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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
MAGNETIC MATERIALS –  

 
Part 1 :  Classi fication  

 
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  Commi ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  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 cati ons,  
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 cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard 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 onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.  

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  content  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 i s 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  Comm i 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  comm i 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)  Atten tion  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)  Atten tion  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  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

I n ternational  Standard  I EC  60404-1  has  been  prepared  by I EC techn ical  comm ittee  68:  
Magnetic a l loys  and  steels.  

Th is  th i rd  ed i ti on  cancels  and  replaces  the  second  ed i tion  publ ished  i n  2000  and  consti tu tes  a  
techn ical  revis ion .  

Th is  ed i ti on  i ncludes  the  fol l owing  s ign i fican t techn ical  changes  wi th  respect to  the  previous  
ed i tion :  

a)  Removal  of a l l  tables  and  values  describ ing  typ ical  properties  of the  materia l  to  be  
cons isten t wi th  the  a im  of the  document to  be  a  classi fication  and  not a  speci fication .  

b)  En largement of the  N i  content for the  classes  E1  and  E3.  

c)  En largement of the  Co con ten t for the  classes  F3.  

d )  Add i ti on  of a  new class:  U5  bonded  rare  earth- i ron-n i trogen  magnets .  
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The  text of th is  s tandard  i s  based  on  the  fol lowing  documents:  

CDV Report  on  voti ng  

68/533/CDV 68/555/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  I n ternational  Standard  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 s t of a l l  parts  i n  the  I EC 60404  series,  publ ished  under the  general  t i tl e  Magnetic 
materials,  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.  
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MAGNETIC MATERIALS –  
 

Part 1 :  Classi fication  
 
 
 

1  Scope 

This  part  of I EC  60404  is  i n tended  to  classi fy commercia l l y avai lable  magnetic  materia ls.  

The  term  "magnetic  materia ls"  denotes  substances  where  the  appl i cation  requ ires  the  
existence  of ferromagnetic or ferrimagnetic properties.  

I n  th is  document,  the  classi fication  of magnetic materia ls  i s  based  upon  the  general l y 
recogn ized  existence  of two  main  groups  of products:  

•  soft magnetic materia ls  (coercivi ty ≤1  000  A/m);  

•  hard  magnetic  materia ls  (coercivi ty >1  000  A/m).  

With in  these  main  groups,  the  class i fication  when  appropriate  recogn izes  the  fo l lowing  
characteristics:  

•  the  main  a l l oying  e lement and  the  metal l u rg ica l  state  and  phys ica l  properties  of the  
materia l ;  

•  when  poss ib le  and  conven ient,  the  re lationsh ip  between  these  characteristi cs  i s  i denti fi ed .  

A cl ass i fication  by speci fic areas  of appl ication  cannot be  appl ied  to  a l l  materia ls  because  
d i fferent materia ls  can  very often  be  used  for the  same appl ication  depend ing  on  the  
characteristics  requ ired .  

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 nclud ing  
any amendments)  appl i es.  

I EC 60050-1 21 ,  International Electrotechnical Vocabulary – Part 121 : Electromagnetism 

I EC 60050-1 51 ,  International Electrotechnical Vocabulary – Part 151 : Electrical and magnetic 
devices 

I EC 60050-221 ,  International Electrotechnical Vocabulary – Chapter 221 :  Magnetic materials 
and components 

I EC 60401 -3 ,  Terms and nomenclature for cores made of magnetically soft ferrites – Part 3:  
Guidelines on the format of data  appearing in  manufacturers catalogues of transformer and 
inductor cores  

I EC 60404-2,  Magnetic materials – Part 2:  Methods of measurement of the magnetic 
properties of electrical steel sheet and strip  by means of an Epstein frame 

I EC 60404-3,  Magnetic materials – Part 3:  Methods of measurement of the magnetic 
properties of magnetic sheet and strip by means of a  single  sheet tester 
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I EC 60404-4,  Magnetic materials – Part 4:  Methods of measurement of d. c.  magnetic 
properties of iron  and steel 

I EC 60404-6,  Magnetic materials – Part 6:  Methods of measurement of the magnetic 
properties of magnetically soft metallic and powder materials at frequencies in  the range  
20 Hz to 200 kHz by the use of ring specimens 

I EC 60404-7,  Magnetic materials – Part 7: Method of measurement of the coercivity of 
magnetic materials in  an  open magnetic circuit 

I EC 60404-8-1 ,  Magnetic materials – Part 8-1 : Specifications for individual materials – 
Magnetically hard materials 

I EC 60404-8-3,  Magnetic materials – Part 8-3: Specifications for individual materials – Cold-
rolled electrical non-alloyed and alloyed steel sheet and strip  delivered in  the semi-processed 
state 

I EC 60404-8-4 ,  Magnetic materials – Part 8-4: Specifications for individual materials – Cold-
rolled non-oriented electrical steel strip  and sheet delivered in  the fully-processed state  

I EC 60404-8-5,  Magnetic materials – Part 8:  Specifications for individual materials – 
Section Five: Specification for steel sheet and strip with specified mechanical properties and 
magnetic permeability 

I EC 60404-8-6,  Magnetic materials – Part 8-6: Specifications for individual materials – Soft 
magnetic metallic materials 

I EC 60404-8-7,  Magnetic materials – Part 8-7: Specifications for individual materials –Cold-
rolled grain-oriented electrical steel strip and sheet delivered in  the fully processed state 

I EC 60404-8-8,  Magnetic materials – Part 8:  Specifications for individual materials – 
Section  8: Specification for thin magnetic steel strip for use at medium frequencies 

I EC 60404-8-9,  Magnetic materials – Part 8:  Specifications for individual materials –  
Section  9:  Standard specification for sintered soft magnetic materials 

I EC 60404-8-1 0,  Magnetic materials – Part 8-10: Specifications for individual materials – 
Magnetic materials (iron and steel)  for use in  relays 

I EC 60404-1 0,  Magnetic materials.  Part 10: Methods of measurement of magnetic properties 
of magnetic sheet and strip at medium frequencies  

I SO  4948-1 ,  Steels – Classification – Part 1 :  Classification of steels into unalloyed and alloy 
steels based on chemical composition  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms and  defin i ti ons  g i ven  i n  I EC  60050-1 21 ,  
I EC 60050-1 51 ,  I EC 60050-221  and  i n  the  product standards  of the  I EC  60404-8  series  apply.  

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  

http://www.electropedia.org/
http://www.iso.org/obp
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4 Magnetical ly soft materials  (coercivi ty ≤1  kA/m)  

4.1  Class  A – I rons  

4. 1 . 1  Reference  documents  

These  materia ls  are  covered  by I EC  60404-8-6  and  I EC  60404-8-1 0.  

4. 1 .2  Chemical  composi tion  

The basic consti tuen t of these  materia ls  i s  pure  i ron ,  and  they are  often  referred  to  as  
"commercia l l y pure"  or "magnetical l y soft"  i rons.  The  materia l  a lso  con tains  unavoidable  
impuri ti es  that may affect magnetic properties .  The  amoun t of impuri ti es  that adversel y affect 
the  remanence,  coercivi ty,  saturation ,  magnetic  polari zation  and  s tabi l i ty of the  magnetic  
properties  are  l im i ted  to  produce the  requ i red  magnetic properties  for the  proposed  
appl ication .  For i n formation  the  most s ign i fican t impuri ti es  when  they are  present i n  these  
materia ls  are  carbon  (up  to  0, 03  %) ,  s i l icon  (up  to  0, 1  %),  manganese (up  to  0 , 2  %),  
phosphorus  (up  to  0, 01 5  %),  su lphur (up  to  0 , 03  %),  a lum in ium  (up  to  0 , 08  %),  t i tan ium  (up  to  
0, 1  %)  and  vanad ium  (up  to  0, 1  %).  

NOTE  For improved  free  mach in i ng  capabi l i ty,  the  amount of phosphorus  and  su lphu r can  be  h i gher than  
i nd icated  above.  

4.1 .3  Basis  of subclassification  

The recommended  subclassi fication  i s  based  on  coercivi ty values.  

4.1 .4  Avai lable  forms  

These  materia ls  are  avai lable  i n  a  wide  variety of forms.  They may be  suppl ied  as  s labs,  
b i l l ets ,  i ngots  or forg ings;  as  hot-rol l ed  bar i n  rectangu lar and  square  cross-sections;  as  hot-
rol led  wi re  rod  i n  round ,  hexagonal  and  octagonal  cross-sections;  i n  co ld -rol led  and  d rawn  
forms  as  bar and  wi re;  as  hot-  or co ld -rol l ed  sheet  and  strip.  

4.1 .5  Physical  characteristics  

I n  add i tion  to  the  va lues  of coercivi ty,  a  more  complete  defin i tion  of these  materia ls  can  be  
based  on  the  fol l owing  characteristics:  

•  magnetic:  saturation  magnetic polari zation ,  magnetic polarization  at various  
va lues  of magnetic fie ld  strength  (from  wh ich  permeabi l i ty can  be  
derived),  stabi l i ty of characteristics  wi th  time;  

•  mechan ical :  hardness,  su i tabi l i ty for punch ing  operations,  free  mach in ing  
capabi l i ty,  deep  drawing  properties,  tens i le  strength ;  

•  metal l urg ica l  state:  hot-  or co ld -worked ,  forged ,  deep drawn ,  fu l l y processed  state,  i . e.  
final  annealed .  

NOTE  For materia l  not  del i vered  i n  the  fu l l y processed  s tate,  subclass i fi cation  i s  based  on  the  coercivi ty 
measured  after heat treatment accord ing  to  the  requ i rements  of the  product s tandard  or the  recommendations  of 
the  manufacturer.  

Ranges  of speci fi ed  values  for the  above-mentioned  magnetic characteristics  i n  the  fu l l y 
processed  state  are  g i ven  i n  the  correspond ing  product speci fications.  

4.1 .6  Main  appl ications  

The main  appl ications  are  i n  DC re lays,  l oudspeakers,  e lectromagnets,  magnetic cl u tches,  
brakes,  parts  for magnetic ci rcu i ts  i n  instruments  and  con trol  apparatus,  as  wel l  as  for pole  
p ieces  and  other DC  parts  for generators  and  motors.  
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4.2  Class  B  – Low carbon  mi ld  steels  

4.2. 1  Class  B1  – Bu lk material  

4. 2. 1 . 1  Reference  document  

Some of these  materia ls  are  covered  by I EC  60404-8-1 0.  

4.2. 1 .2  Chemical  composition  

The bas ic consti tuent  of these  materia ls  i s  i ron  con tain ing  unavoidable  impuri ties ,  together 
wi th  a  l ow l evel  of other e lemen ts  wh ich  may arise  from  add i tions  necessi tated  during  the  
manufacturing  process.  The  amoun t of a l l oyi ng  e lements  is  l im i ted  to  that of a  non-al loy steel  
as  defined  i n  I SO  4948-1 ,  i n  particu lar s i l i con  i s  l ess  than  0 , 5  % .  

4.2. 1 .3  Basis  of subclassification  

The recommended  subclass i fication  is  based  on  the  coercivi ty.  

4.2. 1 .4  Avai lable  forms  

These materia ls  are  normal l y suppl ied  i n  the  form  of castings  or forg ings  i n  a  fina l  heat-
treated  cond i ti on  or partia l l y mach ined  to  d rawings  suppl ied  by the  user or as  bar,  wi re  rod  or 
wi re  i n  the  hot-rol led ,  co ld -rol l ed  or cold -drawn  cond i tion .  

4.2. 1 .5  Physical  characteristics  

I n  add i tion  to  the  coercivi ty a  more  complete  defin i ti on  of these  materia ls  can  be  based  on  the  
fol lowing  properties:  

•  magnetic:  magnetic polari zation  at  various  values  of magnetic fie l d  strength ;  

•  mechan ical :  yi e l d  s trength  (or 0 , 2  %  proof stress)  e longation  (Lo  =  5  do) ,  

freedom  from  defects ;  

•  metal l urg ica l  state:  hot-  or cold -worked ,  annealed  to  produce  requ ired  magnetic  
characteristics.  

Mechan ical  and  non-destructi ve  tests  are  made i n  accordance wi th  the  appropriate  
I SO standards.  Coercivi ty shal l  be  measured  i n  accordance  wi th  I EC 60404-7,  other magnetic  
properties  i n  accordance wi th  I EC 60404-4.  

Ranges  of typ ical  values  of magnetic and  mechan ical  properties  are  g i ven  i n  the  
correspond ing  product  speci fication .  

4.2. 1 .6  Main  appl ications  

The materia ls  are  used  for l arge  DC magnets  where  no  mechan ical  strength  is  requ i red ,  for 
example,  i n  deflection  magnets  i n  e lemen tary particle  physics  and  for re lay appl ications .  

4.2.2  Class  B2  – F lat material  

4.2.2 .1  Reference  documents  

These  materia ls  are  covered  by I EC  60404-8-3,  I EC 60404-8-4  and  I EC 60404-8-1 0 .  

4.2.2 .2  Chemical  composition  

The  bas ic consti tuent of these  materia ls  i s  i ron  con tain ing  unavoidable  impuri ti es ,  together 
wi th  a  l ow l evel  of other e lements  wh ich  may arise  from  add i ti ons  necessi tated  during  the  
manufacturing  process.  The  amount of a l l oyi ng  e lements  i s  l im i ted  to  that of non-al l oy steel  as  
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defined  i n  I SO  4948-1 ,  i n  particu lar s i l i con  i s  l ess  than  0, 5  %.  These  materia ls  can  have  an  
anneal ing  treatment after punch ing  to  enhance thei r magnetic  properties.  

4.2.2 .3  Basis  of subclassi fication  

The recommended  subclassi fication  is  based  e i ther on  the  speci fic  tota l  l oss  wh ich  i s  a  
function  of th ickness  and  is  normal l y measured  at  a  magnetic polari zation  value  of 1 , 5  T  and  
at  normal  industria l  power frequencies  or (for re lay appl ication)  on  the  coercivi ty.  

4.2.2 .4  Avai lable  forms  

These  materia ls  are  suppl ied  i n  the  form  of cold -rol led  coi l s  or sheets  or (for re lay appl ication)  
i n  the  form  of hot-rol l ed  s trip,  sheet or p l ate.  

4.2.2 .5  Physical  characteristics  

I n  add i tion  to  speci fic tota l  l oss,  a  more  complete  defin i ti on  of these  materials  can  be  based  
on  the  fol l owing  properties:  

•  magnetic:  magnetic polari zation  at  various  values  of magnetic fie l d  strength ;  

•  mechan ical :  su i tabi l i ty for punch ing  operations,  surface  cond i ti on ,  stacking  
factor;  

•  metal l urg ica l  state:  hot-rol l ed ;  hard  s tate  – i . e .  cold -rol led ;  sem i -processed  s tate  – i . e .  
annealed  and  fi nal l y cold -rol led ;  

fu l l y processed  s tate  – i . e.  fi na l  annealed .  

NOTE  For material  d el i vered  i n  the  hard  or sem i -processed  state,  subclassi fi cation  i s  based  on  the  tota l  speci fi c  
l oss  or coercivi ty measured  after heat  treatment  accord ing  to  the  requ i rements  of the  product  standard  or 
recommendations  of the  manufacturer.  

•  d imensions:  th ickness,  wid th  and  (as  requ i red )  l ength .  

Recommended  nom inal  th icknesses  for the  cold -rol l ed  materia ls  are  g i ven  in  the  
correspond ing  product  speci fications.  

Magnetic measurements  are  made in  accordance  wi th  I EC  60404-2,  I EC  60404-3  or 
I EC 60404-7.  

Ranges  of speci fied  values  of maximum  speci fic  tota l  l oss,  after anneal ing ,  for the  common ly 
used  th icknesses  are  a lso  shown  i n  the  correspond ing  product speci fications.  

The  speci fied  maximum  value  of coercivi ty for re lay materia l  ranges  from  40  A/m  to  240  A/m .  

4.2.2 .6  Main  appl ications  

The  materials  are  used  i n  the  manufacture  of l am inated  cores  for e l ectri ca l  apparatus  and  
especial l y smal l  mach ines  and  for relay appl ications.  

4.3  Class  C  – Si l i con  steels  

4.3. 1  Class  C1  – Bu lk material  

4.3. 1 . 1  Reference  documents  

Some of these  materia ls  are  covered  by I EC  60404-8-6  and  I EC  60404-8-1 0.  

4.3. 1 .2  Chemical  composi tion  

The basic consti tuen t of these  materia ls  i s  i ron  i n  wh ich  the  main  a l loying  element i s  s i l i con  
wi th  a  conten t of up  to  approximatel y 5  %.  
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4.3. 1 .3  Basis  of subclassi fication  

The recommended  subclassi fication  i s  based  on  coercivi ty values  or on  e lectrica l  res istivi ty 
wh ich  i s  a  function  of s i l i con  con ten t.  

4.3. 1 .4  Avai lable  forms  

These  materia ls  are  avai lable  as  hot-rol led  and  cold -drawn  bar,  wi re,  ground  bar and  forg ing  
b i l l ets  and  requ i re  heat treatment after mechan ical  working  to  ach ieve  the  requ i red  magnetic  
properties.  

4.3. 1 .5  Physical  characteristics  

I n  add i tion  to  the  coercivi ty and  the  e lectrica l  res i sti vi ty,  a  more  complete  defin i tion  of these  
materia ls  can  be  based  on  the  fol l owing  characteristics :  

•  magnetic:  saturation  magnetic polari zation ,  magnetic polari zation  at various  
va lues  of magnetic fie l d  s trength ,  remanen t magnetic  polarization ;  

•  mechan ical :  mach inabi l i ty,  ducti l i ty,  hardness;  

•  metal l urg ica l  state:  hot-  or cold -worked ,  annealed  to  produce  requ i red  magnetic  
characteristics.   

4.3. 1 .6  Main  appl ications  

The main  appl ications  are  for the  magnetic ci rcu i ts  of re lays,  magnetic clu tches,  magnetic 
pole  p ieces,  s tepping  motors  and  g yro  housings.  

4.3.2  Class  C2  – Flat material  

4.3.2 .1  Class  C21  – Isotropic 1  (non-oriented)  steels  for use  at  power frequencies  

4.3.2 .1 . 1  Reference  documents  

These  materia ls  are  covered  by I EC  60404-8-3,  I EC 60404-8-4,  I EC  60404-8-6  and  
I EC 60404-8-1 0 .  

4.3.2 .1 .2  Chemical  composition  

The  bas ic  consti tuen t of these  materia ls  i s  i ron .  The  main  a l l oying  e lement i s  s i l icon ,  whose  
con ten t may be  up  to  approximatel y 5  % .  Other al l oying  elemen ts,  for example  a l um in ium ,  
may a lso  be  present.  The  materia l  a lso  con tains  unavoidable  impuri ties,  together wi th  a  l ow 
l evel  of other e lements  wh ich  may arise  from  add i ti ons  necess i tated  during  the  manufacturing  
process.  

4.3.2 .1 .3  Basis  of subclassification  

The  recommended  subclassi fication  is  based  on  the  speci fic  tota l  l oss  wh ich  is  a  function  of 
th ickness  and  normal l y measured  at a  magnetic  polari zation  value  of 1 , 5  T  and  at power 
frequencies.  

When  the  appl ication  demands  i t  (for example  re lays) ,  i t  may be  more  appropriate  for the  
subclass i fication  to  be  based  on  coercivi ty or permeabi l i ty.  

____________ 

1   Th i s  describes  a  materia l  wh ich  i s  substan tia l l y i sotrop ic  and  del i beratel y processed  to  be  so.  
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4.3.2 .1 .4  Avai lable  forms  

These  materia ls  are  normal l y suppl ied  i n  the  form  of cold -rol led  coi l s  or sheets.  

4.3.2 .1 .5  Physical  characteristics  

I n  add i tion  to  the  values  of speci fic  tota l  l oss,  a  more  complete  defin i ti on  of these  materia ls  
can  be  based  on  the  fol l owing  characteristics:  

•  magnetic:  magnetic polari zation  at various  values  of magnetic  fi el d  s trength ,  
speci fic apparen t power for d i fferent values  of magnetic polari zation  
an isotropy of l oss;  

•  e lectrical :  type  of surface  i nsu lation  and  i ts  resistance,  res isti vi ty;  

•  mechan ical :  su i tabi l i ty for punch ing  operations,  ducti l i ty,  tens i le  strength ,  
hardness,  surface  cond i ti on  and  fi n ish ,  stacking  factor,  fl atness,  
edge  camber;  

•  metal l urg ica l  state:  hard  state,  i . e.  as  cold  rol led  sem i -processed  state,  i . e.  annealed  or 
annealed  and  temper ro l led ;  fu l l y-processed  state,  i . e .  fi nal  
annealed ;  

NOTE  For material  del i vered  i n  the  hard  or sem i -processed  state,  the  subclassi fi cation  i s  based  on  the  speci fi c  
tota l  l osses  measured  after heat  treatment accord i ng  to  the  requ i rements  of the  product  standard  or the  
recommendations  of the  manufacturer.  

•  d imens ions:  th ickness,  wid th  and  (as  requ i red )  l ength .  

The  va lues  of nom inal  th i ckness  are  g iven  i n  the  correspond ing  product speci fications.  

Magnetic measurements  are  made  in  accordance wi th  I EC  60404-2  or I EC  60404-3.  The  
dens i ty va lues  to  be  used  for magnetic  measurements  shou ld  be  as  defined  i n  the  re levant  
product  standard .  I n  other cases,  the  dens i ty values  shou ld  be  the  subject of agreement.  

Ranges  of speci fi ed  values  of speci fic  tota l  l oss,  after fi nal  anneal ing ,  for four commonl y used  
th icknesses  are  shown  i n  the  correspond ing  product speci fications.  

4.3.2 .1 .6  Main  appl ication  

These materia ls  are  used  main l y in  the  magnetic ci rcu i ts  of e lectrical  apparatus,  particu larl y i n  
the  parts  of rotating  mach ines  i n  wh ich  the  fl ux is  not  un id i rectional .  They may a lso  be  used  
i n  e lectromagnetic relays,  smal l  transformers,  chokes  for fluorescent tubes,  e lectrical  meters,  
sh ie l d ing  and  magnetic poles  of e lectron  and  proton  synchrotrons.  

4.3.2 .2  Class  C22  – An isotropic 2  (oriented)  steels  for use  at power frequencies  

4.3.2 .2 .1  Reference  documents  

These  materia ls  are  covered  by I EC  60404-8-6 ,  I EC 60404-8-7  and  I EC 60404-8-8.  

4.3.2 .2 .2  Chemical  composition  

The  bas ic consti tuen t of these  materia ls  i s  i ron  and  the  main  a l l oying  e lement i s  s i l icon  
(approximatel y 3  %),  together wi th  unavoidable  impuri ti es  and  l ow l evels  of other e lements  
wh ich  may arise  from  add i ti ons  necess i tated  during  the  manufacturing  process.  Th is  type  of 
magnetic materia l  possesses  an isotropic properties  (orien tation)  such  that the  d i rection  
paral le l  to  the  axis  of ro l l ing  shows the  l owest va lues  of speci fic tota l  l osses  and  the  h ighest  
permeabi l i ty.  These  properties  are  sensi ti ve  to  mechan ical  treatment,  and  stress  re l ief 
anneal i ng  may be  used  to  optim ize  the  i nheren t properties .  

____________ 

2  Th i s  describes  a  materia l  wh ich  i s  substan tia l l y an i sotropic  and  del i beratel y processed  to  be  so.  
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4.3.2 .2 .3  Basis  of subclassi fication  

The recommended  subclassi fication  i s  based  on  the  perfection  of crystal  orientation  
expressed  by the  magnetic polari zation  for a  magnetic fie l d  strength  of 800  A/m  and  on  the  
speci fic tota l  loss ,  wh ich  is  a  function  of th ickness  and  of the  orientation ,  and  is  normal l y 
measured  at magnetic  polari zation  values  of 1 , 5  T  or 1 , 7  T  and  at  power frequencies.  

4.3.2 .2 .4  Avai lable  forms  

These materia ls  are  normal l y suppl ied  in  the  form  of cold -rol l ed  coi l s  or sheets  having  an  
i norgan ic  insu lating  coating .  

4.3.2 .2 .5  Physical  characteristics  

I n  add i tion  to  the  perfection  of crystal  orientation  and  to  the  values  of speci fic total  l oss,  a  
more  complete  defin i tion  of these  materia ls  can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  magnetic polari zation  at  various  values  of magnetic fie ld  s trength ;  

•  e lectrica l :  type  of surface  i nsu lation  and  i ts  resistance,  res isti vi ty;  

•  mechan ical :  ducti l i ty,  surface  cond i ti on  and  fi n ish ,  s tacking  factor,  flatness,  edge  
camber;  

•  metal l u rg ical  state:  annealed  and  fu l l y recrystal l i zed ;  

•  d imensions:  th ickness,  wid th  and  ( i f requ ired)  l ength .  

The  va lues  of nom inal  th ickness  normal l y used  are  g i ven  i n  the  correspond ing  product 
speci fications.  

Magnetic measurements  are  made  in  accordance wi th  I EC  60404-2  or I EC  60404-3.  The  
dens i ty used  for calcu lations  is  normal l y 7 , 65  kg/dm³ and  test pieces  are  taken  paral le l  to  the  
axis  of ro l l i ng  and ,  before  measurement,  u ndergo  stress  re l ief anneal i ng  i n  accordance wi th  
the  recommendations  of the  manufacturer.  

Ranges  of speci fied  values  of maximum  speci fic tota l  l oss,  after stress  rel i ef anneal ing ,  for the  
normal l y used  th icknesses  are  a lso  shown  i n  the  correspond ing  product  speci fications.  

I n  add i ti on ,  materia ls  wh ich  are  not yet speci fied  i n  I EC  60404-8-7  are  avai l ab le.  

4.3.2 .2 .6  Main  appl ications  

These materials  are  used  main l y for the  manufacture  of magnetic cores  i n  wh ich  the  magnetic  
fl ux paths  are  substan tial l y para l l e l  to  the  d i rection  of cold -rol l i ng ,  as  for example  i n  
transformer cores.  

4.3.2 .3  Class  C23  – Th in  s i l i con  steels  

4.3.2 .3.1  Reference  document 

These  materia ls  are  covered  by I EC  60404-8-8.  

4.3.2 .3.2  Chemical  composi tion  

The bas ic consti tuen t of these  materia ls  i s  i ron .  The  main  a l l oying  e lement i s  s i l i con,  whose  
con ten t may be  between  2  %  and  4  % .  Other a l l oying  e lements,  namely a lum in ium ,  may a lso  
be  present.  The  materia l  a lso  contains  unavoidable  impuri ti es,  together wi th  a  l ow l evel  of 
other e lements  wh ich  may arise  from  add i ti ons  necess i tated  during  the  manufacturing  
process.  
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4.3.2 .3.3  Basis  of subclassi fication  

The recommended  subclassi fication  i s  based  on  the  magnetic an isotropy and  the  speci fic total  
l oss  wh ich  is  a  function  of th ickness,  magnetic  polari zation  value  and  test  frequency.  

4.3.2 .3.4  Avai lable  forms  

These  materia ls  are  normal l y suppl ied  i n  the  form  of cold -rol led  coi l s  or sheets.  

4.3.2 .3.5  Physical  characteristics  

I n  add i tion  to  the  va lues  of speci fic  tota l  l oss,  a  more  complete  defin i ti on  of these  materia ls  
can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  magnetic polari zation  at  various  values  of magnetic fie l d  strength ;  

•  e lectrical :  type  of surface  i nsu lation  and  i ts  resistance,  res isti vi ty;  

•  mechan ical :  

•  metal l urg ica l  state:  

ducti l i ty,  stacking  factor,  flatness,  edge  camber;   

annealed  and  fu l l y recrysta l l i zed ;  

•  d imensions:  th ickness,  wid th  and  ( i f requ ired)  l ength .  

The  speci fi ed  va lues  of maximum  speci fic tota l  l oss  for the  common l y used  th icknesses  are  
shown  i n  the  correspond ing  product  speci fication .  

The  magnetic properties  are  determ ined  i n  accordance wi th  I EC  60404-1 0  and  the  test 
specimens  are  prepared  as  described  i n  the  speci fication . .  

4.3.2 .3.6  Main  appl ications  

These  materia ls  are  main l y used  i n  magnetic ci rcu i ts  of transformers  and  rotati ng  mach ines  
operati ng  at  frequencies  above 1 00  Hz.  

4.3.2 .4  Class  C24 – Steels  wi th  specified  mechan ical  properties  and  specific total  
loss  

4.3.2 .4. 1  Reference  document  

These  materia ls  are  not covered  by an  I EC  publ ication .  

4.3.2 .4.2  Chemical  composition  

The  bas ic  consti tuent  of these  materials  i s  i ron .  The  main  a l loying  e lement i s  s i l icon  whose 
con ten t may be  between  2  %  and  5  % .  Other a l l oying  e lements,  such  as  a lum in ium ,  
manganese,  may be  added  to  increase  strength  and  improve magnetic properties .  The  
materia l  a lso  con ta ins  unavoidable  impuri ties,  together wi th  a  low l evel  of other e lements  
wh ich  may arise  from  add i tions  necessi tated  du ring  the  manufacturing  process.  

4.3.2 .4.3  Basis  of subclassification  

The  recommended  subclass i fication  is  based  on  the  yie ld  s trength .  

4.3.2 .4.4  Avai lable  forms  

These materia ls  are  normal l y suppl ied  i n  the  form  of cold -rol l ed  and  fi nal  annealed  coi ls  or 
sheet.  
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4.3.2 .4.5  Physical  characteristics  

I n  add i tion  to  the  yie ld  s trength ,  a  more  complete  defin i ti on  of these  materia ls  can  be  based  
on  the  fol l owing  characteristics :  

•  magnetic:  speci fic tota l  l oss ,  magnetic polari zation  at various  values  of 
magnetic fie ld  s trength ;  

•  e lectrical :  surface  i nsu lation  and  i ts  res istance,  res isti vi ty;  

•  mechan ical :  tensi le  strength ,  e l ongation ,  hardness,  stacking  factor;  

•  metal l urg ica l  state:  fu l l y processed ,  i . e.  fi nal  annealed ;  

•  d imensions:  th ickness,  wid th  and  ( i f requ ired)  l ength .  

4.3.2 .4.6  Main  appl ications  

These materia ls  are  general l y used  under cond i ti ons  of a l ternating  flux for the  s tressed  parts  
of magnetic  ci rcu i ts  such  as  rotors  of h igh-speed  rotating  e lectric mach ines.  

4.3.2 .5  Class  C25  – 6,5  %  s i l i con  steels  

4.3.2 .5.1  Reference  document  

These  materia ls  are  not  covered  by an  I EC  publ ication .  

4.3.2 .5.2  Chemical  composition  

The basic  consti tuent of these  materials  i s  i ron .  The  main  a l loying  e lement i s  s i l i con  whose  
con ten t may be  between  6  %  and  7  %.  Other a l l oying  e lements  may a lso  be  present.  The  
materia l  a lso  con tains  unavoidable  impuri ti es ,  together wi th  a  l ow l evel  of other e lements  
wh ich  may arise  from  add i ti ons  necess i tated  du ring  the  manufacturing  process.  

4.3.2 .5.3  Basis  of subclassification  

The recommended  subclass i fication  is  based  on  the  speci fic  tota l  loss  wh ich  is  a  function  of 
th ickness,  magnetic polari zation  value  and  test frequency.  Speci fic tota l  l oss  is  determ ined  i n  
accordance wi th  I EC 60404-1 0 ,  us ing  sheared  specimens  cons isti ng  of ha l f the  strip  taken  
paral l el  and  hal f taken  perpend icu lar to  the  axis  of ro l l i ng .  

4.3.2 .5.4  Avai lable  forms  

These  materia ls  are  normal l y suppl ied  i n  the  form  of cold -rol led  coi ls  or sheets.  

4.3.2 .5.5  Physical  characteristics  

I n  add i tion  to  the  va lues  of speci fic  tota l  l oss,  a  more  complete  defin i ti on  of these  materia ls  
can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  magnetic polari zation  at  various  values  of magnetic fie l d  strength ;  

•  e lectrical :  type  of surface  i nsu lation  and  i ts  resistance,  res isti vi ty;  

•  mechan ical :  stacking  factor,  flatness,  edge  camber;  

•  metal l urg ica l  state:  fu l l y processed ,  i . e.  fi nal  annealed ;  

•  d imensions:  th ickness,  wid th  and  ( i f requ ired)  l ength .  
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As  an  i n formation ,  particu lar features  of th is  material  are:  

•  a  nearby zero  magnetostriction  of a lmost 1  x  1 0
-7
 a t  1  T  and  400  Hz when  measured  wi th  

an  optica l  fi ber d isplacement meter.  

•  the  losses  measured  accord ing  to  I EC  60404-1 0  for a  materia l  of 0 , 1 0  mm  th ickness  at 1  T  
and  400  Hz is  around  6  W/kg  and  at  0 , 05  T  and  20  kHz around  7  W/kg .  

4.3.2 .5.6  Main  appl ications  

These materia ls  are  general l y used  in  magnetic ci rcu i ts  of the  e lectrical  apparatus  operating  
at frequencies  above 1 00  Hz,  wh ich  requ ire  l ow noise  outpu t and  l ow core  l oss  at  h igher 
frequency,  such  as  h igh -frequency transformers,  reactors  and  the  motors  used  in  portable  
e lectrical  apparatus.  

4.4  Class  D  – Other steels  

4.4. 1  Class  D1  – Bu lk material  

4.4. 1 . 1  Class  D1 1  – Cast  sol id  steels  

4.4. 1 . 1 . 1  Reference  document  

These  materia ls  are  not  covered  by an  I EC  publ ication .  

4.4. 1 . 1 .2  Chemical  composition  

The  bas ic consti tuen t of these  materia ls  i s  i ron  con tain ing  unavoidable  impuri ties.  The  main  
a l l oying  e lements  are  carbon ,  whose con tent i s  lower than  0, 45  % ,  and  other e lemen ts  
(namely chrom ium ,  n ickel ,  manganese,  mol ybdenum  and  s i l i con)  wh ich  may be  necessary to  
develop  the  requ i red  properties .  

4.4. 1 . 1 .3  Basis  of subclassification  

The recommended  subclassi fication  is  based  on  the  yie l d  strength  or 0 , 2  %  proof stress,  
wh ich  are  a  function  of chem ical  composi ti on  and  heat treatment.  

4.4. 1 . 1 .4  Avai lable  forms  

These materia ls  are  usual l y suppl ied  i n  the  form  of casti ngs  i n  a  fi nal  heat-treated  cond i tion  or 
partia l l y mach ined  to  d rawings  suppl ied  by the  user.  

4.4. 1 . 1 .5  Physical  characteristics  

I n  add i tion  to  the  values  of yie l d  s trength ,  a  more  complete  defin i ti on  of the  materia l  may be  
based  on  the  fol l owing  characteristics:  

•  magnetic:  magnetic polarization  at various  values  of magnetic  fie ld  s trength ,  
coercivi ty;  

•  e lectrical :  res isti vi ty;  

•  mechan ica l :  tens i le  s treng th ,  e l ongation ,  impact properties,  freedom  from  
defects ;  

•  metal l urg ical  state:  e i ther normal i zed  and  tempered  or quenched  and  tempered .  

Mechan ica l  and  non-destructi ve  tests  are  made i n  accordance  wi th  the  appropriate  
I SO  standards.  Coercivi ty i s  measured  in  accordance wi th  I EC 60404-7,  other magnetic 
properties  i n  accordance wi th  I EC 60404-4.  
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4.4. 1 . 1 .6  Main  appl ications  

The materia ls  are  used  i n  the  magnetic ci rcu i ts  of e lectrical  apparatus,  where  a  certain  
mechan ica l  strength  i s  requ i red ,  particu larl y i n  parts  of rotating  mach inery such  as  rotors ,  pole  
p ieces,  pressure  p lates  and  magnet frames.  

4.4. 1 .2  Class  D1 2  – Forged  sol id  steel  

4.4. 1 .2 . 1  Reference  document  

These  materia ls  are  not  covered  by an  I EC  publ ication .  

4.4. 1 .2 .2  Chemical  composition  

The basic consti tuen t of these  materia ls  i s  i ron .  The  main  a l l oying  e lements  are  carbon  whose  
con ten t may vary from  0, 1 5  %  to  0, 5  %  and  other a l loying  e lements  such  as  n ickel  (up  to  
4  %),  chrom ium  (up  to  1 , 8  %),  molybdenum  (up  to  0 , 5  %),  vanad ium  (up  to  0 , 1 2  %)  and  
manganese (up  to  1 , 9  %),  depend ing  on  the  mechan ical  properties  requ ired  and  the  s ize  of 
the  forg ings.  The  materia l  a lso  conta ins  unavoidable  impuri ti es  together wi th  a  l ow content of 
other e lemen ts  (S i ,  Al )  wh ich  may arise  from  add i ti ons  necessi tated  during  the  manufacturing  
process.  

4.4. 1 .2 .3  Basis  of subclassification  

The  recommended  subclassi fication  i s  based  on  the  yie l d  strength  or 0 , 2  %  proof stress  wh ich  
are  normal l y a  function  of chem ical  composi ti on  and  heat treatment.  

4.4. 1 .2 .4  Avai lable  forms  

The materia ls  are  usual l y suppl ied  i n  the  form  of forg ings  i n  a  fi nal l y heat-treated  and  partial l y 
mach ined  cond i tion  to  d rawings  suppl ied  by the  user.  

4.4. 1 .2 .5  Physical  characteristics  

I n  add i ti on  to  the  values  of yie l d  s trength ,  a  more  complete  defin i ti on  of these  materia ls  can  
be  based  on  the  fol l owing  characteristics:  

•  magnetic:  magnetic polari zation  at  various  values  of magnetic fie l d  strength ;  

•  e lectrical :  res isti vi ty;  

•  mechan ical :  tensi le  streng th ,  e longation ,  impact properties ,  bend  test,  freedom  
from  defects;  

•  metal l urg ica l  state:  e i ther normal i zed  and  tempered  or quenched  and  tempered ;  

•  d imensions:  accord ing  to  d rawings  suppl ied  by the  user.  

Mechan ical  and  non-destructi ve  tests  are  made i n  accordance wi th  the  appropriate  
I SO standards.  Magnetic properties  are  measured  i n  accordance  wi th  I EC 60404-4.  

4.4. 1 .2 .6  Main  appl ications  

These materia ls  are  used  i n  magnetic ci rcu i ts  of e lectrical  apparatus,  particu larl y i n  the  
stressed  parts  of rotati ng  mach ines  such  as  shafts  for rotati ng  mach ines,  pole  shoes,  pole  
bod ies  and  pole  endplates.  
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4.4.2  Class  D2  – Flat material  

4.4.2 .1  Class  D21  – H igh  strength  steels  – Steel  wi th  specified  mechan ical  properties  
and  permeabi l i ty  

4.4.2 .1 . 1  Reference  document  

These  materia ls  are  covered  by I EC  60404-8-5.  

4.4.2 .1 .2  Chemical  composition  

The bas ic consti tuent  of these  materia ls  i s  i ron .  Al loying  elements  may be  carbon  or others ,  
for example  s i l i con .  The  materia l  a lso  contains  unavoidable  impuri ti es  and  a  l ow level  of other 
e lemen ts  wh ich  may arise  from  add i tions  necess i tated  during  the  manufacturing  process.  

4.4.2 .1 .3  Basis  of subclassi fication  

The recommended  subclassi fication  i s  based  on  the  0 , 2  %  proof s tress  value.  

4.4.2 .1 .4  Avai lable  forms  

The materia ls  are  normal l y suppl ied  i n  the  form  of coi l s  or sheet.  

4.4.2 .1 .5  Physical  characteristics  

I n  add i ti on  to  the  proof stress  values,  a  more  complete  defin i ti on  of these  materia ls  can  be  
based  on  the  fol l owing  characteristics:  

•  magnetic:  magnetic polari zation  at various  values  of magnetic  fi el d  s trength ,  
from  wh ich  the  re lati ve  permeabi l i ty can  be  derived ;  

•  e lectrical :  res isti vi ty;  

•  mechan ical :  tensi le  streng th ,  e l ongation ,  surface  cond i tion ,  su i tabi l i ty for 
punch ing  operations,  fl atness,  edge  camber;  

•  metal l urg ica l  state:  hot-rol l ed ,  hot-rol l ed  and  temper-rol led ,  co ld -rol l ed  and  final  
annealed ,  cold -rol l ed ,  annealed  and  temper-rol led ;  

•  d imensions:  th ickness,  wid th  and  ( i f requ ired)  l ength .  

The  values  of nom inal  th ickness  normal l y recommended  l ie  i n  the  range  from  0, 5  mm  to  
4, 5  mm .  

Ranges  of speci fied  values  of mechan ical  and  magnetic properties  are  shown  in  the  
correspond ing  product  speci fication .  

4.4.2 .1 .6  Main  appl ications  

These  materials  are  general l y used  under cond i ti ons  of DC magneti zation  for the  stressed  
parts  of the  magnetic ci rcu i ts  of rotati ng  e lectrical  mach ines,  particu larl y spiders,  rims  and  
poles.  

4.4.3  Class  D3  – Stain less  steels  

4.4.3.1  Reference  document  

These  materia ls  are  presen tl y not  covered  by an  I EC  publ ication .  

4.4.3.2  Chemical  composition  

The bas ic consti tuent of these  materia ls  i s  i ron .  The  main  al l oying  e lemen t i s  chrom ium  in  the  
range  of 1 1  %  to  about 20  %.  Other a l l oying  e lements,  for example  s i l i con  and  manganese,  
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may a lso  be  present.  The  materia l  a lso  con ta ins  unavoidable  impuri ties ,  together wi th  a  l ow 
l evel  of other e lements  wh ich  may arise  from  add i ti ons  necess i tated  during  the  manufacturing  
process,  to  improve mach inabi l i ty for example  su lphur,  se len ium  or l ead  or to  enhance  
corrosion  res istance  for example  mol ybdenum ,  ti tan ium  or n iobium .  As  compared  to  
conventional  sta in less  steels ,  g rades  developed  for magnetic appl ications  have  more  stringen t 
chem ical  and  process ing  l im i ts  to  yie l d  more  consistent magnetic performance.  

4.4.3.3  Basis  of subclassi fication  

The recommended  subclass i fication  is  based  on  chrom ium  con tent and  fabrication  
characteristics.  Grades  D31 -01 ,  D31 -03  and  D31 -05  are  i n tended  for appl ications  requ i ring  
good  cold  form ing  characteristics  and  weldabi l i ty.  Grades  D31 -02,  D31 -04  and  D31 -06  are  
i n tended  for appl ications  requ iring  improved  mach inabi l i ty.  Grades  D31 -01  and  D31 -02  have  
reduced  chrom ium  con tents  for reduced  a l l oy cost and  h igher saturation  polari zation .  They 
are,  however,  on l y su i table  for moderatel y corrosive  environments.  Grades  D31 -03  and  D31 -
04  are  i n tended  for use  i n  more  corros ive  environments,  wh i l e  grades  D31 -05  and  D31 -06  are  
i n tended  for use  in  the  most corrosive  environments  though  wi th  some reduction  i n  magnetic 
performance.  

4.4.3.4  Avai lable  forms  

The materia ls  are  normal l y suppl ied  as  b i l l et,  bar,  rod ,  wi re,  sheet or strip.  

4.4.3.5  Physical  characteristics  

A more  complete  defin i ti on  of these  materia ls  can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  saturation  magnetic polarization ,  maximum  permeabi l i ty,  remanent 
magnetic polari zation ,  coercivi ty;  

•  e lectrical :  res isti vi ty;  

•  mechan ical :  mach inabi l i ty,  co ld  formabi l i ty,  weldabi l i ty,  hardness;  

•  chem ical :  corrosion  res istance.  

Al though  the  chrom ium  con ten t i n fl uences  the  magnetic polari zation  and  e lectrical  res istivi ty,  
i t  does  not  have  a  pronounced  effect on  maximum  permeabi l i ty and  coercivi ty.  

4.4.3.6  Main  appl ications  

These materia ls  are  used  i n  magnetic cores  and  other parts  requ iri ng  a  h igh -permeabi l i ty 
sta in less  steel  having  l ow coercive  force  and  l ow res idual  magnetism :  magnetic solenoid  
valves  and  automotive  e lectromechan ical  devices  such  as  fue l  i n j ectors  and  anti - lock braking  
systems.  

4.5  Class  E  – N ickel -i ron  al loys  

4.5. 1  Class  E1  – N ickel  content 70  %  to  85  %  

4.5. 1 . 1  Reference  document 

These  materia ls  are  covered  by I EC  60404-8-6.  

4.5. 1 .2  Chemical  composi tion  

The bas ic consti tuents  of these  materia ls  are  i ron  and  n ickel  whose  con ten t i s  in  the  range  of 
70  %  to  85  %.  Al loying  e lements  such  as  molybdenum,  copper,  manganese,  chrom ium  or 
s i l i con  may be  added  to  i ncrease  res isti vi ty and  improve  magnetic properties .  The  materials  
a lso  conta in  unavoidable  impuri ti es,  together wi th  a  l ow l evel  of other e lements  wh ich  may 
arise  from  add i tions  necessi tated  during  the  manufacturing  process.  
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4.5. 1 .3  Basis  of subclassi fication  

The recommended  subclassi fication  is  based  on  the  coercivi ty or the  ampl i tude  permeabi l i ty 
at a  magnetic fie l d  strength  of 0 , 4  A/m  and  the  shape of the  hysteres is  l oop:  round ,  flat or 
rectangu lar.  

4.5. 1 .4  Avai lable  forms  

The materia ls  are  avai lab le  as  hot-rol led  sections  and  strip,  forg ings,  cold -drawn  wi re  and  
cold -rol led  sheets,  strip.  They are  commonl y suppl ied  i n  the  sem i -processed  state,  bu t a  
number of materia ls,  particu larl y those  wi th  flat or rectangu lar h ysteresis  l oop,  are  avai l able  i n  
the  final  heat-treated  state  for example  as  toroida l  strip  wound  cores.  

4.5. 1 .5  Physical  characteristics  

A more  complete  defin i ti on  of the  materia l  can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  magnetic polari zation  at various  values  of magnetic  fi el d  s trength ,  
saturation  magnetic polarization ,  coercivi ty,  maximum  ampl i tude .   

Magnetic measurements  are  made i n  accordance wi th  e i ther I EC  60404-4  or I EC 60404-6  
accord ing  to  product form .  

4.5. 1 .6  Main  appl ications  

The materials  are  used  where  h igh  permeabi l i ty at low magnetic fie l d  streng th  i n  combination  
wi th  h igh  remanent or saturation  magnetic  polari zation  is  requ ired .  

•  Round  hysteres is  
l oop:  

measuring  i nstruments,  current transformers,  low-power 
transformers,  relay parts,  transducers,  protective  ground-fau l t  
ci rcu i t  breakers,  rotor and  s tator l am inations,  magnetic sh ie l d ing ;  

•  F lat  h ysteres is  l oop:  pu lse  transformers,  th yri stor protecti ve  chokes,  protecti ve  ground -
fau l t  ci rcu i t-breakers;  

•  Rectangu lar 
h ysteresis  l oop:  

magnetic ampl i fi ers,  AC/DC converters,  saturable  i nductors ,  pu lse  
transformer cores.  

4.5.2  Class  E2  – N ickel  content 54  %  to  68  %  

4.5.2 . 1  Reference  document 

These  materia ls  are  covered  by I EC  60404-8-6.  

4.5.2 .2  Chemical  composition  

The basic consti tuents  of these  materia ls  are  i ron  and  n ickel  whose  con ten t i s  in  the  range  of 
54  %  to  68  % .  I n  some i nstances,  part of the  n ickel  may be  replaced  by cobal t.  Add i ti onal l y,  
molybdenum,  copper,  manganese,  chrom ium  or s i l icon  may be  present to  i ncrease  res isti vi ty 
and  improve magnetic properties .  The  materia ls  a lso  con ta in  unavoidable  impuri ti es,  together 
wi th  a  l ow l evel  of other e lemen ts  wh ich  may arise  from  add i tions  necessi tated  during  the  
manufacturing  process.  

4.5.2 .3  Basis  of subclassi fication  

A possib le  bas is  i s  the  shape  of the  hysteres is  l oop:  round  or flat (magnetic  fi el d  annealed) .  

4.5.2 .4  Avai lable  forms  

The materials  are  avai lable  as  sem i -processed  cold -rol led  strip  or fu l l y processed  strip-wound  
cores.  
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4.5.2 .5  Physical  characteristics  

A more  complete  defin i ti on  of these  materia ls  can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  maximum  ampl i tude  permeabi l i ty,  saturation  magnetic polari zation ,  
remanent magnetic  polarization ,  coercivi ty;  

•  e lectrical :  res isti vi ty;  

•  mechan ical :  

•  metal l urg ica l  state:  

su i tabi l i ty for wind ing  operations;   

sem i-processed  state,  i . e.  cold -rol led  or fu l l y processed  state,  i . e .  
final  annealed  (wi th  or wi thout  magnetic  fi e ld ) .  

Typical  va lues  for magnetic properties  i n  the  fu l l y processed  state  are  g i ven  in  the  
correspond ing  product  speci fication .  

Magnetic measurements  are  made i n  accordance  wi th  I EC 60404-6.  

4.5.2 .6  Main  appl ications  

The materia ls  are  used  where  h igh  permeabi l i ty at l ow magnetic  fi e ld  streng th  is  requ i red .  

•  Round  h ysteres is  
l oop:  

protecti ve  g round-fau l t  ci rcu i t-breakers,  transducers,  measuring  
transformers;  

•  F lat  h ysteres is  l oop:  protecti ve  ground-fau l t  ci rcu i t-breakers,  pu lse  transformers,  
thyristor protecti ve  choke.  

4.5.3  Class  E3  – N ickel  content 40  %  to  51  %  

4.5.3. 1  Reference  document 

These  materia ls  are  covered  by I EC  60404-8-6.  

4.5.3.2  Chemical  composition  

The basic consti tuents  of these  materia ls  are  i ron  and  n ickel  whose con ten t i s  i n  the  range  of 
40  %  to  51  %.  Al loying  e lemen ts  such  as  mol ybdenum ,  manganese,  copper,  chrom ium  or 
s i l i con  may be  added  to  increase  res isti vi ty and  improve magnetic properties .  The  materials  
a lso  conta in  unavoidable  impuri ti es,  together wi th  a  l ow l evel  of other e lements  wh ich  may 
arise  from  add i tions  necessi tated  during  the  manufacturing  process.  

4.5.3.3  Basis  of subclassi fication  

The recommended  subclass i fication  i s  based  on  the  ampl i tude  permeabi l i ty at  a  magnetic  
fie ld  strength  of 0 , 4  A/m  or the  shape  of the  hysteres is  loop:  round  ( i sotropic),  flat (magnetic  
fie ld  annealed)  or rectangu lar (an isotropic) .  

4.5.3.4  Avai lable  forms  

The i sotropic materia ls  are  avai l able  as  hot-rol led  sections  and  strip,  forg ings,  co ld  d rawn  wi re  
and  cold -rol led  sheet and  strip.  

The  materia ls  wi th  fl at  h ysteresis  l oop  are  avai lab le  as  s trip-wound  core.  

The  an isotropic materia ls  are  avai lable  as  cold -rol led  strip  or tape.  

4.5.3.5  Physical  characteristics  

A more  complete  defin i ti on  of these  materia ls  can  be  based  on  the  fo l lowing  characteristics:  

•  magnetic:  magnetic polari zation  at various  values  of magnetic  fi el d  s trength ,  
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saturation  magnetic polarization ,  coercivi ty,  remanence  ratio ;  

•  e lectrical :  res isti vi ty;  

•  mechan ical :  su i tabi l i ty for punch ing  or deep  drawing  operation ;  

•  metal l urg ica l  state:  the  materia ls  requ i re  a  heat treatment to  develop  the ir fu l l  magnetic  
properties.  

Values  for magnetic properties  i n  the  fu l l y processed  state  are  g iven  in  the  correspond ing  
product  speci fication .  

Magnetic measurements  are  made i n  accordance  wi th  e i ther I EC  60404-4  or I EC  60404-6,  
accord ing  to  product form .  

4.5.3.6  Main  appl ications  

The materials  are  used  where  h i gh  permeabi l i ty at l ow magnetic fie ld  strength  i n  combination  
wi th  h igh  remanent or saturation  magnetic  polari zation  is  requ ired .  

•  Round  hysteres is  
l oop:  

measuring  i nstruments,  current transformers,  low-power 
transformers,  relay parts,  transducers,  protective  ground-fau l t  
ci rcu i t-breakers,  rotor and  stator l am inations,  magnetic sh ie ld ing ,  
sensors;  

•  F lat  h ysteres is  l oop:  pu lse  transformers,  th yri stor protective  chokes,  protecti ve  ground  
fau l t  ci rcu i t breakers;  

•  Rectangu lar 
h ysteresis  l oop:  

magnetic ampl i fi ers,  AC/DC converters,  saturable  i nductors ,  pu lse  
transformer cores.  

4.5.4  Class  E4 – N ickel  content 35  %  to  40  %  

4.5.4. 1  Reference  document 

These  materia ls  are  covered  by I EC  60404-8-6.  

4.5.4.2  Chemical  composition  

The basic consti tuents  of these  materia ls  are  i ron  and  n ickel  whose  con ten t i s  in  the  range  of 
35  %  to  40  %.  Al loying  e lemen ts  such  as  mol ybdenum ,  manganese,  copper,  ch rom ium  or 
s i l i con  may be  added  to  increase  res isti vi ty and  improve magnetic properties .  The  materials  
a lso  contain  unavoidable  impuri ties,  together wi th  a  l evel  of other e lemen ts  wh ich  may arise  
from  add i tions  necessi tated  during  the  manufactu ring  process.  

4.5.4.3  Basis  of subclassi fication  

The recommended  subclass i fication  is  based  on  the  coercivi ty or the  ampl i tude  permeabi l i ty 
at  a  magnetic fi e l d  s treng th  of 1 , 6  A/m .  

4.5.4.4  Avai lable  forms  

The materia ls  are  avai l able  as  hot-rol led  sections  and  strips,  forg ings,  co ld -drawn  wi re  and  
cold -rol led  sheet and  strip.  I t  i s  commonl y suppl ied  i n  the  sem i -processed  state,  bu t a  number 
of materia ls  are  avai l able  i n  the  fu l l y processed  s tate.  

4.5.4.5  Physical  characteristics  

A more  complete  defin i tion  of the  materia l  can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  coercivi ty,  magnetic polari zation  at various  values  of magnetic fi e l d  
strength ;  

•  e lectrical :  res isti vi ty;  
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•  mechan ical :  su i tabi l i ty for punch ing  and  deep d rawing  operations;  

•  metal l urg ica l  state:  the  materia ls  requ ire  a  heat treatment to  develop  thei r fu l l  magnetic  
properties.  

Speci fied  values  for magnetic properties  of materia ls  i n  the  fu l l y processed  state  are  g i ven  in  
the  correspond ing  product speci fication .  

Magnetic measurements  are  made i n  accordance  wi th  e i ther I EC 60404-4  or I EC  60404-6,  
accord ing  to  product form .  

4.5.4.6  Main  appl ications  

The materia ls  are  used  for h i gh -frequency and  pu lse  appl ications,  te lecommunication  
trans lators,  h i gh-frequency fi l ters  or transformers,  b locking  transformers,  pu lse  transformers,  
magnetic sh ields.  

4.5.5  Class  E5  – N ickel  content 29  %  to  33  %  

4.5.5.1  Reference  document 

These  materia ls  are  not  covered  by an  I EC  publ ication .  

4.5.5.2  Chemical  composi tion  

The bas ic consti tuen ts  of these  materia ls  are  i ron  and  n ickel .  The  Curie  temperature  i s  
strong l y dependent on  the  n ickel  conten t.  Al l oying  e lements  such  as  copper may be  added  to  
improve magnetic performance.  The  materia ls  a l so  conta in  unavoidable  impuri ti es  together 
wi th  a  l ow l evel  of other e lemen ts  wh ich  may arise  from  add i ti ons  necessi tated  duri ng  the  
manufacturing  process.  

4.5.5.3  Basis  of subclassi fication  

A possib le  bas is  of subclass i fication  i s  the  maximum  service  temperature.  

4.5.5.4  Avai lable  forms  

The materia ls  are  suppl ied  as  cold -rol led  s trip  or cold -drawn  wi re  usual l y i n  the  fu l l y 
processed  cond i ti on .  

4.5.5.5  Physical  characteristics  

A more  complete  defin i ti on  can  be  based  on  the  fol l owing  characteristics:  

•  magnetic:  change  of magnetic polarization  wi th  temperature  for a  g iven  
magnetic fie ld  s trength  and  a  g iven  range  of temperature;  

•  e lectrical :  res isti vi ty;  

•  metal l urg ical  state:  sem i -processed ,  i . e.  cold -rol led  or cold -drawn ;  

fu l l y processed ,  i . e.  fi nal  annealed .  

4.5.5.6  Main  appl ications  

Temperature  compensators  (magnetic  shunts)  for permanent magnet measuring  devices  
especial l y for e l ectric  curren t (watt-hour)  meters  and  au tomotive  vol tage  regu lators.  
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4.6  Class  F  – I ron-cobal t al loys  

4.6. 1  Class  F1  – Cobalt  content 47  %  to  50  %  

4.6. 1 . 1  Reference  document  

These  materia ls  are  covered  by I EC  60404-8-6 .  

4.6. 1 .2  Chemical  composition  

The  bas ic consti tuen ts  of these  materia ls  are  i ron  and  cobal t whose  conten t i s  in  the  range  of 
47  %  to  50  % .  Al loying  e lements  such  as  vanad ium ,  chrom ium ,  zi rcon ium ,  n iobium  or 
tan ta lum  may be  added  to  improve  ducti l i ty.  

4.6. 1 .3  Basis  of subclassification  

The  recommended  subclass i fication  is  based  on  the  coercivi ty.  

4.6. 1 .4  Avai lable  forms  

The  materia ls  are  suppl ied  as  hot-rol led  rectangu lar and  round  bars,  cold -d rawn  wi re,  strip  
and  sheet,  forg ings  and  cold -rol led  strip.  

4.6. 1 .5  Physical  characteristics  

A more  complete  defin i ti on  of the  materia l  can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  maximum  relati ve  permeabi l i ty,  saturation  magnetic polarization ,  
magnetic polari zation  for various  values  of magnetic fie l d  s trength ,  
remanence,  coercivi ty,  speci fic tota l  l oss ;  

•  mechan ical :  su i tabi l i ty for punch ing  operations  i n  the  cold -worked  state,  
mach inabi l i ty i n  the  hot-worked  or heat-treated  state,  yie l d  s trength ;  

•  metal l urg ica l  state:  the  materia ls  requ i re  a  heat treatment to  develop  the ir fu l l  magnetic  
properties.  

Magnetic measurements  are  made i n  accordance  wi th  e i ther I EC  60404-4  or I EC  60404-6,  
accord ing  to  product form .  

Values  for magnetic properties  of fi nal  annealed  materia l  are  g i ven  i n  the  correspond ing  
product speci fication .  

4.6. 1 .6  Main  appl ications  

The materia ls  are  used  i n  appl ications  involving  extremely h igh  magnetic polari zations  i n  l ow 
or med ium  magnetic fie l ds  such  as  motors  and  generators  wi th  h ighest power densi ty,  
actuators,  transformers,  re lays,  e l ectromagnetic and  e lectro-mechan ical  devices  for 
aeronau tical  or aerospace equ ipment,  pole  p ieces  for e lectromagnets ,  magnetic l enses  and  
magnetic bearings.  

4.6.2  Class  F2  – Cobalt  content 35  %  

4.6.2 .1  Reference  document  

These  materia ls  are  covered  by I EC  60404-8-6 .  

4.6.2 .2  Chemical  composition  

The  basic consti tuents  of these  materia ls  are  i ron  and  cobal t the  content of wh ich  is  
approximatel y 35  %.  Al loying  e lements  such  as  vanad ium  or chrom ium  may be  added  to  
improve ducti l i ty.  
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4.6.2 .3  Basis  of subclassi fication  

The recommended  subclassi fication  i s  based  on  the  coercivi ty.  

4.6.2 .4  Avai lable  forms  

The materia ls  are  avai lable  as  hot-rol led  s trip  and  sheet,  forg ings  and  casti ngs.  

4.6.2 .5  Physical  characteristics  

A more  complete  defin i ti on  can  be  based  on  the  fol l owing  characteristics:  

•  magnetic:  magnetic polari zation  at various  values  of magnetic  fi el d  s treng th ,  
saturation  magnetic polarization ;  

•  mechan ical :  mach inabi l i ty i n  the  hot-worked  or heat-treated  state;  

•  metal l urg ica l  state:  sem i -processed  state,  i . e.  hot-rol led  or hot-worked ;  the  materia l  
requ ires  a  heat treatment to  develop  i ts  fu l l  magnetic  properties.  

Magnetic measurements  are  made i n  accordance  wi th  e i ther I EC  60404-4  or I EC  60404-6,  
accord ing  to  product form .  

Speci fied  va lues  for magnetic properties  of the  final  annealed  materia ls  are  g i ven  in  the  
correspond ing  product  speci fication .  

4.6.2 .6  Main  appl ications  

The materia ls  are  main l y used  for appl ications  i nvolving  e i ther extremely h i gh  magnetic  
polari zations  or unusual l y h igh  temperatures  and  as  pole  p ieces  for e l ectromagnets.  

4.6.3  Class  F3  – Cobalt  content 23  %  to  30  %  

4.6.3.1  Reference  document  

These  materia ls  are  covered  by I EC  60404-8-6 .  

4.6.3.2  Chemical  composition  

The  bas ic consti tuents  of these  materia ls  are  i ron  and  cobal t of wh ich  the  con ten t i s  i n  the  
range  of 23  %  to  30  % .  Al l oying  e lemen ts  such  as  vanad ium ,  n iobium ,  mol ybden ium  or 
chrom ium  may be  added  to  improve  ducti l i ty.  

4.6.3.3  Basis  of subclassification  

The  recommended  subclass i fication  is  based  on  the  coercivi ty.  

4.6.3.4  Avai lable  forms  

The materia ls  are  avai l able  as  hot-rol l ed  round  bars,  hot-rol led  sheet and  strip ,  forg ings,  cold -
drawn  wi re  and  cold -rol led  s trip  and  tape.  

4.6.3.5  Physical  characteristics  

A more  complete  defin i ti on  can  be  based  on  the  fol l owing  characteristics:  

•  magnetic:  magnetic polari zation  at various  values  of magnetic  fi el d  s trength ,  
saturation  magnetic polarization ;  

•  mechan ical :  ducti l i ty;  su i tabi l i ty for punch ing  operations  i n  the  cold -worked  s tate  
and  mach inabi l i ty i n  the  hot-worked  or heat-treated  s tate;  
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•  metal l urg ica l  state:  sem i -processed  state,  i . e.  hot-rol l ed ,  co ld -rol led ,  forged ,  cast or 
cold -drawn.  The  materia l  requ i res  a  heat treatment to  develop  i ts  
fu l l  magnetic  properties.  

Magnetic measurements  are  made i n  accordance  wi th  e i ther I EC 60404-4  or I EC  60404-6,  
accord ing  to  product form .  

Speci fied  values  for the  magnetic properties  of fina l  annealed  materia l  are  g iven  i n  the  
correspond ing  product speci fication .  

4.6.3.6  Main  appl ications  

These materia ls  are  main l y used  for appl ications  i nvolving  e i ther extremely h igh  magnetic  
polari zations  or particu larl y h igh  temperatures,  such  as  for e lectromagnetic  and  e lectro-
mechan ical  devices  for aeronau tical  or aerospace  equ ipment,  especial l y when  subj ected  to  
mechan ical  l oad  in  service  such  as  l i qu id  metal  pumps  and  magnetic bearings.  They are  a lso  
used  for pole  p ieces  for e l ectromagnets.  

4.7  Class  G  – Other al loys  

4.7. 1  Class  G1  – Alumin ium-i ron  al loys  

4.7. 1 . 1  Reference  document  

These  materia ls  are  not covered  by an  I EC  publ ication .  

4.7. 1 .2  Chemical  composition  

The  bas ic  consti tuents  of these  materia ls  are  i ron  and  a lum in ium  whose con ten t may be  
between  1 2  %  and  1 6  % ,  together wi th  unavoidable  impuri ti es.  These  materia ls  may con tain  
add i tions  of chrom ium  and  rhen ium  to  improve  the  magnetic  properties  of the  a l l oy.  

4.7. 1 .3  Basis  of subclassi fication  

The recommended  subclass i fication  is  based  on  the  al um in ium  con ten t.  

4.7. 1 .4  Avai lable  forms  

The materia ls  are  normal l y suppl ied  i n  the  form  of hot-rol led  bars,  s trips  and  sheets  or cast or 
s i n tered  structural  parts .  

4.7. 1 .5  Physical  characteristics  

I n  add i ti on  to  a l um in ium  content,  a  more  complete  defin i tion  can  be  based  on  the  fol lowing  
properties:  

•  magnetic:  i n i tia l  and  maximum  permeabi l i ty,  coercivi ty,  saturation  magnetic  
polarization ,  magnetostri ction ;  

•  mechan ical :  hardness,  su i tabi l i ty for punch ing  operations,  surface  cond i ti on ;  

•  metal l urg ica l  state:  hot-rol l ed ,  cast,  s in tered ;  

•  d imensions:  th ickness,  wid th  (as  requ i red ),  d i ameter.  

4.7. 1 .6  Main  appl ications  

The materia ls  are  used  in  the  manufacture  of lam inated  cores  for magnetic heads  and  
u l trason ic transducers  or as  s tructura l  parts  of magnetic  ci rcu i ts.  
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4.7.2  Class  G2  – Alumin ium-si l i con-i ron  al loys  

4.7.2 . 1  Reference  document 

These  materia ls  are  not covered  by an  I EC  publ ication .  

4.7.2 .2  Chemical  composition  

The bas ic consti tuen ts  of these  materia ls  are  i ron ,  a l um in ium ,  the  con ten t of wh ich  may be  
between  5  %  to  6, 5  %,  and  s i l icon ,  the  con ten t of wh ich  may be  between  7  %  and  9, 5  %,  
together wi th  unavoidable  impuri ties .  These  a l l oys  may contain  add i tions  of ti tan ium ,  cerium ,  
n iobium  and  vanad ium  to  improve  magnetic and  mechan ical  properties.  

4.7.2 .3  Basis  of subclassi fication  

The recommended  subclassi fication  i s  based  on  the  in i tia l  permeabi l i ty.  

4.7.2 .4  Avai lable  forms  

The materia ls  are  normal l y suppl ied  in  the  form  of casti ngs  or of sem i -processed  products,  for 
example,  powder.  

4.7.2 .5  Physical  characteristics  

I n  add i ti on  to  the  i n i tia l  permeabi l i ty,  a  more  complete  defin i ti on  can  be  based  on  the  fol l owing  
characteristics:  

•  magnetic:  saturation  magnetic polarization ,  coercivi ty,  i n i ti a l  permeabi l i ty,  
maximum  permeabi l i ty;  

•  e lectrical :  res isti vi ty;  

•  mechan ical :  hardness;  

•  metal l urg ica l  state:  as  cast;  

•  d imensions:  determ ined  by appl ication .  

4.7.2 .6  Main  appl ications  

The materia ls  are  used  for the  parts  of magnetic ci rcu i ts ,  magnetic heads  and  as  sem i -
processed  products ,  for example,  powder.  

4.8  Class  H  – Magnetical ly soft  materials  made  by powder metal lurg ical  techn iques  

4.8. 1  Class  H1  – Soft ferri tes  

4.8. 1 . 1  Reference  document 

These  materia ls  are  covered  by I EC  60401 -3.  

4.8. 1 .2  Chemical  composition  

The majori ty of commercia l l y avai lab le  soft ferri tes  are  pol ycrystal l i ne  ceram ics  having  a  cubic 
crystal  structure  and  a  typ ical  formu la  MFe2O4  where  M  usual l y represents  one  or more  of the  
d i valen t trans i ti on  metals.  I n  the  most  common  materials ,  M  is  e i ther a  combination  of 
manganese  and  zi nc,  or of n ickel  and  zinc.  

4.8. 1 .3  Basis  of subclassification  

The recommended  subclass i fication  i s  based  on  the  in i tia l  permeabi l i ty.  



 – 28  – I EC 60404-1 : 201 6  © I EC  201 6  

4.8. 1 .4  Avai lable  forms  

Magnetical l y soft ceram ics  are  general l y suppl ied  i n  the  form  of magnetic components ,  for 
wh ich  the  raw materia ls  are  made in to  powder,  formed  to  the  requ ired  shape,  s i n tered  and  
mechan ica l l y fi n ished .  On l y a  very smal l  proportion  i s  suppl ied  as  a  material  i n  the  form  of a  
(fu l l y s i n tered)  magnetic powder.  

Calcined  powders  for component production  cannot be  cons idered  as  ferri te  materia l  for the  
purpose  of th is  cl assi fication .  

4.8. 1 .5  Physical  characteristics  

A more  complete  defin i ti on  of these  materia ls  may be  based  on  the  fol lowing  characteristics:  

•  magnetic:  i n i tia l  permeabi l i ty,  saturation  magnetic fl ux dens i ty,  remanent fl ux  
dens i ty,  coercivi ty,  re lative  l oss  factor at l ow fl ux dens i ty,  h ysteres is  
materia l  constan t,  re lati ve  temperature  factor,  d isaccommodation  
factor,  tota l  harmon ic d is tortion  factor,  power l oss  (volume)  dens i ty,  
ampl i tude  permeabi l i ty;   

•  mechan ical :  dens i ty;  

•  thermal :  Curie  temperature;  

•  e lectrical :  res isti vi ty,  normal i zed  impedance;  

•  shapes:  rods,  tubes,  screw and  drum  cores,  balun  cores,  mu l ti -hole  bead ,  
ri ng  cores,  EP,  E,  EFD,  PQ,  pot,  PM,  RM  and  U  cores.  

Where  materia l  va lues  are  quoted ,  these  are  normal l y measured  on  ri ng  cores  of s tated  
d imensions  and  i dentica l  characteristics  cannot a lways  be  real i zed  on  a  componen t of 
d i ffering  geometry.  

Typical  ranges  of properties  for the  Mn-Zn-  and  the  N i -Zn-ferri tes  are  g i ven  i n  the  
correspond ing  product speci fication .  

The  properties  depend  strong l y on  the  exact composi ti on ,  i . e .  the  metal  i ons  and  the ir 
proportion .  The  heat treatmen t incl ud ing  atmosphere  and  cool ing  rate  are  cri tica l  factors  i n  
developing  the  properties.  

Variation  of one  property normal l y i n fluences  the  value  of various  other properties.  Th is  
s i tuation  g ives  rise  to  the  existence  of many separate  materials ,  each  in tended  for a  re lativel y 
smal l  g roup  of appl ications.  

4.8. 1 .6  Main  appl ications  

Among  the  most important  appl ications  are  the  fol l owing :  

– cores  for i nductors  and  transformers  operati ng  at frequencies  i n  the  range  from  aud io  
frequency to  several  hundred  MHz;  

– cores  for pu lse  transformers  up  to  several  hundred  MHz;  

– aeria l  rods;  

– cores  for power transformers  operati ng  at frequencies  in  the  range  from  about 5  kHz to  
about 30  MHz;  

– ri ng  cores  and  mu l tiaperture  cores  for data  storage  devices;  

– cores  for record ing  heads;  

– cores  for deflection  coi ls  on  cathode-ray tubes;  

– cores  for reciprocal  and  non-reciprocal  m icrowave devices;  

– beads  for RF  decoupl ing  and  attenuation  of unwanted  s i gnals .  
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4.8.2  Class  H2  – Magnetical ly soft sin tered  materials  

4.8.2 .1  Reference  document 

These  materia ls  are  covered  by I EC  60404-8-9.  

4.8.2 .2  Chemical  composi tion  and  manufacturing  method  

Magnetical l y soft s in tered  materia ls  are  produced  by the  powder metal l urg ical  (PM)  techn ique.  
Th is  manufacturing  technology a l l ows  the  econom ical  manufacture  of structu ral  parts.  An  
add i ti onal  heat treatment i s  necessary i f the  structura l  parts  have  to  be  mach ined  to  keep the  
prescribed  to lerances  or to  complete  the  fina l  shape.  

Besides  p lain  i ron  FeP-al l oys  con tain ing  0 , 3  %  to  0, 8  %  P,  FeN i -a l loys  con ta in ing  30  %  to  85  
%  N i ,  FeCo-al loys  con tain ing  40  %  to  55  %  Co and  FeSi -a l loys  contain ing  0, 3  %  to  3 , 5  %  S i  
are  usual .  

4.8.2 .3  Basis  of subclassi fication  

For each  a l l oy the  recommended  subclassi fication  i s  based  on  the  coercivi ty.  

4.8.2 .4  Avai lable  forms  

Magnetical l y soft  s in tered  materia ls  are  general l y suppl ied  as  structural  parts.  

4.8.2 .5  Physical  characteristics  

A more  complete  defin i ti on  of these  materia ls  can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  magnetic polari zation  at various  va lues  of magnetic  fi el d  s treng th ,  
saturation  magnetic polarization ,  maximum  permeabi l i ty;  

•  mechan ical :  dens i ty,  poros i ty,  hardness;  

•  e lectrical :  res isti vi ty.  

Physical  and  magnetic properties  are  g i ven  in  the  correspond ing  product  speci fication .  

4.8.2 .6  Main  appl ication  

The materia ls  are  used  as  structura l  parts  i n  magnetic  ci rcu i ts .  

4.8.3  Class  H3  – Powder composi tes  

4.8.3.1  Reference  document 

These  materia ls  are  not covered  by an  I EC  publ ication .  

4.8.3.2  Chemical  composi tion  and  manufacturing  method  

Powder composi te  materials  consist of a  basic magnetic powder and  i norgan ic or organ ic 
e lectrical l y i nsu lating  add i ti ves  and  b inders.  

Pure  i ron  (Fe) ,  i ron-s i l icon  (FeSi ,  FeSiAl )  and  n ickel - i ron  (FeN i ,  FeN iMo)  powder composi tes  
are  i n  use.  Powder meta l lurg ica l  techn iques  such  as  cold - isostatic press ing ,  d ie  press ing  or 
i n j ection  mou ld ing  are  used  for manufacturing .  

4.8.3.3  Basis  of subclassification  

For each  materia l  the  recommended  subclassi fi cation  i s  based  on  the  i n i tia l  permeabi l i ty.  
A poss ib le  bas is  of subclassi fication  i s  the  composi tion  of the  a l l oying  e lements.  
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4.8.3.4  Avai lable  forms  

Powder composi te  materials  are  suppl ied  as  structura l  parts  (powder cores)  or cold  i sostatic  
pressed  b lanks.  I n  the  case  of organ ic  bound  composi tes ,  shaping  by mach in ing  i s  poss ib le.  

4.8.3.5  Physical  characteristics  

A more  complete  defin i ti on  of these  materia ls  can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  i n i tia l  permeabi l i ty,  saturation  magnetic polarization ,  tota l  l oss  
dens i ty;  

•  mechan ical :  dens i ty;  

•  e lectrical :  res isti vi ty.  

4.8.3.6  Main  appl ication  

The materia ls  are  used  as  ri ng-shaped  powder cores  for i nductive  componen ts  (storage  
chokes)  and  as  s tructural  parts  in  motor appl ications.  

4.9  Class  I  –  Amorphous  soft magnetic  materials  

4.9. 1  General  

Amorphous  a l l oys  are  non-crystal l ine  materials  wh ich  are  produced  via  rapid  sol i d i fication  by 
casti ng  as  th i n  sheets ,  wires  and  powders.  Due  to  the  l ack of l ong-range atom ic order,  they 
have  no  magneto-crystal l i ne  an isotropy.  I n teresti ng  soft magnetic properties  are  found  in  Fe-
based  a l l oys  wi th  re lati ve l y h i gh  saturation  magnetic polari zati on  and  i n  Co-based  a l l oys  wi th  
near-zero  magnetostriction .  

4.9.2  Class  I 1  – I ron-based  amorphous  al loys  

4.9.2 . 1  Reference  document  

These  materia ls  are  not covered  by an  I EC  publ ication .  

4.9.2 .2  Chemical  composition  

The bas ic consti tuen ts  of these  materia ls  are  i ron  and  metal l o ids  (main l y s i l i con  and  boron)  
the  content of wh ich  i s  common ly i n  the  range  of 1 6  %  by atoms to  30  %  by atoms.  These  
a l l oys  may further con tain  add i ti ons  of ti tan ium ,  vanad ium ,  chrom ium ,  zi rcon ium ,  n iobium ,  
manganese,  carbon  or molybdenum  to  improve magnetic and  mechan ica l  properties.  Part of 
the  i ron  may be  substi tu ted  by n ickel  or cobal t.  

4.9.2 .3  Basis  of subclassification  

The recommended  subclass i fication  is  based  on  the  saturation  magnetic polari zation  and  the  
shape of the  h ysteresis  l oop.  

4.9.2 .4  Avai lable  forms  

The materia ls  are  normal l y suppl ied  in  the  form  of rapid l y sol id i fied  th i n  ri bbons  of typ ical  

th ickness  20  µm  to  50  µm  and  in  the  form  of tape  wound  cores.  

4.9.2 .5  Physical  characteristics  

A more  complete  defin i ti on  can  be  based  on  the  fol l owing  characteristics:  

•  magnetic:  speci fic tota l  l oss  as  a  function  of magnetic  polarization  and  
frequency,  speci fic apparen t power,  satu ration  magnetic  
polarization ,  magnetostriction ,  coercivi ty,  i n i tial  permeabi l i ty,  
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reversib le  permeabi l i ty at  various  va lues  of magnetic fie ld  strength ,  
squareness  of the  B-H l oop,  remanence;  

•  e lectrical :  res isti vi ty;  

•  thermal :  Curie  temperature,  crystal l i zation  temperature;  

•  d imensions:  th ickness,  wid th ;  

•  mechan ical :  ducti l i ty,  stacking  factor;  

•  metal l urg ica l  state:  sem i -processed  state,  i . e.  as  cast.  The  magnetic properties  are  
developed  by the  heat  treatment i n  a  magnetic fie l d .  

The  properties  depend  strong l y on  the  exact  composi tion  of the  materia l  and  on  the  heat  
treatment.  

4.9.2 .6  Main  appl ications  

Variation  of one  property normal l y i n fluences  the  value  of various  other properties.  Th is  
s i tuation  g i ves  rise  to  the  existence  of many d i fferen t materia ls,  each  i n tended  for a  re lati vel y 
smal l  g roup  of appl ications.  

The  most importan t ones  are:  

•  core  materia l  for d istribution  transformers  at  power frequency,  

•  cores  for i nductors  and  transformers  operating  at  frequencies  up  to  several  hundred  kHz,  
and  

•  theft detection  tags.  

4.9.3  Class  I2  – Cobalt-based  amorphous  al loys  

4.9.3.1  Reference  document 

These  materia ls  are  not  covered  by an  I EC  publ ication .  

4.9.3.2  Chemical  composi tion  

The bas ic consti tuents  of these  materia ls  are  cobal t  and  i ron  or manganese  whose con ten t i s  
commonl y i n  the  range  of 2  %  by atoms to  1 0  %  by atoms  and  metal lo ids  (s i l icon  and  boron  
main l y)  whose  content i s  i n  the  range  of 1 8  %  by atoms to  30  %  by atoms.  Cobal t  may be  
partl y substi tu ted  by n i ckel .  These  a l l oys  may conta in  add i ti ons  of t i tan ium ,  vanad ium ,  
chrom ium ,  zi rcon ium ,  n iobium ,  molybdenum,  ru then ium ,  hafn ium ,  tan talum  and  tungsten  to  
improve magnetic  and  mechan ica l  properties.  

4.9.3.3  Basis  of subclassi fication  

The recommended  subclass i fication  i s  based  on  the  saturation  magnetic polari zation  and  the  
shape  of the  hysteres is  l oop.  

4.9.3.4  Avai lable  forms  

The materia ls  are  normal l y suppl ied  in  the  form  of rapid l y sol i d i fi ed  th i n  strips  wi th  a  typ ical  

th ickness  of 1 0  µm  to  50  µm  and  i n  the  form  of tape  wound  cores.  

4.9.3.5  Physical  characteristics  

A more  complete  defin i ti on  can  be  based  on  the  fo l l owing  characteristics:  

•  magnetic:  magnetostriction ,  i n i ti a l  permeabi l i ty,  reversib le  permeabi l i ty at  
various  values  of magnetic fi e ld  strength ,  speci fic total  l oss  as  a  
function  of frequency,  squareness  of the  B-H l oop,  coercivi ty;  
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•  e lectrical :  res isti vi ty;  

•  thermal :  Curie  temperature,  crystal l i zation  temperature;  

•  d imensions:  th ickness,  wid th ;  

•  metal l urg ica l  state:  sem i -processed  s tate,  i . e .  as  cast.  

The  properties  depend  strong ly on  the  exact  composi ti on  of the  materia l  and  on  the  heat  
treatment.  Some magnetic  properties  can  be  developed  by fu rther heat treatmen t wi th  or 
wi thout  a  magnetic fie ld .  

4.9.3.6  Main  appl ications  

Variation  of one  property normal l y i n fluences  the  value  of various  other properties.  Th is  
s i tuation  g ives  rise  to  the  existence  of many d i fferen t materia ls,  each  i n tended  for a  re lati ve l y 
smal l  g roup  of appl ications.  

The  most importan t ones  are  

•  cores  for i nductors  and  transformers  operati ng  at  frequencies  i n  the  range  from  50  Hz to  
several  MHz,  

•  cores  for pu lse  transformers,  

•  cores  for record ing  heads,  and  

•  flexible  magnetic  sh ie l d ing .  

4.9.4  Class  I3  – N ickel -based  amorphous  al loys  

4.9.4.1  Reference  document 

These  materia ls  are  not  covered  by an  I EC  publ ication .  

4.9.4.2  Chemical  composi tion  

The basic metal l ic consti tuents  of these  materia ls  are  n ickel  and  i ron  i n  approximatel y equal  
amoun ts  by weight and  wh ich  form  about 90  %  of the  a l l oy by weight.  I n  some a l loys  
molybdenum  can  be  present.  The  principal  meta l l o i d  i s  boron  a l though  phosphorus  and  s i l icon  
can  also  be  present.  

4.9.4.3  Basis  of subclassi fication  

The recommended  subclass i fication  is  based  on  the  shape of the  h ysteres is  l oop.  

4.9.4.4  Avai lable  forms  

The  materia ls  are  normal l y suppl ied  i n  the  form  of rapid l y sol i d i fi ed  th i n  strips  wi th  a  typ ical  

th ickness  of 1 5  µm  to  50  µm.  

4.9.4.5  Physical  characteristics  

A more  complete  defin i ti on  can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  magnetostriction ,  i n i ti a l  permeabi l i ty,  reversib le  permeabi l i ty at  
various  values  of magnetic fi e ld  s trength ,  speci fic total  l oss  as  a  
function  of frequency,  squareness  of the  B-H l oop,  coercivi ty,  
sh ie l d ing  attenuation  ratio;  

•  e lectrical :  res isti vi ty;  

•  thermal :  Curie  temperature,  crystal l i zation  temperature;  

•  d imensions:  th ickness,  wid th ;  
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•  metal l urg ica l  state:  sem i -processed  s tate,  i . e .  as  cast.  

The  properties  depend  strong ly on  the  exact  composi ti on  of the  materia l  and  on  the  heat  
treatment.  Some magnetic  properties  can  be  developed  by fu rther heat treatmen t wi th  or 
wi thout  a  magnetic fie l d .  

4.9.4.6  Main  appl ications  

The main  appl ications  are  for article  survei l l ance  sensors  and  magnetic EMI  sh ie ld ing .  

4.1 0  Class  J  – Nano-crystal l i ne  soft magnetic materials  

4. 1 0. 1  Reference  document 

These  materia ls  are  not  covered  by an  I EC  publ ication .  

4. 1 0.2  Production  process  

I ron-based  nano-crysta l l i ne  a l l oys  are  produced  via  rapid  so l id i fication  by casti ng  as  th i n  
sheets,  wi res  or powders.  After th is  casti ng  process  the  material  i s  i n  the  amorphous  s tate.  
The  desi rable  nano-crystal l i ne  state  is  ach ieved  by anneal ing  at temperature  between  500  °C  
and  600  °C.  Nano-crystal l i ne  al l oys  exh ib i t a  h i gh  saturation  magnetic  polari zation  and  an  
a lmost zero  magnetostriction  due  to  thei r nano-crystal l ine  m icrostructure.  

4.1 0.3  Chemical  composition  

The basic consti tuents  of these  materia ls  are  i ron ,  copper typ ical l y around  1  %  by atoms,  
n iob ium  around  3  %  by atoms and  metal lo i ds  (main l y s i l i con  and  boron)  typ ical l y i n  the  range  
of 1 6  %  by atoms to  28  %  by atoms.  These  a l loys  may further contain  add i ti ons  of zi rcon ium ,  
molybdenum ,  tan ta lum ,  ti tan ium ,  vanad ium ,  phosphorus,  chrom ium ,  manganese and  carbon  
to  improve  the  magnetic  and  mechan ical  properties.  

4. 1 0.4  Basis  of subclassification  

The recommended  subclass i fication  is  based  on  the  saturation  magnetic polarization  and  the  
shape of the  hysteres is  l oop.  

4. 1 0.5  Avai lable  forms  

The materia ls  can  be  suppl ied  i n  the  amorphous  state  i n  the  form  of rapid l y so l i d i fi ed  th in  

ri bbons  of typ ical  th ickness  1 2  µm  to  30  µm  and  i n  the  nanocrystal l i ne  state  in  the  form  of 
tape  wound  cores.  

4. 1 0.6  Physical  characteristics  

A more  complete  defin i tion  can  be  based  on  the  fo l l owing  characteristics:  

•  magnetic:  speci fic tota l  l oss  as  a  function  of magnetic  polarization  and  
frequency,  speci fic apparen t power,  satu ration  magnetic  
polarization ,  magnetostriction ,  coercivi ty,  i n i tia l  permeabi l i ty,  
reversib le  permeabi l i ty at  various  va lues  of magnetic fie ld  strength ,  
squareness  of the  B-H l oop,  remanence;  

•  e lectrical :  res isti vi ty;  

•  thermal :  Curie  temperature,  crystal l i zation  temperature  of the  
nanocrysta l l ine  gra ins,  crystal l i zation  temperature  of the  amorphous  
matrix;  

•  d imensions:  th ickness,  wid th ;  

•  mechan ical :  ducti l i ty,  stacking  factor;  
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•  metal l urg ica l  state:  sem i -processed  state,  i . e.  as  cast.  The  magnetic properties  are  
developed  by the  heat  treatment above the  crystal l i sation  
temperature.  Magnetic fi e lds  can  be  used  to  support the  formation  
of induced  an isotropies.  

The  properties  depend  strong ly on  the  exact  composi ti on  of the  materia l  and  on  the  heat 
treatment.  

4.1 0.7  Main  appl ications  

Variation  of one  property normal l y in fluences  the  va lue  of various  other properties.  Th is  
s i tuation  g i ves  rise  to  the  existence  of many d i fferen t materia ls,  each  i n tended  for a  re lativel y 
smal l  g roup  of appl ications.  

The  most importan t ones  are  

•  magnetic cores,  

•  i nductive  components  l ike  curren t transformers  and  yokes,  

•  sh ie ld ing  foi ls .  

5 Magnetical ly hard  materials  (coercivi ty >  1  kA/m)  

5.1  Class  Q – Magnetostrictive al loys  – Rare earth  i ron  al loys  (Class  Q1 )  

5. 1 . 1  Reference  document 

These  materia ls  are  not  covered  by an  I EC  publ ication .  

5. 1 .2  Chemical  composi tion  

The bas ic consti tuen ts  of these  materia ls  are  i ron ,  terbium  and  dyspros ium .  I n  TbxDy(1 -x)Fey 
compounds,  the  value  of x  d eterm ines  the  Tb/Dy ratio  and  y  i s  the  Fe/(Tb  +  Dy)  ratio.  The  
optimum  values  of x  are  close  to  0 , 3 ,  where  h igh  magnetostriction  is  obtained  wi thout 
excess ive  hysteres is  l osses.  The  s toich iometric value  for y  =  2 , 0  produces  optimum  
magnetostricti ve  properties  bu t the  resu l ting  materia ls  are  very bri tt l e.  As  y  i s  decreased  
from  2,  the  materia l  becomes  l ess  bri ttle  and  the  value  of y  =  1 , 95  provides  a  good  

comprom ise.  

5.1 .3  Basis  of subclassification  

There  is  no  recogn ized  subclass i fication .  

5. 1 .4  Avai lable  forms  

Grain -oriented ,  round  bars  of d i fferent s i zes  are  ava i lab le  manufactured  by free  stand  zone  
mel ting  or mod i fied  Bridgeman  sol id i fication  processes.  The  cyl i nder axis  i s  the  easy d i rection  
of magneti zation .  

5. 1 .5  Physical  characteristics  

A more  complete  defin i ti on  can  be  based  on  the  fo l l owing  characteristics:  

•  magnetic:  magnetostrictive  stra in  at saturation ,  Curie  temperature,  magneto-

elastic coupl i ng  factor k33 ,  d-constan t (dλ/dH) ,  re lati ve  permeabi l i ty,  

magnetic speci fic acoustic impedance,  energy densi ty;  

•  mechan ical :  dens i ty,  modu lus  of e l astici ty,  sound  speed ,  tens i le  strength ,  
compress ive  strength ;  

•  thermal :  thermal  expansion  coefficien t;  
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•  e lectrical :  res isti vi ty;  

•  metal l urg ica l  state:  grain -orien ted  and  heat-treated  

The  mach inabi l i ty i s  l im i ted  due  to  the ir bri ttleness.  The  materia ls  can  be  ground  or cu t by 
means  of a  spark cu tter or a  d iamond  wheel .  

5.1 .6  Main  appl ications  

The materia ls  are  of prime in terest for appl ications  i nvolving  large  forces  and  fast,  h i gh-
precis ion  motion  at h i gh  power l evels.  Such  appl i cations  are  i n  h i gh-power sound  projectors  i n  
sonars  and  defence  systems,  for o i l  fi e l d  l ogg ing  and  oceanography s tud ies.  

Other appl ications  being  developed  are  as  acti ve  e lemen ts  i n  e lectromechan ical  appl ications.  

5.2  Class  R – Magnetical ly hard  al loys  

5.2. 1  Class  R1  – Alumin ium-nickel-cobalt-i ron-ti tan ium  (AlN iCo)  al loys  

5.2. 1 . 1  Reference  document  

These  materia ls  are  covered  by I EC  60404-8-1 .  

5.2. 1 .2  Chemical  composition  and  manufacturing  method  

These a l l oys  cons ist of 8  %  to  1 3  %  a l um in ium ,  1 3  %  to  28  %  n ickel ,  5  %  to  42  %  cobal t,  0  %  
to  9  %  ti tan ium ,  2  %  to  6  %  copper,  0  %  to  3  %  n iobium ,  0  %  to  0 , 8  %  s i l icon  and  the  balance  
i ron .  They may conta in  other add i ti ons.  

They are  made  by casting  or a  powder metal lurg ical  process.  The  magnetic performance of 
a l l oys  wi th  a  cobal t con ten t h igher than  20  %  can  be  i ncreased  i n  a  preferred  d i rection  by 
appl ying  a  magnetic  fi el d  during  heat treatmen t producing  magnetic  an isotropy.  The  best 
performances  of cast magnets  are  ach ieved  wi th  a l l oys  of columnar or s ing le  crystal  s tructure,  
the  magnetic  fi e ld  be ing  appl ied  para l l e l  to  the  columnar axis.  

5.2. 1 .3  Basis  of subclassification  

The  subclass i fication  i s  based  on  the  magnetic degree  of an isotropy and  the  manufacturing  
method .  

5.2. 1 .4  Avai lable  forms  

The magnets  are  main ly produced  in  the  form  of rings,  prisms,  cubes,  cyl i nders  or arc 
segments.  Cast magnets  wi th  columnar or s ing le  crystal  s tructure  are  subj ect to  l im i tations  of 
form  and  d imensions.  

5.2. 1 .5  Physical  characteristics  

I n  add i ti on  to  the  degree  of an isotropy and  the  manufacturing  method ,  a  more  complete  
defin i tion  can  be  based  on  the  fo l l owing  characteristics :  

•  magnetic:  maximum  BH product,  remanen t fl ux dens i ty,  coercivi ty,  recoi l  

permeabi l i ty;  

•  thermal :  temperature  coefficien ts  of remanen t fl ux dens i ty and  of coercivi ty,  
and  Curie  temperature;  

•  mechan ical :  dens i ty,  mach inabi l i ty;  

•  metal l urg ica l  state:  cast or s in tered  and  heat-treated ;  

•  d imensions:  determ ined  by appl ication .  
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Ranges  of speci fied  va lues  of magnetic  properties  and  dens i ty for i sotropic and  an isotropic  
AlN iCo  al loys  are  g i ven  i n  the  correspond ing  product  speci fication .  

5.2. 1 .6  Main  appl ications  

These  materia ls  are  used  i n  measuring  devices  and  l oudspeakers.  

5.2.2  Class  R3  – I ron-cobalt-vanadium-chromium  (FeCoVCr)  al loys  

5.2.2 .1  Reference  document  

These  materia ls  are  covered  by I EC  60404-8-1 .  

5.2.2 .2  Chemical  composition  and  manufacturing  method  

These materia ls  consist of 49  %  to  54  %  cobal t,  4  %  to  1 3  %  vanad ium  plus  chrom ium  and  the  
balance  be ing  i ron .  

The  FeCoVCr a l l oys  are  manufactured  by casti ng  and  subsequent hot and  cold  rol l i ng  or 
drawing  to  produce strips  or wi res,  respectivel y.  

5.2.2 .3  Basis  of subclassification  

The recommended  subclass i fication  is  based  on  the  coercivi ty HcJ .  

5.2.2 .4  Avai lable  forms  

The material  i s  general l y avai lab le  i n  the  form  of wi res  and  bars  wi th  d iameter <  20  mm  or 

strips  wi th  a  th ickness  <  6  mm .  

5.2.2 .5  Physical  characteristics  

A more  complete  defin i ti on  of these  magnetical l y an isotropic materials  can  be  based  on  the  
fol l owing  characteristics:  

•  magnetic:  maximum  BH product,  remanent fl ux  dens i ty,  coercivi ty;  

•  thermal :  
temperature  coefficien ts  of remanen t fl ux dens i ty and  of coercivi ty,  
and  Curie  temperature;  

•  mechan ical :  mach inabi l i ty before  harden ing ;  

•  metal l u rg ica l  state:  hot-  and  cold -rol led ,  heat-treated  to  develop  magnetic  properties ;  

•  d imensions:  determ ined  by appl ication .  

Speci fied  values  of magnetic properties  and  densi ty for fi nal  annealed  an isotropic FeCoVCr 
a l l oys  are  g i ven  in  the  correspond ing  product speci fication .  

5.2.2 .6  Main  appl ications  

These materia ls  are  used  for compass  need les,  h ysteres is  motors,  speedometers  and  
sensors,  and  actuators  for e lectromechan ical  d isplays.  

5.2.3  Class  R5 – Rare  earth  cobalt (RECo)  al loys  

5.2.3. 1  Reference  document 

These  materia ls  are  covered  by I EC  60404-8-1 .  
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5.2.3.2  Chemical  composi tion  and  manufacturing  method  

Two main  types  of RECo magnet material  are  avai lable;  they are  based  on  the  compounds  
SmCo5  and  Sm 2Co1 7 .  The  SmCo5  al loys  consist  of 33  %  to  36  %  samarium  and  the  balance  
cobal t.  The  Sm 2Co1 7  a l l oys  consist of 24  %  to  26  %  samarium ,  1 0  %  to  20  %  i ron ,  4 , 5  %  to  
1 2  %  copper,  other e lemen ts  (e. g .  zi rcon ium ,  hafn ium  or ti tan ium)  and  the  ba lance  cobal t.  

Magnets  may be  formed  by compacting  the  powder in  a  magnetic fie ld  and  s i n tering  the  
compacted  body fol lowed  by heat treatments.  

5.2.3.3  Basis  of subclassification  

The  recommended  subclassi fication  i s  based  on  chem ical  composi ti on  and  manufacturing  
method .  

5.2.3.4  Avai lable  forms  

The materia ls  are  typ ical l y avai l ab le  i n  the  form  of b locks,  cyl i nders ,  ri ngs  and  arc segments .  

5.2.3.5  Physical  characteristics  

Al l  RECo magnetic  materials  are  normal l y magnetica l l y an isotropic.  

A more  complete  defin i ti on  can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  maximum  BH product,  remanen t fl ux dens i ty,  coercivi ty,  recoi l  
permeabi l i ty,  un i form i ty fi e ld  streng th ;  

•  thermal :  temperature  coefficien ts  of remanent fl ux densi ty and  of coercivi ty,  
and  Curie  temperature;  

•  mechan ica l :  dens i ty,  mach inabi l i ty;  

•  metal l urg ical  state:  s in tered ;  

•  d imensions:  determ ined  by appl ication .  

S in tered  materia ls  are  bri ttl e  bu t mach inable  by grind ing .  

Ranges  of speci fi ed  values  of magnetic properties  and  dens i ty for an isotropic  s in tered  RECo 
a l loys  are  g i ven  i n  the  correspond ing  product speci fication .  I n  add i tion ,  materia ls  wi th  
improved  magnetic properties ,  especia l l y HcJ ,  are  avai l able.  

5.2.3.6  Main  appl ications  

These materia ls  are  main l y used  i n  rotating  mach ines  and  many other motor appl ications,  
transducers,  separators ,  magnetic cl u tches  and  for med ical  appl ications.  They fi nd  particu lar 
appl ication  where  m in iaturi zation  is  a  requ i rement.  

5.2.4  Class  R6 – Chromium-i ron-cobal t (CrFeCo)  al loys  

5.2.4.1  Reference  document 

These  materia ls  are  covered  by I EC  60404-8-1 .  

5.2.4.2  Chemical  composition  and  manufacturing  method  

The  materia ls  cons ist of 25  %  to  35  %  chrom ium ,  7  %  to  25  %  cobal t,  0 , 1  %  to  3  %  other 
e lements  (e.  g .  s i l icon ,  ti tan ium ,  mol ybdenum,  a lum in ium  and  vanad ium)  and  the  bal ance  i ron .  

The  CrFeCo a l l oys  can  be  manufactured  by casti ng ,  fo l l owed  by hot and  cold  rol l i ng  and  
drawing  to  produce strips  and  wi res.  The magnets  can  a lso  be  formed  by a  powder 
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metal l urg ica l  process.  The  magnetic performance of the  cast as  wel l  as  s in tered  material  can  
be  i ncreased  in  a  preferred  d i rection  by appl ying  a  magnetic fie l d  during  heat treatment.  

5.2.4.3  Basis  of subclassi fication  

The recommended  subclass i fication  is  based  on  the  degree  of magnetic an isotropy and  the  
manufacturing  method  (cast  or s in tered) .  

5.2.4.4  Avai lable  forms  

The materia ls  are  general l y avai l ab le  i n  the  form  of wire,  strip  and  rod .  They are  a lso  
avai l able  i n  the  form  of cast shapes.  

5.2.4.5  Physical  characteristics  

A more  complete  defin i tion  of these  materia ls  can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  maximum  BH product,  remanent flux densi ty,  coercivi ty,  recoi l  

permeabi l i ty;  

•  thermal :  temperature  coefficien ts  of remanen t fl ux dens i ty and  of coercivi ty,  
and  Curie  temperature;  

•  mechan ical :  mach inabi l i ty and  workabi l i ty;  

•  metal l urg ica l  state:  co ld -rol led  or d rawn ,  cast,  s in tered ;  

•  d imensions:  determ ined  by appl ication .  

Ranges  of speci fied  va lues  of magnetic properties  and  dens i ty for final  annealed  i sotropic and  
an isotropic CrFeCo a l loys  are  g iven  in  the  correspond ing  product  speci fication .  

5.2.4.6  Main  appl ications  

These  materials  are  used  for measuring  devices,  l oudspeakers,  rotating  mach ines  ( i nclud ing  
hysteresis  motors),  speedometers  and  theft detection  l abels  and  tags.  

5.2.5  Class  R7  – Rare  earth-iron-boron  (REFeB)  al loys  

5.2.5.1  Reference  document  

These  materia ls  are  covered  by I EC  60404-8-1 .  

5.2.5.2  Chemical  composition  and  manufacturing  method  

The a l loys  are  based  on  the  compound  RE2Fe1 4B.  RE  is  main l y neodym ium ,  wh ich  may be  
partia l l y substi tu ted  by dyspros ium ,  praseodym ium  or other rare  earths.  I ron  may be  partia l l y 
substi tu ted  by cobal t.  The  a l loys  consist of 28  %  to  35  %  total  rare  earth ,  0  %  to  1 5%  cobal t.  
0 , 85  %  to  1 , 2  %  boron ,  0  %  to  1 0%  dysprosium,  terb ium  and  praseodym ium ,  0  %  to  1  %  
vanad ium ,  n iobium ,  a l um in ium ,  gal l i um  and  copper,  the  ba lance  i ron .  Magnets  of th is  type  can  
be  d i vided  in to  two  main  groups:  

•  the  fi rst g roup  i s  prepared  by compacting  m i l l ed  a l l oy powder i n  a  magnetic fie ld  and  
s in tering  the  compacted  body for densi fication  fo l l owed  by a  heat treatmen t,  resu l ti ng  in  a  
magnet wi th  an isotropic  magnetic properties;  

•  the  second  group  uses  rapid l y sol id i fied  fl akes  prepared  by the  mel t-spinn ing  process.  
Three  d i fferent products  are  obtained  by processing  the  fl akes  in to  an  isotropic res in -
bonded  magnet (see  5. 5.4) ,  an  isotropic hot-pressed  magnet and  a  magnet wi th  
an isotropic magnetic properties  ach ieved  by hot d ie  upset forg ing  or extrus ion .  

A metal l ic  or res inous  l ayer on  the  su rface  of the  magnet may be  appl ied  to  res ist corrosive  
attacks.  
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5.2.5.3  Basis  of subclassi fication  

The recommended  subclass i fication  i s  based  on  the  degree  of magnetic  an isotropy of the  
materia l  and  the  manufacturing  method .  

5.2.5.4  Avai lable  forms  

The materia ls  are  typica l l y avai lable  in  the  form  of b locks,  cyl i nders ,  ri ngs  and  arc segments.  

5.2.5.5  Physical  characteristics  

A more  complete  defin i ti on  of these  materia ls  can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  maximum  BH product,  remanent flux densi ty,  coercivi ty,  recoi l  
permeabi l i ty,  demagnetization  fi e ld  strength ;  

•  thermal :  temperature  coefficien ts  of remanen t fl ux dens i ty and  of coercivi ty,  
and  Curie  temperature;  

•  mechan ical :  dens i ty,  mach inabi l i ty;  

•  d imensions:  determ ined  by appl ication .  

S in tered  or hotpressed  materia ls  are  bri ttl e,  bu t mach inable  by g ri nd ing .  

Ranges  of speci fied  values  of magnetic  properties  and  dens i ty for an isotropic  s i n tered  REFeB  
a l l oys  are  g iven  in  the  correspond ing  product speci fication .  

5.2.5.6  Main  appl ications  

The materia ls  are  main ly u sed  for traction  motors  for h ybrid  e lectric veh icles  (HEV)  and  
e lectric veh icles  (EV),  d i rect d ri ve  type  generators  for wind  tu rb ines,  vo ice  coi l  motors  and  
many other e lectrica l  motors,  e lectroacoustical  appl ications,  separators ,  magnetic resonance  
imag ing  (MRI ) .  

5.3  Class  S  – Magnetical ly hard  ceramics  – Hard  ferri tes  (Class  S1 )  

5.3. 1  Reference  document  

These  materia ls  are  covered  by I EC  60404-8-1 .  

5.3.2  Chemical  composition  and  manufacturing  method  

The composi tion  of the  hard  ferri tes  can  be  described  by the  formu la  MO· n  Fe203  (where  M  is  
barium  or stron tium).  The  va lue  of n  can  vary from  4 , 5  to  6, 5.  The  magnetic  properties  may be  
improved  by specia l  substi tu tions.  Th is  i s  particu larl y so  wi th  substi tu tions  of up  to  9  %  of 
l an thanum  and  up  to  4  %  of cobal t.  The  hard  ferri tes  have  a  hexagonal  s tructu re  crystal  wi th  
magnetic an isotropy.  

Compacting  of the  powder i s  carried  ou t wi th  or wi thout a  magnetic fie ld ,  thus  obta in ing  
an isotropic or i sotropic magnets .  The  pressed  bod ies  are  s in tered .  

5.3.3  Basis  of subclassi fication  

The recommended  subclass i fication  i s  based  on  the  degree  of magnetic an isotropy and  the  
manufacturing  method .  

5.3.4  Avai lable  forms  

Magnetic i sotropic and  an isotropic s in tered  hard  ferri tes  are  main l y produced  as  ri ngs,  
prismatic  blocks,  cyl i nders  and  arc segments.  
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5.3.5  Physical  characteristics  

A more  complete  defin i ti on  of these  materia ls  can  be  based  on  the  fol lowing  characteristics:  

•  magnetic:  
maximum  BH product,  remanent fl ux dens i ty,  coercivi ty,  recoi l  
permeabi l i ty;  

•  thermal :  
temperature  coefficien ts  of remanent fl ux densi ty and  of coercivi ty,  
and  Curie  temperature;  

•  mechan ical :  dens i ty,  mach inabi l i ty,  mechan ical  strength ;  

•  d imensions:  determ ined  by appl ication .  

S in tered  materia ls  are  bri ttle ,  bu t mach inable  by gri nd ing .  S in tered  magnets  have  usual l y 
l arge  transverse  d imensions  compared  wi th  their l eng th .  

Ranges  of speci fied  values  of magnetic  properties  and  densi ty for i sotropic and  an isotropic  
hard  ferri tes  are  g i ven  in  the  correspond ing  product speci fication .  

5.3.6  Main  appl ications  

The materia ls  are  main l y used  i n  rotati ng  mach ines,  l oudspeakers,  hold ing  devices  and  toys.  

5.4  Class  T  – Other magnetical ly hard  materials  – Martensi tic steels  (Class  T1 )  

5.4. 1  Reference  document 

These  materia ls  are  not covered  by an  I EC  publ ication .  

5.4.2  Composi tion  

These materials  have  a  tetragonal  s tructure  wh ich  i s  ach ieved  by water quench ing  from  the  
austen i tic  phase.  Th is  structure  combines  mechan ical  wi th  magnetic  hardness.  I n  add i ti on  to  
carbon ,  a l l oying  e lements  such  as  cobal t  or chrom ium  are  present.  

5.4.3  Basis  of subclassi fication  

The recommended  subclass i fication  is  based  on  the  cobal t  con tent.  

5.4.4  Avai lable  forms  

These  materia ls  are  avai l ab le  as  hot-rol l ed  sections.  

5.4.5  Physical  characteristics  

A more  complete  defin i tion  of these  materia ls  may be  based  on  the  fol lowing  characteristics :  

•  magnetic:  maximum  BH product,  remanent fl ux  dens i ty,  coercivi ty;  

•  thermal :  temperature  coefficients  of magnetic  remanence  and  of coercivi ty,  
and  Curie  temperature;  

•  mechan ical :  dens i ty;  

•  metal l urg ica l  state:  hot-rol l ed  and  quenched ,  tempered ;  

•  d imensions:  determ ined  by appl ication .  

For hysteres is  motors  wh ich  are  the  main  appl ication  of these  materials ,  a  tempering  heat  
treatment i n  the  range  300  °C  to  550  °C  is  appl i ed .  Th is  reduces  the  coercivi ty HcB  and  

improves  the  fu l l ness  of the  curve.  
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Th is  appl ication  requ i res  materia l  i n  the  form  of a  th i n  wal led  cyl i nder,  mechan ical l y strong  
and  magnetical l y homogeneous.  

5.4.6  Main  appl ications  

I n  the  tempered  cond i ti on  the  materia ls  are  used  for h ysteres is  motors.  

Thei r use  in  other cond i ti ons  i s  a lmost obsolete.  

5.5  Class  U  – Bonded  magnetical ly hard  materials  

5.5. 1  General  

These  bonded  magnets  are  composi te  materia ls .  They cons ist of permanent magnet powders  
embedded  in  a  p lastic  matrix.  Th is  b inder phase  determ ines  to  a  l arge  exten t the  mechan ical  
properties  of the  composi te ,  wh i le  the  magnet powder determ ines  i ts  magnetic  properties .  The  
properties  of the  composi te  are  determ ined  not on l y by the  type  of magnet powder and  the  
matrix materia l  bu t a lso  by the  fi l l  factor and  for an isotropic material  the  degree  of a l i gnment.  
There  is  a  wide  variety of grades.  

I n  sp i te  of the ir l ower magnetic  values  compared  wi th  s i n tered  materia l s,  bonded  magnets  
offer econom ic and  techn ical  advantages  i n  many appl ications  because  they are  cost-effective  
to  manufacture  and  a l l ow a  wide  scope for shaping  and  good  mechan ical  properties .  
Expensive  and  e laborate  process ing  steps  requ i red  i n  powder metal l urgy are  not needed .  

5.5.2  Class  U 1  – Bonded  alumin ium-nickel -cobal t-i ron-ti tan ium  (AlN iCo)  magnets  

5.5.2 .1  Reference  document 

These  materia ls  are  covered  by I EC  60404-8-1 .  

5.5.2 .2  Chemical  composi tion  and  manufacturing  method  

These bonded  magnets  con tain  crushed  a l l oys  as  g iven  in  cl ass  R1  together wi th  a  resin  
b inder.  Th is  m ixture  i s  pressed  at e levated  temperature  and  cured .  

5.5.2 .3  Basis  of subclassification  

The  recommended  subclassi fication  is  based  on  the  chem ical  composi tion ,  the  degree  of 
magnetic an isotropy and  the  manufactu ring  method .  

5.5.2 .4  Avai lable  form  

The magnets  are  main l y produced  in  the  form  of smal l  b l ocks.  

5.5.2 .5  Physical  characteristics  

The magnetic properties  are  determ ined  by the  a l l oy and  the  fi l l  factor of the  bond ing  materia l .  

The  thermal  properties  are  determ ined  by the  a l l oy and  the  bond ing  materia l .  

Ranges  of speci fi ed  values  of magnetic properties  and  dens i ty for i sotropic bonded  AlN iCo  
magnets  are  g i ven  in  the  correspond ing  product speci fication .  

5.5.2 .6  Main  appl ications  

The  materia ls  are  used  for watt-hour meters  and  measuring  devices.  
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5.5.3  Class  U2  – Bonded  rare  earth-cobal t  (RECo)  magnets  

5.5.3.1  Reference  document 

These  materia ls  are  covered  by I EC  60404-8-1 .  

5.5.3.2  Chemical  composi tion  and  manufacturing  method  

These  bonded  magnets  con tain  powdered  a l l oys  as  g i ven  in  cl ass  R5.  The  powder is  m ixed  
wi th  a  su i table  b inder and  the  compact i s  then  formed  to  shape us ing  e i ther compression  or 
i n j ection  mou ld ing .  

5.5.3.3  Basis  of subclassi fication  

The recommended  subclassi fication  i s  based  on  the  chem ical  composi ti on ,  the  degree  of 
magnetic an isotropy and  the  manufacturing  method .  

5.5.3.4  Avai lable  forms  

The  magnets  are  produced  in  s imple  shapes  by compress ion  mou ld ing .  More  compl icated  
shapes  are  produced  by i n jection  mou ld ing .  

5.5.3.5  Physical  characteristics  

The magnetic properties  are  determ ined  by the  a l l oy and  the  fi l l  factor of the  bond ing  materia l .  
The  magnets  may be  i sotropic or by the  appl ication  of a  magnetic fiel d ,  an isotropic magnets  
may be  produced .  

The  thermal  properties  are  determ ined  by the  a l l oy and  the  bond ing  materia l .  

Ranges  of speci fied  values  of magnetic  properties  and  dens i ty for i sotropic and  an isotropic  
bonded  RECo  magnets  are  g i ven  i n  the  correspond ing  product speci fication .  

5.5.3.6  Main  appl ications  

The materia ls  are  used  i n  smal l  motors ,  fo l l ower d ri ves,  H iF i  equ ipment,  sensors  and  
watches.  

5.5.4  Class  U3  – Bonded  neodymium-i ron-boron  (REFeB)  magnets  

5.5.4.1  Reference  document 

These  materia ls  are  covered  by I EC  60404-8-1 .  

5.5.4.2  Chemical  composition  and  manufacturing  method  

These bonded  magnets  con tain  powdered  a l l oys  as  g iven  in  cl ass  R7.  The  powder is  m ixed  
wi th  a  su i table  b inder and  the  compact i s  then  formed  to  shape us ing  e i ther compression  or 
i n jection  mou ld ing .  

5.5.4.3  Basis  of subclassification  

The recommended  subclassi fication  is  based  on  the  chem ical  composi tion ,  the  degree  of 
magnetic an isotropy and  the  manufactu ring  method  

5.5.4.4  Avai lable  forms  

The magnets  are  produced  in  s imple  shapes  by compress ion  mou ld ing .  More  compl icated  
shapes  are  produced  by i n jection  mou ld ing .  
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5.5.4.5  Physical  characteristics  

The magnetic properties  are  determ ined  by the  a l l oy and  the  fi l l  factor of the  bond ing  materia l .  
The  magnets  may be  isotropic or,  by the  appl i cation  of a  magnetic fie ld ,  an isotropic magnets  
may be  produced .  

The  thermal  properties  are  determ ined  by the  a l l oy and  the  bond ing  materia l .  

Ranges  of speci fied  values  of magnetic  properties  and  dens i ty for i sotropic bonded  NdFeB  
magnets  are  g i ven  in  the  correspond ing  product  speci fication .  

5.5.4.6  Main  appl ications  

The materials  are  used  in  smal l  motors ,  hand  tools ,  fo l l ower d ri ves,  sensors  and  H iF i  
equ ipment.  

5.5.5  Class  U4 – Bonded  hard  ferri te  magnets  

5.5.5.1  Reference  document  

These  materia ls  are  covered  by I EC  60404-8-1 .  

5.5.5.2  Chemical  composition  and  manufacturing  method  

These bonded  magnets  con tain  powdered  ferri tes  as  g iven  i n  class  S1 .  The  powder i s  m ixed  
wi th  a  su i table  b inder and  the  compact i s  then  formed  in to  shape.  Th is  can  be  by 
compress ion ,  i n jection  mou ld ing ,  extrus ion  or by rol l i ng .  

5.5.5.3  Basis  of subclassification  

The recommended  subclassi fication  i s  based  on  the  chem ical  composi ti on ,  the  degree  of 
magnetic an isotropy and  the  manufacturing  method .  

5.5.5.4  Avai lable  forms  

The magnets  are  produced  in  s imple  shapes  by compress ion  mou ld ing  or extrus ion .  Sheets  of 
magnet materia l  can  be  produced  by rol l ing .  More  compl icated  shapes  are  produced  by 
i n jection  mou ld ing .  

5.5.5.5  Physical  characteristics  

The  magnetic properties  are  determ ined  by the  ferri te  a  and  the  fi l l  factor of the  bond ing  
materia l .  The  magnets  may be  i sotropic.  An isotropic  magnets  may be  produced  by 
compress ion  mou ld ing  or rol l ing  or by the  appl ication  on  a  magnetic fie l d .  

The  thermal  properties  are  determ ined  by the  a l l oy and  the  bond ing  materia l .  

Ranges  of speci fied  values  of magnetic  properties  and  dens i ty for i sotropic and  an isotropic  
bonded  hard  ferri te  magnets  are  g i ven  i n  the  correspond ing  product speci fi cation .  

5.5.5.6  Main  appl ications  

The materials  are  used  in  magnetic catches,  ho ld ing  magnets,  magnetic d isp lays,  smal l  
motors  and  toys.  
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5.5.6  Class  U5 – Bonded  rare earth-iron-nitrogen magnets 

5.5.6.1  Reference  document 

These  materia ls  are  covered  by I EC  60404-8-1 .  

5.5.6.2  Chemical  composi tion  and  manufacturing  method  

These  bonded  magnets  con ta in  powdered  Sm 2Fe1 7N 3  i n termetal l ic  compound .  These  
materia ls  consist of 22  %  to  27  %  samarium ,  3, 0  %  to  4 , 0  %  n i trogen  and  the  ba lance  i ron .  
The  SmFeN  powders  are  manufactured  by the  reduction  d i ffusion  process  using  Sm 2O3  and  
Fe  powders  wi th  ca lcium  as  a  reductan t fo l l owed  by n i trogenation .  When  the  s i ze  of the  
processed  powders  i s  coarse,  a  subsequent m i l l i ng  i s  requ ired .  The  powder is  m ixed  wi th  a  
su i table  b inder and  the  compact i s  then  formed  to  shape us ing  i n j ection  mou ld ing  i n  a  
magnetic fie l d .  Obta ined  bonded  magnets  are  usual l y an isotropic.  

5.5.6.3  Basis  of subclassi fication  

The  recommended  subclass i fication  is  based  on  the  chem ical  composi ti on .  

5.5.6.4  Avai lable  forms  

The  magnets  are  produced  in  s imple  shape by i n j ection  mou ld ing  i n  a  magnetic fie l d .  

5.5.6.5  Physical  characteristics  

The magnetic properties  are  determ ined  by the  a l l oy,  the  fi l l  factor of the  bond ing  materia l  and  
the  magnetic  fi e ld  streng th  for a l i gnment.  

The  thermal  properties  are  determ ined  by the  a l l oy and  the  bond ing  materia l .  

Ranges  of speci fied  values  of magnetic properties  and  densi ty for an isotropic bonded  REFeN  
magnets  are  g iven  in  the  correspond ing  product speci fication .  

5.5.6.6  Main  appl ications  

The materia ls  are  used  i n  smal l  motors  such  as  stepping  and  spind le  motors  and  sensors.  
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