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FOREWORD 

1 )  Th e  I n tern ati on a l  E l ectrote ch n i cal  Co m m i ssi on  ( I E C )  i s  a  worl d wi d e  o rg an i zati on  fo r s tan d a rd i za ti on  com pri s i n g  
a l l  n ati o n al  e l ectrotech n i cal  com m i ttees  ( I E C  N ati o n al  Com m i ttees) .  Th e  ob j ect  of I E C  i s  to  prom ote  
i n tern ati on al  co-op erati on  on  a l l  q u esti on s  con cern i n g  stan d a rd i za ti on  i n  th e  e l ectri cal  an d  e l ectron i c  fi e l d s .  To  
th i s  en d  an d  i n  a d d i ti on  to  oth er acti vi ti es ,  I E C  pu bl i sh es  I n tern ati on al  S tan d ard s ,  Tech n i ca l  S peci fi cati on s,  
Tech n i ca l  Reports ,  P u bl i cl y Avai l a bl e  S peci fi cati on s  (PAS )  an d  G u i d es  (h erea fter referre d  to  as  “ I E C  
P u bl i cati on (s )” ).  Th e i r pre parati o n  i s  en tru sted  to  tech n i cal  com m i tte es;  a n y I E C  N ati on al  C om m i ttee  i n teres ted  
i n  th e  s u b j ect d ea l t  wi th  m ay parti ci pate  i n  th i s  pre parato ry work.  I n tern ati o n al ,  g overn m en tal  an d  n on -
g overn m en ta l  org an i zati on s  l i a i s i n g  wi th  th e  I E C  a l so  parti ci pate  i n  th i s  pre parati o n .  I E C  col l ab ora tes  cl os el y 
wi th  th e  I n tern ati on al  O rg an i zati o n  fo r S tan d a rd i zati on  ( I S O )  i n  accord an ce  wi th  con d i ti on s  d e term i n ed  by 
ag ree m en t between  th e  two  org an i zati o n s .  

2 )  Th e  form al  d e ci s i on s  or ag reem en ts  of I E C  on  tech n i cal  m atte rs  e xpress,  as  n earl y as  p os s i b l e,  a n  i n tern ati on al  
con s en s u s  of o p i n i on  on  th e  re l evan t  s u bj ects  s i n ce  each  tech n i cal  com m i ttee  h as  repres en tati on  fro m  a l l  
i n te res te d  I E C  N ati on al  Co m m i ttees.   

3 )  I E C  Pu bl i cati on s  h ave  th e  form  of recom m e n d ati on s  fo r i n te rn a ti on a l  u se  an d  are  acce pte d  b y I E C  N a ti on al  
Com m i ttees  i n  th at  s e n s e.  Wh i l e  a l l  reas on abl e  efforts  a re  m ad e  to  en s u re  th at  th e  tech n i ca l  con ten t  of I E C  
P u bl i cati o n s  i s  accu rate,  I E C  can n ot b e  h el d  re spon si b l e  for th e  wa y i n  wh i ch  th e y are  u s ed  or for an y 
m i s i n terpreta ti on  by an y en d  u s er.  

4 )  I n  ord er to  p ro m ote  i n tern ati o n al  u n i form i ty,  I E C  N ati o n al  Com m i ttee s  u n d ertake  to  appl y I E C  P u bl i cati on s  
tran s paren tl y to  th e  m axi m u m  exte n t  p os si b l e  i n  th ei r n a ti on a l  an d  reg i on al  pu b l i cati on s .  An y d i verg en ce  
between  an y I E C  P u bl i cati on  an d  th e  corres pon d i n g  n ati on al  o r re g i on al  pu b l i cati on  s h al l  be  cl earl y i n d i cated  i n  
th e  l a tte r.  

5)  I E C  i tse l f d o es  n o t  provi d e  an y a tte stati on  of con fo rm i ty.  I n d ep en d en t  certi fi ca ti on  bod i es  provi d e  con form i ty 
a sse ssm en t s ervi ces  an d ,  i n  s om e  are as ,  access  to  I E C  m a rks  of con form i ty.  I E C  i s  n ot  res pon si b l e  for an y 
s e rvi ces  carri ed  ou t  b y i n d ep en d en t  certi fi cati on  b od i es .  

6)  Al l  u s ers  sh ou l d  en s u re  th at  th ey h ave  th e  l ates t e d i ti on  of th i s  pu bl i ca ti on .  

7)  N o  l i abi l i ty s h al l  a ttach  to  I E C  or i ts  d i recto rs,  e m pl oyee s,  se rvan ts  or ag en ts  i n cl u d i n g  i n d i vi d u al  experts  an d  
m e m bers  of i ts  tech n i cal  com m i ttees  an d  I E C  N ati on al  Com m i tte es  fo r an y p erso n al  i n j u ry,  p rop erty d a m ag e  or 
oth er d am ag e  of an y n atu re  wh ats oever,  wh eth er d i rect  or i n d i rect,  or for cos ts  ( i n cl u d i n g  l eg al  fees)  an d  
exp en s es  a ri s i n g  ou t  of th e  pu bl i ca ti on ,  u s e  o f,  or re l i an ce  u pon ,  th i s  I E C  P u bl i cati o n  or a n y oth er I E C  
P u bl i ca ti on s .   

8)  Atten ti o n  i s  d rawn  to  th e  N orm ati ve  refe re n ces  ci ted  i n  th i s  pu bl i cati on .  U s e  of th e  refere n ced  pu bl i cati on s  i s  
i n d i spe n s abl e  for th e  correct appl i cati on  o f th i s  pu b l i ca ti on .  

9)  Atten ti o n  i s  d rawn  to  th e  po ssi b i l i ty th a t  s om e  of th e  e l em e n ts  of th i s  I E C  P u bl i cati on  m ay be  th e  s u bj ect  of 
paten t ri g h ts .  I E C  sh al l  n ot  be  h e l d  resp on si b l e  for i d en ti fyi n g  a n y or a l l  s u ch  pa ten t  ri g h ts .  

Th e  m ai n  task of I EC tech n i cal  comm i ttees  i s  to  prepare  I n tern ati on al  Stan d ard s.  I n  
excepti on al  ci rcu m stan ces,  a  tech n i cal  com m i ttee  m ay propose  th e  pu bl i cati on  of a  Tech n i cal  
Speci fi cati on  wh en  

•  th e  req u i red  su pport can n ot be  obtai n ed  for th e  pu bl i cati on  of an  I n tern ati on al  Stan d ard ,  
d espi te  repeated  efforts,  or 

•  th e  su bj ect i s  sti l l  u n d er tech n i cal  d evel opm en t or wh ere,  for an y oth er reason ,  th ere  i s  th e  
fu tu re  bu t n o  i m m ed i ate  possi bi l i ty of an  ag reem en t on  an  I n tern ati on al  S tan d ard .  

Tech n i cal  Speci fi cati on s  are  su bj ect to  revi ew wi th i n  th ree  years  of pu bl i cati on  to  d eci d e  
wh eth er th ey can  be  tran sform ed  i n to  I n tern ati on al  Stan d ard s.   

I EC  62607-4-1 ,  wh i ch  i s  a  Tech n i cal  Speci fi cati on ,  h as  been  prepared  by I EC  tech n i cal  
com m i ttee  1 1 3:  N an otech n ol og y stan d ard i zati on  for e l ectri cal  an d  e l ectron i c prod u cts  an d  
system s.  
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Th i s  secon d  ed i ti on  can cel s  an d  repl aces  th e  fi rst  ed i ti on  pu bl i sh ed  i n  2 01 4.  Th i s  ed i ti on  
con sti tu tes  a  tech n i cal  revi si on .  

Fol l owi n g  d i scu ssi on s  between  I EC TC 1 1 3  an d  I EC  TC 21 /SC 21 A:  S econ d ary cel l s  an d  
batteri es  con tai n i n g  a l kal i n e  or oth er n on -aci d  e l ectrol ytes,  th i s  ed i ti on  i n cl u d es  th e  fol l owi n g  
s i g n i fi can t tech n i cal  ch an g es  wi th  respect to  th e  previ ou s  ed i ti on :  

a)  Th e  ti tl e  of I EC  62607-4-1  h as  been  m od i fi ed .  

b)  Th e  scope  h as  been  revi sed  to  cl ari fy th at th i s  Tech n i cal  Speci fi cati on  d eal s  wi th  a  
stan d ard i zed  meth od  for th e  d eterm i n ati on  of e l ectroch em i cal  properti es  of cath od e  
n an om ateri al s  of,  for exam pl e,  l i th i u m -i on  batteri es  u ti l i zi n g  l i th i u m  i ron  ph osph ate.  

c)  I n  3 . 1 . 1 ,  th e  d efi n i ti on  of "cath od e  n an om ateri a l "  h as  been  revi sed  to  be  m ore  speci fi c.  

Th e  text of th i s  Tech n i cal  Speci fi cati on  i s  based  on  th e  fol l owi n g  d ocu m en ts:  

E n q u i ry d ra ft  Report  on  vo ti n g  

1 1 3 /2 3 8 /D TS  1 1 3 /2 6 1 A/RVC 

 
Fu l l  i n form ati on  on  th e  voti n g  for th e  approval  of th i s  Tech n i cal  Speci fi cati on  can  be  fou n d  i n  
th e  report on  voti n g  i n d i cated  i n  th e  above  tabl e.  

Th i s  pu bl i cati on  h as  been  d rafted  i n  accord an ce  wi th  th e  I SO/I EC Di recti ves,  Part  2 .  

A l i st  of a l l  parts  i n  th e  I E C  62607  seri es,  pu bl i sh ed  u n d er th e  g en eral  ti tl e  
Nanomanufacturing – Key control characteristics,  can  be  fou n d  on  th e  I EC  websi te.  

Th e  com mi ttee  h as  d eci d ed  th at th e  con ten ts  of th i s  pu bl i cati on  wi l l  rem ai n  u n ch an g ed  u n ti l  
th e  stabi l i ty d ate  i n d i cated  on  th e  I EC websi te  u n d er "h ttp: //webstore. i ec. ch "  i n  th e  d ata  
re l ated  to  th e  speci fi c  pu bl i cati on .  At th i s  d ate,  th e  pu bl i cati on  wi l l  be  

•  tran sform ed  i n to  an  I n tern ati on al  S tan d ard ,  

•  recon fi rmed ,  

•  wi th d rawn ,  

•  repl aced  by a  revi sed  ed i ti on ,  or 

•  am en d ed .  

A b i l i n g u al  versi on  of th i s  pu bl i cati on  m ay be  i ssu ed  at  a  l ater d ate.  

 

IMPORTANT – The 'colour inside'  logo 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 
understanding  of i ts  contents.  Users  should  therefore  print th is  document using  a  
colour printer.  
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I N TRODU CTI ON  

Th e  fu tu re  u ti l i zati on  of ren ewabl e  en erg y tech n ol og i es  d epen d s  s i g n i fi can tl y on  th e  
d evel opm en t of effi ci en t systems  for en erg y storag e.  Con ven ti on al  approach es  exi st for th e  
storag e  of e l ectri cal  en erg y from  stati on ary power p l an ts,  cu rren tl y fu el l ed  by m an y n ew i d eas  
i n  con j u n cti on  wi th  th e  emerg i n g  "Sm art Gri d " .  For fu tu re  e-m obi l i ty for i n d i vi d u al  
tran sportati on  th ere  i s  on l y on e  attracti ve  sol u ti on :  a  battery th at can  store  en ou g h  en erg y to  
a l l ow al l -e l ectri c d ri vi n g  wi th  a  ran g e  of several  h u n d red  ki l om etres.  Th e  cu rren t sol u ti on s  
a l read y on  th e  m arket can  on l y be  reg ard ed  as  tem porary sol u ti on s.  From  tod ay's  perspecti ve,  
l i th i u m -i on  batteri es  an d  th ei r d eri vati ve  i n n ovati ve  con cepts  are  reg ard ed  as  th e  m ost 
prom i si n g  can d i d ates.  E l ectrod es  m ad e  from  n an oscal e  com posi tes  wi l l  p l ay a  key rol e  i n  th e  
fu tu re.  I n n ovati ve  m ateri a l s  wi l l  be  d evel oped  an d  system ati cal l y opti m i zed ,  wh i ch  i m pl i es  
testi n g  of a  l arg e  n u m ber of d i fferen t m ateri a l s.   

Ch aracteri zati on  of th e  e l ectroch emi cal  properti es  of cath od e  n an om ateri a l s  u sed  i n  e l ectri cal  
en erg y storag e  d evi ces  i s  i m portan t for th ei r cu stom i zed  d evel opm en t.  Th i s  part of I EC  62607  
provi d es  a  stan d ard  m eth od ol og y wh i ch  can  be  u sed  to  ch aracteri ze  th e  e l ectroch em i cal  
properti es  of n ew cath od e  n an om ateri al s  th at wi l l  be  em pl oyed  i n  e l ectri cal  en erg y storag e  
d evi ces.  Fol l owi n g  th i s  meth od  wi l l  a l l ow compari son  of d i fferen t types  of cath od e  
n an om ateri al  an d  com pari son  of th e  resu l ts  of d i fferen t research  g rou ps.  

Th i s  part  of I E C  62607  i n trod u ces  a  2-el ectrod e  cel l  m eth od  for th e  e l ectroch em i cal  
ch aracteri zati on  of n an o-en abl ed  cath od e  materi a l s  for e l ectri cal  en erg y storag e  d evi ces.  

Th i s  stan d ard i zed  m eth od  i s  i n ten d ed  for u se  i n  com pari n g  th e  ch aracteri sti cs  of cath od e  
n an om ateri al s  i n  th e  stu d y stag e,  n ot for eval u ati n g  th e  e l ectrod e  i n  en d  prod u cts.  

Th e  m eth od  i s  appl i cabl e  to  m ateri al s  exh i b i ti n g  fu n cti on  or perform an ce  on l y possi b l e  wi th  
n an otech n ol og y,  i n ten ti on al l y ad d ed  to  th e  acti ve  m ateri a l s  to  m easu rabl y an d  s i g n i fi can tl y 
ch an g e  th e  capaci ty of e l ectri cal  en erg y storag e  d evi ces.  

I n  th i s  con text i t  i s  i m portan t to  n ote  th at th e  percen tag e  con ten t of n an om ateri a l  of th e  d evi ce  
i n  q u esti on  h as  n o  d i rect rel ati on  to  th e  appl i cabi l i ty of th i s  part of I EC  62607,  becau se  m i n u te  
q u an ti ti es  of n an omateri a l  are  freq u en tl y su ffi ci en t to  i m prove  th e  performan ce  s i g n i fi can tl y.  

Th e  fracti on  of n an om ateri al s  i n  e l ectrod es,  e l ectrod e  coati n g s,  separators  or e l ectrol yte  i s  
n ot of re l evan ce  for u s i n g  th i s  meth od .  
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NANOMANUFACTURING – KEY CONTROL CHARACTERISTICS –  
 

Part 4-1 :  Cathode nanomaterials  for nano-enabled  electrical  energy 
 storage – Electrochemical  characterisation,  2-electrode cel l  method  

 
 
 

1  Scope 

Th i s  part of I EC  62 607  provi d es  a  stan d ard i zed  m eth od  for th e  d eterm i n ati on  of 
e l ectroch em i cal  properti es  of cath od e  n an om ateri a l s  of,  for exampl e,  l i th i u m -i on  batteri es  
u ti l i zi n g  l i th i u m  i ron  ph osph ate  to  en abl e  cu stomers  to:   

a)  d eci d e  wh eth er or n ot a  cath od e  n an om ateri al  i s  u sabl e,  an d   

b)  se l ect a  cath od e  n an omateri al  su i tabl e  for th ei r appl i cati on .   

Th i s  part of I EC  62 607  i n cl u d es:  

– d efi n i ti on s  of term i n ol og y u sed  i n  th i s  part of I EC 62607,   

– recom m en d ati on s  for sam pl e  preparati on ,   

– ou tl i n es  of th e  experi m en tal  proced u res  u sed  to  m easu re  cath od e  n an omateri al  properti es,   

– m eth od s  of i n terpretati on  of resu l ts  an d  d i scu ssi on  of d ata  an al ysi s,  an d  

– case  stu d i es.  

2  Normative  references  

Th e  fol l owi n g  d ocu men ts,  i n  wh ol e  or i n  part,  are  n orm ati vel y referen ced  i n  th i s  d ocu m en t an d  
are  i n d i spen sabl e  for i ts  appl i cati on .  For d ated  referen ces,  on l y th e  ed i ti on  ci ted  appl i es.  For 
u n d ated  referen ces,  th e  l atest ed i ti on  of th e  referen ced  d ocu men t ( i n cl u d i n g  an y 
am en d m en ts)  appl i es.  

I SO/TS  80004-1 ,  Nanotechnologies – Vocabulary – Part 1 :  Core terms  

3  Terms,  defin i tions,  acronyms and  abbreviations  

3.1  Terms  and  defin i tions  

For th e  pu rposes  of th i s  d ocu m en t,  th e  term s  an d  d efi n i ti on s  g i ven  i n  I SO/TS  80004-1  an d  th e  
fol l owi n g  appl y.  

3.1 .1   
cathode  nanomaterial  
m ateri a l  u sed  as  a  cath od e  i n  n an o-en abl ed  en erg y storag e  d evi ces  wh i ch  con tai n s  a  fracti on  
of n an omateri a l  an d  exh i bi ts  fu n cti on  or perform an ce  m ad e  possi b l e  on l y wi th  th e  appl i cati on  
of n an otech n ol og y 

N ote  1  to  en try:  Th e  cath od e  i s  a  m u l ti l ayered  foi l  con si sti n g  o f (1 )  an  a l u m i n i u m  cu rre n t col l ector,  (2 )  an  op ti on al  
ad h e si o n  prom oti n g  carbon  l ayer ( to  e n h an ce  cath od e  l ayer a d h esi o n  i f n e ces sa ry)  a n d  (3 )  th e  cath od e  l ayer.  Th i s  
cath o d e  l ayer con s i s ts  of th e  acti ve  ph ase  ( e . g .  l i th i u m  co n tai n i n g  m i xe d  oxi d es  o r ph o sph ate ,  as  LF P ),  a  
co n d u cti n g  ph as e  (carb on  b l ack)  an d  an  o rg an i c  b i n d er (P VD F ).  

3.1 .2   
screw cel l  
cel l  provi d i n g  th e  g eom etri cal  con d i ti on s  i n  th e  2-el ectrod e  arran g emen t 
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N ote  1  to  e n try:  Th e  e l ectroch e m i cal  ch aracteri zati on  of th e  cath od e  n an om ateri a l  i s  carri ed  ou t  i n  s crew ce l l s .  
Th e  ce l l  setu p  i n cl u d es  sp ri n g s  an d  m eta l l i c  spacers  a n d  th e  e l ectrod e  p ackag e  wi th  a n od e ,  th e  s eparator 
i m preg n a ted  wi th  e l ectrol yte  an d  th e  cath o d e.  F or th i s  pu rpos e,  vari ou s  cel l  d es i g n s  are  poss i b l e .  Th e  cas e  s tu d y 

i n  An n ex A sh ows  a  cel l  d esi g n  bas e d  on  a  h a l f- i n ch  P F A S wag el ok fi tti n g . 1   

3.1 .3   
cel l  vol tage  
Ucel l  
d i fferen ce  of th e  e l ectroch em i cal  poten ti a l s  of th e  cath od e  an d  th e  an od e   

3.1 .4  
cel l  ohmic loss  
Rel  
oh m i c l osses  d u e  to  el ectrol yte  resi stan ce  an d  con tacti n g   

N ote  1  to  en try:  R
e l

 i s  th e  su m  o f th e  oh m i c res i sti vi ti e s  (e . g .  e l ectrol yte ,  con tact  res i sta n ce)  wi th i n  th e  ce l l .  

3.1 .5   
charge-discharge  cycle  
proced u re  wh i ch  i n cl u d es  ch arg i n g  an d  d i sch arg i n g  of th e  testi n g  cel l  

N ote  1  to  en try:  Th e  fre sh l y a s sem bl ed  cel l  i s  com pl etel y d i sch arg ed .  D u ri n g  ch arg i n g ,  th e  l i th i u m  a n od e  i s  b i as ed  
n eg ati ve l y ab ove  th e  ze ro  cu rren t  p oten ti a l ,  l i th i u m  cati on s  are  red u ced  a n d  m eta l l i c  l i th i u m  i s  d ep os i ted  at  th e  
s u rface  of th e  l i th i u m  an od e.  D u ri n g  g a l va n i c  d i sch a rg e  th rou g h  a n  e xtern al  ci rcu i t  ( l oad )  m eta l l i c  l i th i u m  i s  i n  tu rn  
oxi d i zed  at  th e  an od e ,  wh i ch  s h ows  a  n eg a ti ve  poten ti a l  wh i l e  th e  cath od e  poten ti a l  i s  pos i t i ve.  N ow m eta l l i c  
l i th i u m  oxi d i zes  to  l i th i u m  i on s  an d  d i ss ol ves  i n  th e  e l ectrol yte .  L i th i u m  i on s  i n corporate  i n to  th e  crys tal  l a tti ce  of 
th e  cath od e  m ate ri a l .  Th e  ch arg i n g /d i sch arg i n g  process es  a re  re versi b l e  wi th i n  certa i n  l i m i ts .   

3.2  Acronyms  and  abbreviations  

LFP l i th i u m  i ron  ph osph ate,  L i FePO 4  

PVDF pol yvi n yl i d en e  fl u ori d e  

EC eth yl en e  carbon ate  

D EC d i eth yl  carbon ate  

PE  pol yeth yl en e  

OCV open  ci rcu i t  vol tag e  

4 Sample  preparation  methods  

4.1  General  

For th e  e l ectroch emi cal  ch aracteri zati on  of th e  cath od e,  n an om ateri al  screw cel l s  are  u sed .  
Th e  m ai n  aspects  for preparati on  of th ese  measu ri n g  cel l s  are:   

a)  pre-treatm en t of th e  el ectrod es,  

b)  sel ecti n g  a  proper el ectrol yte  / e l ectrol yte  vol u m e,  an d  

c)  appl yi n g  a  d efi n ed  an d  val i d  pressu re  on  th e  e l ectrod e  packag e.  

4.2  Reagents  

4.2 .1  Cathode foi l  

Th e  cath od e  m ateri al  i s  pu t i n to  an  arg on -fi l l ed  g l ove  box i m m ed i atel y after 
preparati on /d el i very to  avoi d  con tact wi th  atmosph eri c moi stu re.  

___________ 
1  P F A S wa g el ok fi tt i n g  i s  an  exam p l e  of a  s u i tab l e  prod u ct  avai l ab l e  com m e rci a l l y.  Th i s  i n form a ti on  i s  g i ven  for 

th e  con ven i e n ce  o f u s e rs  of th i s  d ocu m en t an d  d oes  n ot  con sti tu te  an  en d ors em en t by I E C  of th i s  prod u ct.  
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4.2.2  Anode 

M etal l i c  l i th i u m  i s  u sed  as  an od e  m ateri a l .  Th e  l i th i u m  foi l  ( th i ckn ess  d =  0 , 2 5  m m)  sh ou l d  be  
u n packed  i n  an  arg on -fi l l ed  g l ove  box an d  th en  u sed  as  d el i vered .  

4.2.3  Solvents  and  separator 

Th e  materi al  testi n g  sh ou l d  be  carri ed  ou t i n  an  e l ectrol yte  of com parabl e  com posi ti on .  
Cu rren tl y L i PF 6-con tai n i n g  e l ectrol ytes  are  u su al l y appl i ed  i n  com m erci al  batteri es.  For th e  
i n vesti g ati on ,  com merci a l  e l ectrol yte  of th e  type  LP40  (1 M  Li PF6  i n  1 : 1  EC: D EC)  wi th  a  

d efi n ed  pu ri ty an d  water con ten t <  5  µ g /g  or eq u i val en t i s  recomm en d ed .  U se  of th e  
a l tern ati ve  e l ectrol yte  i s  possi bl e;  h owever,  i n  th i s  case  th e  wettabi l i ty of separator an d  
e l ectrod e  m ateri a l  by a l tern ati ve  e l ectrol yte  sh ou l d  be  proven  i n  separate  tests.  Vi l ed on ® 2,  a  
PE-n on woven  by com pan y Freu d en berg ,  i s  th e  ch osen  separator m ateri al .  Oth er separator 
m ateri a l  can  a l so  be  u sed ;  h owever,  i n  th i s  case  th e  wettabi l i ty of separator e l ectrol yte  sh ou l d  
be  proven  i n  separate  tests.  I f th e  separator sampl e  i s  fu l l y wetted  ou t by th e  el ectrol yte  i n  a  
set am ou n t of ti m e,  for exam pl e  wi th i n  2  s  to  3  s ,  th en  th e  separator i s  sa i d  to  h ave  g ood  
wettabi l i ty properti es.  

4.3  Pre-treatment of the  cathode nanomaterial   

Th e  cath od e  foi l  i s  d ri ed  i n  a  vacu u m  oven  to  ach i eve  water con ten ts  of <1 00  µ g /g  i n  th e  
acti ve  m ateri al .  Exem pl ary d ryi n g  con d i ti on s  are:  T =  1 20  ° C,  p  =  1  m bar to  5  mbar,  t =  1 2  h .  

I t  i s  su g g ested  to  con trol  th e  water con ten t of th e  cath od e  by d ryi n g  to  th e  con stan t mass.  Th e  

d ryi n g  proced u re  sh ou l d  be  proven  to  ach i eve  water con ten t of <1 00  µ g /g  by Karl -F i sch er 
ti trati on  for th e  fi rst  fi ve  cath od e  sam pl es.  After th at th e  d ryi n g  to  th e  con stan t mass  can  be  
appl i ed  as  a  stan d ard .   

Th e  e l ectrod es  u sed  i n  th e  Swag el ok cel l  are  pu n ch ed  ou t or l aser cu t from  th e  foi l  coated  
wi th  cath od e  l ayer.  Th e  m ass  of th e  pu n ch ed  e l ectrod es  i s  d eterm i n ed  by su btracti n g  th e  
m ass  of u n coated  foi l  from  th e  m ass  of coated  foi l .  

From  th e  m ass  of th e  e l ectrod es  th e  th eoreti cal  capaci ty Q  i s  esti m ated  as  fol l ows:  

mActi v  =  x  ×  (mE l ectrod e  −  mS u b stra te)    

nLi   =  mActi v  /  MActi v  [m m ol ]  

Q   =  nLi  ×  F ×  z / 3  600  [m Ah ]  (z  =  1 ,  F =  96  485  C/m ol )  

qM   =  Q  /  mE l ectrod e   [m Ah /g ]  

qA   =  Q  /  mActi v  [m Ah /g ]  

qF  =  Q  /  A  [m Ah /cm 2 ]  

For th ese  cal cu l ati on s  th e  fol l owi n g  m ateri a l  d ata  sh al l  be  g i ven :  

a)  m ass  of th e  e l ectrod e  (m ass  of coated  foi l ) ,  mEl e ctro d e ;  

b)  m ass  of th e  su bstrate  (mass  of u n coated  foi l ) ,  mS u bstrate ;   

c)  stoi ch i om etry/m ol ar m ass  of th e  acti ve  m ateri a l ,  M  (can  be  proven  by ch em i cal  an al ysi s,  
for exam pl e  i n d u cti vel y cou pl ed  pl asm a  m ass  spectrom etry ( I CP-M S)  an al ysi s);  

d )  m ass  fracti on  of th e  acti ve  m ateri al  i n  th e  e l ectrod e,  x;   

e)  e l ectrod e  area,  A .  

___________ 
2 Vi l ed on ® i s  th e  trad en am e  o f a  pro d u ct  s u ppl i e d  by F re u d e n berg  N o n wove n s .  Th i s  i n fo rm a ti on  i s  g i ven  for th e  

con ven i en ce  of u s ers  of th i s  stan d ard  an d  d oes  n o t  con s ti tu te  an  en d ors em en t by I E C  o f th e  prod u ct  n am ed .  
E q u i val en t  prod u cts  m ay be  u s ed  i f th ey can  be  sh own  to  l ead  to  th e  s am e  res u l ts .  
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4.4 Preparation  of the  screw cel l  

Th e  cel l  com pon en ts  are  cl ean ed  wi th  eth an ol  an d  water i n  an  u l trason i c bath  an d  afterward s  
d ri ed  i n  a  com partm en t d ryer.  Th e  com pon en ts  are  stored  i n  th e  com partm en t d ryer at 
70  ° C  to  80  ° C  for at l east 30  m i n .  D u ri n g  su ch  h eat treatmen t of cel l  com pon en ts  th e  
occasi on al l y ad sorbed  water from  th e  su rface  of com pon en ts  wi l l  be  removed .  

Th e  warmed  u p  com pon en ts  of th e  cel l  are  m ou n ted  as  sh own  i n  A. 1 .  Afterward s  th ey are  pu t 
i n to  th e  g l ove  box to  assembl e  th e  e l ectroch em i cal  packag e  u n d er arg on  atm osph ere.  Al l  
m ateri al s  u n d er th i s  secti on  sh al l  be  h an d l ed  u n d er arg on  atm osph ere  i n  a  g l ove  box.  I n  th e  
g l ove  box th e  maxi m u m  O 2  con ten t i s  50  µ g /g  an d  th e  m axi m u m  H 2O con ten t i s  1 0  µ g /g .  

Th e  cath od e  i s  p l aced  i n si d e  th e  cel l  bod y an d  i m preg n ated  wi th  LP40  e l ectrol yte  (5  d rops,  for 
cel l  area  1 , 27  cm 2  an d  cath od e  th i ckn ess  of 50  µ m ).  

Th e  separator wi th  th i ckn ess  of 1 90  µm  i s  pu n ch ed  ou t an d  2  l ayers  are  pl aced  on to  th e  
cath od e.  A d efi n ed  am ou n t of LP40  e l ectrol yte  (300  m g  or 5  d rops  d i spen sed  from  a  
m i cropi pette  per separator l ayer)  i s  pu t on  th e  separator.   

Th e  l i th i u m  an od e  i s  pu n ch ed  ou t an d  m ech an i cal l y pressed  on to  a  sta i n l ess  steel  or ti tan i u m  
spacer to  m i n i mi ze  con tact resi stan ce.  Afterward s  i t  i s  pu t on  th e  separator.  By u se  of 
sta i n l ess  steel  spacer,  th e  corrosi on -free  spacer operati on  sh ou l d  be  proven  after 
d i sassem bl i n g  th e  cel l .  Sta i n l ess  steel  spacers  sh ou l d  be  repl aced  by ti tan i u m  spacers  i f 
corrosi on  i s  observed .  

F i n al l y th e  cel l  bod y i s  eq u i pped  wi th  th e  stai n l ess  steel  spri n g  (k =  2 , 87  N /m m)  an d  a  val i d  
n u m ber of sta i n l ess  steel  spacers  (see  Tabl e  1 ) ,  an d  th e  cel l  i s  screwed  u n d er pressu re.  

Table  1  – Spring  force  and  pressure  

 S p ri n g  S pri n g  +  1  s pace r S p ri n g  +  2  s pacers  S pri n g  +  3  sp acers  

S pri n g  force,  N  1 4 , 8 7  1 9 , 2 3  2 3 , 59  2 7 , 9 5  

P ress u re ,  kN m –2  1 1 7  1 51  1 8 6  2 2 0  

 

A bri ef fu n cti on  test i s  perform ed  by d eterm i n i n g  th e  cel l  vol tag e  wi th  a  m u l ti m eter:  

U  =  (3  ±  0 , 5)  V (speci fi c  val u e  of th e  m ateri al s)    correct 

U  <  1 , 6  V    fa i l  

I n  case  th e  open  ci rcu i t  vol tag e  of th e  cel l s  wi th  th e  sam e  type  of cath od e  i s  between  1 , 6  V 
an d  2 , 5  V,  su ch  cel l s  can  be  cycl ed  for 5  to  1 0  ti m es.  I f th e  d i sch arg e  capaci ty of e l ectrod e  i s  

<80  %  of th eoreti cal  capaci ty Q  (<0, 8  ×  Q,  see  4 . 3)  or stron g  d eg rad ati on  (>50  %  after 

1 0  cycl es  or >1 0  %  per cycl e  after th e  th i rd  cycl e)  of capaci ty i s  observed ,  th e  resu l ts  sh ou l d  
be  d i sreg ard ed  an d  th e  sam pl e  preparati on  opti m i zed .  

4.5 Disassembly of the  screw cel l  

Th e  d i sassem bl y of th e  cel l  h as  to  be  carri ed  ou t u n d er arg on  atm osph ere  to  avoi d  an y 
con tact wi th  toxi c d ecom posi ti on  prod u cts,  e . g .  h yd rofl u ori c aci d .  

Th e  u sed  cel l  compon en ts  h ave  to  be  stored  an d  d i sposed  of i n  con form i ty wi th  i n d u stri a l  
h eal th  an d  safety stan d ard s.  
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5 Measurement of electrochemical  properties  

5.1  General  

Th e  cel l  i s  con n ected  as  fol l ows  for th e  measu rem en t of ch arg e-d i sch arg e  ch aracteri sti cs:  th e  
worki n g  e l ectrod e  (WE)  of th e  poten ti ostat/g al van ostat i s  con n ected  to  th e  cath od e  an d  th e  
an od e  i s  p i g g yback con n ected  to  th e  cou n ter an d  referen ce  el ectrod e.  D u ri n g  th e  ch arg i n g  of 
th e  cath od e,  th e  posi ti ve  b i as  poten ti a l  (pol e)  i s  appl i ed  to  th e  cath od e  an d  th e  n eg ati ve  b i as  
poten ti a l  (pol e)  to  th e  an od e.  

5.2  Open  circu it  vol tage  (OCV)  

5.2 .1  Demarcation  of method   

Th e  OCV of an  e l ectroch em i cal  2-el ectrod e  cel l  i s  th e  poten ti a l  m easu red  i n  cu rren tl ess  state.  
I t  can  be  con si d ered  eq u i val en t to  th e  open  cel l  poten ti a l .   

5.2.2  Experimental  procedures  and  measurement condi tions  

Th e  cel l  i s  con n ected  to  a  poten ti ostat by ban an a  j acks.  Th e  OCV i s  d etected  over 5  m i n ;  
stabi l i zati on  of th e  val u e  sh ou l d  be  veri fi ed .  For com m on  cath od e  m ateri a l s  th e  val u e  i s  set i n  

th e  ran g e  (3  ±  0 , 5)  V (see  a l so  4 . 3).   

5.3  Potentiostatic  electrochemical  impedance  spectroscopy (EIS)  

5.3. 1  Demarcation  of method   

El ectroch em i cal  i m ped an ce spectroscopy i s  th e  m eth od  of m easu remen t of compl ex 
i m ped an ce  of th e  cel l  u s i n g  peri od i cal l y osci l l ati n g  vol tag e  for resol vi n g  th e  pol ari zati on  
l osses  at th e  e l ectrod es  an d  oh m i c l osses  d u e  to  e l ectrol yte  resi stan ce  an d  con tacti n g .  

5.3.2  Experimental  procedures  and  measurement condi tions  

Th e  cel l  i s  con n ected  to  a  poten ti ostat wi th  freq u en cy respon se  an al yser by ban an a  j acks.  
Th e  EI S  m easu rem en t i s  performed  u n d er th e  con d i ti on s  g i ven  bel ow:   

DC  =  OCV  

AC  =  1 0  m V 

f =  1 00  kH z – 0 , 01  H z 

Th e  cel l  oh m i c l oss  Rel  correspon d s  to  th e  real  part  of i m ped an ce  at  th e  h i g h est freq u en cy 

Rreal (1 00  kH z).  I f Rreal (1 00  kH z)  <  20  Ω ,  th e  cel l  i s  su i tabl e  for ch arg e-d i sch arg e  experi m en ts.  
Oth erwi se  a  n ew cel l  sh ou l d  be  man u factu red .  

5.4 Charge-d ischarge  experiment (constant current constant vol tage,  CCCV)  

5.4.1  Demarcation  of method   

Con stan t cu rren t con stan t vol tag e  m eth od  i s  a  m eth od  of battery ch arg e-d i sch arg e  wh ere  at 
fi rst g a l van ostati c cel l  con trol  (CC)  i s  appl i ed  an d  at th e  en d  th e  poten ti ostati c cel l  con trol  
(CV)  i s  u sed  for ch arg i n g /d i sch arg i n g .   

5.4.2  Experimental  procedures  and  measurement condi tions  

Th e  cel l  i s  con n ected  to  a  poten ti ostat as  d escri bed  i n  Cl au se  5.  Th e  poten ti a l  an d  cu rren t 
l i m i ts  of th e  CCCV proced u re  d epen d  on  th e  cath od e  m ateri al ,  th e  val u es  bel ow bei n g  val i d  
for LFP  cath od es:  

a)  Ich a rg e  =  0 , 1  C   (0 , 1  C  =  Q/1 0)  wi th  C  – d i sch arg e  capaci ty of th e  e l ectrod e   

b)  Uu pper l i m i t  =  3 , 8  V 
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c)  tpo tsta t  =  3  600  s  (1  h )  

d )  Il i m i t  =  0 , 01  C  (1 0  %  of Ich arg e)  

e)  Id i s ch arg e  =  –0, 1  C   

f)  Ul i m i t  =  2 , 5  V 

g )  1 0  cycl es  

6 Data  analysis  / in terpretation  of resu l ts  

6.1  Open  circu it  potential  

a)  Cal cu l ati on :  N on e  

b)  Ch art:  vol tag e  vs.  ti m e  (see  F i g u re  A. 4)  

c)  Targ et val u e:  cel l  vol tag e  =  stabl e  open  ci rcu i t  poten ti al   

6.2  Electrochemical  impedance  spectroscopy 

a)  Cal cu l ati on :  Zre al ,  Zi m ag  n orm al i zed :  Z  ×  A =  Zn orm  [Ωcm 2 ]  

b)  Ch art:   “N yq u i st-Pl ot”  –Zi m ag  vs.  Zreal  (see  F i g u re  A. 5)  

c)  Targ et val u e:  i n tern al  resi stan ce  Rel  =  Zre al  (at 1 00  kH z)  (see  Fi g u re  A. 6)  

6.3  Constant current constant vol tage  (CCCV)  charging-discharg ing  

a)  Cal cu l ati on :  I  n orm al i zed :  i =  I/A [m A/cm 2 ]  

su m  of m easu ri n g  ti mes:  tg e s  =  ts tep1  + tstep 2     …+ tstep N  [s ]  

capaci ty qF:  i n teg rati on  Qf =  ∫id t 

m ass  capaci ty qA :  qA  =  qF ×  A /mActi v  [m Ah /g ]  

b)  Ch art:  CCCV-d i ag ram :  U  vs .  t an d  i vs .  t (see  A. 2 )  

capaci ty d evel opm en t:  qA /qF  vs .  n u mber of cycl es  

c)  Targ et val u e:  d i sch arg e  capaci ti es  qF an d  qA  

I R-d rop  ∆U  

I R-d rop  i s  d efi n ed  as  a  vol tag e  ch an g e  (∆U)  d u ri n g  swi tch i n g  between  
ch arg i n g  mod e  (I  ≠  0  mA)  to  d ischarg ing  mode  (OCV value  at I  =  0  mA)  
d u ri n g  CCCV proced u re.  
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Annex A 
( i nform ati ve)  

 
Case study 

A.1  Sample  preparation  

Com pon en ts  for th e  cel l  are  sh own  i n  F i g u re  A. 1 .  

 

Figure  A. 1  – Components  for the  cel l  

Com pon en ts  wh i ch  are  req u i red :  

– 1  cel l  bod y (inner diameter =  1 , 27 cm,  outer diameter =  2, 53 cm) ;  

– 2  a l u m i n i u m  cu rren t col l ectors;  

– 2  screw caps;  

– 2  l ow g askets;  

– 2  h i g h  g askets;  

– 2  stai n l ess  steel  spacers;  

– 1  cath od e;  

– 2  separators;  

– 1  an od e;  

– 1  spri n g ;  

– e l ectrol yte.  

Th e  warm ed  u p  com pon en ts  of th e  cel l  are  pu t i n to  a  g l ove  box to  assem bl e  th e  
e l ectroch emi cal  packag e u n d er arg on  atm osph ere.  
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Con stru cti on  steps  are  sh own  i n  F i g u re  A. 2 .  

Step  Figure  Description  

a  

 

Th e  screw cap  i s  pu l l ed  over a  cu rren t  
col l ector,  afterward s  fi rs t  th e  l o w g as ket  
an d  th en  th e  h i g h  g as ket  are  ra i s ed  at  th e  
cu rre n t co l l ector.  

b  

 

Th e  cel l  bod y i s  s crewed  on to  th e  screw 
cap .  

c  

 

Th e  cath o d e  i s  p u n ch ed  ou t  wi th  a n  area  
of 1 , 2 7  cm 2  an d  pu t  on to  th e  cu rren t 
col l ector.  Th e  cath od e  wi th  th i ckn ess  of 

50  µm  i s  i m preg n ated  wi th  a  d efi n ed  
am o u n t of LP 40  e l ectrol yte  (3 0 0  m g  o r 
5  d ro ps  d i spen se d  from  a  m i cro pi pette) .  
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Step  Figure  Description  

d  

 

Two s eparators  wi th  th i ckn e ss  1 9 0  µm  are  
po si ti on ed  at  th e  cath o d e  a n d  
i m preg n ated  wi th  1 0  d rops  of e l ectrol yte .   

e  

 

As  a n od e,  l i th i u m  m e tal  fo i l  i s  pu n ch ed  ou t  
an d  p res sed  on to  a  sta i n l ess  stee l  sp acer 
to  m i n i m i ze  con ta ct  res i s tan ce.  

f 

 

Th e  l i th i u m  an od e  i s  p l aced  on to  th e  
s ep arator i n s i d e  th e  cel l  bod y,  th en  th e  
s pri n g  i s  i n trod u ce d .  
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Step  Figure  Description  

g  

 

Th e  s econ d  s ta i n l ess  s te e l  sp ace r i s  
p l ace d  on  th e  spri n g  a n d  th e  screw cap  i s  
s cre wed  on to  th e  ce l l  bod y.  

Figure  A.2  – Construction  steps  a  to  g  

A.2  Results  for a  LFP  electrode 

Resu l ts  for a  LFP  e l ectrod e  are  sh own  i n  F i g u re  A. 3  to  F i g u re  A. 6  

F i g u re  A. 3  presen ts  th e  resu l ts  of open  ci rcu i t  vol tag e/poten ti a l  (OCV/P)  

 

Figure  A.3  – Open  ci rcu i t  vol tage/potential  time  graph  

Fi g u re  A. 4  presen ts  th e  resu l ts  of e l ectroch em i cal  i m ped an ce  spectroscopy (EI S)  
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Figure  A.4  – E lectrochemical  impedance graph  

Fi g u re  A. 5  presen ts  th e  resu l ts  of con stan t cu rren t con stan t vol tag e  (CCCV)  
ch arg i n g -d i sch arg i n g  

 

Figure  A.5  – Constant current /  constant vol tage  – Charge-d ischarge cycle  

Fi g u re  A. 6  i l l u strates  th e  capaci ty per cycl e.   
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Th e  fi g u re  sh ows  resu l ts  of CCCV ch arg e-d i sch arg e  at 0 , 1  C.  

Figure  A.6  – Capacity per cycle  
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