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FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  Standards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternati onal  Organ i zation  for S tandard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  comm i ttee  has  representati on  from  a l l  
i n terested  I EC National  Comm ittees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  conten t of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti 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,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Attention  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cati on  of th i s  publ i cation .  

9)  Attention  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts .  I EC shal l  not  be  hel d  responsibl e  for i denti fyi ng  any or a l l  such  patent  ri gh ts.  

The  main  task of I EC  techn ical  committees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  committee  may propose  the  publ ication  of a  techn ical  
speci fication  when  

•  the  requ ired  support cannot be  obta ined  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subj ect i s  sti l l  u nder techn ical  development or where,  for any other reason ,  there  i s  the  
fu ture  bu t  no  immed iate  poss ib i l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subj ect to  review wi th in  th ree  years  of publ ication  to  decide  
whether they can  be  transformed  in to  I n ternational  Standards.   

I n ternational  Standard  I EC  62607-4-6  has  been  prepared  by I EC techn ica l  committee  1 1 3:  
Nanotechnology for e lectrotechn ical  products  and  systems.  
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The  text of th is  techn ical  speci fication  is  based  on  the  fol l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

1 1 3/379/DTS  1 1 3/402/RVDTS  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  speci fication  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D irecti ves,  Part 2 .  

A l i st  of a l l  parts  i n  the  I EC  62607  series,  publ ished  under the  general  t i t l e  
Nanomanufacturing – key control characteristics ,  can  be  found  on  the  I EC websi te.  

The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec. ch "  i n  the  data  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

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 
understand ing  of i ts  contents.  Users  shou ld  therefore print th is  document using  a  
colour printer.  
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INTRODUCTION  

Electrical  energy s torage  devices  have  been  u ti l i zed  i n  many appl ications  such  as  portable  
e lectron ics,  e l ectric  veh icles  and  a i rcraft.  Rapid  development  i n  these  markets  poses  great 
demand  for h i gh-performance devices,  in  wh ich  the  main  properties  are  determ ined  by their 
e lectrode  materials .   

Carbon  con ten t  has  s ign i ficant  i n fl uence on  the  performance  and  qual i ty of e lectrode  materia l .  
Carbon  serves  as  a  conductive  agent improving  i n terparticle  e lectron  conduction  performance,  
therefore  a  su i table  amoun t of carbon  is  necessary.  When  i ts  amount i s  not enough ,  i t  i s  
poss ib le  the  conductivi ty wi l l  not improve  effecti vel y and  th is  causes  h i gh  i n ternal  res istance,  
l ow d ischarge  platform  or l ow capaci ty,  wh ich  can  resu l t  i n  bad  rate  performance  and  cycl i ng  
l i fe.  On  the  other hand ,  h i gh  carbon  con ten t can  have  a  tendency to  aggregate  and  be  hard  to  
separate,  wh ich  may i n troduce  factory processing  problems.  Superfl uous  carbon  can  
i n fl uence the  power densi ty of the  batteries  as  carbon  has  re lati ve l y low speci fic  

capaci ty. [1 ] [2 ] 1   

However,  nano-s ized  powder can  be  eas i l y fl owed  away wi th  gas  flow i n  the  fu rnace chamber,  
wh ich  i n fl uences  the  determ ination  of carbon  con ten t and  may con tam inate  the  test  system .  

Th is  document provides  a  method  to  measure  the  carbon  con ten t of nano  e lectrode  materia ls  
that  wi l l  be  employed  i n  e lectrical  energy s torage  devices,  and  to  evaluate  the  best 
combinations  of composi te  material  recipes  of nano e lectrodes.  Fol lowing  th is  method  wi l l  
a l l ow comparison  of the  resu l ts  of d i fferen t research  groups.  

Th is  method  is  i n tended  for comparing  the  carbon  con ten t of composi te  materia ls  wi th  
cathode  nanomateria ls  in  the  study s tage,  not for evaluati ng  the  e lectrode  i n  end  products.  

The  method  i s  appl icable  for nano materia ls  exh ib i ti ng  function  or performance  on l y possib le  
wi th  nanotechnology,  in tentional l y added  to  composi te  materia ls  for improvement  i n  the  
performance  of e lectrical  energy storage  devices.  

___________ 
1  Numbers  i n  square  brackets  refer to  the  B i b l i ography.  
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NANOMANUFACTURING – KEY CONTROL CHARACTERISTICS – 
 

Part 4-6:  Nano-enabled  electrical  energy storage – Determination  
of carbon  content for nano-enabled  electrode materials,  i nfrared  

absorption  method  
 
 
 

1  Scope 

This  part of I EC  62607,  wh ich  i s  a  Techn ica l  Speci fication ,  provides  a  method  for 
determ ination  of carbon  con ten t of nano e lectrode  materia ls  by i n frared  absorption  
spectroscopy method .  The  method  is  appl icable  to  carbon  contents  of mass  fraction  between  
0, 001  %  and  1 00  % .  

Th is  method  wi l l  enable  customers  to:  

a)  decide  whether or not  a  nano e lectrode  materia l  i s  usable ,  and  

b)  se lect a  nano  e lectrode  materia l  wi th  su i table  carbon  content for i ts  appl ication .  

Th is  document i ncludes:    

–  recommendations  for sample  preparation ,    

–  ou tl ines  of the  experimental  procedures  used  to  measure  e lectrode  nanomateria l  
properties,    

–  methods  of i n terpretation  of resu l ts  and  d iscuss ion  of data  anal ys is,  and  

– case  stud ies .  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that  some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( i nc lud ing  
any amendments)  appl i es.  

I EC TS  62607-4-2: 201 6,  Nanomanufacturing – Key control characteristics – Part 4-2: 
Nano-enabled electrical energy storage – Physical characterization of cathode nanomaterials,  
density measurement   

I SO/TS  80004-1 : 201 0,  Nanotechnologies – Vocabulary – Part 1 :  Core terms 

3 Terms,  defin i tions  and  abbreviated  terms  

3. 1  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g i ven  in  I SO/TS  80004-1  and  the  
fol lowing  appl y.   

I SO  and  I EC main ta in  term inolog ical  databases  for use  i n  standard ization  at  the  fol lowing  
addresses:  

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

•  I SO  On l ine  browsing  p latform :  avai lable  at h ttp : //www. iso.org/obp  
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3. 1 . 1   
electrode nanomaterial  
materia l  used  i n  nano-enabled  energy storage  devices  such  as  l i th i um -ion  batteries  or super 
capaci tors ,  wh ich  con tains  a  fraction  of nanomateria l  and  exh ib i ts  function  or performance  
made poss ib le  on l y wi th  the  appl ication  of nanotechnolog y [3] .  

[SOURCE:  I EC TS  62607-4-3: 201 5,  3 . 1 . 1 ]  

Note  1  to  en try:  I n  th i s  document,  i t  refers  to  the  raw material  powders  (e. g .  LCO,  NCA,  NCM,  and  LFP)  wi thout  
any add i ti ves  (e. g .  carbon  nanomateria l s  l i ke  CB,  carbon  nanotubes  or fi bres)  or organ ic  b i nder (e. g .  PVDF  or 
SBR).  

3.2  Abbreviated  terms   

IR  i n frared  

LCO  l i th ium  cobal t  oxide,  L iCoO2  

NCA l i th ium  n ickel  cobal t  a lum in ium  oxide,  L i (N i xCoyAl 1 -x-y)O2  

NCM  l i th ium  n ickel  cobal t manganese  oxide,  L i (N i xCoyMn 1 -x-y)O2  

LFP  l i th ium  i ron  phosphate,  L iFePO4  

CB   carbon  b lack 

PVDF  pol yvinyl i dene  d i fluoride  

SBR styrene-bu tad iene  rubber 

4 Reagents  and  materials  

4.1  Analysis  gas  

Oxygen  (O2) ,  of commercial  g rade,  h igher than  99, 5  %  puri ty i n  volume (Vi/Vtot) .  

NOTE  The  anal ys i s  gas  i s  u ti l i zed  to  oxid i ze  carbon  of the  sample.  

4.2  Carrier gas  

Oxygen  (O2)  or i nert  gas  (N2、 Ar) ,  o f com m e rcia l  g ra d e ,  h i g h e r th a n  9 9 , 5  %  p u ri ty  i n  vo l um e  

(Vi /Vtot) .   

NOTE  Carri er gas  i s  u ti l i zed  to  carry the  carbon  d ioxi de  i n to  the  anal yti cal  host.  I t  cou ld  be  the  same  as  the  
anal ys i s  gas  or be  d i fferent,  accord i ng  to  the  i nstrument model .  

4.3  Fluxes  

Tungsten  particles  (W),  ti n  particles  (Sn)  and  pure  i ron  (Fe) ,  of known  l ow carbon  conten t l ess  
than  0 , 000  8%  in  mass  (m i/m tot) .  The  particle  s i ze  shou ld  be  approximatel y 420  µm  to  840  µm  

(20  mesh  to  40  mesh) .  

NOTE  Tungsten  parti cl es  are  necessary wh i l e  the  other two,  wh ich  work as  accel erators,  are  not.  

4.4  Certi fi ed  reference materials  

Steel  and  i ron  certi fi ed  reference  materia ls  or coal  certi fied  reference materia ls .  The  certi fi ed  
reference  materia ls  shou ld  have  s im i l ar or h i gher carbon  content than  the  sample.  

5 Apparatus  

5.1  Analytical  balance  

The anal ytical  ba lance  used  shou ld  have  a  resolu tion  of 0 , 001  g .  
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5.2  Powder compressor 

The powder compressor shou ld  cons ist of two  parts:  (1 )  d ie ,  and  (2)  d ie  compressor.  

5.3  H igh-frequency infrared  ray carbon/su l fur analyzer 

The anal yzer typica l l y cons ists  of three  parts,  wh ich  are  anal yti cal  host,  anal yti ca l  ba lance  
and  computer.  The  anal ytical  host cons ists  of h igh -frequency i nduction  furnace,  gas  
absorption  ce l l  and  gas  suppl y system .  The  recommended  working  cond i ti ons  are  g i ven  i n  
Table  1 .  

Table  1  – Recommended  working  cond itions  of h igh  frequency 
infrared  carbon  and  su l fur analyzer 

I nstrument operating  condi ti ons  Parameter values  

Analys i s  gas:  Oxygen  (O
2
)  99, 5  %  

I npu t oxygen  pressure  0 , 35  MPa  to  0 , 40  MPa  

Carri er gas:  Oxygen  (O
2
)  or i n sert  gas  (Ar/N

2
)  99, 5  %  

I npu t carri er gas  pressure  0 , 25  MPa to  0 , 30  MPa  

Analys i s  gas  fl ow 3 , 0  l /m in  to  4 , 0  l /m in  

Carri er gas  fl ow 1 , 0  l /m in  to  2 , 0  l /m in  

H igh  frequency i nducti on  fu rnace  power 5  kVA 

Analys i s  t ime  30  s  to  60  s  

 

5.4  Muffle  fu rnace  

The muffle  furnace shou ld  be  capable  of main tain ing  a  temperature  of ( 1  200  ±  50)  ºC.  

5.5  Crucibles  

The crucib les  shou ld  be  ceram ic-  (for example  a lum ina  and  zi rcon ia) ,  p lati num-  or quartz-
encapsu lated  tungsten  wi th  carbon  content l ower than  0, 002  % .  Before  each  test,  the  
crucib les  shal l  fi rst  be  ca lcined  i n  a  su i table  muffle  furnace for 8  h  at  (1  000  ±  50)  ºC,  then  
removed  from  the  fu rnace  and  placed  i n  a  des iccator to  cool  down  in  a  moisture-free 
atmosphere.  

6 Test methods  

6.1  General  

The tableted  sample  is  m ixed  wi th  fl uxing  agent,  then  i t  i s  combusted  to  a  temperature  above 
1  000  ºC  i n  the  h igh-frequency i nduction  fu rnace,  under pure  oxygen  atmosphere,  to  convert  
any carbon  compounds  to  carbon  d ioxide  gas.  The  resu l ti ng  carbon  d ioxide  gas  is  fi l tered  and  
dried  before  I R measurement.  I n frared  spectroscopy i s  used  to  measure  the  carbon  d ioxide  
s ignal  at 4 , 26  μm  (see  the  gas  path  d iagram  and  the  l i gh t  path  d iagram  in  Annex A).  The  
resu l t i s  converted  i n to  carbon  content (%)  of the  materia l .  

6.2  Sample  preparation  

6.2. 1  Drying  

Dry the  sample  at  1 05  ºC  for two  hours  (for fl ammable  samples,  specia l  care  shal l  be  pa id  and  
correspond ing  requ irements  fol lowed ,  to  prevent damage) .  Pu t i t  i n to  a  desiccator and  cool  i t  
down  to  room  temperature.  
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6.2.2  Tableting  

Weigh  a  certa in  mass  of sample,  use  a  powder compressor to  compress  the  d ried  sample,  
ensure  the  sample  be  compressed  to  a  tablet  and  the  tablet wi l l  not fa l l  apart by hold ing  wi th  
tweezers;  I EC  TS  62607-4-2 : 201 6,  5 . 1 . 3  appl i es.  

6.3  Start up  

The apparatus  shal l  be  started  up  and  checked ,  and  stabi l i zed  before  measurements  
accord ing  to  the  i nstructions  of the  apparatus.  

6.4  Blank veri fication  and  determination  

Prior to  determ ination ,  carry ou t a  test wi thou t any sample  i n  the  crucib le.  

a)  Using  the  measurement spoon ,  pu t  an  appropriate  amount of tungsten  fl ux particles  
accord ing  to  the  i nstructions  of the  apparatus  (suggested  range  1 , 5  g  to  2 , 0  g )  i n to  a  
calcined  crucib le.  P lace  the  crucib le  i n  the  i nduction  fu rnace  and  perform  the  
measurement.  

b)  Perform  three  measurements  as  described  i n  6 . 4  a) .  

c)  Based  on  the  three  determ inations,  ad j ust the  anal yzer to  zero  setti ng  and  calcu late  the  
acceptance cri teria  for b l ank veri fication .  

The  value  obta ined  shal l  correspond  to  the  acceptance  cri teria  speci fied  for the  b lank 
determ ination ;  i f not,  read just the  b lank setti ng .  

6.5  Checking  and  cal ibration    

a)  Weigh  0 , 1  g  of the  certi fi ed  reference  materia ls,  and  transfer to  a  ca lcined  crucib le.  Add  
an  appropriate  amount of tungsten  fl ux particles  accord ing  to  the  i nstructions  of the  
apparatus  (suggested  range  1 , 5  g  to  2 , 0  g )  i n to  the  crucib le.  P lace  the  crucible  i n  the  
furnace  after the  samples  are  wel l  b l ended  and  perform  the  measurement.  

b)  Perform  three  measurements  as  described  in  6 . 5  a).  The  value  obta ined  shal l  correspond  
to  the  acceptance cri teria  speci fied  for ca l i bration  check;  i f not,  recal i brate  the  system .  

c)  Based  on  the  three  determ inations,  ca l ibrate  the  anal yzer.  

6.6  Analysis  

a)  Weigh  abou t 0 , 1  g  of the  tab leted  sample,  and  transfer to  the  calcined  crucib le.  Add  an  
appropriate  amoun t of tungsten  fl ux particles  accord ing  to  the  i nstructions  of the  
apparatus  (suggest  range  1 , 5  g  to  2 , 0  g )  i n to  the  crucib le.  

b)  P lace  the  crucib le  in  the  furnace  after the  samples  are  wel l  b l ended  and  perform  the  
measurement.  

c)  Record  the  test resu l t  and  repeat the  measurement two  more  times.  

6.7  Reporting  the  resu l ts  

The fina l  resu l t  i s  the  express ion  of the  mean  va lue  of the  measurements  performed  on  the  
sample.  The  carbon  con ten t sha l l  be  expressed  as  a  percentage  (%).  
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7 Data veri fication  

The d i fference between  two i ndependen t resu l ts,  found  on  i dentical  test materia ls ,  conducted  
by one  anal yst us ing  the  same apparatus  wi th in  a  short  t ime i n terval  shou ld  not exceed  5  %  of 
the  carbon  content.  

8 Test report 

The test report sha l l  i nclude  the  fol lowing  in formation :  

a)   the  method  used  and  the  reference  to  th is  document;  

b)  the  resu l ts  and  the  form  i n  wh ich  they are  expressed ;  

c)  any unusual  features  noted  during  the  determ ination ;  

d )  any operation  not speci fied  i n  th is  document that may in fluence  the  resu l ts .  
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Annex A 
(informative)  

 
Case study  

A.1  The gas  path  d iagram  and  the l ight path  d iagram  

 

Figure A. 1  – The  gas  and  l ight  (dashed  box)  path  d iagram  

The  carbon  e lement in  the  sample  i s  burned  to  CO2  wi th  abundant  O2  gas.  The  resu l tan t gas  
m ixture  is  then  transferred  to  the  I R absorption  cel l ,  and  the  i n frared  absorption  at  4 , 26  µm  of 
the  CO2  i s  measured  (see  F igure  A. 1 ) .  The  absorbance of CO2  fol l ows  Beer’s  l aw.  

 ( )-aPLII exp0=   

where  

I0  i s  the  inciden t i n tensi ty;   

I i s  the  transm itted  i n tens i ty;  

a  i s  the  absorption  coefficien t wi th  the  un i t  of m -1 · Pa -1 ;  

P  i s  the  partia l  pressure  of the  CO2  gas  wi th  the  un i t  of Pa;  

L  i s  the  length  of the  absorption  cel l  wi th  the  un i t  of m .  

IEC  

O2  
Purification  

High-frequency 

fumance  
Filtering  and  drying  

λ  =  7,4 µm 

for SO2  
λ  =  4,26 µm 

for SO2  

AD module  

Computer  

Micro-infrared l ight source  1  
Motor modulating  disk  2  
Infrared windows  3  

Absorption  cel l  4  

Light fi l ter 5  
Detector  6  

Gas out  
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A.2  Procedures  of sample preparation  and  carbon  content determination  

Procedures  of sample  preparation  and  carbon  content  determ ination  are  shown  i n  F igure  A. 2.  

Step  Figure  Description  

A 

 

Use  a  set  of compressor and  d i e  to  compress  
the  d ried  sample,  ensure  the  sample  be  
compressed  to  a  tab let  and  the  tablet  wi l l  not  
fa l l  apart  by hol d i ng  wi th  a  pai r of tweezers.  

B  

 

Weigh  about  0 , 1  g  of the  tabl eted  sample,  
and  transfer to  a  ca l ci ned  cruci b le.  Add  an  
appropri ate  amount  of tu ngsten  fl u x parti cl es  
accord i ng  to  the  i nstructions  of the  apparatus  
(suggested  range  1 , 5  g  to  2 , 0  g )  i n to  the  
crucib le.  

C  

 

P l ace  the  cruci b le  i n  the  fu rnace  after the  
samples  are  wel l  b l ended  and  perform  the  
measurement.  Record  the  resu l ts .  

 
F igure A.2  – A-B-C  Procedures  of sample  preparation  and  carbon  content determination  

IEC  

IEC  

IEC  
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A.3  Data analysis  for carbon  content determination   

A series  of samples  wi th  the  carbon  content from  1 , 30  %  to  1 00  %  were  carried  ou t under 
repeatabi l i ty cond i ti ons,  i . e .  one  operator,  same apparatus,  i dentical  operating  cond i ti ons,  
same cal i bration ,  and  a  m in imum  period  of time,  each  sample  making  three  determ inations  of 
carbon  con ten t at each  l evel .  The  test samples  used  and  the  resu l ts  obta ined  are  l i s ted  i n  
Table  A. 1 .  

Table  A. 1  – Measurement method  consistency and  measurement resu l ts  of 
d i fferent  samples  in  the  same laboratory 

Sample  Sample  
amount  

g  

Carbon  content i n  
sample  

% 

Average  value  

 
% 

Absolute  
deviation  

% 

Relative  
deviation  

% 

Standard  
deviation  

% 

A-1  

0 , 1 1 8  4  1 , 30  

1 , 30  

0  0  

0 , 005  77   0 , 1 38  1  1 , 30  0  0  

0 , 1 1 0  2  1 , 31  0 , 01  0 , 77   

A-2  

0 , 096  6  1 9 , 53  

1 9, 50  

0 , 03  0 , 1 5   

0 , 060  83  0 , 096  2  1 9 , 43  −0, 07  −0, 36   

0 , 095  6  1 9 , 54  0 , 04  0 , 21   

A-3  

0 , 058  2  49, 60  

49, 66  

−0, 06  −0, 1 2   

0 , 1 03  92  0 , 055  3  49, 60  −0, 06  −0, 1 2   

0 , 047  7  49, 78  0 , 1 2  0 , 24   

A-4  

0 , 027  5  60, 1 0  

60, 01  

0 , 09  0 , 1 5   

0 , 387  34  0 , 020  1  60 , 35  0 , 34  0 , 57   

0 , 022  5  59, 59  −0, 42  −0, 70   

A-5  

0 , 021  3  87, 97  

88, 79  

−0, 82  −0, 92   

1 , 337  70  0 , 021  8  90, 34  1 , 55  1 , 75   

0 , 021  2  88, 08  −0, 71  −0, 80   

A-6  

0 , 021  2  99, 74  

98, 75  

0 , 99  1 , 00   

1 , 367  22  0 , 01 0  1  97, 1 9  −1 , 56  −1 , 58   

0 , 01 8  5  99, 32  0 , 57  0 , 58  

 

Conduct the  carbon  con tent determ ination  experiment for th ree  times  and  use  the  average  
value  as  the  fi na l  resu l t.  Resu l ts  from  Table  A. 1  show that the  deviation  of carbon  con ten t i n  
the  same laboratory is  l ower than  5  % .  

Two  samples  wi th  the  carbon  content 1 , 20  %  and  1 2 , 80  %  were  carried  ou t i n  d i fferen t  
l aboratories  under i dentical  operati ng  cond i ti ons.  The  test  samples  used  and  the  resu l ts  
obtained  are  l i sted  in  Table  A. 2 .  
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Table  A.2  – In ter-laboratory consistency and  measurement resu l ts  of the  same sample  

Sample  Sample  
amount  

 
g  

Experimental  
carbon  
content  

% 

Average 
value  

 
% 

Absolute  
deviation  

 
% 

Relative  
deviation  

 
% 

Standard  
deviation  

 
% 

Data 
sources  

B-1  

0 , 1 03  7  1 , 21  

1 , 21   

0 , 00   0 , 41   

0 , 008  37   

Laboratory 
1  

0 , 1 04  8  1 , 21  0 , 00   0 , 41   

0 , 1 04  6  1 , 21  0 , 00   0 , 41   

0 , 1 03  5  1 , 1 9  −0, 02   −1 , 24   

Laboratory 
2  

0 , 1 01  4  1 , 20  −0, 01   −0, 41   

0 , 1 02  8  1 , 21  0 , 00   0 , 41   

B -2  

0 , 1 03  3  1 2 , 86  

1 2 , 84  

0 , 02  0 , 1 9  

0 , 028  81   

Laboratory 
1  

0 , 1 00  9  1 2 , 86  0 , 02  0 , 1 9  

0 , 1 03  2  1 2 , 84  0 , 00  0 , 04  

0 , 1 04  2  1 2 , 85  0 , 01  0 , 1 2  

Laboratory 
2  

0 , 1 02  5  1 2 , 79  −0, 05  −0, 35  

0 , 1 00  3  1 2 , 81  −0, 03  −0, 1 9  

 

Resu l ts  from  Table  A. 2  show that the  deviation  of carbon  con ten t i n  d i fferen t l aboratories  is  
l ower than  5  %.  
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