent ( i nclud ing  
any am endm ents)  appl i es.  

ISO 1 4687-2,  Hydrogen fuel – Product specification – Part 2: Proton exchange membrane 
(PEM) fuel cell applications for road vehicles 

3 Terms and  defin i tions  

For the  purposes  of  th is  docum ent,  the  fo l l owing  term s  and  defi n i t i ons  apply.  

ISO and  I EC m ain tain  term inolog ical  databases  for use  i n  s tandard i zati on  at  the  fo l l owing  
addresses:  

•  I EC  E lectroped ia:  avai lable  at  h ttp: //www. electroped ia. org /  

•  I SO On l ine  browsing  p latform :  avai lable  at  h ttp: //www. iso. org /obp  

3. 1   
anode 
electrode  (3 .8)  at  wh ich  the  oxidati on  of  fuel  (3 . 1 1 )  takes  place  

3.2   
catalyst  
substance  that  accelerates  ( i ncreases  the  rate  of)  a  reaction  wi thou t  being  consum ed  i tse l f  

Note  1  to  en try:  The  catal yst  l owers  the  act i vati on  energ y of  the  react i on ,  a l l owing  for an  i ncrease  i n  the  react i on  
rate.  

3.3   
catalyst-coated  membrane 
CCM  
<in  a PEFC (3. 24) >  m em brane  whose  surfaces  are  coated  wi th  a  catal yst  l ayer (3 . 4)  to  form  
the  reaction  zone  of  the  e lectrode  (3 . 8)  

http://www.iso.org/obp
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Note  1  to  en try:  See  al so  m em brane  e l ectrode  assem bly (MEA)  (3 . 1 9) .  

3.4   
catalyst  l ayer 
porous  reg ion  ad j acen t  to  e i ther  s i de  of  the  m embrane  contain ing  the  catal yst  (3 . 2) ,  typi cal l y 
wi th  i on ic  and  e lectron ic  conducti vi ty  

Note  1  to  en try:  The  catal yst  l ayer com pri ses  the  spati al  reg ion  where  the  e l ectrochem ical  reacti ons  m ay take  
place.  

3.5   
cathode 
electrode  (3 .8)  at  wh ich  oxidant  (3. 22)  reduction  takes  place  

3.6   
cl amping  plate  
pressure p late  
fram e used  to  com press  the  cel l  com ponen ts  together to  m ain tain  e lectrical  conductivi ty and  
seal i ng  

3.7   
cu rrent  col l ector  
conducti ve  m aterial  i n  a  fuel  ce l l  (3 . 1 2)  that  col l ects  e lectrons  from  the  anode  (3. 1 )  s ide  or  
conducts  e lectrons  to  the  cathode  (3. 5)  s i de  

3.8   
electrode 
electron ic  conductor  (or sem i -conductor)  th rough  wh ich  an  e lectric  cu rrent  en ters  or  leaves  
the  e lectrochem ical  ce l l  as  the  resu l t  of  an  e lectrochem ical  reaction  

Note  1  to  en try:  An  e l ectrode  m ay be  e i ther an  anode  (3 . 1 )  o r  a  cathode  (3 . 5 ) .  

[SOU RCE:  I EC TS  62282-1 :201 3,  3 . 33]  

3.9   
el ectrolyte  
l i qu i d  or  so l id  substance  con tain i ng  m obi le  ions  that  render i t  i on ical l y conductive  

Note  1  to  en try:  The  e l ectro l yte  i s  the  m ain  d i st i ncti ve  featu re  of  the  d i fferen t  fuel  ce l l  technol og i es  (e. g .  a  l i qu i d ,  
po l ym er,  m ol ten  sal t ,  so l i d  oxi de)  and  determ ines  the  usabl e  operati ng  tem peratu re  rang e.  

[SOU RCE:  I EC 60050-482:2004,  482-02-29,  m od i f i ed  — the  note  has  been  m od i f i ed]  

3.1 0   
flow plate  
conducti ve  plate  m ade of  m etal ,  a  m aterial  such  as  g raph i te,  or  a  conducti ve  po l ym er that  
m ay be  a  carbon-fi l l ed  com posi te,  wh ich  i s  i ncorporated  wi th  f low channels  for fue l  (3 . 1 1 )  or  
an  oxi dan t  (3 . 22)  gas  feed  and  has  an  e lectrical  con tact  wi th  an  e lectrode  (3. 8)  

3.1 1   
fuel  
hydrogen  or  h ydrogen-contain i ng  gas  that  reacts  at  the  anode  (3. 1 )  

3. 1 2   
fuel  cel l  
electrochem ical  device  that  converts  the  chem ical  energ y of  a  fuel  (3 . 1 1 )  and  an  oxidant  
(3. 22)  to  e lectrical  energy (DC power) ,  heat  and  reaction  products  

Note  1  to  en try:  The  fu el  and  oxi dant  are  typi cal l y  s tored  ou ts i de  of  the  fuel  ce l l  and  transferred  i n to  the  fu el  cel l  
as  they are  consum ed.  
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[SOU RCE:  IEC/TS 62282-1 :201 3,  3 . 43]  

3. 1 3   
gas  d i ffusion  electrode  
GDE 
com ponent  on  the  anode  (3. 1 )  or  cathode  (3 .5)  s i de  com pris ing  al l  e lectron ic  conducti ve  
e lem ents  of  the  e lectrode  (3 .8) ,  i . e .  gas  d i ffusion  l ayer  (3. 1 4)  and  catal yst  l ayer  (3. 4)  

3.1 4   
gas d i ffusion  l ayer 
GDL  
porous  substrate  p laced  between  the  catal yst  l ayer (3 . 4)  and  the  f l ow plate  (3 . 1 0)  to  serve  as  
e lectric  contact  and  al low the  access  of  reactan ts  to  the  catal yst  layer  and  the  rem oval  of  
reaction  products  

Note  1  to  en try:  The  g as  d i ffu s ion  l ayer i s  al so  cal l ed  a  porous  transport  l ayer (PTL) .  

[SOU RCE:  I EC TS  62282-1 :201 3,  3 . 57,  m od i f i ed  — "fl ow p late"  replaces  "bipo lar  plate"  and  
note  m od i fi ed . ]  

3. 1 5   
gasket  
seal i ng  com ponent  wh ich  preven ts  the  reactant  gas  from  l eaking  ou t  of  a  ce l l  

3.1 6   
in ternal  resistance  
ohm ic  res istance  i nsi de  a  fuel  ce l l  (3 . 1 2) ,  m easured  between  cu rrent  co l lectors  (3. 7) ,  caused  
by the  e lectron ic  and  i on ic  resis tances  of  the  d i fferen t  com ponen ts  ( electrodes  (3 . 8) ,  
e lectro l yte  (3. 9) ,  f l ow p lates  (3. 1 0)  and  curren t  co l lectors)  

Note  1  to  en try:  The  term  ohm ic  refers  to  the  fact  that  the  relati on  between  vol tag e  d rop and  cu rren t  i s  l i near and  
obeys  Ohm ’s  Law.  

[SOU RCE:  I EC TS  62282-1 :201 3,  3 . 66,  m odi f ied  — "fl ow p lates"  replaces  "bipo lar  plates" ]  

3. 1 7   
l im i ting  current  densi ty 
m axim um  current  densi ty that  can  be  attai ned  by the  cel l  u nder  a g i ven  set  of  test  cond i t i ons  
where  the  cel l  vo l tage  sharpl y decreases  to  near zero  

3. 1 8   
maximum  current  densi ty 
h ighest  current  dens i ty al l owed  for  a  short  t im e  as  speci f ied  by the  m anu factu rer  

3.1 9   
membrane electrode assembly 
MEA 
com ponent  of  a  fue l  cel l  (3 . 1 2) ,  usual l y PEFC  (3 . 24) ,  cons ist i ng  of  an  electro l yte  m em brane  
wi th  gas  d i ffus ion  e lectrodes  (3. 1 3)  on  e i ther  s ide  

[SOU RCE:  I EC  TS  62282-1 :201 3,  3 . 73 ,  m odi f ied  — "DMFC"  deleted ]  

3.20   
min imum  cel l  vol tage  
l owest  perm i tted  cel l  vo l tage  speci fi ed  by the  m anufacturer  
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3.21   
open  ci rcu i t  vol tage  
OCV 
vol tage  across  the  term inals  of  a  fuel  ce l l  (3 . 1 2)  wi th  fue l  (3 . 1 1 )  and  an  oxidan t  (3. 22)  present  
and  i n  the  absence  of  external  current  f l ow 

Note  1  to  en try:  The  open  c i rcu i t  vo l tage  i s  expressed  i n  V.  

Note  2  to  en try:  Al so  known  as  "no- l oad  vol tage" .  

[SOU RCE:  I EC TS  62282-1 :201 3,  3 . 1 1 7.2]  

3.22   
oxidant  
oxygen  or  oxygen-contain ing  gas  (e. g .  ai r)  that  reacts  at  the  cathode  (3. 5)  

3.23   
polymer electrolyte  
pol ym er m aterial  con tain ing  m obi le  i ons  that  render i t  i on ical l y conducti ve  

3.24   
polymer electrolyte  fuel  cel l  
PEFC 
fue l  ce l l  (3 . 1 2)  that  em ploys  a po l ym er  wi th  i on ic  exchange  capabi l i ty as  the  e lectrol yte  (3. 9)  

Note  1  to  en try:  The  po l ym er  e l ectrol yte  fuel  ce l l  i s  al so  cal l ed  a  proton  exchang e  m em brane  fuel  cel l  (PEMFC)  
and  sol i d  pol ym er fu el  ce l l  (SPFC) .  

[SOU RCE:  I EC TS  62282-1 :201 3,  3 . 43. 7]  

3.25   
power 
energ y per u n i t  t im e,  calcu lated  from  the  vo l tage  m u l t ipl i ed  by the  current  

3.26   
power densi ty 
measure  calcu lated  by d i vi d i ng  the  power  by the  geom etric  e l ectrode  area  

Note  1  to  en try:  Power densi ty  i s  expressed  i n  W/cm 2 .  

3.27  
rated  current  densi ty 
m axim um  curren t  densi ty speci fi ed  by the  m anu factu rer  of  the  MEA (3. 1 9)  or  s i ng le  ce l l  (3 . 29)  
for con ti nuous  operation  

3.28   
rated  vol tage  
m in im um  ce l l  vo l tage  speci f i ed  by the  m anufactu rer  of  the  MEA (3 . 1 9)  or  s i ng le  ce l l  (3 . 29)  for  
con tinuous  operation  

3.29   
sing le cel l  
cel l  typical l y consis t ing  of  an  anode  f l ow plate  (3 . 1 0) ,  MEA (3. 1 9) ,  cathode  f l ow plate  (3. 1 0)  
and  seal ing  gaskets  (3 . 1 5)  

Note  1  to  en try:  See  Annex B  for add i t i onal  i n form ati on .  

3.30   
sing le cel l  test  
test  of  the  fuel  ce l l  (3 . 1 2)  perform ance  based  on  a  s i ng le  ce l l  (3 . 29)  

[SOU RCE:  IEC  TS 62282-1 :201 3,  3 . 1 1 2. 5]  
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3.31   
stoich iometry 
m olar  ratio  of  the  fuel  (3. 1 1 )  or  oxidant  (3. 22)  gas  f low rate  suppl i ed  to  the  ce l l  to  that  requ i red  
by the  chem ical  reacti on ,  as  calcu lated  from  the  curren t  

Note  1  to  en try:  Th i s  i s  the  i n verse  valu e  of  fuel  (or oxi dan t)  u t i l i zati on  as  defi ned  i n  I EC  TS  62282-1 :201 3.  

4 General  safety considerations 

An  operati ng  fue l  ce l l  uses  oxid i zi ng  and  reducing  gases.  Typical l y,  these  gases  are  s tored  i n  
h igh-pressure  containers .  The  fuel  ce l l  i tse l f  m ay or m ay not  be  operated  at  pressures  g reater  
than  atm ospheric  pressure.  

Those  who  carry ou t  s i ng le  ce l l  test ing  shou ld  be  trained  and  experienced  in  the  operation  of  
s i ng le  ce l l  test  system s  and  speci fi cal l y i n  safety procedures  i nvolvi ng  e lectrical  equ ipm ent  
and  reacti ve,  com pressed  gases.  Safel y operati ng  a  s i ng le  ce l l  test  s tat ion  requ i res  
appropriate  techn ical  trai n ing  and  experience  as  wel l  as  safe  faci l i t i es  and  equ ipm ent,  al l  of  
wh ich  are  ou ts i de  the  scope  of  th is  docum ent.  

5 Cel l  components  

5.1  General  

The fo l l owing  com ponents  are  typical l y used :  

a)  an  MEA,  

b)  gaskets,  

c)  an  anode-s ide  f l ow plate  and  a  cathode-s ide  f low p late,  

d )  an  anode-s ide  curren t  co l lector and  a  cathode-s ide  curren t  co l lector,  

e)  an  anode-s ide  c lam ping  plate  and  a  cathode-side  clam ping  plate ,  

f)  e lectrical l y i nsu lating  sheets ,  

g )  clam ping  or  axial  l oad  hardware  wh ich  m ay i nclude  bol ts ,  washers,  spri ngs,  etc. ,  and,  

h )  tem peratu re  contro l  devices.  

5.2  Membrane electrode assembly (MEA)  

The e lectrode  area shal l  be  as  l arge  as  needed  to  m easure  des i red  parameters.  A suggested  
e lectrode  s i ze  shou ld  be  approxim atel y 25  cm 2 ,  though  cel l s  having  l arger electrodes  m ay 
g i ve  m ore  re levan t  data for practical  appl icati ons.  The  acti ve  e lectrode  area shal l  be  recorded .  
The  approxim ate  uncertain ty i n  the  area m easurem ent  shal l  also  be  recorded .  

NOTE  For a  l arger acti ve  area,  heterogenei t i es  i n  param eters  such  as  tem peratu re,  f l ow rate,  and/or com press ion  
can  becom e  s i gn i f i cant.  

5.3  Gasket  

The gasket  m aterial  shal l  be  com patible  wi th  fuel  ce l l  reactants ,  com ponen ts ,  reacti on  
products  and  cel l  operati ng  tem perature.  I t  shal l  m in im ize  gas  leakage.  

5.4  Flow plate  

Flow plates  shal l  be  m ade  of  m aterials  that  have  neg l ig i ble  gas  perm eabi l i ty and  h igh  
e lectrical  conductivi ty.  Res in- im pregnated ,  h igh -dens i ty,  syn thetic  g raph i te,  po l ym er/carbon  
com posi tes,  or  corros ion- res is tant  m etals,  such  as  t i tan i um  or  stain less  steel ,  are  
recom m ended .  I f  m etal  i s  used ,  the  p late  surface  m ay be  coated/plated  (e. g .  wi th  go ld)  i n  
order to  reduce  contact  res istance.  The  f low plate  shou ld  be  corros ion-res i stant  and  provide  a 
su i table  seal .  
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A serpenti ne  f low channel  i s  suggested .  Further  i n form ation  abou t  a  suggested  des ign  i s  
g i ven  i n  Annex  A.  The  f l ow f i e l d  configurati on  shal l  be  docum ented  i n  the  test  report.  

The  f l ow plates  for  testing  shal l  al l ow the  accurate  m easurem ent  of  ce l l  operating  tem perature.  
For exam ple,  f l ow p lates  m ay have  a sm al l  ho le  on  an  edgewise  face  i n  order to  
accom m odate  a  tem perature  sensor.  I n  th is  case,  the  ho le  shal l  reach  the  centre  of  the  f low 
plate.  

I f  the  obj ecti ve  of  test ing  i s  to  evaluate  the  design  of  a  particu lar  f l ow channel ,  i t  i s  not  
necessary to  use  the  suggested  f l ow plate  des ign .  

5.5  Current  col lector  

Current  co l l ectors  shal l  be  m ade of  m aterials  that  have  h igh  e lectrical  conducti vi ty,  such  as  
m etal .  Metal  co l l ectors  may be  p lated  wi th  contact  res is tance-reducing  m aterials ,  such  as  go ld  
or  s i l ver.  However,  care  shou ld  be  taken  i n  choos ing  the  coating  m aterial .  I t  shal l  be  
com patible  wi th  the  cel l  com ponents  and  reactants  and  products .  

Current  co l lectors  shal l  be  th ick enough  to  m in im ize  vo l tage  drop  over the i r  su rface  area.  
They shou ld  provide  an  ou tpu t  term inal  for  wi re  connecti on .  

I f  m etal  f low plates  act  as  cu rren t  co l lectors,  i ndependen t  curren t  co l lectors  are  not  requ i red .  

5.6  Clamping  plate  (or pressure  p late)  

Clam ping  plates  (or pressure  plates)  shal l  be  f l at  and  sm ooth -surfaced,  wi th  thei r  m echan ical  
properti es  s trong  enough  to  wi thstand  the  bend ing  force  being  appl ied  when  clam ped  wi th  
bo l ts.  

I f  the  c lam ping  p lates  are  conductive,  they shal l  be  i nsu lated  from  the  cu rren t  co l l ectors  i n  
order  to  preven t  short-ci rcu i t i ng .  

5.7  Clamping  hardware  

Clam ping  hardware  shal l  have  h i gh  m echan ical  streng th  i n  order  to  wi thstand  the  stresses  
generated  du ri ng  i nstal l ation  and  operati on .  Washers  and  springs  m ay be  used  to  m ain tain  
constan t,  un i form  pressure  on  the  s i ng le  ce l l .  A  cal ibrated  torque  wrench  or  o ther  m easuring  
device  shal l  be  used  to  set  exact  pressure  on  the  ce l l .  

The  c lam ping  pressure  shou ld  be  tested  and  noted  before  and  after each  experim ent.  The  
spatial  variati on  shou ld  not  be  h i gher  than  1 0  %.  I f  poss ible ,  the  clam ping  pressure  
(m agn i tude,  d i stri bu ti on)  shou ld  be  con trol l ed  con ti nuousl y.  

I t  i s  recom m ended  to  e l ectrical l y i nsu late  the  c lamping  hardware.  

5.8  Temperature-control  device  

The s i ng le  ce l l  shal l  be  provided  wi th  a  tem perature-con tro l  device  ( for  heati ng /cool i ng )  i n  
order  to  m ain tain  i t  at  a  targeted  tem peratu re  or  tem peratu re  prof i le  along  the  f l ow plate  and  
across  the  cel l .  The  tem perature-con trol  device  m ay be  prog ram m able  to  fo l low a  f i xed  
tem peratu re  profi le .  The  tem perature-contro l  device  shal l  have  a m eans  to  preven t  over-
tem perature.  

There  are  m u l ti ple  ways  of  ach ieving  th is  requ i rem ent.  

One  s im ple  way i s  to  convecti ve l y coo l  and/or  e l ectrical l y heat  the  c lam ping  (pressure)  p lates .  
The  heati ng  can  be  ach ieved  by attach ing  a skin  res istance  heater to  the  external  su rface  of  
the  plate.  An  al ternat ive  m ethod  i s  to  i nsert  a  cartri dge  heater i n to  a  ho le  i n  the  plate.  
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I n  e i ther  case,  care  i s  requ i red  to  m ain tain  i nsu lati on  for e l ectrical  safety.  

6 Cel l  assembly 

6.1  Assembly procedure  

Cel l  assem bl y procedures  have  a l arge  im pact  on  the  repeatabi l i ty of  fue l  ce l l  data.  Speci fi c  
procedures  shal l  be  docum ented  for the  fo l l owing  assem bly operati ons:  

a)  CCM  al i gnm ent,  i ncl ud ing  i den ti f i cation  of  anode  and  cathode  s ides ,  

b)  d i ffusion  m ed ia ( i . e. ,  GDL)  al i g nm ent,  i nclud ing  i den ti f ication  of  anode  and  cathode  parts ,  
as  wel l  as  the  s i des  to  be  placed  facing  the  m em brane  and  f l ow f i e l d ,  

c)  gasket/seal  p lacem ent,  

d )  al i g nm ent  f i xtu res  or  j i gs  to  be  used,  i f  any,  

e)  com press ion  procedures  and  speci f i cati ons,  such  as  d i ffus ion  m ed ia com press ion  values,  
bo l t  t i gh ten ing  order,  com pression  springs,  and  f i nal  torque  spec i f ications.  

Pressure  m ay be  checked  by pressu re-sens i t i ve  paper/fi lm .  

Typical  al i gnm ent  of  ce l l  com ponents  i s  shown  i n  Annex B.  

After assem bl y,  the  i solati on  between  the  c lamping  plates  and  current  co l l ectors  shal l  be  
checked.  

6.2  Cel l  orientation  and  gas  connections  

A ce l l  shal l  be  operated  i n  an  orientation  wh ich  faci l i tates  product  water rem oval .  The  cel l  
orientati on  shal l  be  docum ented.  

6.3  Leak check 

The cel l  shal l  have  m in imal  external  and  i n ternal  l eakage.  Exam ples  of  l eak-check procedures  
are  g i ven  i n  Annex C.  I n  principle ,  the  l eak-check procedures  cons ist  of  i n j ecting  an  i nert  or  
test  gas  i n to  both  the  anode  and  cathode  s i des.  By us ing  a su i table  pressure  d i fference,  the  
nature  and  d i recti on  of  the  l eak can  be  ascertained .  The  m axim um  pressures,  the  natu re  of  
the  test  gas  and  leakage  rates  shal l  be  docum ented.  I f  a  l eak i s  detected ,  o ther  tests ,  such  as  
a bubble  test,  m ay be  perform ed  to  fu rther  del i neate  the  type  and  nature  of  the  l eak.  

The  d i fferen tial  pressure  on  the  m em brane  i s  cri t ical .  The  m axim um  d i fferential  pressure  
speci f ied  by the  m anufacturer  shou ld  not  be  exceeded.  

7 Test  station  setup 

7.1  M in imum  equ ipment  requ i rement  

A fuel  ce l l  test  s tati on  i s  requ i red  to  conduct  the  test i ng  of  a  s ing le  ce l l .  The  m in im um  test  
equ ipm ent  functi onal i ty i n  order  to  m eet  the  i n tention  of  the  s ing le  ce l l  test  procedure  i ncl udes  
the  fo l l owing  test  param eters:  

a)  reactan t  gas  f l ow rate  contro l  to  m eter  and  con tro l  the  f low rates  of  fuel  and  oxidan t  gases  
to  the  fuel  ce l l  at  a  des i red  s to ich iom etric  rati o;  

b)  reactan t  gas  hum id i f icati on  con tro l  to  hum id i fy the  reactan t  gases  to  a speci f i ed  dew poin t  

prior  to  del i very to  the  fuel  cel l .  The  recom m ended  water  resis ti vi ty i s  at  l east  0 , 1  MΩ･ cm  

(or  at  m ost  a  conducti vi ty  of  1 0−6  S･ cm −1 ) .  The  gas  transfer  l i nes  between  the  hum id i f i ers  

and  the  cel l  shou ld  be  heated  to  at  l east  5  °C  above  the  dew poin t  tem perature  to  
m in im ize  condensati on .  The  l i nes  shou ld  be  i nsu lated  to  m in im ize  heat  l oss.  For  som e  
MEAs,  hum id i f i cati on  m ay not  be  requ i red ;  
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c)  reactan t  gas  pressure  contro l  to  regu late  the  reactan t  gas  pressure  wi th i n  the  fuel  ce l l ;  

d )  l oad  contro l :  l oad  bank to  draw a  speci f ied  cu rren t  from  the  ce l l .  I t  shou ld  be  capable  of  
operating  i n  e i ther  constant  cu rrent  or  constan t  vo l tage  m ode;  

e)  ce l l  heati ng /cool i ng  con tro l  to  heat  or  coo l  the  s ing le  cel l  to  the  desi red  operating  
tem perature;  

f)  ce l l  vo l tage  m on i tori ng  and  data acqu is i t i on  i nstrum entation  to  m easure  and  record  the  
cel l  vo l tage  throughout  the  test;  

g )  test  s tation  contro l :  test  s tation  capable  of  con tro l l i ng  the  above  param eters ;  

h )  au tom atic  shu tdown  safety featu res  are  recomm ended  when  test ing  l arge  acti ve  area ce l l s .  
They are  to  al low the  testi ng  system  to  recogn i ze  undes i rable  operating  cond i t i ons  and  
respond  by shu tt i ng  down  to  preven t  any dam age to  the  fuel  ce l l  and/or s top any 
poten tial l y u nsafe  even t.  

7.2  Schematic  d iag ram  

Figu re  1  i s  a  schem atic  bl ock representation  of  the  m ajor  sub-system s  requ i red  i n  a  test  
s tation  to  conduct  fuel  ce l l  test ing .  

 

Figure 1  – Test  station  schematic  d iag ram  for  sing le cel l  testing  

Materials  used  for  an y com ponent  that  wi l l  be  i n  contact  wi th  hum id i f ied  gas  or  hum id i f i er  
water  shal l  be  com patible  wi th  the  gas  or  water to  prevent  the  extraction  of  im puri t i es  from  the  
m aterial .  Exam ple  m aterials  i ncl ude  stain less  steel  and  f l uoro-plastics.  

Beware  of  l each ing  of  m etal  cat i ons  from  stai n less  stee l  i n  pu re  water  at  e l evated  tem perature  
and  the  need  to  d rain  hum id i f i ers  peri od ical l y i f  not  i n  constant  use.  

I n  the  case  of  im puri ty testing ,  the  gas  hum id i f i cation  system  shal l  be  des igned  to  avoid  
rem oving  the  test  im puri t i es  from  the  gas  stream  pri or to  the  gas  en tering  the  ce l l .  

NOTE  I m puri t i es  are  g i ven  i n  I SO 1 4687-2.  
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I f  th i s  test  i s  not  to  be  execu ted ,  a  bubbler saturator can  be  used  for fue l  hum id i f ication .  

Variations  to  th is  con fi guration  are  acceptable  provided  that  the  functi onal  requ i rem ents  of  
th is  docum ent  are  m et.  

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

The fuel  ce l l  test  s tat ion  shal l  have  the  fo l l owing  m axim um  variat ion  i n  i ts  con trols :  

a)  curren t  contro l  ±1  % re lati ve  to  set  po in t;  

b)  vo l tage  con tro l  ±1  %  re lati ve  to  set  po i n t;  

c)  ce l l  tem perature  con tro l  ±1  °C  at  set  poi n t  ( i n  s teady state) ;  

d )  hum id i ty dew po in t  con tro l  ±2  °C  at  set  poin t  ( i n  s teady s tate) ,  i f  appl icable;  

e)  f l ow rate  contro l  ±5  % re lati ve  to  set  po in t;  

f)  pressure  con tro l  ±3  %  re lat i ve  to  set  po in t.  

8 Measuring  instruments 

8.1  Instrument  uncertainty 

The m axim um  instrum en t  uncertain ty for  m easurem ents  ( test  ou tpu ts)  i n  the  tests  shal l  be  as  
fo l l ows:  

a)  curren t  ±1  % of  m axim um  expected  value;  

b)  vo l tage  ±0,5  % of  m axim um  expected  value;  

c)  tem perature  ±1  °C;  

d )  dew poin t  ±2  °C;  

e)  f l ow rate  ±2  % of  m axim um  expected  value;  and  

f)  pressure  ±3  % of  m axim um  expected  value.  

NOTE  At  l ow current,  vo l tag e  and  f l ow rates,  the  u ncertai n t i es  can  be  very  l arge  wi th  respect  to  the  m easu red  
val ues .  

8.2  Measuring  instruments and  measuring  methods  

8.2. 1  General  

Measuring  i nstrum ents  shal l  be  se lected  in  accordance  wi th  the  range  of  values  to  be  
m easured .  The  i nstrum ents  shal l  be  cal i brated  regu larl y i n  order to  m ain tain  the  l evel  of  
accuracy described  i n  8. 1 .  Al l  m easuring  devices  shal l  be  cal i brated  accord ing  to  the  
m anufacturer’s  i nstructions  or re levan t  national  or  i n ternational  s tandards.  

8.2.2  Vol tage 

A vol tage  m eter shal l  be  connected  to  the  anode  and  cathode  f low plates  or  current  col lectors ,  
m in im izi ng  the  i n fl uence  of  e l ectrical  contact  res istances.  The  e lectrical  con tact  res istances  
between  the  connections  of  the  vo l tage  m eter,  e i ther  anode  and  cathode  f l ow plates  or  ou tpu t  
term inals  of  anode  and  cathode  cu rren t  col l ectors  shal l  be  m easured  and  recorded ,  i f  not  
neg l ig ib le .  

8.2.3  Current  

A current  m easuring  device  shal l  be  l ocated  i n  the  current-carryi ng  ci rcu i t  of  the  ce l l .  The  
curren t-m easuring  device  m ay cons ist  of  a  l ow- im pedance  amm eter or  a  cal ibrated  shunt  
res istor,  wh ich  develops  a  precise l y known  vo l tage  i n  proport ion  to  the  curren t  f l owing .  The  
curren t  m ay also  be  m easured  us ing  the  features  of  an  e lectron ic  l oad.  
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8.2.4  In ternal  resistance ( IR)  

Recomm ended  IR  m easu ring  m ethods  are  the  curren t- in terrupt  m ethod  (see  1 1 . 6 . 2 . 1 )  and  the  
e lectrochem ical  im pedance  spectroscopy (E I S)  m ethod  (see  1 1 . 7.5) .  An  AC res istance  
m ethod  at  a  f i xed  frequency ( typical l y 1  kHz) ,  such  as  the  use  of  an  AC m i l l i ohm  m eter,  i s  
also  acceptable  (see  1 1 . 6. 2. 2) .  Care  shou ld  be  taken  i n  the  se lecti on  of  a  frequency to  ensure  
the  im pedance  con tains  no  im ag inary com ponen t.  The  frequency of  the  m i l l iohm  m eter shou ld  
be  recorded .  

Care  shou ld  be  taken  when  us ing  an  external  AC  s i gnal  i n  paral l e l  wi th  the  l oad  i n  order  to  
avo id  i n terference.  

Plus/m inus  sense  leads  of  these  m easuring  i nstrum ents  shal l  be  connected  to  the  ou tpu t  
term inals  of  the  cathode  and  anode  current  co l lectors,  respecti ve l y.  

8.2.5  Fuel  and  oxidant  f low rates  

Fuel  and  oxidant  f l ow rates  shal l  be  m easured  by m eans  of  a  vo lum etric  m eter,  a  m ass  f l ow 
m eter,  or  a  tu rbine-type  f l ow m eter.  I f  such  a  m ethod  i s  not  practical ,  f l ow m easurem ent  by a 
nozzle ,  ori f i ces  or  Venturi  m eter  i s  recom m ended .  The  l ocation  of  a  f l ow m eter  shal l  be  
upstream  of  the  hum id i f i er.  

I f  the  f l ow m eter  requ i res  pressure  com pensati on ,  a  s tatic  pressu re  m easuring  port  shal l  be  
l ocated  im m ediate l y upstream  of  the  f l ow m eter  to  be  corrected.  

8.2.6  Fuel  and  oxidant  temperature  

The recomm ended  sensor for  d i rect  tem perature  m easurem ent  i s  a  therm ocouple,  a  
res istance  therm om eter wi th  a transducer  or  a  therm istor.  

The  tem peratu re  sensor  shal l  be  l ocated  im m ed iate l y upstream  of  the  s ing le  ce l l .  I t  i s  
recom m ended  to  pos i t i on  another  sensor  im m ediate l y downstream  of  the  s i ng le  ce l l .  

I f  the  fuel  and/or  oxi dan t  f l ow m eter  requ i res  tem perature  com pensation ,  the  sensor for such  
correction  shal l  be  l ocated  im m ediatel y upstream  of  the  f l ow m eter.  

8.2.7  Cel l  temperature  

The  recomm ended  sensor for  d i rect  tem perature  m easurem ent  i s  a  therm ocouple,  a  
res istance  therm om eter  wi th  a transducer  or  a  therm istor  

The  tem peratu re  sensor  shou ld  be  l ocated  as  cl ose  as  poss ible  to  the  centre  of  the  cathode  
acti ve  area.  I deal l y,  i t  shou ld  be  at  the  cen tre  of  both  anode  and  cathode  f low p lates  (see  5. 4  
and  Annex A for m ore  detai ls ) .  

8.2.8  Fuel  and  oxidant  pressures  

For m easuring  fuel  and  oxidant  pressures,  cal ibrated  pressure  transducers  are  the  preferred  
method.  Other acceptable  m ethods  i nclude  cal i brated  m anom eters,  dead-weigh t  gauges,  
bourdon  tubes  or  other e lastic- type  gauges.  

Static  pressure-m easuri ng  ports  shal l  be  l ocated  im m ediatel y upstream  or imm ediate l y 
downstream  of  the  s i ng le  ce l l .  Fue l  and  oxidant  pressures  m ay be  con trol l ed  e i ther  upstream  
of  the  cel l  ( i n l et  pressure  m ode)  or  downstream  of  the  cel l  (back pressure  m ode) .  

Connecting  p ipi ng  shal l  be  checked  to  veri fy that  i t  i s  l eak-free  under working  cond i t ions  i n  
advance  of  the  perform ance  tests.  Li qu id  water i n  the  pip ing  shou ld  be  avo ided.  



 – 20  – IEC  TS 62282-7-1 :201 7  © I EC  201 7  

I f  pressure  f l uctuations  occur,  a  su i table  m eans  o f  dam ping  shal l  be  i nstal l ed  i n  an  effecti ve  
pos i t ion .  

Pressures  shal l  be  m easured  as  s tat ic  pressures  wi th  the  effect  of  ve loci ty cons idered  and  
e l im inated .  

8.2.9  Fuel  and  oxidant  humid i ty 

To  m easure  fuel  and  oxidan t  hum id i ty,  a  ch i l l ed  m i rror,  al um inum  oxide,  bu lk pol ym er resist i ve  
or capaci tance-type  h yg rom eter  can  be  used  to  obtain  hum id i ty values,  depend ing  on  the  fuel  
and  oxidan t  tem peratures.  

Hum id i ty shal l  be  expressed  as  a dew-poin t  tem peratu re  or  as  re lati ve  hum id i ty i n  %  
calcu lated  at  the  cel l  tem perature.  

A hum id i ty m easuring  port  shal l  be  l ocated  upstream  of  the  s ing le  ce l l ,  or  the  hum id i ty sensor 
can  be  i n  the  reactant  gas  before  testi ng  comm ences.  I n  the  case  of  us ing  am bient  or  
syn thetic  ai r  as  oxi dan t,  the  dew poin t  shal l  be  m easured  and  recorded .  

8.2. 1 0  Ambient  condi t ions  

I t  i s  recom m ended  that  the  am bient  tem perature ,  pressure  and  hum id i ty  be  m easured  and  
recorded.  

For the  d i rect  m easurem ent of  am bien t  tem perature,  therm ocouples  wi th  a  transducer or  a  
res istance  therm om eter wi th  a transducer  i s  recomm ended.  

For the  d i rect  m easuremen t of  am bien t  pressu re,  a  barom eter i s  recom m ended.  

For d i rect  m easurem ent  of  am bient  hum id i ty,  a  h ygrom eter  i s  recom m ended.  

8.3  Measurement  un i ts  

Table  1  i den ti f i es  the  param eters  and  thei r  m easurem ent  un i ts  for  the  tests .  
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Table  1  – Parameters and  un i ts  

Parameter  Un i t  

Tem peratu re  °C  

Fuel  and  oxi dant  pressu res  kPa c  

Dew poi n ts  of  fuel  and  oxi dan t  °C  

Fuel  and  oxi dan t  f l ow rates  (STP  a)  cm 3  m i n− 1 ,  cm 3  s− 1  

Fuel  and  oxi dan t  s to i ch i om etri es  - -  

Current  A 

Current  dens i ty  A cm −2  

Vol tage  V  

Ou tpu t  power  W 

Power dens i ty  W  cm −2  

Area-speci f i c  ce l l  res i s tance  Ω  cm 2  

Fuel  com posi t i on  b  
(m ol )  m ol − 1  

Oxi dant  com pos i t i on  b  
(m ol )  m ol − 1  

Tim e:  hour,  m i nu te,  second  h ,  m i n ,  s  

E lectri c  charge  C  

a  STP  =  s tandard  tem peratu re  and  pressure:  0  °C  and  1 01 , 325  kPa (absolu te) .  Un l ess  s tated  otherwise,  STP  
i s  u sed  for  the  f l ow rate.  

b  I m puri t i es  are  expressed  as  (µm ol )  m ol− 1 .  

c  I SO  recom m ends  us i ng  abso lu te  pressure  (kPa)  i f  poss ibl e.  I f  gauge  pressure  i s  used,  i t  shou ld  be  noted  as  
such  and  be  g i ven  i n  kPaG.  

 

9 Gas composi tion  

9.1  Fuel  composi t ion  

9. 1 . 1  Hydrogen  

Accord ing  to  I SO  1 4687-2,  h ydrogen  fuel  i ndex  (m in im um  m ole  fracti on)  shal l  be  99, 97 %.  

9.1 .2  Reformed  gases  

The  s im u lated  reform ed  gas  m ay be  speci f i ed  by the  cel l  or  com ponent  m anufacturer.  The  
puri ty and  com posi ti on  of  the  reform ed  gas  shal l  be  determ ined  by chem ical  anal ys is .  The  
resu l ts  of  the  chem ical  anal ys is  shal l  be  recorded .  

9.2  Oxidant  composi t ion  

I f  ai r  i s  used  as  an  oxidant,  then  e i ther  atm ospheric  or  syn thetic  ai r  m ay be  used .  I n  the  case  
of  atm ospheric  ai r,  i t  i s  recom m ended  that  the  ai r  be  o i l -  and  particu late- free.  The  oxidan t  
com posi t i on ,  i nclud ing  the  concentrati on  of  im puri t i es,  shal l  be  recorded .  

1 0  Test  preparation  

1 0. 1  Standard  test  condi t ions  

The fo l l owing  shal l  be  speci f i ed  by the cell  and/or cel l  component manufacturer as  the  s tandard  
test  cond i t ions  before  comm encing  a  test.  I f  no  speci f i cations  are  g i ven ,  the  cond i ti ons  wi l l  
depend  on  the  study to  be  perform ed.  These  cond i t i ons  shal l  be  recorded :  
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a)  ce l l  tem perature  ( recom m ended  location :  centre  of  cathode  f l ow plate) ;  

b)  fue l  operating  pressure;  

c)  oxidant  operating  pressure;  

d )  fue l  hum id i ty at  fuel  ce l l  operati ng  tem perature;  

e)  oxidant  hum id i ty at  fuel  ce l l  operati ng  tem perature;  

f)  fue l  com posi t i on ;  

g )  oxidant  com posi t ion ;  

h )  fue l  s to ich iom etry;  

i )  oxidant  sto ich iom etry;  

j )  rated  curren t  dens i ty;  

k)  rated  vo l tage;  

l )  m axim um  curren t  dens i ty;  

m )  m in im um  cel l  vo l tage.  

Perform ance  tests  shal l  be  carried  ou t  u nder  standard  testi ng  cond i t i ons  un less  otherwise  
speci f ied  i n  the  descript ion  of  the  respecti ve  test  m ethods.  A typical  testi ng  f l owchart  i s  g i ven  
i n  F igu re  2 .  

 

Figure 2  – Typical  testing  flowchart  

1 0.2  Ambient  condi t ions  

For each  test  run ,  i t  i s  recomm ended  that  the  fo l l owing  am bient  cond i t ions  be  m easured :  

a)  tem perature,  

b)  absolu te  pressure;  and  

c)  re lat i ve  hum id i ty.  

NOTE  Al t i tude  can  have  an  i n fl uence  on  the  ai r  com pos i t i on .  

1 0.3  Data  sampl ing  rate  

The recomm ended  data  sam pl i ng  rate  i s  1  Hz.  I f  the  system  is  at  a  s teady s tate,  i t  i s  
appropriate  to  take  one  m easurem ent  value  as  an  average  value  over 1  m in  ( i . e.  m ean  value  
of  60  s i ng le  m easurem ents) .  

1 0.4  Repeatabi l i ty and  reproducibi l i ty  

I t  i s  recom m ended  to  veri fy the  repeatabi l i ty and  reproducibi l i ty of  the  measurem ents  at  an  
appropriate  in terval  i n  accordance  wi th  ISO/IEC Gu ide  98-3.  

1 0.5  Number of  test  samples  

Tests  can  be  conducted  e i ther i n  sequence  wi th  one  sam ple  or i n  paral le l  wi th  m u l t i ple  
sam ples.  The  repeatabi l i ty and  reproducibi l i ty speci fi cati ons  are  l im i ted  to  po lari zati on  curves  
on l y.  The  m easu rem ents  shal l  be  perform ed  consecu ti ve l y.  Between  m easurem ents,  the  fuel  
ce l l  shal l  be  shu t  down  and  re-cond i t i oned  from  am bient  startup cond i ti ons.  

IEC  

Leak check  

I n i t i al  
condi t i on i ng /  

recond i t i on i ng  

Test  
procedu res  
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1 0.6  Leak check of  gas ci rcu i t  wi th  inert  or  test  gas  

Al l  m aterials  used  for  l eak checking  the  gas  ci rcu i t  shal l  be  com patible  wi th  the  gas  pipi ng  and  
ce l l  com ponen ts.  After  moun ti ng  the  s i ng le  ce l l  i n  the  stand ,  check for  gas  l eaks  us i ng  i nert  or  
test  gas  and  us i ng  a l i qu i d  l eak detector test  on  al l  connections.  

1 0.7  In i t ial  cond i t ion ing  and  stable state check 

I n i ti al  cond i t ion ing  shal l  be  appl ied  to  a  newly assem bled  ce l l .  The  m ain  purpose  of  i n i t i al  
cond i t i on i ng  i s  to  bri ng  the  ce l l  to  a  stable  state  i n  perform ance  for  subsequen t  test i ng .  

I n i ti al  cond i t ion i ng  shal l  be:  

a)  carried  ou t  i n  accordance  wi th  the  MEA or com ponen t  m anu factu rer’s  i nstruction ;  

b)  as  proposed  by the  m anu facturer  of  the  test  obj ect ;  or  

c)  one  that  i s  com m on  practice  at  the  test ing  organ i zation .  

Represen tati ve  i n i ti al  cond i t i on i ng  procedures  are  provided  for  i n form ation  i n  Annex  D .  

A basel ine  polari zation  curve  shal l  be  establ i shed  by m easuri ng  i t  th ree  t im es  under the  
reference  cond i t i ons  and  the  average  ce l l  vo l tage  values  shal l  be  calcu lated  at  each  cu rren t  
dens i ty.  The  stabi l i ty of  perform ance  i s  veri f i ed  by a m axim um  al l owable  deviati on  of  5  %  
am ong  the  th ree  po lari zation  curves.  

1 0.8  Shutdown  

The shu tdown  procedure  shal l  be  carried  ou t  to  bring  a  ce l l  to  a  storage  state  (cold  state) .  
The  general  purpose  of  the  shu tdown  procedure  i s  to  cool  the  cel l  to  am bient  tem perature  
wh i l e  avo id ing  leaving  l i qu id  water  i n  the  cel l  at  am bient  tem perature.  

The  shu tdown  procedure  shal l  be  carried  ou t  i n  accordance  wi th  the  MEA or  com ponen t  
m anufacturer’s  i nstructi on .  

A representati ve  shu tdown  procedure  i s  provided  for i n form ation  in  Annex E .  

1 0.9  Recondi t ion ing  

Recond i ti on ing  procedures  shal l  be  used  upon  restarting  a  ce l l  after shu tdown  to  ensure  that  
the  MEA is  properl y hum id i f i ed .  

Recond i ti on ing  shal l  be  carried  ou t  i n  accordance  wi th  the  MEA or the  com ponent  
manufacturer’s  i nstructi on .  

Represen tati ve  recondi t i on i ng  procedures  are  provided  for  reference  in  Annex  F.  

1 1  Basic performance test  methods 

1 1 . 1  General  

The fo l lowing  tests  or  measurem ents  provide  the  fundam en tal  techn iques  for test i ng  PEFCs  
us ing  s i ng le  ce l ls :  

•  po lari zati on  curve  tests  ( 1 1 . 2) ;  

•  s teady-state  test  (1 1 . 3) ;  

•  l ong - term  operation  test  ( 1 1 . 4) ;  

•  vo l tamm etry ( 1 1 . 5) ;  
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•  i n ternal  res is tance  ( IR)  m easurem ent  ( 1 1 . 6) ;  

•  e lectrochem ical  im pedance  spectroscopy (EI S)  (1 1 . 7) .  

1 1 .2  Polarization  curve tests  

1 1 .2. 1  General  

The obj ecti ve  of  th is  test  i s  to  m easure  polari zati on  cu rves  under  defi ned  cel l  cond i t ions  i n  the  
tests  g i ven  i n  Table  2 .  

NOTE  Polari zati on  cu rves  are  som etim es  referred  to  as  I -V  or V- I  cu rves.  

For the  m easurem ent  of  po lari zati on  curves,  there  are  two  m ethods:  m easurem ent  at  constant  
gas  sto ich iom etries  and  m easurem ent  at  constant  gas  f low rates .  

For the  constan t  gas  s to ich iom etry m ethod,  the  fuel  and  oxidant  s to ich iom etri es  are  he ld  
constan t  i n  the  current  range  of  0  to  Im ax,  and  both  fuel  and  oxidant  f low rates  are  varied  as  
the  curren t  changes  except  for  values  below Im in .  Th is  i s  s im i lar  to  the  actual  cond i t i ons  of  
fue l  ce l l  operati on .  For the  m in im um  curren t  densi ty,  a  constant  m in im um  flow rate  speci f ied  
by the cel l  m anufacturer  i s  usual l y appl i ed  in  order  to  avoid  unstable  ce l l  vo l tages.  I f  not  
speci f ied ,  Im in  can  be  assum ed  to  be  1 0  %  of  Im ax.  

NOTE  Du e  to  a  d i fferent  f l ow rate  at  each  cu rren t  l eve l ,  l ocal  heat  and  water balances  are  changed  as  the  cu rren t  
vari es.  I t  requ i res  a  substant i al  am ount  of  t im e  to  reach  a  new steady-state  poi n t  after  each  cu rren t  change.  
Speci f i cal l y,  at  l ow cu rren t  val u es  i ncl ud i ng  0  A,  the  ce l l  vo l tage  becom es  unstable  due  to  l ow gas  f l ow rates .  

For the  constan t  gas  f l ow rate  m ethod,  the  fue l  and  oxidant  f low rates  are  constan t  i n  the  
cu rren t  range  of  0  to  Im ax,  and  both  fuel  and  oxidant  sto ich iom etri es  wi l l  change  as  the  current  
changes.  Al though  th is  m ay be  d i fferent  from  the  actual  cond i t ions  of  fue l  ce l l  operati on ,  cel l  
cond i t i ons  such  as  tem perature,  pressure  and  hum id i ty are  m ain tained  stable  even  under  
variable  curren t  at  a  constant  f l ow rate.  

The  test  m ethods  of  po lari zation  curves  at  constan t  gas  s to ich iom etri es  and  at  constan t  gas  
f low rates  are  provided  i n  1 1 . 2 . 2  and  1 1 . 2. 3  respectivel y.  

1 1 .2.2  Polarizat ion  curves at  constant  g as  stoich iometries  

1 1 .2.2. 1  General  

The objecti ve  of  th is  test  i s  to  determ ine  the  evo lu tion  of  ce l l  vol tage  (and ,  i n  paral le l ,  of  
power densi ty)  when  varyi ng  the  cu rren t  dens i ty u nder  constant  gas  sto ich iom etry cond i ti ons.  

1 1 .2.2.2  Test  method  

Set the fuel  and  oxidan t  flow rates to correspond  to  the s to ich iom etri es  at  m axim um  curren t  Im ax  
that  i s  speci fi ed  by the cel l  m anufacturer.  

Set  cu rren t  Im ax  and  m ain tain  the  curren t  un t i l  the  cel l  vo l tage  i s  stabi l i zed  wi th in  ±5  m V for  
1 5  m in .  

Obtain   po lari zation  curves  of  the  cel l  i n  the  range  of  0  to  Im ax  by varyi ng  the  curren t  between  
0  and  Im ax  at  su i table  i n tervals,  wh i l e  m ain tain ing  the  fuel  and  oxidan t  s to ich iom etries  
constan t  at  each  current  l evel  above  Im in  to  be  speci f i ed .  The  d i rection  of  curren t  change  shal l  
be  recorded .  

The  m in im um  requ i rem ent  for  ce l l  vo l tage  s tabi l i zat i on  i s  ±5  m V for 5  m in  at  each  cu rren t  
dens i ty value.  Typical  curren t  densi ty i ncrem ents  are  g i ven  i n  Annex G .  

Th is  test  can  also  be  perform ed  by varying  the  cel l  vo l tage  i n  the  range  of  OCV to  m in im um  
cel l  vo l tage  and  al l owing  the  current  to  s tabi l i ze  to  wi th i n  ±2  % for  5  m in .  
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I t  i s  recom m ended  that  i n ternal  res istance  m easurem ent  ( 1 1 . 6)  i s  carried  ou t  during  th is  
po lari zation  cu rve  test.  

As  the  current  i s  i ncreased ,  the  change  i n  gas  f low rate  shou ld  precede  the  change  i n  curren t.  
As  the  cu rren t  i s  decreased ,  the  change  i n  gas  f low rate  shou ld  fo l l ow the  change  i n  curren t.  

At  l ow sto ich iom etry,  care  shou ld  be  taken  that  the  equ ipm ent  i s  capable  of  contro l l i ng  the  
des i red  gas  f l ow rate  wi th in  the  l im i t  speci fi ed  i n  7. 3e)  and  Im in  shou ld  be  chosen  accord ing l y.  

1 1 .2.3  Polarization  curves at  constant  flow rate  

1 1 .2.3. 1  General  

The objecti ve  of  th is  test  i s  to  determ ine  the  evolu t ion  of  cel l  vol tage  (and ,  i n  paral le l ,  of  
power dens i ty)  when  varyi ng  the  curren t  dens i ty under  constant  gas  f l ow rate  cond i t i ons.  

1 1 .2.3.2  Test  method  

Set  the  fue l  and  oxidan t  f l ow rates  to  correspond  to  the  standard  sto i ch iom etri es  at  the  
m axim um  curren t  dens i ty,  Im ax.  

Set  cu rren t  Im ax  and  m ain tain  the  curren t  un t i l  the  cel l  vo l tage  i s  stabi l i zed  wi th in  ±5  m V for  
1 5  m in .  

Obtain  po lari zation  curves  of  the  ce l l  by varyi ng  the  curren t  i n  the  curren t  range  of  0  to  Im ax  at  
a  su i table  i n terval ,  wh i le  m ain tain ing  the  fuel  and  oxidant  f l ow rates  constant.  

The  m in im um  requ i rem ent  for  ce l l  vo l tage  s tabi l i zat ion  i s  ±5  m V for  5  m in  at  each  cu rren t  
densi ty value.  The  exact  procedure  shal l  be  recorded .  Typical  cu rren t  densi ty i ncrem ents  are  
g i ven  i n  Annex  G .  

Th is  test  can  also  be  perform ed  by varyi ng  the  cel l  vo l tage  i n  the  range  of  OCV to  m in im um  

cel l  vo l tage  and  al l owing  the  current  to  s tabi l i ze  to  wi th i n  ±2  % for  5  m in .  

I t  i s  recom m ended  that  i n ternal  res istance  m easurem ent  ( 1 1 . 6)  i s  carri ed  ou t  during  th is  
po lari zation  curve  test.  

1 1 .3  Steady-state test  

1 1 .3. 1  General  

The objecti ve  of  th is  test  i s  to  veri fy the  ou tpu t  from  the  cel l  u nder  constant-curren t  cond i t i ons  
wi th  al l  test  i npu t  parameters  set  to  des i red  val ues.  Th is  test  can  also  be  carried  ou t  under 
constan t-vol tage  cond i t ions.  

1 1 .3.2  Test  methods  

There  are  two  s im i lar  m ethods  to  perform  th is  test .  

a)  Constant-current  m ethod  

Set  al l  test  i npu t  param eters  to  the  desi red  values.  

Set  the  curren t  at  a  l evel  correspond ing  to  the  rated  cu rren t  densi ty (Ist)  and  m ain tain  i t  

for  the  durati on  of  the  test  un ti l  the  ce l l  vol tage  i s  s tabi l i zed  wi th in  ±5  m V for an  al l ocated  
tim e  based  on  the  obj ecti ve  of  the  test.  

Record  the  ce l l  vo l tage  (Vst) .  

Power ou tpu t  u nder  the  s tandard  test  cond i t i ons  (Pst)  i s  calcu lated  from  the  test  resu l ts .  

b)  Constant-vol tage  m ethod  
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Set  al l  test  i npu t  param eters  to  the  desi red  values .  

Set  the  cel l  vo l tage  (Vst)  corresponding  to  the  desi red  value  and  m ain tain  i t  un t i l  the  cel l  

cu rren t  i s  s tabi l i zed  wi th in  ±2  % for  an  al l ocated  tim e.  

Record  the  cel l  cu rrent  (Ist) .  

Power ou tpu t  under  the  s tandard  test  cond i t i ons  (Pst)  i s  calcu lated  from  the  test  resu l ts .  

1 1 .4  Long-term  operation  test  

1 1 .4. 1  General  

The obj ecti ve  of  th is  test  i s  to  determ ine  the  evo lu t i on  of  vo l tage  of  a  ce l l  operati ng  for  a  long  
peri od  of  t im e  under the  speci f ied  constant-curren t  cond i t i ons.  

The  cel l  shou ld  be  subjected  to  d iagnostics  before  and  after  the  test,  also  during  the  test  i f  
des i red ,  and  to  a  teardown  anal ys is  after  the  test,  al though  th is  i s  ou t  of  the  scope  of  th is  
docum en t.  

The  d iagnostics  m ay i ncl ude  the  fo l lowing :  

•  e lectrochem ical  surface  area  (ECA)  m easu rem ent  for the  anode  and  the  cathode  (1 1 . 5 . 3) ,  

•  h ydrogen  crossover ( 1 1 . 5. 2) ,  

•  po lari zati on  curves  (1 1 . 2) ,  

•  I R  m easurem ent ( 1 1 . 6) ,  

•  e lectrochem ical  im pedance  spectroscopy (1 1 . 7) .  

Com parison  of  the  resu l ts  of  these  d iagnostics  i s  usefu l  to  i nvestigate  the  cause  of  an y 
perform ance  degradation .  

1 1 .4.2  Test  method  

Perform  steady-state  test  (1 1 . 3)  and ,  i f  des i red ,  add i t i onal  d iagnostic  tests.  

Then  run  the  ce l l  at  the  curren t  speci f ied  by the  m anu factu rer for an  extended  peri od  of  t im e,  
a  suggested  m in im um  of  1  000  h ,  u nder  the  s tandard  test  cond i t i ons  i n  accordance  wi th  the  
al l owable  operating  t im e  speci f ied  by the  cel l  m anu factu rer.  

Mon i tor  the  cel l  vo l tage  during  operation .  I f  desi red ,  perform  d iagnosti cs.  The  suggested  
num ber of  these  d iagnostic  tests  i s  between  1  and  1 0  every 1  000  h .  

At  the  end  of  the  test  period,  perform  steady-state  test  ( 1 1 . 3) ,  and  i f  des i red ,  perform  
add i t i onal  d i agnostic  tests .  

The  perform ance  decay,  expressed  i n  µV/h ,  i s  evaluated  by the  vo l tage  drop  between  two  
steady-state  tests  ( 1 1 . 3)  perform ed  at  the  beg inn ing  and  end  of  the  test  period  d i vi ded  by the  
operati on  t im e  between  the  two  s teady-state  tests  (1 1 . 3) .  

Decoupl i ng  of  tem porary and  perm anent  degradation  can  be  ach ieved  by im plem enting  
appropriate  recovery procedures  before  s teady-state  tests  and  other d iagnostics .  

1 1 .5  Vol tammetry 

1 1 .5. 1  General  

Vol tamm etry m ay be  u sed  as  a d iagnostic  techn ique  to  quan ti fy the  rate  of  h ydrogen  
crossover  and  the  e lectrochem ical  surface  area  (ECA)  of  the  plati num  catal yst  on  each  
e lectrode  at  any s tage  i n  the  l i fetim e  of  the  MEA.  I t  can  also  be  used  to  determ ine  surface  
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coverage  by the  adsorpti on  of  con tam inants .  A potenti ostat  shal l  be  used  to  con tro l  the  
appl ied  potential  duri ng  the  m easurem ent.  

1 1 .5.2  Hydrogen  crossover test  

1 1 .5.2. 1  General  

The objecti ve  of  th is  test  i s  to  m easure  the  perm eation  rate  of  h ydrogen  from  the  anode  to  the  
cathode  th rough  the  m em brane  (crossover  rate) .  

An  i ncreased  hydrogen  crossover  rate  l eads  to  a decrease  i n  perform ance.  I t  i s  caused  by the  
deteri orati on  of  the  m embrane  and  can  lead  to  add i t ional  deteriorati on  of  the  MEA,  i nclud ing  
the  m em brane  and  part icu larl y the  cathode  acti ve  l ayer  m aterials .  

H ydrogen  perm eabi l i ty depends  not  on l y on  the  ph ys ical  properti es  of  the  m em brane,  bu t  also  
on  the  hum id i ty,  tem perature  and  pressure  of  gas.  I t  i s  recomm ended  to  carry ou t  the  test  
under a range  of  operating  cond i ti ons.  

1 1 .5.2.2  Test  method  

Condi t ion  the  cel l  and  keep  the  ce l l  i n  the  cond i t i ons  suggested  by the  m anufacturer  for  th is  
test.  

Wi th  the  cel l  fed  on  the  anode  s i de  wi th  h ydrogen  (2  m l /m in/cm 2  to  4  m l /m in/cm 2  acti ve  area) ,  
and  on  the  cathode  s i de  wi th  n i trogen  (2  m l /m in /cm 2  to  20  m l /m in/cm 2  act i ve  area) ,  perform  a 
l i near poten tial  sweep from  0, 1  V  to  0 , 5  V  versus  RH E  at  a  sweep rate  of  no  m ore  than  
5  m V/s.  

H ydrogen  evo lu tion  shou ld  be  avo ided .  I f  i t  appears,  the  m in im um  poten tial  shou ld  be  raised.  

For  the  vo l tamm etry,  connect  ce l l  term inals  to  a  potentiostat  wi th  the  coun ter and  reference  
e lectrode  l eads  connected  to  the  anode  and  the  working  e lectrode  leads  connected  to  the  
cathode.  

The  hydrogen  crossover rate,  νco ,  (m ol · s−1 · cm −2)  can  be  obtained  from  the  crossover current  
dens i ty,  Ico  ( i n terpolated  curren t  dens i ty at  zero  potential ) :  

νco=  Ico  /2F  

where  

F   i s  Faraday constan t  (96  485  C  m ol - 1 ) .  

See  F i gure  3  for i l l ustrat ion .  

Th is  test  also  provides  the  res istance  of  a  short  c i rcu i t  between  the  anode  and  cathode  s ides,  
from  the  s lope  of  the  l i near  portion  of  Fi gure  3 .  A ce l l  shal l  be  cond i t ioned  for the  test  at  the  
re levant  tem perature  and  pressure.  

To  com pare  resu l ts ,  the  tem peratu re  shal l  be  con tro l l ed  at  a  f i xed  value.  The  test  cond i ti ons  
shal l  be  recorded.  
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Figure 3  – Hydrogen  crossover test  

1 1 .5.3  Electrochemical  surface area (ECA)  measurement  

1 1 .5.3. 1  General  

The  obj ecti ve  of  th is  test  i s  to  determ ine  the  act i ve  e lectrochem ical  surface  area (ECA)  of  the  
anode  and  cathode  e lectrodes.  The  test  i s  speci f i c  to  a  p lati num  catal yst;  i t  determ ines  the  
e lectrochem ical  area of  p lati num .  

Both  cathode  and  anode  e lectrochem ical  areas  can  be  m easured .  I n  e lectrochem ical  
vo l tamm etry m ethods,  the  test  e l ectrode  wi l l  be  the  working  e lectrode,  whereas  the  other  
e lectrode  wi l l  be  the  reference  and  counter  e l ectrode.  

Connect  the  cel l  term inals  to  a  poten tiostat:  connect  the  working  e lectrode  l eads  to  the  test  
e lectrode,  and  the  counter and  the  reference  e lectrode  l eads  to  the  other  e lectrode.  

1 1 .5.3.2  Test  methods  

Two  procedu res  m ay be  used .  

a)  Measuring  h ydrogen  underpotential  adsorpti on  (desorption)  charge  

Condi t ion  and  keep  the  cel l  i n  the  cond i t i ons  suggested  by the  m anufacturer for  th is  test.  I f  
none  are  avai lable,  the  suggested  cond i ti ons  are  1 0  °C  to  80  °C  at  a  pressure  between  
atm ospheric  pressure  and  1 50  kPa,  and  1 00  % gas  hum id i f ication .  To  com pare  resu l ts,  al l  
cond i t i ons  shal l  be  contro l led  at  a  f i xed  value.  The  test  cond i t ions  shal l  be  recorded .  

Run  a n i trogen  s tream  (4  m l /m in /cm 2  act i ve  area)  th rough  both  e lectrodes  for  30  m in  i n  
advance  of  the  test  to  pu rge  oxygen  from  the  cel l .  

Run  a  f l ow of  n i trogen  at  2  m l /m in/cm 2  to  20  m l /m in/cm 2  acti ve  area through  the  working  
e lectrode  for 1 5  m in .  

Run  a f l ow of  h ydrogen  at  2  m l /m in /cm 2  to  4  m l /m in /cm 2  act i ve  area to  the  
reference/counter e l ectrode  for  1 5  m in .  

Perform  vo l tam m etry wi th  n i trogen  at  the  se lected  f low rate  or  no  f low,  varying  potential  
between  approxim atel y 0 , 05  V and  at  l east  0 , 6  V at  d i fferen t  sweep  rates  and  take  the  
m axim um  ECA value.  

Poten tial  l im i ts  shou ld  be  chosen  to  m in im ize  the  effect  of  h ydrogen  evolu t i on  and  m aterial  
oxidati on .  

Obtain  cycl i c  vo l tam m ogram s  repeated l y un ti l  they becom e stable  and  use  the  l ast 
waveform  for  calcu lat i ng  the  ECA.  
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From  the  vo l tam m etry,  determ ine  the  h ydrogen  desorpti on  or adsorption  charge  (qh )  by 
i n tegrati ng  the  re levan t  area under  the  curve  as  shown  i n  the  exam ple  i n  Fi gu re  4.  E i ther 
the  adsorpti on  or desorpti on  peak m ay be  used .  Use  the  m ost  accepted  equ ivalen t  factor  
to  calcu late  ECA:  

Ae-Pt  =  qh  /(σH  ×  A) ,  or  

Ag  =  qh  /  (σH  ×  L)  

where  

Ae-Pt   i s  the  ECA of  p lat inum  catal yst  per  un i t  e lectrode  area (m 2/cm 2) ;  

qh  i s  the  h ydrogen  desorption  or  adsorption  charge  (C:  cou lom b) ;  

σH   i s  the  h ydrogen  desorpti on  or adsorpti on  charge  per  un i t  act i ve  area of  plat i num  

(2, 1  µC/m 2) ;  

A   i s  the  geometric  area of  the  e lectrode  (cm 2) ;  

Ag   i s  the  e lectrochem ical  su rface  area per  1  g  of  p lati num  catal yst  (m 2/g ) ;  

L  i s  the  plati num  load ing  (g ) .  

I t  shal l  be  reported  i f  the  desorption  charge,  or  adsorption  charge,  or  the  m ean  value  of  
both ,  i s  used.  

 

Figure 4  – Determination  of  adsorption /desorption  charge (qh )  

b)  Carbon  m onoxide  s tripping  vol tamm etry 

Condi t ion  and  keep  the  ce l l  i n  the  cond i t i ons  suggested  by the  m anu factu rer for  th is  test.  I f  
no  cond i t i ons  are  speci fied ,  suggested  cond i ti ons  are  1 0  °C  to  80  °C  at  a  pressure  
between  atm ospheric  pressure  and  1 50  kPa,  and  1 00  % gas  hum id i f i cati on .  To  com pare  
resu l ts,  al l  cond i t ions  shal l  be  contro l l ed  at  a  f i xed  value.  The  test  cond i t i ons  shal l  be  
recorded.  

Run  a n i trogen  s tream  (4  m l /m in /cm 2  act i ve  area)  th rough  both  e lectrodes  for  30  m in  i n  
advance  of  the  test  to  pu rge  the  oxygen  from  the  ce l l .  

Run  a  f l ow of  n i trogen  (99  %)  and  carbon  m onoxide  ( 1  %)  at  2  m l /m in /cm 2  to  
20  m l /m in /cm 2  acti ve  area through  the  working  e lectrode  for  1 5  m in .  

Run  a f l ow of  h ydrogen  at  2  m l /m in /cm 2  to  4  m l /m in /cm 2  act i ve  area to  the  
reference/counter e l ectrode.  
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Perform  vo l tamm etry wi th  n i trogen  at  the  se lected  f low rate  or  no  f l ow,  varying  the  
poten tial  from  approxim ate l y 0 , 05  V  to  1 , 0  V,  at  a  sweep rate  from  1 0  m V/s  to  50  m V/s .  

When  i t  i s  necessary to  m in im ize  the  effect  of  these  m easurem ents  on  the  ECA,  the  
m axim um  poten tial  shou ld  be  l im i ted  to  a  l ower value  in  order  to  avo id  excess ive  oxidation  
of  the  m aterials  com posing  the  acti ve  l ayer.  

Measure  the  carbon  m onoxide  desorption  charge  (qco)  by i n teg rating  the  re levan t  area 
under the  curve  as  shown  i n  the  exam ple  i n  Fi gu re  5.  Use  the  m ost  accepted  equ ivalent  
factor  to  calcu late  the  ECA:  

Ae-Pt  =  qco  /  (  σco  ×  A) ,  or  

Ag  =  qco  /  (σco  ×  L)  

where  

Ae-Pt   i s  the  ECA of  p lat inum  catal yst  per  un i t  e lectrode  area (m 2/cm 2) ;  

qco  i s  the  CO  desorption  charge  (C:  cou lom b) ;  

σco   i s  the  CO desorpti on  charge  per  un i t  acti ve  area of  p lat inum  (4, 2  μC/m 2) ;  

A   i s  the  geom etric  area of  the  electrode  (cm 2) ;  

Ag   i s  the  e lectrochem ical  su rface  area per  1  g  of  p lati num  catal yst  (m 2/g ) ;  

L  i s  the  plati num  load ing  (g ) .  

 

Figure 5  – Determination  of  CO desorption  charge (qco)  

1 1 .6  In ternal  resistance ( IR)  measurement  

1 1 .6. 1  General  

The  obj ecti ve  of  th is  test  i s  to  determ ine  the  i n ternal  res is tance,  R i n t ,  of  the  ce l l  at  d i fferent  
curren t  densi t i es  i n  order  to  faci l i tate  IR  correction  of  poten tial  m easurem ents .  The  m easuring  
techn iques  described  i n  8 . 2. 4  shal l  be  used  for  i n ternal  res is tance  m easurem ent.  I f  i n ternal  
res istance  m easurem en ts  are  conducted  in  paral l e l  wi th  po lari zati on  curve  m easurem ents ,  the  
m easuring  techn ique  shou ld  not  d istu rb the  steady state .  I f  the  m easurem ent  d is turbs  the  
steady state,  record  the  cel l  vo l tage  and  cu rren t  densi ty values  then  perform  the  i n ternal  
res istance  m easurem en t.  Po lari zation  curve  m easurem ents  shal l  be  m ade accord ing  to  1 1 . 2 .  
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1 1 .6.2  Test  methods  

1 1 .6.2. 1  Current- in terrupt  techn ique  

The principle  beh ind  th is  techn ique  i s  that  the  instantaneous  change  i n  ce l l  vo l tage  when  the  

curren t  i s  swi tched  off,  ∆VCI ,  i s  a  functi on  of  the  i n ternal  res istance  of  the  ce l l .  

Set  the  cu rren t  densi ty to  the  des i red  value  and  al l ow the  ce l l  vo l tage  to  reach  a  steady value  
(m in im um  requ i rem ent  ±5  mV for 5  m in ) .  

Swi tch  the  ce l l  cu rren t  to  zero  and  m on i tor the  evo lu tion  of  the  cel l  vol tage  over t im e  us i ng  an  
osci l l oscope  or  s im i lar  measuri ng  i nstrum ent,  as  shown  i n  F i gure  6.  ΔVCI  i s  the  instan taneous  
change  of  ce l l  vo l tage  upon  cu rren t- i n terrupt  as  i l l ustrated  i n  F i gure  6 .  ΔVCI  i s  obtained  by 
extrapolat i on  of  the  cel l  vo l tage  before  and  after  curren t- in terrupt.  

 

Figure 6  – Measurement  of  ΔVCI  

Cel l  res istance,  R i n t  i s  cal cu lated  as  fo l lows:  

R i n t  =  ΔVCI  / I 

where  

R i n t   i s  the  cel l  res istance  (Ω ) ;  

ΔVCI   i s  the  instan taneous  change  of  ce l l  vo l tage  upon  curren t- in terrupt  (V) ;  

I i s  the  cel l  cu rrent  (A) .  

Area-speci fi c  res is tance,  RASR ,  i s  calcu lated  by the  fo l l owing  equati on :  

RASR =  R i n t  x  A  

where  

RASR  i s  the  area-speci f ic  res istance  (Ω  cm 2) ;  

R i n t   i s  the  ce l l  res is tance  (Ω ) ;  

A  i s  the  geom etric  area of  the  electrode  (cm 2) .  
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1 1 .6.2.2  Sing le-frequency AC resistance  measurement  

Set  the  current  dens i ty to  the  des i red  value  and  al l ow the  cel l  vo l tage  to  reach  a  steady value  

(m in im um  requ i rem ent  ±5 m V for 5  m in ) .  

Connect  an  AC  res is tance  m eter  to  the  cel l  and  record  the  read ing  wh ich  i s  ce l l  res is tance  R i n t  

(Ω) .  

Measuring  cond i t i ons  shal l  be  i nd icated ,  i nclud ing  AC  am pl i tude  and  frequency of  the  
m easurem ent,  current  dens i ty,  cel l  vol tage,  ce l l  tem perature,  and  gas  feed  cond i t i ons  i n  the  
anode  and  cathode  (composi t ion ,  hum id i ty,  tem perature,  pressure,  and  f l ow rates) .  

The  area-speci f ic  res istance  RASR (Ω  cm 2)  shal l  be  calcu lated  by the  equati on  i n  1 1 . 6 . 2 . 1 .  

1 1 .7  Electrochemical  impedance spectroscopy (EIS)  

1 1 .7. 1  General  

EI S  i s  an  e lectrochem ical  techn ique  that  al l ows  the  im pedance  spectrum  of  a  cel l  to  be  
recorded  as  a function  of  the  frequency of  appl i ed  AC  s i gnals,  and  the  spectrum  thus  obtained  
i s  to  be  anal ysed  by transfer functi on  analys is .  

1 1 .7.2  Test  condi t ions  

The fo l l owing  test  cond i t i ons  shal l  be  determ ined  i n  advance  by conducting  prel im inary tests:  

a)  m easuring  range  of  frequencies,  

b)  num ber of  m easurem ent  po in ts ,  

c)  galvanostatic  or  potentiostatic  m ethod,  

d )  am pl i tude  of  appl i ed  AC  s i gnal ,  

e)  fed  gas  (H 2/H 2 ,  H 2/N2,  H 2/Ai r,  H 2/O2 ,  e tc. ) ,  and  

f)  operating  cond i t i ons  ( tem perature,  pressure,  hum id i ty etc. ) .  

Concern ing  the  num ber of  m easurem ent  po in ts ,  i t  i s  preferable  to  pl ot  f i ve  to  twenty po in ts  per 
decade  of  frequency i n  order to  d is tribu te  them  even l y as  l ogari thm s  so  that  the  geom etry of  
im pedance  plots  i s  c learl y i den ti f i ed ,  and  also  to  avoid  the  fundam ental  e lectrical  g ri d  
frequency and  i ts  harm on ics.  

1 1 .7.3  Test  method  

The test  shal l  be  conducted  as  fo l l ows:  

a)  establ i sh  the  test  cond i t i ons ,  

b)  veri fy that  the  stable  state  of  the  cel l  has  been  reached ,  

c)  superim pose  AC s inusoidal  waves  on  DC  cu rren t  or  vo l tage  and  start  m easurem ents ,  and  

d )  sweep the  AC s i nusoidal  waves  wi th i n  the  prescribed  frequency range  and  m easure  the  
im pedance  at  each  frequency.  

The  am pl i tude  of  the  AC  s i gnal  for  the  measurem en t  shal l  be  sm al l  enough  not  to  perturb  the  
operation  of  the  cel l .  

The  val i d i ty of  the  im pedance  m easurem ent shal l  be  veri f i ed ,  for  exam ple,  by u si ng  the  
Kram ers-Kron ig  (KK)  re lati onsh ips.  
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1 1 .7.4  Analysis  of  EIS  data  

The test  resu l ts  shal l  be  expressed  as  a com plex  im pedance  (N yqu is t/Cole-Cole)  p lot  or  a  
Bode  plot  (a  p l ot  of  im pedance  against  the  logari thm  of  m easured  frequency) .  The  im pedance  
per  un i t  act i ve  area shal l  be  p lotted .  A typical  com plex  im pedance  plot  i s  shown  i n  F igu re  7.  
The  i n tercept  A  g i ves  the  I R  drop  i n  the  cel l .  Other param eters  m ay be  extracted  via  the  
construction  of  an  equ ivalent  c i rcu i t  for  the  cel l ,  cons ist ing  of  c i rcu i t  e l em ents  (e . g .  res istors ,  
capaci tors ,  constant  phase  e lem ents)  represen ting  d i fferen t  charge  transfer  and  m ass  transfer  
processes.  Cau tion  shou ld  be  taken  i n  the  use  of  such  equ ivalen t  c i rcu i ts  and  com plem entary 
characteri zation  techn iques  shal l  be  appl i ed  to  establ ish  the i r  val i d i ty.  

1 1 .7.5  IR  measurement  by EIS  

Figu re  7  shows  a typical  d iagram  of  complex  im pedance  plott i ng .  

The  i n tercept  of  the  real  im pedance  axis ,  general l y occuring  between1  kH z and  20  kH z,  
i denti f ies  po in t  A.  The  im pedance  m easured  or  i n terpolated  at  po in t  A represents  the  I R,  
cons is ting  of  a  pure l y res ist i ve  im pedance.  

 

Key 

A H igh  f requency l im i t  im pedance  

C  Low frequency l im i t  im pedance  

A-B  H i gh  f requency arc  im pedance  

B-C  Low frequency arc  im pedance  

Z’  Real  part  o f  im pedance  

Z’ ’  I m ag inary part  of  im pedance  

Figure 7  – Typical  d iag ram  of  a  complex impedance plot  

1 2  Appl ied  performance test  methods  

The  tests  and  m easurements  described  i n  C lause  1 1  are  bas ic  perform ance  test  m ethods  that  
can  be  appl ied  to  a variety of  tests  for  speci f ic  pu rposes.  

Appl ied  perform ance  tests  based  on  the  bas ic  perform ance  test  m ethods  described  i n  1 1 . 2  to  
1 1 . 7  are  summ arized  i n  Table  2  and  described  i n  Annex H .  

The  appl i ed  perform ance  tests  described  i n  Table  2  can  be  se lecti ve l y executed  depend ing  on  
the  objecti ves  of  the  users  of  th is  docum ent.  
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Table  2  – Appl ied  performance tests  

 
Test  name  Objecti ve  

Appl i cable  
basic  test  
methods  

Clause/ 
subclause  

1  Gain  tests  Pol  cu rve  

Steady 

H . 1  

1  Hydrogen  gai n  test  Evalu ate  the  d i ffus i on  capabi l i ty  of  the  anode.  H . 1 . 1  

2  Oxygen  gai n  test  Evalu ate  the  d i ffus i on  capabi l i ty  of  the  cathode.  H . 1 . 2  

2  Gas stoich iometry tests  Pol  cu rve  

Steady 

H . 2  

1  Fuel  s to i ch i om etry test  Evalu ate  the  d i ffus i on  capabi l i ty  of  the  anode.  H . 2. 1  

2  Oxidan t  s to i ch i om etry test  Evalu ate  the  d i ffus i on  capabi l i ty  of  the  cathode.  H . 2. 2  

3  Tem peratu re  effect  test  Measure  the  effect  of  cel l  tem peratu re  on  cel l  
perform ance.  

Pol  cu rve  

Steady  

H . 3  

4  Pressure  effect  test  Measure  the  effect  of  fue l  and  oxi dan t  pressures  
on  cel l  perform ance.  

Pol  cu rve  

Steady 

H . 4  

5  Humid i ty effect  tests  Pol  cu rve  

Steady 

H . 5  

1  Fuel  h um id i ty  effect  test  Measure  the  effect  of  varyi ng  h um id i ty  of  the  fu el  
on  ce l l  perform ance.  

H . 5. 1  

2  Oxidan t  h um id i ty  effect  
test  

Measure  the  effect  of  varyi ng  h um id i ty  of  the  
oxi dan t  on  cel l  perform ance.  

H . 5. 2  

6  Lim i t i ng  cu rren t  test  I den t i fy  m ass  transport  l im i tat i ons  wi th i n  an  MEA.  Pol  cu rve  

Steady 

H . 6  

7  Overload  test  Evalu ate  the  e l ectri cal  overload  perform ance  of  a  
ce l l .  

Po l  cu rve  

Steady 

H . 7  

8  Subzero  s torage  test  I nvesti g ate  the  effect  o f  s torag e  at  subzero  
tem peratu re  on  perform ance.  

Pol  cu rve  

Steady 

Long-term  

H . 8  

9  Subzero  s tart  test  Evalu ate  the  co ld  s tart  capabi l i ty  of  a  cel l  i n  a  
subzero  tem peratu re  envi ronm ent.  

Po l  cu rve  

Steady 

Long-term  

H . 9  

1 0  Mem brane  swel l i ng  test  
(hum id i ty  cycl e  test)  

Evalu ate  the  m echan ical  s treng th  of  a  m em brane  
for  d ry/wet  cycl i n g .  

Long -term  

Vol tamm etry  

H . 1 0  

1 1  Open  ci rcu i t  vo l tag e  (OCV)  tes t  Evalu ate  the  chem ical  s tabi l i ty  of  an  MEA under 
OCV cond i t i ons .  

Pol  cu rve  

Steady 

H . 1 1  

1 2  Oxygen  reduct i on  react i on  
(ORR)  act i vi ty  test  

Evalu ate  the  ORR act i vi ty of  a  catal yst  us i ng  an  
MEA.  

Pol  cu rve  

Steady 

H . 1 2  

1 3  Fuel  com posi t i on  test  Measure  the  effect  of  the  com posi t i on  of  
reform ed  gas  on  ce l l  perform ance.  

Pol  cu rve  

Steady 

Long-term  

Vol tamm etry  

I R  

E I S  

H . 1 3  

1 4  Cycl ing  tests  Pol  cu rve  

Vol tamm etry  

I R  

E I S  

H . 1 4  

1  Start/stop  cycl i n g  test  Determ ine  the  evo lu ti on  of  the  perform ance  of  a  
ce l l  operati ng  under the  speci f i ed  cond i t i ons  as  a  
functi on  of  s tart/stop  profi l e  count.  

H . 1 4. 1  

2  Load  cycl i n g  test  Determ ine  the  evo lu ti on  of  the  vo l tage  of  a  fuel  
ce l l  operati ng  under the  speci f i ed  cond i t i ons  as  a  
functi on  of  cu rren t  dens i ty  fo l l owing  a  dynam ic  
profi l e  versus  t im e.  

H . 1 4. 2  
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Test  name  Objecti ve  

Appl i cable  
basic  test  
methods  

Clause/ 
subclause  

3  Potent i al  cycle  test  
(s tart/s top  du rabi l i ty)  

Evalu ate  the  du rabi l i ty  of  a  catal yst  ag ainst  
s tartup  and  shu tdown  cycl i ng  by cycl i n g  the  
poten ti al  u nder accel erated  cond i t i ons.  

H . 1 4. 3  

4  Potent i al  cycle  test  ( l oad  
cycle  du rabi l i ty)  

Evalu ate  the  du rabi l i ty  of  a  catal yst  ag ainst  l oad  
cycl i ng  by cycl i ng  the  potent i al  under accel erated  
cond i t i ons.  

H . 1 4. 4  

1 5  Impuri ty i n fluence tests  Pol  cu rve  

Steady 

Long-term  

Vol tamm etry  

I R  

E I S  

H . 1 5  

1  I n f l uence  at  rated  cu rren t  
dens i ty  

Determ ine  the  i n fl uence  of  im puri t i es  i n  fuel  or 
ai r  on  cel l  perform ance  and  the  deg ree  of  
recovery of  the  cel l  perform ance  from  dam age  at  
rated  cu rren t  densi ty.  

H . 1 5. 1  

2  I n fl uence  on  po l ari zat i on  
cu rves  

Determ ine  the  i n fl uence  of  im puri t i es  i n  fuel  or  
ai r  on  the  pol ari zati on  cu rve  of  a  cel l .  

H . 1 5. 2  

3  Long-term  im puri ty  
i n f l uence  test  

Determ ine  the  i n fl uence  of  im puri t i es  i n  fuel  or  
ai r  on  l ong -term  fuel  cel l  operati on .  

H . 1 5. 3  

Key  

Pol  cu rve:  polari zati on  cu rve  test  (1 1 . 2)  

S teady:  s teady-state  test  ( 1 1 . 3 )  

Long -term :  l ong -term  operati on  test  (1 1 . 4)  

Vol tamm etry:   vo l tam m etry ( 1 1 . 5 )  

I R:  i n ternal  res i stance  ( I R)  m easurem ent  (1 1 . 6 )  

E I S:  e l ectrochem ical  im pedance  spectroscopy (E I S)  ( 1 1 . 7)  

 

1 3  Test  report  

1 3. 1  General  

Test  reports  shal l  accuratel y,  c learl y and  general l y present  su ff ic i en t  i n form ation  to  
dem onstrate  that  al l  the  obj ecti ves  of  the  tests  have  been  attai ned .  A suggested  tem plate  for  
the  test  report  for  the  po lari zation  curve  test  i s  g i ven  i n  Annex I .  

1 3.2  Report  i tems 

The report  shal l  present  at  l east  the  fo l l owing  i n form ation :  

a)  t i t le  of  the  report,  

b)  au thors  of  the  report,  

c)  en ti ty conducting  the  test(s) ,  

d )  date  of  the  report,  

e)  standard  num ber/test  procedure  num ber,  

f)  l ocation  of  the  test(s) ,  and  

g )  test  data (see  1 3 . 3  for  detai ls) .  

1 3.3  Test  data description  

Test  data shal l  i ncl ude  the  fo l l owing  i n form ation :  

a)  t i t le  of  the  test(s) ,  

b)  m easurem ent  cond i t i ons  (see  1 3 .4  for  detai l s) ,  

c)  m easurem ent  data,  

d )  date  and  t im e  when  the  test(s)  was  conducted ,  
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e)  am bien t  cond i t ions,  

f)  nam e and  qual i f icati ons  of  person (s)  conducting  the  test(s) ,  and  

g )  test  ce l l  param eters  (see  1 3 . 5  for  detai l s) .  

1 3.4  Description  of  measurement  cond i tions  

The m easurem ent  cond i t i on  descripti on  shal l  i ncl ude  at  l east  the  fo l l owing  i n form ation :  

a)  ce l l  tem perature,  

b)  fue l  and  oxidan t  pressu res,  

c)  dew poin ts  of  fue l  and  oxidant,  

d )  fue l  and  oxidan t  com posi ti ons,  

e)  fue l  and  oxidan t  s to ich iom etri es,  and  

f)  f low rates  of  fuel  and  oxidan t.  

1 3.5  Test  cel l  parameter  description  

Test  cel l  param eters  shou ld  i nclude  the  fo l l owing  i n form ation :  

a)  acti ve  e lectrode  area,  

b)  product  nam e and  brand  nam e of  MEA (optional ) ,  

c)  type  and  th ickness  of  m em brane  (opti onal ) ,  

d )  type  and  am oun t  of  anode  and  cathode  catal ysts  (optional ) ,  

e)  type  of  gas  f l ow path  (opti onal ) ,  

f)  type  of  GDL m aterial  (opti onal ) ,  and  

g )  clam ping  pressure  (opti onal ) .  
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Annex A 
( in formative)  

 
Flow plate  

Figu re  A. 1  shows  an  exam ple  des ign  for  the  f l ow p late  accord ing  to  th is  docum ent.  The  
exam ple  des ign  i s  i n tended  for  an  acti ve  area of  25  cm 2 .  Both  anode  and  cathode  f low p lates  
have  a hori zon tal  serpen ti ne  s ing le-g roove  as  the  gas  f low channel  on  the  faces  that  con tact  
the  MEA.  The  recom m ended  channel  confi gu ration  i s  as  fo l lows:  

•  wi d th :  1 , 0  mm ,  

•  depth :  1 , 0  mm ,  

•  i n terval :  ~ 1 , 0  mm .  

The  area covered  wi th  f l ow f ie ld  channels  shou ld  be  s l i gh t l y sm al l er than  the  acti ve  area of  
the  e lectrodes  to  prevent  the  m em brane  from  be ing  dam aged  by the  edge  of  the  channel .  Use  
an  assem bly procedure  that  avo ids  d i rect  con tact  of  the  m em brane  and  the  edge  of  the  
channel .  

The  anode  and  cathode  f low plates  norm al l y have  the  sam e channel  con figuration  bu t  thei r  
orien tation  can  d i ffer i n  the  cel l .  D i fferent  poss ibi l i t i es  m ay be  used  in  th is  respect:  

•  co- fl ow:  when  the  anode  and  the  cathode  gas  paths  are  paral l e l ;  

•  coun ter- f low:  when  the  anode  and  cathode  gas  paths  are  paral l e l  bu t  the  f l ow i s  i n  
oppos i te  d i rections ;  

•  cross-f low:  when  the  anode  and  cathode  gas  paths  are  at  a  certai n  ang le,  norm al l y 90° .  

Fi gu re  A. 2  shows  another  exam ple  des ign  for  the  f low plate  wh ich  i s  also  used  i n  th is  
docum en t.  The  exam ple  design  i s  i n tended  for  an  act i ve  area of  25  cm 2 .  The  d i fference  
between  Figure  A. 1  and  Fi gure  A. 2  i s  that  F igure  A. 1  has  a s i ng le-serpen tine  f low channel  
and  Figure  A.  2  has  a  triple-serpen tine  f l ow channel .  
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NOTE  Al l  d im ens ions  i n  m m .  

Figure A. 1  – Design  for flow plate (sing le-serpentine flow channel )  

 

NOTE  Al l  d im ens ions  i n  m m .  

Figure A.2  – Design  for flow plate (triple-serpentine  flow channel )  
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Annex B  
( in formative)  

 
Cel l  component al ignment  

Figu re  B. 1  shows  a s ing le  ce l l  assem bl y us ing  typi cal  com ponen ts;  these  are  com pressed  
together  wi th  nu ts  and  bo l ts .  I f  necessary,  spring  washers  or  spri ng  d isks  can  be  placed  on  
the  bo l ts  i n  order to  preven t  l oosen ing .  Al i gnm ent  of  com ponen ts  m ay be  ensured  by us ing  a  
gu i de  rod  or  posi t ion ing  p ins.  

 

Figure B. 1  – Sing le cel l  assembly using  typical  components  
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Annex C  
( in formative)  

 
Leak test  

C.1  Purpose 

The purpose  of  l eak test i ng  i s  to  quanti fy the  leakage  rate  of  the  gas ,  and  i f  appl icable  the  
coo lant  l oop,  to  determ ine  the  serviceabi l i ty of  the  fuel  ce l l  pri or  to  operati ng  or  testi ng .  I t  i s  
general l y recom m ended  that  l eak-testing  of  the  gas  c i rcu i t  be  carried  ou t  us ing  an  i nert  gas,  
preferabl y he l i um ,  at  room  tem peratu re.  

C.2  Test  procedures  

Typical  l eak-test  protocols  are  described  below.  

a)  Procedure  1  

I n j ect  gas  i n to  both  the  anode  and  cathode  s i des .  Set  the  back pressure  to  nearl y 0  kPaG ,  
then  shu t  off  the  exi t  valves  of  the  anode  and  cathode  gases.  F i rst,  pressuri ze  the  anode  
s ide  to  50  kPaG  (or 1 50  % of  the  m axim um  operating  pressure)  and  the  cathode  s i de  to  
30  kPaG  (or  1 25  % of  the  m axim um  operating  pressure)  s im u l taneousl y.  Shu t  off  the  i n let  
valves  of  the  anode  and  cathode  gases  to  seal  the  gas  i n  the  cel l .  Keep  the  ce l l  i n  th is  
cond i t i on  for  1 0  m in  wh i le  m on i tori ng  the  pressures  on  the  anode  and  cathode  s ides ,  
respecti vel y.  

Second l y,  pressu ri ze  the  cathode  s ide  to  50  kPaG  (or  1 50  % of  the  m axim um  operating  
pressure)  and  the  anode  s ide  to  30  kPaG  (or  1 25  % of  the  m axim um  operating  pressure)  
s im u l taneous l y.  Shu t  off  the  i n let  valves  of  the  anode  and  cathode  gases  to  seal  the  gas  i n  
the  cel l .  Keep  the  ce l l  i n  th is  cond i t i on  for 1 0  m in  wh i l e  m on i tori ng  the  pressu res  i n  the  
anode  and  cathode  s ides ,  respectivel y.  

I n  the  above  procedures,  the  pressure  change  after  1 0  m in  shou ld  be  l ess  than  5  kPaG  on  
both  the  anode  and  cathode  s i des.  

I n  the  f i rs t  s tep,  i f  the  pressure  i n  the  anode  s ide  fal l s  and  that  i n  the  cathode  s i de  r ises ,  
gas  crossover  th rough  the  m em brane  has  occurred .  I n  the  second  step,  i f  the  cathode  
pressure  drops  and  the  anode  pressure  ri ses,  gas  crossover  i n  the  other d i recti on  has  
occurred.  I f  e i ther  pressure  drops  i ndependent l y of  the  other,  then  an  overboard  leak has  
occurred.  I f  both  pressures  drop,  external  l eaks  are  suspected .  

b)  Procedure  2  

I n j ect  n i trogen  i n to  both  the  anode  and  cathode  s i des .  Set  the  back pressure  to  nearl y 
0  kPaG,  then  shu t  off  the  exi t  valves  of  the  anode  and  cathode  gases.  Fi rs t,  pressuri ze  
both  the  anode  and  cathode  s ides  to  30  kPaG  s im u l taneous l y.  Shu t  off  the  i n l et  valves  of  
the  anode  and  the  cathode  gases  to  seal  the  gas  i n  the  ce l l .  Keep  the  cel l  i n  th is  cond i t i on  
for  1 0  m in  wh i l e  m on i toring  the  pressures  i n  the  anode  and  cathode  s i des ,  respectivel y.  
Docum ent  any l eakage  ou t  of  the  ce l l .  

Second l y,  pressuri ze  the  anode  s ide  to  30  kPaG  and  the  cathode  s ide  to  0  kPaG  
s im u l taneous l y.  Shu t  off  the  i n l et  valves  of  the  anode  and  the  cathode  gases  to  seal  the  
gas  i n  the  ce l l .  Keep  the  cel l  i n  th is  cond i t i on  for  1 0  m in  wh i le  m on i tori ng  the  pressures  i n  
the  anode  and  cathode  s i des ,  respectivel y.  Document an y crossover from  the  anode  to  the  
cathode  s i de.  

Th i rd l y,  pressu ri ze  the  cathode  s ide  to  30  kPaG  and  the  anode  s i de  to  0  kPaG  
s im u l taneous l y.  Shu t  off  the  i n l et  valves  of  the  anode  and  the  cathode  gases  to  seal  the  
gas  i n  the  cel l .  Keep  the  cel l  i n  th is  cond i t i on  for  1 0  m in  wh i le  m on i tori ng  the  pressures  i n  
the  anode  and  cathode  s i des ,  respecti vel y.  Docum ent  an y crossover  from  the  cathode  to  
the  anode  s i de.  

I n  the  above  procedures,  the  pressure  d rop after  1 0  m in  shou ld  be  l ess  than  5  kPaG  on  
both  the  anode  and  the  cathode  s i des.  
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NOTE  I f  the  cel l  operates  at  h i gher pressu res,  the  test  pressu re  i s  norm al l y  rou gh l y  equ i val en t  to  the  
operati ng  pressu re  of  the  cel l .  

c)  Procedure  3  

The  gas  ou tl ets  are  c l osed  and  the  gases  are  fed  to  the  cel l  such  that  the  pressure  i s  
s l owl y i ncreasing .  Upon  reach ing  a  pressure  l evel  of,  for  exam ple,  300  kPa (or  1 50  % of  
the  m axim um  operating  pressure)  on  both  s i des ,  the  gas  f l ow i s  reduced  as  l ong  as  the  
pressure  i s  s t i l l  i ncreas ing .  The  m ass  f low rate  at  wh ich  the  pressure  i s  not  chang ing  i s  
def ined  as  the  external  l eakage  rate .  The  pressure  at  wh ich  the  external  l eakage  rate  i s  
m easured  shal l  be  ±1 0  kPa of  the  ad j usted  pressure  level .  

Subsequentl y,  the  pressure  i n  one  gas  com partm ent  i s  reduced  to  atm ospheric  pressure.  
The  ou tlet  of  one  gas  com partm ent  i s  c losed  wh i le  the  other com partm ent  rem ains  open .  A 
gas  f l ow i s  fed  to  the  c losed  gas  com partm ent  such  that  the  pressure  i s  s l owly i ncreas ing .  
When  reach ing  a pressure  level  of ,  for  exam ple,  1 30  kPa,  the  gas  f l ow i s  reduced  as  l ong  
as  the  pressure  i s  s t i l l  i n creas ing .  The  m ass  f low rate  at  wh ich  the  pressure  i s  no  l onger  
i ncreas ing  i s  defi ned  as  the  i n ternal  l eakage  rate.  The  pressure  at  wh ich  the  external  
l eakage  rate  i s  m easured  shal l  be  ±5  kPa.  
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Annex D  
( in formative)  

 
I n i tial  condi tioning  

As  an  al ternati ve  to  the  MEA suppl i er’s  i n i t i al  cond i t i on ing  procedure,  fou r exam ples  of  
cond i t i on i ng  protocols  are  described  below.  Users  of  th is  docum en t can  selecti vel y fo l low 
these  procedures .  

a)  Procedure  A 

1 )  Set  up  the  test  stati on  to  operate  the  cel l .  

2)  Purge  both  anode  and  cathode  wi th  an  i nert  (e . g .  n i trogen)  gas.  The  f l ow rates  shou ld  
be  s im i lar  to  those  used  i n  the  subsequen t  tests  and  wi l l  be  used  un t i l  the  cel l  i s  
purged  com pletel y.  

3)  Heat  up  the  cel l  to  80  °C  us ing  a ce l l  heater or  o ther  appropriate  heating  m ethod .  
I n troduce  fu l l y-hum id i f i ed  N 2  gas  ( 1 00  % RH) .  The  f l ow rates  shou ld  be  s im i lar  to  those  
used  i n  the  subsequen t  test.  During  warm -up,  m ain tain  the  cel l  tem peratu re  and  i n let  
and  ou tlet  gas  piping  tem peratures  h i gher than  the  gas  dew po in t  at  al l  t im es  in  order  
to  preven t  water condensati on  in  the  system .  

4)  Wai t  un ti l  the  ce l l  tem perature  and  gas  hum id i ty are  stabi l i zed .  I n troduce  fu l l y-
hum id i f i ed  reactan t  gases  at  appropriate  sto ich iom etri es,  for  exam ple  1 , 4  for h ydrogen  
and  2, 5  for ai r,  wi th  respect  to  1  000  m A/cm 2 .  I ncrease  the  load  g radual l y wh i le  
keeping  the  cel l  vo l tage  above  0 , 4  V  un ti l  the  curren t  dens i ty reaches  1  000  m A cm −2 .  

5)  Main tai n  the  load  ( the  curren t  densi ty)  at  1  000  m A cm−2  wi th  s to ich iom etry of  1 , 4  for  
H2  and  2, 5  for  ai r  un t i l  the  cel l  vo l tage  variabi l i ty  sett l es  to  less  than  5  m V over 5  h .  
Fu l f i l l i ng  th is  cri terion  i nd icates  the  com pletion  of  ce l l  break- i n .  

b)  Procedure  B  

Under the  standard  operati ng  cond i t i ons  to  be  used  du ri ng  the  subsequent  test,  run  the  
ce l l  on  pure  h ydrogen  at  open  c i rcu i t  vo l tage  (OCV)  for  1 5  m in ,  run  at  600  m V for  75  m in ,  
then  run  th ree  cycles  consisti ng  of  ho ld i ng  at  850  m V for 20  m in ,  fo l l owed  by 600  m V for  
30  m in .  The  to tal  t im e  for  cond i t ion i ng  i s  approxim ate l y 4  h .  

c)  Procedure  C  

Set  up  the  test  s tation  to  operate  the  cel l  wi th  the  s tandard  operating  cond i t i ons  to  be  
used  duri ng  the  subsequen t  test.  I n  poten tiostatic  m ode,  ho ld  the  cel l  at  500  m V for  5  m in  
and  run  poten tial  cycles  at  constan t  gas  f l ow rates  from  800  m V to  300  m V in  50  m V steps  
for 1 0  s  at  each  step,  and  then  back from  300  m V to  800  m V at  the  sam e rate .  H o ld  the  
ce l l  at  500  m V for 5  m in .  Run  the  cycle  un ti l  the  variations  of  cu rrent  dens i ty at  500  m V 
are  below ±1 0  m A cm−2  i n  5  m in  and  the  deviati on  of  cu rren t  dens i ty i n  3  subsequen t  
cycles  i s  be low ±1 0  m A cm −2 .  

d )  Procedure  D  

Operate  the  cel l  i n  galvanostatic  m ode  at  the  se lected  operati ng  tem perature  and  at  the  
gas  cond i t i ons  g i ven  i n  the  standard  test  cond i t ions.  I ncrease  the  current  densi ty i n  s teps  
of  1 00  m A cm −2  or  at  a  rate  of  not  g reater than  1 0  m A cm −2  sec−1 ,  wh i l e  keeping  the  cel l  
vo l tage  h i gher  than  500  m V unti l  reach ing  the  curren t  densi ty i den ti f i ed  for  the  
cond i t i on i ng .  The  curren t  densi ty for the  cond i t ion ing  of  the  cel l  wi l l  correspond  ei ther  to  
the  m axim um  curren t  possible  at  500  m V i n  the  se lected  cond i t ions  or  to  a  curren t  dens i ty 
def ined  by the  speci f ic  objecti ve  of  the  test.  

 



IEC  TS  62282-7-1 :201 7  © I EC  201 7  – 43  – 

Annex E  
( in formative)  

 
Shutdown  

A typical  shu tdown  protocol  i s  described  below.  

a)  Decrease  the  e lectrical  l oad  to  values  correspond ing  to  the  s teps  in  the  po lari zati on  curve  
i n  the  reverse  sequence  ( that  i s ,  decrease  current  dens i ty from  Im ax  to  0  wh i le  keeping  the  
gases  f l owing ) .  D isengage  the  e lectrical  l oad .  

b)  Purge  the  anode  and  the  cathode  wi th  n i trogen  at  f low rates  correspond ing  to  the  l owest  
po lari zati on  curve  l oad  step  un ti l  the  ce l l  cools  to  am bient  tem perature  (e . g .  at  
4  m l /m in/cm 2  acti ve  area) .  Duri ng  cool -down ,  m ain tain  the  cel l  tem perature  and  gas  piping  
tem perature  h i gher  than  the  gas  dew poin t  at  al l  t im es  i n  order to  preven t  water 
condensati on  i n  the  system .  

c)  After the  cel l  has  reached  am bien t  tem peratu re,  swi tch  to  d ry n i trogen  f l ows  on  the  anode  
and  cathode  for 5  m in  to  1 0  m in  ( th is  s tep  i s  opti onal ,  depend ing  on  the  f i nal  l eve l  of  
m em brane  h ydrati on  des i red ) .  

d )  D isconnect  the  ce l l  and  t i gh tl y cap the  anode  and  cathode  i n lets  and  ou t lets.  
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Annex F 
( in formative)  

 
Recondi tion ing  protocols  

Typical  recondi t ion ing  protocols  are  described  below.  

a)  Procedure  A:  

1 )  Repeat  s teps  1 )  to  5)  of  Procedure  A in  Annex  D .  One  hour  shou ld  be  enough  for  step 
5)  for  s tabi l i zati on  of  the  cel l  cond i t i ons .  

2)  Speci fy the  test  cond i t ion(s)  appropriate  for the  test  to  be  carried  ou t  and  m ain tain  the  
cond i t i on(s)  u n ti l  s tabi l i zed .  

b)  Procedure  B:  

1 )  Suppl y fu l l y-hum id i f ied  gases  (1 00  % RH)  wi th  a h ydrogen  s to ich iom etry o f  1 , 4  and  an  
oxidant  s toich iom etry of  2, 5  th rough  the  cel l  for  one  hour wh i l e  heating  to  80  °C,  us i ng  
a curren t  densi ty of  400  m A cm −2 .  

2)  Operate  the  cel l  u nder  these  cond i t ions  for  4  h ;  the  cel l  i s  recondi t i oned  when  the  cel l  
vo l tage  i s  equ i l i brated.  
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Annex G  
( in formative)  

 
Polarization  curve test  supplement  

Typical  cu rren t  densi ty i ncrem ents  used  for the  po lari zati on  curve  test  are  g i ven  below.  

I f  the  expected  m axim um  current  densi ty i s  known  (e. g .  i nd icated  by the  m anufacturer  or  from  
previous  m easurem ents) ,  se lect  the  curren t  s teps  as  g i ven  i n  Table  G . 1 .  

Table  G . 1  – Current  densi ty increments  i f  maximum  current  densi ty is  known  

Step  Percen tage of  expected  maximum  current  densi ty 

0  0  (OCV)  

1  2  %  

2  5  %  

3  1 0  % 

4  20  % 

5  30  % 

6  50  % 

7  70  % 

8  90  % 

9  1 00  %  

 

More  po in ts  m ay be  necessary at  low cu rren t  i f  Tafel  s l ope  anal ys is  i s  of  i n terest.  

I f  the  m axim um  curren t  dens i ty i s  u nknown ,  use  the  curren t  dens i ty i ncrem ents  g i ven  i n  
Table  G . 2.  
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Table  G .2  – Current  densi ty increments  i f  maximum  current  densi ty is  unknown  

Step  Current  densi ty 

(A cm -2 )  

Recommended  dwel l  t ime 

(s)  

0  0  (OCV)  30  

1  0 , 02  60  

2  0 , 03  60  

3  0 , 04  1 20  

4  0 , 06  1 20  

5  0 , 08  1 20  

6  0 , 1  1 20  

7  0 , 2  1 20  

8  0 , 4  1 20  

9  0 , 6  1 20  

1 0  0 , 8  1 20  

1 1  1 , 0  1 20  

1 2  1 , 2  1 20  

1 3  1 , 4  1 20  

1 4  1 , 6  1 20  

1 5  1 , 8  1 20  

1 6  2 , 0  1 20  

NOTE  The  test  i s  typi cal l y  term inated  when  the  m axi m um  curren t  densi ty  i s  
reached  or  i f  the  cel l  vo l tag e  goes  below 0 , 3  V  o r  reaches  the  m in im um  value  
recom m ended  by the  m anufactu rer ( i n  o rder to  avoi d  i rrevers i ble  dam age  to  the  cel l  
com ponen ts) .  
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Annex H  
(normative)  

 
Appl ied  performance tests  

H.1  Gain  tests  

H.1 . 1  Hydrogen  gain  test  

H . 1 . 1 . 1  General  

The obj ecti ve  of  th is  test  i s  to  evaluate  the  d i ffus ion  capabi l i t i es  of  anodes.  A h ydrogen  gain  
test  i s  conducted  to  evaluate  MEAs  wh ich  use  reform ed  gas  (a m ixture  of  h ydrogen ,  carbon  
d ioxide,  n i trogen  and  other im puri t i es)  for  fuel  i n  actual  use.  

Th is  test  can  be  perform ed  us ing  one  of  two  m ethods:  constan t  gas  sto ich iom etri es  or  
constan t  gas  f l ow rates .  These  are  described  i n  1 1 . 2. 2  and  1 1 . 2. 3 ,  respecti ve l y.  Once  a 
m ethod  i s  se lected,  i t  shal l  be  used  th roughou t  the  en ti re  test.  The  test  shal l  be  conducted  as  
set  ou t  below.  

H.1 . 1 .2  Test  method  

First,  use  h ydrogen  as  the  fuel  on  the  anode  s i de  of  the  ce l l  at  the  des i red  f l ow rate,  
hum id i f i cati on  and  pressure.  The  CO concentrati on  i n  the  h ydrogen  gas  shou ld  be  at  or  be low 
that  g i ven  i n  I SO 1 4687-2.  

Measure  polari zation  cu rves  wi th  h ydrogen  and  oxidan t  (ai r  or  oxygen)  us i ng  the  se lected  
m ethod.  

Next,  use  a h ydrogen  and  n i trogen  gas  m ixture  as  fuel .  Here,  n i trogen  represents  the  non-
hydrogen  consti tuen ts  i n  the  reform ed-gas  m ixture,  the  com posi t i on  of  wh ich  i s  speci f i ed  by 
the  m anufactu rer.  

Obtain  po lari zation  curves  wi th  the  h ydrogen-n i trogen  m ixture  and  the  oxidan t  (ai r  or  oxygen)  
us ing  the  se lected  m ethod.  

Com pare  the  po lari zation  curve  of  h ydrogen  to  that  of  the  gas  m ixture.  

NOTE  The  reason  n i trogen  i s  u sed  i nstead  of  carbon  d i oxi de  i s  that  carbon  d i oxi de  can  produce  trace  am oun ts  of  
carbon  m onoxide  that  are  form ed  by the  react i on  wi th  h ydrogen ,  wh i ch  poi sons  the  anode.  Th i s  test  pu rel y  
evaluates  the  d i ffus i on  capabi l i ty  of  the  anode.  

H.1 .2  Oxygen  gain  test  

H . 1 .2. 1  General  

The objecti ve  of  th is  test  i s  to  evaluate  the  d i ffus ion  capabi l i t ies  of  cathodes.  An  oxygen  gain  
test  i s  conducted  to  evaluate  MEAs  wh ich  use  ai r  for  oxidan t  i n  actual  use.  

Th is  test  can  be  perform ed  us ing  one  of  two  m ethods:  constan t  gas  sto ich iom etri es  or  
constan t  gas  f l ow rates .  These  are  described  i n  1 1 . 2. 2  and  1 1 . 2. 3 ,  respecti vel y.  Once  a 
m ethod  i s  se lected,  i t  shal l  be  used  th roughou t  the  en ti re  test.  The  test  shal l  be  conducted  as  
set  ou t  below.  

H.1 .2.2  Test  method  

Measure  polari zati on  curves  wi th  ai r  us ing  the  se lected  m ethod.  
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Then ,  use  oxygen  i nstead  of  ai r  usi ng  the  sam e m olar  f l ow rate  of  oxygen  as  ai r,  
hum id i f i cati on  and  pressure.  

Measure  po lari zation  curves  wi th  oxygen  under iden tical  cond i t ions  us i ng  the  se lected  m ethod.  

Com pare  the  po lari zation  curve  of  oxygen  to  that  o f  ai r.  

Crossover leakage  us i ng  O2  can  resu l t  i n  a  rapid  exotherm ic  event  resu l t i ng  i n  hardware  
dam age  and,  potential l y,  personal  i n j u ry.  

The  O2  s ystem  needs  to  be  des igned  and  c leaned  to  special  requ i rem ents.  

A m ixture  of  79  % i n  m ole  fracti on  hel i um  and  21  % i n  m ole  fracti on  oxygen  (helox)  m ay be  
used  to  decouple  the  effects  of  oxygen  concen tration  on  d i ffus ion  and  ki netics.  See  Annex  J  
for  fu rther i n form ation .  

H.2  Gas stoichiometry tests 

H.2.1  Fuel  stoich iometry test  

H .2. 1 . 1  General  

The  objecti ve  of  th is  test  i s  to  evaluate  the  d i f fusion  capabi l i t i es  of  anodes,  as  i n  H . 1 . 1  
(H ydrogen  gain  test) .  

H.2. 1 .2  Test  method  

Set  the  curren t  dens i ty as  speci fi ed  under the  standard  test  cond i t ions .  

Set  the  oxidan t  s toich iometry to  be  1  to  4  t im es  that  g i ven  i n  the  s tandard  test  cond i t i ons.  

Change  the  fue l  f l ow rate  wi th i n  a  certain  range  as  speci fi ed  by the  cel l  m anufacturer  and  
record  the  cel l  vol tage.  

Care  shou ld  be  taken  wi th  th is  test  s i nce  i t  i n tenti onal l y s tresses  the  anode  by alm ost  starvi ng  
i t .  Starvation  can  cause  i rreparable  dam age to  the  anode.  

H.2.2  Oxidant  stoich iometry test  

H .2.2. 1  General  

The objecti ve  of  th is  test  i s  to  evaluate  the  d i ffus ion  capabi l i t ies  of  cathodes,  as  i n  H . 1 . 2  
(Oxygen  gain  test) .  The  test  shal l  be  conducted  as  set  ou t  below.  

H.2.2.2  Test  method  

Set  the  curren t  dens i ty as  speci f i ed  under the  standard  test  cond i t ions .  

Set  the  fue l  s to ich iom etry to  be  1  to  2  t im es  that  g i ven  i n  the  s tandard  test  cond i t i ons.  

Change  the  oxidan t  f l ow rate  i n  a  certai n  range  as  speci fi ed  by the  cel l  m anufacturer and  
record  the  ce l l  vol tage.  

Care  shou ld  be  taken  wi th  th is  test  s i nce  i t  i n tenti onal l y s tresses  the  cathode  by alm ost  
starvi ng  i t .  
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H.3  Temperature effect  test  

H.3.1  General  

The obj ecti ve  of  th is  test  i s  to  m easure  the  effect  of  ce l l  tem perature  on  cel l  perform ance.  
Tem perature  i s  expected  to  affect  the  e lectrode  reacti on  rate  and  electro l yte  conducti vi ty.  

H.3.2  Test  method  

Set  the cel l  tem perature  at  T1 ,  T2 ,…  Tn  where  the  values  of  T1 ,  T2 , …Tn  are  speci f ied  by the  cel l  
m anufactu rer and  Tn  i s  the  m axim um  operati ng  tem perature.  

Add i ti onal l y,  keep  anode  and  cathode  re lat i ve  hum id i t ies  at  the  fue l  ce l l  operati ng  tem peratu re  
constan t  by i ncreas ing/decreas ing  the  dew poin ts  and  gas  in let  tem peratures .  

At  each  tem perature  l evel ,  obtain  the  po lari zati on  curve  of  the  cel l .  The  procedure  g i ven  i n  
1 1 . 2  m ay be  used.  

H.4  Pressure effect  test  

H.4.1  General  

The objecti ve  of  th is  test  i s  to  m easure  the  effect  of  fue l  and  oxidant  pressures  on  cel l  
perform ance.  Care  shou ld  be  taken  to  keep the  pressure  d i fference  across  the  m em brane  
constan t.  H igh  pressure  increases  the  dens i ty of  reactan t  gases,  wh ich  i s  expected  to  
i ncrease  the  e lectrode  reacti on  rate.  

H.4.2  Test  method  

Set  the  fuel  or  oxidant  pressure  at  p1 ,  p2,  …  pn,  where  the  values  of  p1 ,  p2,  …  pn  are  speci f ied  
by the  cel l  m anufacturer  and  pn  i s  the  m axim um  operating  pressu re.  

S im u l taneous l y,  change  the  other pressure  accord ing l y to  keep the  pressu re  d i fferen tial  
constan t.  

At  each  pressure  level ,  obtain  the  po lari zation  curves  of  the cel l .  The  procedure  g i ven  in  e i ther  
1 1 . 2. 2  or  1 1 . 2. 3  m ay be  used .  

Care  shou ld  be  taken  so  as  not  to  un in ten tional l y  dam age the  cel l  or  m em brane.  The  testi ng  
personnel  shou ld  be  alert  for  i nd icati ons  of  l eaks  th rough  the  m em brane,  such  as  p inholes ,  
wh ich  m ay l ead  to  i n ternal  i gn i t ion .  

H.5  Humidi ty effect  tests  

H.5.1  Fuel  humid i ty effect  test  

H .5. 1 . 1  General  

The objecti ve  of  th is  test  i s  to  m easure  the  effect  of  varying  the  hum id i ty of  fue l  on  cel l  
perform ance.  Hum id i ty i n  fuel  i s  expected  to  affect  the  e lectrol yte  conductivi ty as  wel l  as  gas  
d i ffusion  in to  anodes.  

Th is  test  can  be  perform ed  us ing  one  of  two  m ethods:  constan t  gas  sto ich iom etri es  or  
constan t  gas  f l ow rates .  These  are  described  i n  1 1 . 2. 2  and  1 1 . 2. 3 ,  respecti ve l y.  Once  a 
m ethod  i s  se lected ,  i t  shal l  be  used  throughou t  the  en ti re  test.  The  test  shal l  be  conducted  as  
set  ou t  below.  
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H.5. 1 .2  Test  method  

Set  the  oxidan t  hum id i ty at  the  standard  test  cond i ti ons.  

Set  fue l  hum id i ty at  several  l eve ls  correspond ing  to  the  des i red  dew po in t  tem peratures  and  
obtain  polari zati on  curves.  

H.5.2  Oxidant  humid i ty effect  test  

H .5.2. 1  General  

The objecti ve  of  th is  test  i s  to  m easure  the  effect  of  varying  the  hum id i ty of  the  oxidant  on  cel l  
perform ance.  H um id i ty i n  the  oxidan t  i s  expected  to  affect  the  e lectro l yte  conductivi ty as  wel l  
as  gas  d i ffus ion  i n to  cathodes.  

Th is  test  can  be  perform ed  usi ng  one  of  two  m ethods:  constan t  gas  sto ich iom etries  or  
constan t  gas  f l ow rates .  These  are  described  i n  1 1 . 2. 2  and  1 1 . 2. 3  respecti ve l y.  Once  a  
m ethod  i s  se lected,  i t  shal l  be  used  th roughou t  the  en ti re  test.  The  test  shal l  be  conducted  as  
set  ou t  below.  

H.5.2.2  Test  method  

Set  the  fuel  hum id i ty at  the  standard  test  cond i t ions.  

Set  the  oxidant  hum id i ty at  several  l evels  correspond ing  to  the  des i red  dew poin t  
tem peratures  and  obtain  po lari zati on  curves .  

H.6  Limi ting  current  test  

H.6.1  General  

The rate  of  gas  d i ffus ion  th rough  e lectrodes  has  a  s i gn i f ican t  i n fl uence  on  the  perform ance  of  
the  MEA.  The  m agn i tude  of  the  l im i t i ng  curren t  dens i ty i s  an  i nd icati on  of  the  gas  d i ffus ion  
capabi l i ty of  the  MEA.  

The  obj ecti ve  of  th is  test  i s  to  i den ti fy the  m ass  transport  l im i tati on  wi th i n  an  MEA.  

H.6.2  Test  method  

Set the fuel  and  oxidan t  flow rates to correspond  to  the s tandard  sto ich iom etries  at  the rated  
curren t  dens i ty speci f ied  by the cel l  m anu factu rer.  

I ncrease  the  curren t  step by s tep i n  sm al l  i ncrem ents  wh i l e  m ain tain i ng  the  fuel  and  oxidan t  
sto ich iom etries  constan t  ( that  i s  to  i ncrease  fue l  and  oxidan t  f low rates  step by s tep) .  

Record  the  cel l  vo l tage  at  each  step.  

When  the  ce l l  vo l tage  sharpl y drops  to  near,  bu t  not  to ,  0  V,  record  the  cu rrent,  and  decrease  
the  current  at  once  so  as  not  to  dam age the  MEA.  Use  the  extrapolated  value  to  0  V  as  the  
l im i t i ng  current.  

For th is  m ethod,  cau tion  shou ld  be  exercised  to  preven t  the  cel l  vo l tage  from  reach ing  0  V  or  
below,  wh ich  m ay cause  i rrevers ible  degradation  to  the  MEA.  Also  precau tions  shou ld  be  
taken  to  use  l oad  cables  capable  of  hand l i ng  the  l im i ti ng  cu rrent.  



IEC TS  62282-7-1 :201 7  © I EC  201 7  – 51  – 

H.7 Overload  test  

H.7.1  General  

Overload  operation  for a  short  du ration  m ay be  requ i red  depend ing  on  the  appl icati on  o f  the  
fue l  ce l l  (e . g .  veh icle  appl icati on ) ,  and  the  overload  durabi l i ty (m agn i tude  of  overload  and  
durati on  of  t im e)  i s  affected  by the  catal yst  acti vi ty and  gas  d i ffus ion  perform ance  of  the  
e lectrodes.  

The  obj ecti ve  of  th is  test  i s  to  evaluate  the  e lectri cal  overload  durabi l i ty of  a  ce l l .  

H.7.2  Test  method  

Set the cu rrent  at m ore  than  the rated and less than the l im iting  current,  wh ich  are  speci fi ed  by 
the  cel l  m anufacturer.  

Set the fuel  and  oxidant  flow rates to  correspond  to  the standard  s to ich iom etri es  accord ing  to  
the  set  curren t.  

Operate  the  cel l  for  a  peri od  of  t im e  speci f ied  by the  cel l  m anufactu rer  or  un t i l  the  cel l  vol tage  
drops  to  the  value  speci f i ed  by the  ce l l  m anufacturer.  

Record  the  cel l  vo l tage  during  operation .  

I f  necessary,  repeat  the  above  test  procedure  by chang ing  the  set  curren t  value.  

The  m in im um  cel l  vo l tage  speci fi ed  by the  ce l l  m anufacturer shou ld  be  a vo l tage  that  does  not  
cause  i rrevers ible  dam age to  the  MEA.  

H.8 Subzero storage test  

H.8.1  General  

The  objecti ve  of  th is  test  i s  to  i nvesti gate  the  effect  of  s torage  at  subzero  tem peratures  on  
perform ance  degradation .  

S ince  the  res idual  water  con ten t  i n  the  MEA after  shu tdown  has  a s i gn i f i can t  im pact  on  the  
perform ance  degradation  due  to  the  freeze/thaw cycle,  i t  i s  recomm ended  to  carry ou t  th is  
test  wi th  a  shu tdown  procedure  des igned  to  s im u late  real is t i c  operation  i n  a  fue l  ce l l  system .  

H.8.2  Test  method  

Operate  the  ce l l  u nder the  s tandard  test  cond i t i ons  speci fi ed  by the  m anufacturer.  

Measure  the  polari zation  curve  and  i n ternal  res istance  accord ing  to  1 1 . 2  and  1 1 . 6,  
respectivel y.  

Shu t  down  the  cel l  wi th  the  shu tdown  procedure  speci f ied  by the  m anufacturer.  

P lace  the  fuel  ce l l  i n  a  cl im ate  cham ber for subzero  s torage.  Set  the  tem perature  as  the  
subzero  s torage  protoco l  requ i res.  Main tai n  the  tem perature  for at  least  1 2  h .  

Bri ng  the  ce l l  to  the  standard  test  cond i t i ons  and  m ain tain  these  for  at  l east  1 2  h .  
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Operate  the  cel l  as  requ i red  by the  m anufacturer under the  s tandard  test  cond i t ions  and  
m easure  the  po lari zation  curve  and  i n ternal  resis tance  accord ing  to  1 1 . 2  and  1 1 . 6  
respecti ve l y.  

Repeat the  procedure  described  above  twice.  

The  perform ance  decay can  be  determ ined  by com paring  the  polari zati on  curve  and  i n ternal  
res istance  before  subzero  s torage  wi th  those  after  the  test .  

H.9  Subzero start  test  

H.9.1  General  

The objecti ve  of  th is  test  i s  to  evaluate  the  co ld  start  capabi l i ty of  a  ce l l  i n  a  subzero  
tem perature  envi ronm en t.  

S ince  the  res idual  water con tent  i n  the  MEA,  the  GDLs  and  f low plates  of  a  ce l l  after  
shu tdown  affects  the  ce l l 's  co ld  start  capabi l i ty,  i t  i s  recomm ended  to  perform  the  co ld  s tart  
test  wi th  d i fferen t  shu tdown  processes  i n  order  to  i den ti fy an  appropriate  shu tdown  procedure  
for co ld  s tarts .  

H.9.2  Test  method  

Operate  the  cel l  u nder the  s tandard  test  cond i t i ons.  

Shu t  down  the  cel l  wi th  the  shu tdown  procedure  speci f ied  by the  m anufacturer.  I f  one  i s  not  
avai lable,  an  exam ple  i s  provided  i n  Annex E .  

P lace  the  cel l  i n  a  c l im ate  cham ber i n  wh ich  the  ce l l  i s  s tarted  up  at  a  subzero  tem perature.  

Set  the  cham ber  tem perature  as  requ i red  by the  subzero  startup protocol ,  and  m ain tain  the  
tem perature  for at  least  1 2  h .  

Start  up  the  ce l l  i n  the  cl im ate  cham ber at  the  subzero  tem peratu re,  as  speci f i ed  by the  
manufacturer.  

I t  i s  necessary to  con tro l  the  ou tpu t  curren t  so  that  the  ce l l  vo l tage  does  not  fal l  below the  
vo l tage  speci f i ed  by the  m anufacturer  or  0 , 3  V i f  not  speci f i ed ,  to  avoid  unnecessary dam age  
to  the  cel l  com ponents .  

Run  the  cel l  at  the  rated  vo l tage  speci f i ed  by the  m anufacturer  for  1 0  m in  at  the  subzero  
tem perature.  

Repeat the  procedure  described  above  twice.  

Under the  s tandard  test  cond i t i ons,  test  the  cel l  as  described  i n  1 1 . 2  and  1 1 . 6 .  

NOTE  An  exam ple  of  the  test  report  tem plate  for a  su bzero  s tart  test  i s  g i ven  i n  Annex K.  

H.1 0  Membrane swel l ing  test  (humidi ty cycle test)  

H.1 0. 1  General  

The obj ecti ve  of  th is  test  i s  to  evaluate  the  m echan ical  durabi l i ty of  a  m em brane  during  a  
hum id i ty cycle  test.  
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H.1 0.2  Test  condi t ions  

Test  specim en  s i ze  (perm eable  cross  secti on ) :  1 0  cm 2  to  50  cm 2  (depend ing  on  cel l  
geom etry)  

Sam ple  setup:   s i ng le  ce l l  (MEA and  f l ow p late)  

Sam ple  num ber:   N  =  3  

Tem perature:   80  °C  

Am bien t  gas:   a i r  (n i trogen  m ay also  be  used)  

RH :   0  % to  1 50  % 

NOTE  Rel ati ve  h um id i ty  l evel s  over 1 00  % can  be  obtai ned  by sett i n g  the  hum id i f i er  tem peratu re  above  the  cel l  
tem peratu re.  I n  th i s  case  l i qu i d  water wi l l  be  form ed  i n  the  cel l  by condensati on .  

Cycl i ng :  4  m in  (2  m in  dry,  fo l l owed  by 2  m in  wet)  

Flow rate:  a  typical  f l ow rate  such  as  2  l /m in  (at  norm al  cond i t i ons)  for  25  cm 2  e l ectrodes  for 
both  the  anode  and  the  cathode  

Measurem ent  frequency for  crossover:  i n i t i al l y every 67  h  ( 1    000  cycles) ,  and  every 24  h  
(360  cycles)  after  i ncrease  of  leak rate  i s  detected .  

H.1 0.3  Test  method  

Use  equ ipm ent  that  al l ows  for  the  dry and  wet  l i nes  to  be  au tom atical l y swi tched ,  wi th  a  th ree-
way valve  at  the  j o in t  of  the  dry and  wet  l i nes.  

I t  i s  recom m ended  to  m on i tor the  changes  of  re lati ve  hum id i ty at  the  ou t l et.  

Supply ai r  (or  n i trogen)  wi th  d i fferen t  hum id i ty l eve ls  to  both  s i des  of  the  MEA period ical l y.  

Replace  one  s ide  wi th  h ydrogen  every 24  h  to  m easure  the  crossover.  The  l evel  of  crossover  
shal l  be  m easured  by gas  chrom atography or a  hydrogen  crossover  m ethod  ( 1 1 . 5. 2) .  

Testi ng  i s  com pleted  when  hydrogen  crossover  rate  (crossover cu rren t)  i s  more  than  ten  
tim es  the  i n i t i al  value  or  when  20  000  cycles  have  been  com pleted ,  wh ichever i s  earl ier.  

H igh-frequency res istance  shou ld  be  m easured  du ri ng  the  test.  

H.1 1  Open  ci rcui t  vol tage (OCV)  test  

H.1 1 . 1  General  

The obj ecti ve  of  th is  test  i s  to  evaluate  the  chem ical  degradati on  of  an  MEA at  OCV 
cond i t i ons.  

H.1 1 .2  Test  condi t ions  

Tem perature:   90  °C  

Gas  pressure:   atm ospheric  pressure  

Relat i ve  hum id i ty (RH) :   30  %  

Anode:   H 2  

Cathode:   ai r  
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H.1 1 .3  Test  method  

Conduct  a  h ydrogen  crossover  test  i n  accordance  wi th  1 1 . 5. 2.  

Start  an  OCV test  at  the  test  cond i t i ons  above.  

Continuous l y m on i tor  the  vol tage  during  testing .  Conduct  d iagnosti c  testi ng  every 1 0  h  to  
1 00  h  by m easu ri ng  h ydrogen  crossover  leakage  (80  °C) .  Measure  the  f l uoride  concentrati on  
at  the  ou t l ets  of  the  anode  and  the  cathode  at  the  t im e  of  the  i n terim  m easu rem ents  as  
requ i red .  

NOTE  For m easuri ng  F  i on  concen trati on ,  sugg ested  techn i ques  i ncl u de  i on  se lecti ve  e l ectrode  ( I SE) ,  i nducti vel y  
coupled  pl asm a -  m ass  spectroscopy ( I CP-MS) ,  and  l i qu i d  chrom atography (LC)  m ethods.  

Term inate  the  test  when  the  h ydrogen  crossover  rate  exceeds  ten  t im es  i ts  i n i ti al  value  or 
when  500  h  has  been  reached ,  wh ichever  i s  earl i er.  

After the  test,  the  MEA may be  subjected  to  the  fo l l owing  anal yses:  

•  m em brane  th ickness  m easurem en t,  

•  observati on  of  p lati num  bands  wi th i n  the  m em brane,  and  

•  changes  in  the  m em brane  m olecu lar  weigh t  and  m olecu le  structure.  

H.1 2  Oxygen  reduction  reaction  (ORR)  activi ty test  

H.1 2. 1  General  

The obj ecti ve  of  th is  test  i s  to  evaluate  the  ORR acti vi ty of  a  cathode  us i ng  an  MEA.  

H.1 2.2  Test  cond i t ions  

Tem perature:   80  °C  

Gas  pressu re:   1 50  kPa (absolu te)  (or atm ospheric  pressure)  

RH :   1 00  %  

Anode:   H 2  

Cathode:   O2  

H.1 2.3  Test  method  

Conduct  an  ECA test  and  h ydrogen  crossover  test  to  m easure  the  e lectrochem ical  surface  
area and  crossover  current  densi ty i n  accordance  wi th  1 1 . 5. 3  and  1 1 . 5 . 2  respecti ve l y.  

Measure  the  po lari zati on  cu rve  and  cel l  res istance  ( I R)  accord ing  to  the  fo l l owing  procedures  
(see  also  Figure  H . 1 ) :  

1 )  before  swi tch ing  to  oxyg en ,  m ake sure  that  the  cel l  vo l tage  i s  near 0  V for  m ore  than  30  s  
to  ensure  repeatable  plat inum  surface  for  the  m easurem ent;  

2)  replace  n i trogen  wi th  oxygen  and  keep  the  cel l  at  OCV s tate  for  2  m in ;  

3)  m easure  the  po lari zati on  cu rves  and  the  I R,  focus ing  on  lower curren t  dens i ti es .  

Calcu late  the  IR-free  vo l tage  at  each  current  dens i ty m easured  wi th  the  fo l l owing  equation :  

VI R-free  =  Vm easured  +  RASR  ×  I 

where  

VI R-free  i s  the  I R-free  vo l tage  (V) ;  
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Vm easured  i s  the  m easu red  vo l tage  (V) ;  

RASR  i s  the  area-speci fi c  res istance  m easured  (Ω･ cm 2) ;  

I i s  the  appl ied  cu rren t  densi ty (A/cm 2) .  

Calcu late  the  to tal  curren t  dens i ty wi th  the  fo l l owing  equati on :  

Itotal  =  I +  Icoc  

where  

Itotal   i s  the  sum  of  the  appl ied  and  the  crossover  curren t  dens i t i es  (A/cm 2) ;  

Icoc   i s  the  crossover current  dens i ty (A/cm 2) .  

Create  a  Tafel  p lo t,  i n  wh ich  the  hori zon tal  axis  i s  the  total  cu rren t  dens i ty and  the  vertical  
axis  i s  the  I R-free  vo l tage  (see  also  Fi gure  H .2) .  

Derive  the  total  current  dens i ty at  0 , 9  V ( I R-free)  by e i ther  i n terpolation  or extrapolati on  of  the  
Tafel  p l ot.  

NOTE Th i s  cond i t i on  i s  se lected  to  m in im i ze  the  transport  l osses  associated  wi th  protons  and  oxygen ,  and ,  at  the  
sam e t im e,  con tro l  the  reprodu cibi l i ty  of  the  effect  o f  p l at i num  oxi de  on  ORR.  

Final l y,  calcu late  the  m ass  acti vi ty of  1  g  of  p lati num  catal yst  (A/g )  of  the  cathode  wi th  the  
fo l l owing  equation :  

Am ass  =  I0, 9V  /  Lpt  

where  

Am ass  i s  the  m ass  acti vi ty of  the  cathode  (A/g ) ;  

I0, 9V  i s  the total  cu rren t  densi ty at  0 , 9  V  ( I R-free  vo l tage)  (A/cm 2) ;  

Lpt  i s  the  plat i num  load ing  of  the  cathode  (g /cm 2) .  

 

Figure H. 1  – ORR activi ty test  procedure  
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Figure H .2  – Example of  Tafel  p lot  

H.1 3  Fuel  composi tion  test  

H.1 3. 1  General  

The objecti ve  of  th is  test  i s  to  m easu re  the  effect  of  the  com posi t ion  of  reform ed  gas  on  ce l l  
perform ance  i n  order  to  check the  e lectrode  capabi l i ty for  d i fferen t  types  of  fuels.  Reform ed  
gas  con tains  h ydrogen,  CO,  CH 4  or  traces  of  o ther  raw fuels  and  i nert  gases  such  as  CO2  
and /or  N2 ,  the  rat io  of  wh ich  depends  on  the  d i fference  i n  raw fuels  and  reform ing  m ethods.  
The  i nert  gas  i s  expected  to  affect  the  d i ffus ion  of  h ydrogen  in to  the  e lectrodes.  

Th is  test  can  be  perform ed  usi ng  one  of  two  m ethods:  constan t  gas  sto ich iom etries  or  
constan t  gas  f l ow rates .  These  are  described  i n  1 1 . 2. 2  and  1 1 . 2. 3 ,  respecti vel y.  Once  a 
m ethod  i s  se lected,  i t  shal l  be  used  throughou t  the  en ti re  test.  The  test  shal l  be  conducted  as  
set  ou t  below.  

H.1 3.2  Test  method  

Using  the  standard  fue l ,  obtain  po lari zation  curves  us i ng  the  se lected  m ethod .  

Change  the  standard  fuel  to  another fue l  wh ich  has  a  d i fferent  com posi t i on  to  the  standard  
gas .  

Obtain  po lari zation  cu rves  us i ng  the  se lected  m ethod .  

H.1 4  Cycl ing  tests  

H.1 4. 1  Start/stop  cycl ing  test  

H . 1 4. 1 . 1  General  

The objecti ve  of  the  s tart/stop  cycl i ng  test  i s  to  determ ine  the  evolu t i on  of  the  perform ance  of  
a  ce l l  operati ng  under speci fi ed  cond i t i ons  as  a  functi on  of  a  s tart/stop profi le  count.  
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Th is  m ay be  used  as  a speci f ic  test  to  qual i fy the  l i fetim e  of  MEAs  for  a  speci f ic  appl icati on  
wi th  adapted  operati ng  cond i t i ons.  

Opti onal l y,  gas  f l ow and  tem perature  con trol  can  be  part  of  th is  test.  

Start/stop prof i les  and  operati ng  duration  are  speci fi ed  by the  cel l  m anu facturer.  A typi cal  
start/s top  cycl i ng  profi le  and  i ts  operating  durati on  are  g i ven  i n  Annex  L.  

H.1 4. 1 .2  Test  method  

After operati ng  the  cel l  at  1 00  % load  (rated  curren t  dens i ty)  for  a  speci fi ed  period  of  t im e,  
swi tch  off  the  l oad  (open  ci rcu i t)  for  a  speci fi ed  period  of  t im e.  

After that,  swi tch  on  the  l oad  and  operate  at  1 00  % load.  

Repeat the  procedure  wh i le  record ing  the  ce l l  vo l tage.  

The  perform ance  decay per  cycle  can  be  calcu lated  by d i vi d i ng  the  vo l tage  drop  by the  cycle  
num ber.  

NOTE  Operati ng  a  fu el  cel l  at  open  ci rcu i t  vol tage  for  l ong  peri ods  of  t im e  can  accel erate  the  deg radati on  of  the  
e l ectrode  m ateri al s .  

H.1 4.2  Load  cycl ing  test  

H . 1 4.2. 1  General  

The objecti ve  of  the  l oad  cycl i ng  test  i s  to  determ ine  the  evolu ti on  of  the  vo l tage  of  a  fue l  ce l l  
operati ng  under speci fi ed  cond i ti ons  as  a  functi on  of  cu rren t  dens i ty fo l lowing  a  dynam ic 
prof i le  versus  t im e.  

Th is  m ay be  used  as  a speci f ic  test  to  qual i fy the  l i fetim e  of  MEAs  for  a  speci f ic  appl icati on  
wi th  adapted  operati ng  cond i t i ons.  

A typical  l oad  prof i l e  and  i ts  operati ng  durati on  are  g i ven  in  Annex M .  

H.1 4.2.2  Test  method  

After operati ng  a ce l l  at  1 00  % load  (rated  cu rren t  dens i ty)  for  a  defi ned  period  of  t im e,  swi tch  
the  l oad  from  1 00  % to  a parti al  l oad  wi th  the  gas  s to ich iom etries  m ain tained  constan t  and  
operate  for  a  defi ned  peri od  of  t im e  at  a  part ial  l oad .  Load  prof i le  and  operati ng  durati on  are  
speci f ied  by the  cel l  m anu facturer.  

After that,  i ncrease  the  load  again  to  1 00  %.  

Repeat  th is  procedure  wh i l e  record ing  the  ce l l  vo l tage.  

The  perform ance  decay per  cycle  can  be  calcu lated  by d i vi d i ng  the  vo l tage  drop  by the  cycle  
num ber.  

H.1 4.3  Potential  cycle  test  (start/stop durabi l i ty)  

H . 1 4.3. 1  General  

The obj ecti ve  of  the  poten tial  cycle  test  i s  to  evaluate  the  durabi l i ty of  the  catal yst  against  
startup  and  shu tdown  cycles  by cycl i ng  the  poten tial  under accelerated  cond i t i ons.  
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H.1 4.3.2  Test  condi t ions  

Tem peratu re:   80  °C  

Gas  pressure:   atm ospheric  

RH :   1 00  % 

Anode:   H 2  

Cathode:   N2  

H.1 4.3.3  Test  method  

Conduct  an  ECA test  to  m easure  the  e lectrochem ical  surface  area i n  accordance  wi th  1 1 . 5. 3.  

Once  the  vo l tamm ogram  is  reproducible,  s tart  a  poten tial  cycle  test  us ing  the  test  cond i t ions  
and  protoco l  as  i l l ustrated  i n  F i gure  H . 3.  

During  the  test,  conduct  an  ORR acti vi ty test  (H . 1 2) ,  po lari zation  curve  m easurem ent  ( 1 1 . 2)  
and  ECA m easurem ent  ( 1 1 . 5. 3)  at  appropriate  i n tervals .  

Continue  to  test  un t i l  the  e lectrochem ical  surface  area has  decreased  to  a  predeterm ined  
value  (e. g .  40  % of  i ts  i n i ti al  value)  or  a  predeterm ined  num ber of  cycles  (e. g .  60  000  cycles)  
has  been  reached.  

Measure  CO2  em iss ions  at  the  ou t let  of  the  cathode  as  needed .  

After the  test,  the  MEA shal l  be  subj ected  to  such  anal yses  as  corrosion  of  the  catal yst  
support,  degree  of  e l u ti on /oxidation  of  the  catal yst,  and  changes  i n  the  part ic le  d iam eters  of  
the  catal yst.  

 

Figure H .3  – Potential  cycle test  (start/stop  durabi l i ty)  procedure  

H. 1 4.4  Potential  cycle  test  ( load  cycle  du rabi l i ty)  

H . 1 4.4. 1  General  

The objecti ve  of  th is  test  i s  to  evaluate  catal yst  du rabi l i ty against  l oad  cycl i ng  by conducting  a 
poten tial  cycl i ng  test  under accelerated  cond i ti ons .  
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H.1 4.4.2  Test  condi t ion  

Tem peratu re:   80  °C  

Gas  pressure:   atm ospheric  

RH :   1 00  % 

Anode:   H 2  

Cathode:   N2  

H.1 4.4.3  Test  method  

Measure  the  ECA value  i n  accordance  wi th  1 1 . 5 . 3 .  

Once  the  vo l tamm ogram  i s  reproducible ,  start  a  poten tial  cycle  test  us ing  the  test  cond i t ions  
and  protocol  as  i l l ustrated  i n  F igure  H . 4.  

Duri ng  the  test,  conduct  an  ORR acti vi ty test  (H . 1 2) ,  po lari zation  curve  m easurem ent and  
ECA m easurem ent  (1 1 . 5 . 3)  at  appropriate  in tervals.  

Conti nue  the  test  unt i l  the  ECA com es  down  to  50  % of  the  i n i t i al  value  or a  predeterm ined  
num ber of  cycles .  

After the  test,  the  MEA shal l  be  subj ected  to  such  anal yses  as  corrosion  of  the  catal yst  
support,  am ount  of  e lu t ion/oxidati on  of  the  catal yst  m etal  and  change  i n  the  partic le  d iam eters  
of  the  catal yst.  

 

Figure H.4  – Potential  cycle test  ( load  cycle  durabi l i ty)  procedure  

H.1 5  Impuri ty influence tests 

H.1 5. 1  In fluence at  rated  current  densi ty  

H . 1 5. 1 . 1  General  

The obj ecti ve  of  th is  test  i s  to  determ ine  the  i n f l uence  of  im puri t i es  i n  the  fue l  or  i n  the  ai r  on  
ce l l  perform ance  and  the  degree  of  recovery of  the  cel l  perform ance  from  dam age at  the  rated  
curren t  dens i ty.  A ce l l  i s  subjected  to  s teady-state  tests  and  operated  wi th  fue l  or  ai r  
con tain i ng  som e im puri t i es.  
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The  test  shal l  be  conducted  at  several  l evels  of  im puri ty i n  the  fue l  or  i n  the  ai r  i n  order to  
i denti fy how im puri t i es  affect  the  perform ance  and  to  determ ine  the  h i ghest  im puri ty l eve l  that  
does  not  affect  the  ce l l  perform ance.  

ECA m easurem ent (1 1 . 5 . 3)  i s  recom m ended  as  an  e lectrochem ical  d iagnos is  before  and  after  
th is  test.  

NOTE  I m puri t i es  i n  h yd rogen  are  g i ven  i n  I SO 1 4687-2 .  

H.1 5. 1 .2  Test  method  

Operate  the  cel l  at  the  rated  current  dens i ty wi th  h igh-puri ty fue l  and  cl ean  ai r  un t i l  the  ce l l  

vo l tage  i s  stabi l i zed  wi th i n  ±5 m V for 1 5  m in .  

Change  the  h i gh-puri ty fue l  or  c lean  ai r  to  an  impuri ty-con tain ing  fue l  or  ai r  wi th  the  im puri ty 
species  and  thei r  quan ti t i es  speci f ied  by the  ce l l  m anufacturer,  by the  system  speci fi cati ons ,  
or  by the  targeted  appl icati on  speci fi cati ons .  

Run  the  cel l  un ti l  the  cel l  vo l tage  i s  stabi l i zed  wi th in  ±5  m V for  1 5  m in  and  record  the  cel l  
vo l tage.  

Then ,  change  the  im puri ty-con tain i ng  fuel  or  ai r  to  the  h i gh -puri ty fuel  or  cl ean  ai r.  

Run  the  cel l  un t i l  the  ce l l  vo l tage  i s  s tabi l i zed  wi th i n  ±5  m V for  1 5  m in  and  record  the  ce l l  
vo l tage.  

Tolerance  can  be  evaluated  based  on  the  d i fferences  i n  cel l  vo l tage  between  clean  and  
po l l u ted  gas  operati on ,  wh i le  revers ibi l i ty can  be  determ ined  from  the  d i fferences  between  
i n i t ial  and  f i nal  values  under  clean  reactants .  

Som e im puri t i es,  such  as  H 2S,  can  react  wi th  the  exposed  su rfaces  of  com ponen ts  of  the  test  
station  ( for  exam ple,  gas  suppl y p ipi ng  and  gaskets) .  Care  shou ld  be  taken  to  ensure  that  the  
test  s tat ion  m aterials  are  com patible  wi th  the  im puri t i es  being  used.  The  pipi ng  needs  to  be  
f l ushed  wi th  i nert  gas  or  pu re  h ydrogen  after  the  test  i n  order to  m in im ize  the  presence  of  
im puri t i es  for fu rther  testi ng .  

H.1 5.2  In fluence on  polarization  curves  

H. 1 5.2. 1  General  

The obj ecti ve  of  th is  test  i s  to  determ ine  the  i n f l uence  of  im pu ri t ies  i n  fuel  or  ai r  on  the  
po lari zati on  curve  of  a  ce l l .  The  test  shal l  be  conducted  at  several  l evels  of  im pu ri ty i n  order 
to  i den ti fy how im puri ti es  affect  the  perform ance  and  to  determ ine  the  h i ghest  im puri ty l eve l  i n  
fue l  or  ai r  that  does  not  affect  the  cel l  perform ance.  

H.1 5.2.2  Test  method  

Measure  the  po lari zati on  curve  us i ng  h i gh -puri ty fuel  and  clean  ai r  at  a  constant  gas  
sto ich iom etry or  at  a  constant  gas  f l ow rate  as  i n  1 1 . 2. 2  or  1 1 . 2. 3 ,  respecti vel y.  

Change  h igh -pu ri ty fue l  or  c l ean  ai r  to  an  im puri ty-contain ing  fuel  or  ai r.  Obtain  the  
po lari zati on  cu rve  of  the  ce l l  us i ng  the  sam e m ethod  as  that  used  i n  the  m easu rem ent  wi th  
h igh-puri ty fuel  and  cl ean  ai r.  
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H.1 5.3  Long-term  impuri ty in fluence test  

H . 1 5.3. 1  General  

The obj ecti ve  of  th is  test  i s  to  determ ine  the  in f luence  of  im puri ti es  i n  fuel  or  ai r  on  l ong -term  
fuel  ce l l  operati on .  

Th is  test  shal l  be  carried  ou t  wi th  fuel  or  ai r  of  the  h i ghest  im puri ty l eve l  or  the  l owest  l evel  
that  does  not  affect  the  ce l l  perform ance  as  determ ined  by the  rated  cu rren t  dens i ty i n  1 1 . 3. 2a)  
(steady-state  test)  or  by 1 1 . 2  (po lari zati on  cu rve  test)  i n  order to  s tudy the  cum u lati ve  effect  
of  im puri t i es  du ri ng  l ong- term  operation .  

H.1 5.3.2  Test  method  

Operate  the  cel l  at  the  rated  current  dens i ty wi th  h igh-puri ty fuel  and  clean  ai r  un t i l  the  cel l  

vo l tage  i s  s tabi l i zed  wi th i n  ±5  m V for  1 5  m in .  

Change  the  h i gh -puri ty fuel  or  c lean  ai r  to  an  impuri ty-con tain ing  fuel  or  ai r  wi th  the  im puri ty 
species  and  thei r  quanti t i es  speci f i ed  by the  cel l  manufacturer  or  by the  system  speci fi cati ons,  
or  by the  targeted  appl icati on  speci f icati ons  or  system  m anufacturer,  e tc.  

Run  the  cel l  for  a  m in im um  of  1  000  h  for  transportation  appl icati ons  and  for  5  000  h  for  
stat ionary appl icati ons .  

Record  the  cel l  vo l tage  during  operation .  I f  des i red,  obtain  the  polari zation  curve  and  i n ternal  
res istance  of  the  ce l l  u nder the  standard  test  cond i t i ons  at  regu lar  i n tervals .  

The  basic  procedure  i s  g i ven  i n  e i ther  1 1 . 2  for  po lari zati on  curve  m easurem ent  or  i n  1 1 . 6  for  
i n ternal  res is tance  m easurem ent.  

The  average  perform ance  decay can  be  calcu lated  as  described  i n  1 1 . 4.  I t  i s  recomm ended  to  
add  the  num ber of  cycles  and  durati on  of  the  test.  
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Annex I  
( in formative)  

 
Test report  for  polarization  curve tests  

I . 1  General  

A suggested  tem plate  for  a  report  of  po lari zati on  curve  tests  i s  g i ven  below.  

I .2  General  information  

I .2. 1  General  in formation  on  the test  report  

Test  report  reference  /  i den ti f i cati on   

Test  report  t i t l e   

Au thors   

 

I .2.2  General  in formation  concerning  the  test  

Test  procedu re  num ber    Test  date   

Test  vers i on    Com pany perform ing  test   

Com pany requ est i ng  test    Test  l ocat i on   

Test  request  num ber    Test  ce l l  /  equ i pm ent   

 

I .3  Introductory remarks  

Here  the  au thors  shou ld  refer  to:  

•  the  procedure  em ployed  and ,  i f  re levant,  the  reason ing  beh ind  the  choice  of  such  
procedure;  

•  the  test  p lan  between  tester  and  custom er wh ich  m ay also  i ncl ude  acceptance  cri teria;  and  

•  any o ther  docum entation  used  in  the  report  or  i n  the  test  ( term inolog y docum ent,  sym bol  
harm on izati on ,  e tc. ) .  

I .4  Objective and  scope of  the test  

The objecti ve  i s  to  determ ine  the  po lari zation  curve  of  a  PEFC  s ing le  ce l l  operati ng  under 
speci f ied  operating  cond i ti ons.  

The  ce l l  perform ance  i s  m easured  from  open  ci rcu i t  vo l tage  to  the  h i ghest  curren t  densi ty that  
has  been  determ ined  by:  

•  the  propert ies  of  the  cel l  com ponents ;  

•  the  speci fi cati ons  of  the  i n tended  appl icati on ;  

•  the  m easurem en t m ethod .  

The  obj ecti ves  of  the  test  are  to  quanti fy or  qual i fy:  

•  the  generic  perform ance  of  a  s ing le  po l ym er e lectro l yte  fuel  ce l l ;  

•  PEFC com ponents  such  as  MEAs  or sub-com ponen ts  of  MEAs  and  b ipo lar  p late  m aterials  
or  desi gn .  
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The  operati ng  cond i t i ons  cons idered  for th is  test  correspond  to:  

•  the  s tandard  cond i t i ons  u sed  by m em bers  of  the  scien ti f ic  com m uni ty;  

•  the  i n tended  appl icati on .  

I .5  Description  of  cel l  components  

Cel l  m anu factu rer   

Cel l  m odel   

Product  or  art i c l e  tested   

Product  num ber   

Test  sam ple  i den t i ty  num ber   

 

Fuel  cel l :  m ateri al  of  f l ow plates   

Fuel  cel l :  f l ow f i e l d  des i gn   

Fuel  cel l :  act i ve  area   

Gasket  type   

Gasket  th i ckness   

Current  col l ector m aterial   

Cel l  c l am ping  force   

Heati ng /coo l i ng  system   

Orien tat i on  of  the  ce l l  a  

(vert i cal  versus  hori zontal )  

 

Gas  f l ow d i rect i on  

(co-f l ow,  cou n ter f l ow,  etc. )  

 

a  I f  needed,  i ncl ude  a  drawi ng  for  better u nderstand ing .  

 

MEA assem bly (Yes/N o,  3  Layers,  5L,  7L)   

E l ectrodes   

Gas  d i ffus ion  l ayers  ( th i ckness  and  type)   

Catal yst  l ayers  ( l oad i ng  and  com posi t i on )   

Mem brane  (th i ckness  and  type)   

 

Lowest  cel l  vo l tag e  al l owed  (V)   

Pressure  d i fference  al l owed  between  anode  and  
cathode  (kPa)  

 

Manu factu rer- recom m ended  ai r  s to i ch iom etry   

 

Provide  add i t ional  rem arks  or i n form ation  from  the  m anufacturer  on  the  ce l l  or  the  MEA.  

I .6  Background  

The au thor describes  the  testi ng  h is tory of  the  cel l  wi th  a brief  descripti on  of  al l  d iagnostic  
experim en ts,  speci f i c  or  basel i ne  experim ents  and  the i r  respective  i denti f i ers  i n  sequen tial  
order.  
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I .7  Description  of  the test  setup  

A detai led  descript ion  of  the  test  equ ipm ent and  setup  that  were  em ployed,  i ncl ud ing  sensor 
types  and  locations  and  speci f i c  devices  ( for  exam ple  heating /cool i ng  and  hum id i f ication  sub-
system s)  shou ld  be  g i ven  here  i n  the  test  report  to  ass ist  i n  the  understand ing  of  resu l ts .  

I .8  Description  of  operating  condi tions,  inputs  and  outputs  

Table  I . 1  l i s ts  al l  the  test  i npu ts  that  are  contro l led  duri ng  the  test ,  wh i l e  Table  I . 2  l i s ts  al l  the  
test  ou tpu ts .  Measurem ent  uncertain ti es  and  sam pl i ng  rates  are  to  be  en tered  as  wel l .  The  
testing  personnel  com plete  the  i npu t  value  co lum n  for each  test.  
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Table  I . 1  – Test  input  parameters  

I nput  Description  Un i t  I nput  value  
Measurement  
uncertain ty 

Sampl ing  
rate  
Hz  

Control  
accu racy 

I Current  densi ty  

( i  =  appl i ed  cu rren t  /  
acti ve  g eom etri c  area)  

A  cm −2      

T
amb

 Am bien t  tem peratu re  °C      

T
c
 Cel l  tem peratu re  °C      

X
fu e l

 Fuel  com posi t i on  %  H
2
;  

%  other g ases  

  -   

X
ox

 Oxi dan t  com posi t i on  Ai r  or  O
2
;  %  other gases    -   

p
H 2

 Fuel  pressu re  at  ce l l  i n l et  
or  ou tl et  c  port  

kPa     

p
Ai r

 Oxi dan t  pressu re  at  cel l  
i n l et  or  ou tl etc  port  

kPa     

Q
fu e l

 Fuel  f l ow rate  a  

(at  STP)  

cm 3  m i n− 1      

Q
o x

 Oxi dan t  f l ow rate  a  

(at  STP)  

cm 3  m i n− 1      

Q
fu e l , m i n

 Fuel  m i n im um  f l ow rate  cm 3  m i n− 1      

Q
o x, m i n

 Oxi dant  m in im um  f l ow 
rate  

cm 3  m i n− 1      

λ
fu e l

 Fuel  s to i ch i om etry  (d im ension less)   -  -   

λ
ox

 Ai r  s to i ch iom etry  (d im ens ion less)   -  -   

RH 
fu e l

 Fuel  re lati ve  hum id i ty  b  %      

RH 
o x

 Oxi dan t  re lati ve  hum id i ty  
b  

%      

T 
fu e l

 Fuel  dew poi n t  °C      

T 
o x

 Oxi dan t  dew poi n t  °C      

Tb  
fu e l

 Fuel  bubbler tem peratu re  °C      

Tb  
ox

 Oxi dant  bubbler 
tem peratu re  

°C      

Tl 
fu e l

 Fuel  l i ne  tem peratu re  °C      

Tl  
ox

 Oxi dant  l i ne  tem peratu re  °C      

P
amb  Am bient  pressu re  kPa     

RH
amb  Am bient  re lati ve  hum id i ty  %      

a  Q
λ fu e l

 and  Q
λox

 are  respecti ve l y  the  s to i ch i om etry con tro l l ed  vo l um etri c  f l ow rates  of  fuel  and  oxi dan t.  The  actu al  
vo l um etri c  f l ow rates  used  du ri ng  the  test  are  the  s to i ch iom etry  con tro l l ed  f l ow rates,  un less  the  values  are  sm al l er  
than  the  m in im um  f l ow rates:  Q

fu e l , mi n
 and  Q

ox, mi n
.  

b  Relat i ve  hum id i ty  i s  cal cu l ated  based  on  the  cel l  tem peratu re.  

c  S tate  i n  the  test  report  wh i ch  opt i on  was  selected  and  whether the  cel l  i n l et  or  ou tl et  pressure  was  contro l l ed  to  be  
constant.  
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Table  I .2  – Test  ou tput  parameters  

Output  Description  Un i t  I nstrument  
uncertain ty 

Sample  rate  
Hz  

V Cel l  vo l tage  V    

P  Cel l  power dens i ty  W cm −2  Cal cu l ated  

NOTE  I n  the  case  where  the  test  i s  perform ed  by varyi ng  the  vol tag e  i n  the  rang e  of  OCV to  m in im um  cel l  
vo l tage,  I wi l l  be  the  test  ou tpu t  param eter i nstead  of  V.  

 

I .9  Test  procedure and  resul ts  

I .9. 1  Description  of  startup  and  cond i tion ing  

The fo l l owing  in form ation  shou ld  be  i ncluded  (see  Table  I . 3) :  

•  detai l ed  description  of  the  sett ing  up  of  the  cond i t i ons ;  

•  m easurem ents  (description ,  tables  or  f i gu res  showing  the  i npu ts  and  ou tpu ts  during  
startup  and  cond i ti on ing ) .  

Table  I .3  – Cel l  performance  during  startup  and  cond i tion ing  

Dwel l  t ime Current  densi ty Average cel l  vol tage over 
the l ast  XX m in  (V);  

Standard  devi ation  (±V)  

Average cel l  power 
densi ty 

m in  A cm −2   W  cm −2  

    

 

Figu res  shou ld  i nclude  the  prim ary test  i npu ts  and  ou tpu ts  du ri ng  the  m easurem ent i n  order to  
faci l i tate  the  i n terpretation  of  the  m ain  resu l ts .  

For  the  po lari zati on  curve:  I,  V,  Tc ,  pfuel ,  poxl ,  Qfuel ,  Qox,  RHfu el  and  RHox  (or  re levan t  i npu ts  
re lated  to  RH) ,  t  ( t im e) .  

Use  average  values  and  i nd icate  standard  deviati ons.  

I .9.2  Descript ion  of  shutdown  (when  relevant)  

A com plete  descript i on  of  the  shu tdown  procedure  shou ld  be  i ncluded .  

I .9.3  Description  of  measurement  and  resu l ts  

The fo l l owing  in form ation  shou ld  be  i ncluded  (see  Table  I . 4) :  

•  sett i ng  up  of  the  test  cond i t i ons  ( i n i t ial  test  i npu ts)  i f  an  add i ti onal  procedure  i s  perform ed  
after  the  cond i ti on ing  and  before  sett ing  the  cond i t i ons  for  OCV;  

•  m easurem ents  (descripti on ,  tables  or f i gu res  showing  the  i npu ts  and  ou tpu ts  duri ng  the  
m easurem ent)  (e. g .  a  table  of  dwel l  t im e,  and  the  curren t  densi ty,  ce l l  vo l tage  and  power 
for the  po lari zati on  cu rve) .  
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Table  I .4  – Cel l  performance during  test  

Dwel l   
t ime 

Current  
densi ty 

Average cel l  vol tage  Average cel l  power outpu t  

m in  A cm −2  V  
(wi th i n  2  s tandard  deviati onsa)  

W  cm −2  

(wi th i n  2  s tandard  deviati onsa)  

    

a  See  I SO/I EC  Gu ide  98-3  for  g u i dance  to  estim ate  the  uncertai n t i es .  

 

Figu res  shou ld  append  the  fo l l owing  prim ary test  i npu ts  and  ou tpu ts  du ri ng  m easurem ent  i n  
order  to  faci l i tate  i n terpretation  of  the  m ain  resu l ts :  

Tc ,  pfuel ,  pox,  Qfue l ,  Qox,  RHfuel  and  RHox  (or  relevant  i npu ts  re lated  to  RH ) ,  and  t ( t im e) .  

I .9.4  Deviation  from  test  procedures  

Deviation  from  an y test  procedures  aris i ng  from  the  operator or  equ ipm ent  shou ld  be  recorded .  

I . 1 0  Data post-processing  

Procedures  used  to  calcu late  any param eters  from  experim ental  data shou ld  be  described .  

I . 1 1  Conclusion  and  acceptance cri teria  

Here  the  resu l ts  of  the  test  shou ld  be  com m ented  in  cons ideration  of  the  objecti ve  of  the  test  
and  the  acceptance  cri teria,  i f  avai lable.  
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Annex J  
( in formative)  

 
Polarization  curves  in  helox 

Polari zati on  curves  obtained  wi th  he lox  (79  % hel i um ,  21  %  oxygen)  at  the  cathode  can  
provide  usefu l  d iagnosti c  i n form ation  on  rates  of  m ass  transport  i n  d i ffus ion  m ed ia.  S i nce  
d i ffus ion  of  oxygen  i n  he l i um  is  s i gn i f icantl y faster  than  i t  i s  i n  ai r,  the  onset  of  m ass  transport  
l im i tat ion  occurs  at  h igher cu rren t  dens i t ies .  Com parisons  of  perform ance  i n  ai r  and  helox  
(such  as  the  exam ple  i n  Figu re  J . 1 )  can  be  used  to  i denti fy the  natu re  and  l ocation  of  sources  
of  m ass  transport  l im i tati on ,  such  as  GDL or catalyst  l ayer  f l ood ing .  

 

Figure J . 1  – I l lustration  of  l osses  identi fied  by comparison   
of  polarizat ion  curves i n  oxygen ,  helox and  ai r  
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Annex K 
( in formative)  

 
Test report  for  subzero start  test  

A suggested  tem plate  for  the  test  report  of  a  subzero  start  test  i s  g i ven  below (see  Table  K. 1  
and  Table  K.2) .  

Table  K. 1  – Energy consumption,  gas  consumption   
and  heat  balance data during  subzero  startup  

I tem  Parameter  Measured  value  

Subzero  s tartu p  t im e  Startup  t im e   

Energy consum pti on  

du ri ng  su bzero  startu p  

External  e l ectri c  energ y i npu t   

External  heat  i npu t   

Gas  consum pti on  Fuel  f l ow rate   

Oxidant  f l ow rate   

Tem peratu re  d i fference  between  
i npu t  and  ou tpu t  fuel  

 

Tem peratu re  d i fference  between  
i npu t  and  ou tpu t  oxi dan t  

 

 

Table  K.2  – Cel l  characteristics  comparison  before and  after  subzero  testing  

 Parameter  Before  subzero  After  subzero  Di fference % 

Safety characteri st i cs  

1  Gas  l eakage     

2  Hydrogen  crossover     

Operat i ng  characteri s t i cs  

1  Nom inal  power ou tpu t     

2  Peak power ou tpu t     
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Annex L 
( in formative)   

 
Start/stop cycl ing  test  supplement  

A typical  s tart/stop cycl ing  profi le  and  i ts  operating  duration  are  described  be low.  

The  cycl ing  wi l l  fo l l ow the  fo l l owing  prof i le :  

a)  “off”  phase  =  1 5  m in  at  0  A cm −2 ;  

b)  “on ”  phase  =  1 5  m in  at  Is t  A  cm −2  (Ist :  rated  current  densi ty) .  

I t  i s  recomm ended  to  i ncrease  the  current  densi ty step  by step  i n  order to  avoid  s i gn i f i can t  
vo l tage  drops.  The  cu rrent  shou ld  be  i ncreased  from  0  to  Ist  as  fo l l ows:  

a)  25  % Ist  A cm −2  for  1 0  s ;  

b)  50  %  Ist  A cm −2  for  1 0  s ;  

c)  75  %  Ist  A cm −2  for  1 0  s ;  

d )  Ist  A  cm−2  for  1 4  m in  30  s .  

The  durati on  of  th is  s tep depends  on  the  speci f ic  objecti ve  of  the  test  and  on  the  related  
speci f ic  “end ing”  cri teria:  a  f i xed  t im e  fram e or  f i xed  perform ance  losses  (such  as  power 
ou tpu t,  vo l tage on  l oad  or open  ci rcu i t  vo l tage) .  

Apart  from  the  d i fferen t  poss ible  end ing  cri teria speci f ical l y def ined,  the  test  shou ld  be  
term inated  ( the  gases,  tem peratu re  con tro l l ers  and  l oad  are  to  be  tu rned  off)  i f  the  ce l l  vo l tage  
goes  below 0, 3  V or  the  m in im um  value  recomm ended  by the  m anufacturer ( i n  order to  avoid  
i rrevers ible  dam age  to  the  cel l  com ponents) .  
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Annex M  
( in formative)  

 
Load  cycl ing  test  supplement  

Typical  l oad  cycl i ng  prof i l es  and  test  durati ons  are  g i ven  be low.  

Two  current  densi ty prof i l es  that  al low a ce l l  to  operate  between  two  curren t  densi ty l eve ls  are  
proposed:  one  i s  m ore  dynam ic wi th  the  profi l e  l asti ng  1  m in ,  and  the  other  l ess  so  wi th  the  
prof i le  last ing  1  h .  

The  curren t  dens i ty i s  f i xed  at  Ist  ( rated  curren t  dens i ty)  for  the  f i rst  h igh-power  phase  i n  order 
to  stabi l i ze  the  operating  cond i t ions  before  s tart i ng  the  cycl i ng  phase.  Then  the  l oad  cycl ing  
shou ld  be  perform ed  wi th  one  of  the  two  curren t  dens i ty prof i les  shown  i n  F i gu res  M . 1  and  
M . 2  

 

Figure M.1  – Dynamic  load  cycl ing  profi le.  

The prof i le  i s  d i vi ded  i n to  two  secti ons:  the  low cu rrent  densi ty phase  =  40  s  at  0 , 2  Ist  and  the  
h igh  cu rrent  densi ty phase  =  curren t  ram p from  0 , 2  Ist  to  Ist  for  a  duration  of  20  s .  

 

Figure M .2  – Second  dynamic load  cycl ing  profi le  

IEC  

R
a

ti
o

 o
f 

c
u

rr
e

n
t 

d
e

n
s

it
y

 

t   (s )  
600  

0, 2  

500  400  300  200  0  1 00  
0  

0, 4  

0, 6  

0, 8  

1 , 2  

1  

IEC  
t   (h )  
5  4  3  2  1  0  

R
a

ti
o

 o
f 

c
u

rr
e

n
t 

d
e

n
s

it
y

 

0, 2  

0  

0, 4  

0, 6  

0, 8  

1 , 2  

1  



 – 72  – IEC  TS 62282-7-1 :201 7  © I EC  201 7  

The  profi l e  i s  d i vi ded  i n to  two  secti ons:  the  l ow curren t  densi ty phase  =  30  m in  at  
0, 2  Ist  A  cm −2  ( 0 , 2  Ist :  20  %  current  dens i ty of  Ist) ;  and  the  h i gh  current  dens i ty phase  =  
30  m in  at  Ist  A  cm −2 .  

Operating  tim e  can  be  f ixed  between  500  h  and  1 0  000  h  depend ing  on  the  operati ng  
cond i t i ons  and  on  the  speci fi c  appl icati on  cons idered .  

Apart  from  the  f i xed  operati ng  du rati on ,  o ther  speci f i c  end ing  cri teria  can  be  speci f ied  
depend ing  on  the  objecti ve  of  the  test,  such  as  acceptable  f i xed  perform ance  l osses  
( i ncl ud ing  power ou tpu t,  vo l tage  at  l ow or h igh  power,  or  open  ci rcu i t  vo l tage) .  

Apart  from  the  speci fi cal l y defi ned  end ing  cri teria,  the  test  shou ld  be  term inated  (gases,  
tem peratures  and  l oad  are  to  be  tu rned  off)  i f  the  cel l  vo l tage  goes  below 0 , 3  V  or  the  
m in im um  vo l tage  value  recom m ended  by the  m anufacturer  ( i n  order to  avo id  i rrevers ible  
dam age  to  the  ce l l  com ponents) .  

I n  the  case  in  wh ich  the  test  i s  perform ed  by varyi ng  the  vo l tage  i n  the  range  of  OCV to  the  
m in im um  cel l  vo l tage,  I wi l l  be  test  ou tpu t  param eter i nstead  of  V.  

Another  profi l e  shown  i n  Fi gure  M . 3  i s  based  on  the  actual  power dem and  of  a  road  veh icle  
duri ng  ci ty dri ving .  The  1 00  % power po in t  i s  to  be  determ ined  based  on  the  resu l t  of  the  
i n i t ial  power cal i brati on  curve  and  the  pre-agreed  l im i ts  of  the  cel l  and/or test  s tand  des igns.  I t  
i s  acceptable  to  determ ine  the  partial  power po in ts  from  th is  curve  and  then  run  the  test  us ing  
the  corresponding  curren t  l eve ls  as  the  set  po i n ts .  

 

Figure M .3  – Dynamic  load  cycl ing  based  on  road  veh icle  d riving  
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