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CM 
^   ©  Grain  oriented  electrical  steel  sheet  having  high  magnetic  flux  density  and  ultra  low  iron  loss  and 

process  for  producing  the  same. 
CM 

©  A  grain  oriented  electrical  steel  sheet  having  no  significant  glass  film  and  having  a  high  magnetic  flux 
density  and  an  excellent  iron  loss  property,  comprising,  in  terms  of  by  weight,  2.5  to  4.5%  of  Si,  the  steel  sheet 
having,  as  oxides  on  its  surface,  a  glass  film  comprising  0.6  g/m2  or  less  in  total  of  forsterite  and  spinel 
composed  of  MgO,  Si02  and  AI2O3  and  an  insulating  coating  having  a  thickness  of  6  urn  or  less,  the  face 
tension  imparted  on  the  surface  of  the  steel  sheet  by  the  coating  being  in  the  range  of  from  0.5  to  2.0  kg/mm2. 
In  the  final  box  annealing  of  the  steel  sheet  after  primary  recrystallization  annealing,  use  is  made  of  an  annealing 
separator  comprising  100  parts  by  weight  of  MgO  and,  added  thereto,  2  to  30  parts  by  weight  of  at  least  one 
member  selected  from  the  group  consisting  of  chlorides,  carbonates,  nitrates,  sulfates  and  sulfides  of  Li,  K,  Bi, 
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Na,  Ba,  Ca,  Mg,  Zn,  Fe,  Zr,  Sr,  Sn,  Al,  etc.,  and  the  heating  in  the  final  box  annealing  is  effected  in  an 
atmosphere  comprising  N2  and  H2  with  the  nitrogen  content  being  30%  or  more  at  a  heating  rate  of  20  °  C/hr  or 
less,  and  a  seam  or  spotty  flaw  is  imparted  at  an  angle  of  45  to  90  °  to  the  rolling  direction  of  the  steel  sheet. 
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The  present  invention  relates  to  a  grain  oriented  electrical  steel  sheet  not  having  a  glass  film  (a 
forsterite  film)  and  particularly  to  a  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density 
and  an  ultra  low  iron  loss  and  remarkably  excellent  workability,  such  as  slittability,  cuttability  and 
punchability,  and  a  process  for  producing  the  same. 

5  Grain  oriented  electrical  steel  sheets  are  used  mainly  as  an  iron  core  material  for  transformers  and 
other  electrical  equipment  and  should  be  excellent  in  magnetic  properties,  such  as  inductions  and  an  iron 
loss  property. 

In  order  to  obtain  good  magnetic  properties,  it  is  necessary  to  highly  arrange  the  <001>  axis  which  is  an 
easily  magnetizable  axis  in  the  direction  of  rolling.  Further,  sheet  thickness,  grain  size,  specific  resistance, 

io  film,  etc.  are  also  important  because  they  have  a  great  influence  on  the  magnetic  properties. 
The  orientation  of  grains  has  been  remarkably  improved  by  a  method  characterized  by  a  high  reduction 

ratio  in  final  cold  rolling  wherein  AIN  and  MnS  are  used  as  an  inhibitor,  so  that,  at  the  present  time,  it  has 
become  possible  to  provide  steel  sheets  having  a  magnetic  flux  density  close  to  the  theoretical  value.  On 
the  other  hand,  film  properties  and  workability  in  addition  to  magnetic  properties  are  important  to  the  use  of 

75  grain  oriented  electrical  steel  sheets  by  customers.  In  general,  grain  oriented  electrical  steel  sheets  are 
treated  with  a  film  having  a  double  layer  structure  comprising  a  glass  film  formed  in  the  final  box  annealing 
and  an  insulating  film.  The  glass  film  is  composed  mainly  of  forsterite  (Mg2SiO/0  that  is  a  product  of  a 
reaction  of  MgO  as  an  annealing  separator  with  Si02  formed  during  decarburization  annealing.  This  ceramic 
film  is  hard  and  highly  resistant  to  abrasion  and  has  a  significant  adverse  effect  on  durability  of  tools  used 

20  in  working  of  electrical  steel  sheets,  such  as  slitting,  cutting  and  punching.  For  example,  when  grain 
oriented  electrical  steel  sheets  having  a  glass  film  are  subjected  to  punching,  there  occurs  abrasion  of 
molds  and  the  occurrence  of  burr  in  the  sheet  at  the  time  of  punching  becomes  significant  after  effecting 
the  punching  about  several  thousand  times,  which  leads  to  problems  of  use.  For  this  reason,  it  becomes 
necessary  to  effect  regrinding  of  molds  or  replacement  of  the  molds  with  new  molds.  This  lowers  the 

25  working  efficiency  in  the  working  of  iron  cores  by  customers  and  incurs  an  increase  in  the  cost.  With 
respect  to  the  magnetic  properties  of  the  electrical  steel  sheets,  although  an  improvement  in  the  iron  loss 
can  be  certainly  attained  by  virtue  of  the  tension  of  the  film,  in  some  forming  conditions  an  increase  in  the 
thickness  of  the  film  or  other  unfavorable  phenomenon  unfavorably  gives  rise  to  a  lowering  in  the  magnetic 
flux  density  due  to  the  presence  of  non-magnetic  substances.  For  this  reason,  in  the  case  of  thick  materials 

30  wherein  improvement  of  the  iron  loss  by  the  tension  of  the  film  is  expected,  or  in  the  case  where  the  iron 
loss  can  be  improved  by  the  division  of  the  magnetic  domain  using  other  means,  grain  oriented  electrical 
steel  sheets  not  having  a  glass  film  are  desired  rather  than  grain  oriented  electrical  steel  sheets  having  a 
glass  film  because  of  the  above-described  problem. 

Especially,  in  recent  years,  techniques  using  optical,  mechanical  and  chemical  means  have  been 
35  developed  for  refinning  the  magnetic  domain,  which  enables  the  iron  loss  to  be  improved  without  the 

tension  of  the  glass  film,  and  it  has  become  apparent  that  the  grain  oriented  electrical  steels  sheet  not 
having  a  glass  film  are  advantageous  over  those  having  a  glass  film  by  virtue  of  the  absence  of  an  adverse 
effect  of  an  internal  oxide  layer  of  the  glass  film  which  causes  a  pinning  phenomenon  with  respect  to  the 
movement  of  the  domain  wall  in  the  magnetization.  For  this  reason,  there  is  an  ever-increasing  demand  for 

40  the  development  of  a  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density  and  not 
having  a  glass  film  which  is  important  when  various  working  conditions  used  by  customers  are  taken  into 
consideration. 

A  process  for  producing  a  grain  oriented  electrical  steel  sheet  not  having  a  glass  film  is  disclosed,  for 
example,  in  JP-A-53/221  13. 

45  In  this  process,  the  thickness  of  an  oxide  film  is  brought  to  3  urn  or  less  in  the  decarburization 
annealing,  particular  alumina  containing  5  to  40%  of  a  hydrous  silicate  mineral  powder  is  used  as  an 
annealing  separator,  and  final  annealing  is  effected  with  this  annealing  separator  coated  on  the  steel  sheet. 
According  to  the  description  of  the  specification,  this  method  reduces  the  thickness  of  the  oxide  film, 
enables  an  easily  removable  glass  film  to  be  formed  by  virtue  of  the  incorporation  of  the  hydrous  silicate 

50  mineral  and  provides  a  steel  sheet  having  a  metallic  gloss.  As  a  method  for  inhibiting  the  formation  of  a 
glass  film  by  using  an  annealing  separator,  JP-A-56/65983  discloses  a  technique  wherein  an  annealing 
separator  comprising  aluminum  hydroxide  and,  incorporated  therein,  20  parts  by  weight  of  an  additive  for 
removing  impurities  and  10  parts  by  weight  of  an  inhibitor  is  coated  on  a  steel  sheet  to  form  a  thin  glass 
film  having  a  thickness  of  0.5  urn  or  less.  Further,  JP-A-59/96278  proposes  an  annealing  separator 

55  comprising  Al203,  which  is  less  reactive  with  Si02,  as  an  oxide  layer  formed  in  the  decarburization 
annealing  and  MgO  which  has  an  activity  lowered  by  sintering  at  a  high  temperature  of  1  ,300  °  C  or  above. 
According  to  the  description  of  the  specification,  the  proposed  annealing  separator  can  inhibit  the  formation 
of  forsterite. 
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All  the  above-described  prior  art  techniques  are  based  on  a  low-quality  grain  oriented  electrical  steel 
sheet  having  a  magnetic  flux  density  as  low  as  1.88  Tesla  or  less  usually  called  "orient  core",  and  no 
technique  for  stably  providing  a  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density 
contemplated  in  the  present  invention  has  hitherto  been  developed  in  the  art. 

5  An  object  of  the  present  invention  is  to  provide  a  grain  oriented  electrical  steel  sheet  having  a  high 
magnetic  flux  density  and  an  ultra  low  iron  loss,  which  grain  oriented  electrical  steel  sheet  has  excellent 
punchability,  slittability,  cuttability,  etc.  and  substantially  evenly  free  from  a  glass  film,  and  a  process  for 
producing  said  steel  sheet  at  a  low  cost  on  a  commercial  scale. 

The  most  characteristic  feature  of  the  material  according  to  the  present  invention  resides  in  that  the 
io  material  is  a  grain  oriented  electrical  steel  sheet  not  having  a  glass  film  or  having  no  significant  glass  film. 

This  characteristic  feature  leads  to  two  effects.  One  is  that  the  workability,  such  as  slittability,  cuttability  or 
punchability,  is  excellent.  Since  the  glass  film  comprises  a  hard  ceramic,  it  accelerates  the  abrasion  of 
working  tools  and  reduces  the  workability.  The  second  effect  is  to  reduce  the  iron  loss  after  the  refinning  of 
the  magnetic  domain.  The  iron  loss  is  divided  into  a  hysteresis  loss  as  a  dc  component  and  an  eddy 

is  current  loss  as  an  ac  component.  The  eddy  current  loss  can  be  decreased  by  reducing  the  sheet  thickness. 
In  this  case,  however,  if  a  glass  film  is  present  on  the  surface  of  the  steel  sheet,  since  the  interface  of  the 
matrix  and  the  glass  film  is  not  smooth,  the  hysteresis  loss  increases,  so  that  no  satisfactory  effect  of 
reducing  the  iron  loss  can  be  attained  and,  rather,  the  iron  loss  increases.  The  feature  of  the  mechanism  for 
reducing  the  iron  loss  of  the  material  according  to  the  present  invention  is  that  the  material  has  no  glass 

20  film  and  has  a  smooth  interface. 
In  general,  the  iron  losses  lower  domain,  which  with  increasing  B8  value  (i.e.,  magnetic  flux  density  at  a 

magnetizing  force  of  800  A/m).  In  the  present  invention,  however,  mere  increase  in  the  B8  value  does  not 
result  in  a  lowering  of  the  iron  loss.  This  is  because  an  increase  in  the  B8  value  gives  rise  to  an  increase  in 
the  width  of  the  magnetic  refinning  in  turn  increases  the  abnormal  eddy  current  loss.  This  effect  becomes 

25  significant  with  an  increase  in  the  smoothness  of  the  surface  of  the  steel  sheet.  For  this  reason,  in  order  to 
sufficiently  attain  the  effect  of  reducing  the  iron  loss  in  the  material  according  to  the  present  invention,  it  is 
necessary  to  enhance  the  B8  value  and,  at  the  same  time,  to  use  a  technique  for  decarburization  the 
magnetic  domain.  The  formation  of  grooves,  flaws  or  the  like  on  the  surface  of  the  steel  sheet  by  using 
means,  such  as  a  laser  beam,  a  gear  wheel,  a  press,  a  ball-point  pen  and  etching,  is  useful  for  this  purpose. 

30  Further,  coating  of  a  film  capable  of  imparting  a  high  tension  while  maintaining  the  smoothness  of  the 
surface  of  the  steel  sheet  is  also  useful. 

In  the  present  invention,  in  order  to  produce  a  grain  oriented  electrical  steel  sheet  of  the  type  described 
above,  use  is  made  of  the  following  specific  steps.  First,  the  amount  of  an  oxide  layer  formed  on  the 
surface  of  the  steel  sheet  after  final  box  anealing  is  minimized.  This  is  because  the  oxide  layer  derived  from 

35  the  decarburization  annealing  causes  the  occurrence  of  a  reaction  of  magnesia,  as  an  annealing  separator, 
to  form  a  glass  film.  Second,  additives  including  CI  compounds  are  added  to  the  annealing  separator.  These 
additives  have  a  feature  that  they  form  a  glass  film  during  final  box  annealing  and  then  remove  the  glass 
film.  In  order  to  provide  a  steel  sheet  having  a  high  B8  value,  in  the  course  of  final  box  annealing  involving 
the  progress  of  the  secondary  recrystallization,  precipitates  called  "inhibitor",  which  serves  to  regulate  the 

40  grain  boundary  movement  in  the  steel  sheet,  should  be  present  in  a  limited  amount  under  certain  specific 
conditions  and,  after  the  secondary  recrystallization,  should  disappear.  The  complicated  behavior  of  the 
inhibitor  is  governed  by  the  glass  film.  Therefore,  also  in  the  production  of  the  material  according  to  the 
present  invention,  although  the  glass  film  should  be  present  for  the  progress  of  the  secondary  recrystal- 
lization,  it  should  preferably  disappear  after  the  secondary  recrystallization.  On  the  other  hand,  for  example, 

45  CI  compounds  or  the  like  generally  have  a  melting  point  below  the  glass  film  formation  temperature  and 
accelerate  the  formation  of  a  glass  film  during  final  box  annealing.  However,  when  the  temperature  is  above 
the  glass  film  formation  temperature,  the  CI  contained  in  the  compound  etches  the  interface  of  the  film  and 
the  matrix  and  removes  the  glass  film. 

A  further  method  for  enhancing  the  B8  value  is  to  increase  the  partial  pressure  of  nitrogen  in  the  finish- 
so  annealing  atmosphere.  This  is  the  third  characteristic  feature  of  the  present  invention.  In  order  to  provide  a 

grain  oriented  electrical  steel  sheet  having  a  high  B8  value,  the  present  invention  is  based  on  the 
assumption  that  nitrides  are  used  as  the  inhibitor.  However,  weakening  of  the  inhibitor  attributable  to 
denitriding  is  the  greatest  problem  in  the  step  of  rendering  the  material  glassless.  Although  the  presence  of 
a  glass  film  in  the  course  of  the  secondary  recrystallization  as  described  above  in  connection  with  the 

55  second  characteristic  feature  is  a  measure  for  preventing  denitriding,  it  is  necessary  to  maintain  the  partial 
pressure  of  nitrogen  in  the  final  box  annealing  atmosphere  at  a  certain  value  or  higher  for  the  purpose  of 
further  reinforcing  this  effect. 

Figs.  1A,  1B  and  1C  are  diagrams  for  showing  final  box  annealing  conditions;  and 
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Fig.  2  is  a  diagram  showing  the  relationship  between  the  primary  grain  diameter  and  the  decarburization 
annealing  temperature. 

Basically,  in  the  production  the  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density 
and  an  ultra-low  iron  loss  according  to  the  present  invention,  inhibitor  elements,  for  example,  Al,  N,  Mn  and 

5  S,  are  not  completely  dissolved  in  the  steel  at  the  stage  of  heating  a  slab,  the  material  is  nitrided  in  a  strong 
reducing  atmosphere  after  decarburization  annealing  to  form  an  inhibitor  composed  mainly  of  (Al,  Si)N,  and 
a  good  secondary  recrystallization  is  developed  in  final  box  annealing,  followed  by  the  division  of  the 
magnetic  domain. 

The  process  for  producing  the  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density 
io  and  not  having  a  glass  film  according  to  the  present  invention  using  a  starting  material  having  the  above- 

described  composition  and  the  above-described  steps  is  characterized  by  a  series  of  treatments  conducted 
between  decarburization  annealing  and  final  box  annealing. 

The  material  subjected  to  cold  rolling  to  a  final  sheet  thickness  is  subjected  to  decarburization  annealing 
in  a  continuous  line.  In  the  decarburization  annealing,  C  in  the  steel  is  removed,  and  primary  recrystal- 

15  lization  is  effected.  At  the  same  time,  an  oxide  film  composed  mainly  of  Si02  is  formed  on  the  surface  of 
the  steel  sheet.  In  this  case,  the  degree  of  oxidation  of  the  steel  sheet  is  the  first  characteristic  feature  of 
the  present  invention,  wherein  the  oxygen  content  is  900  ppm  or  less,  and  an  Fe-oxides  to  Si02  ratio  is  0.20 
or  less. 

The  decarburization  annealing  is  effected  at  800  to  875  °C  in  an  atmosphere  comprising  N2  and  H2 
20  while  controlling  the  dew  point.  Subsequently,  in  the  second  half  of  the  decarburization  annealing  or  after 

the  completion  of  the  decarburization  annealing  or  in  both  the  above-described  stages,  a  nitriding  treatment 
is  effected  in  the  same  line  or  a  separately  provided  line.  In  this  case,  the  optimal  nitrogen  content  is  150 
ppm  or  more,  preferably  150  to  300  ppm  although  it  depends  upon  the  primary  recrystallized  grain 
diameter. 

25  Thereafter,  the  material  is  coated  with  an  annealing  separator,  dried,  coiled  and  subjected  to  final  box 
annealing.  In  this  case,  the  composition  of  the  annealing  separator  is  the  second  characteristic  feature  of  the 
present  invention  and  plays  an  important  role  in  the  formation  and  regulation  of  a  glass  film  and  the 
decomposition  reaction  of  the  glass  film.  In  the  annealing  separator  used  in  the  present  invention,  MgO  has 
a  particle  size  distribution  such  that  30%  or  more  of  the  MgO  consists  of  particles  having  a  diameter  of  10 

30  urn  or  less.  Further,  it  should  have  a  CAA  value  of  50  to  300  sec  and  a  hydrated  water  content  of  5%  or 
less.  Further,  a  compound  composed  mainly  of  a  CI  compound  is  used  as  an  additive  to  the  MgO.  In  the 
production  of  products  not  having  a  glass  film,  a  smooth  steel  sheet  surface  and  a  good  iron  loss  property, 
the  CI  compound  underlies  the  invention  of  the  instant  application  in  that  it  serves  to  remove  the  glass  film 
formed  during  the  final  finish  annealing.  The  glass  film  serves  to  regulate  a  nitriding  reaction  and  a 

35  denitriding  reaction  during  the  final  box  annealing  and  to  regulate  the  inhibitor  content  of  the  steel  sheet. 
Therefore,  mere  formation  of  a  glass  film  cannot  provide  the  development  of  good  secondary  recrystallized 
grains,  so  that  it  is  impossible  to  attain  the  iron  losses  reduction  effect  derived  from  a  smooth  steel  sheet 
interface.  For  this  reason,  in  order  to  provide  a  grain  oriented  electrical  steel  sheet  having  a  high  magnetic 
flux  density  and  an  ultra-low  iron  loss,  which  is  the  principal  object  of  the  present  invention,  it  is  necessary 

40  to  form  a  glass  film  which  is  then  removed.  The  CI  compound  accelerates  a  reaction  of  Si02,  formed  on  the 
surface  of  the  steel  sheet  in  the  decarburization  annealing,  with  MgO,  as  the  annealing  separator,  to  form  a 
glass  film  at  a  lower  temperature  than  that  usually  necessary  for  the  formation  of  the  glass  film,  and  then 
forms  a  chloride  of  iron  at  the  interface  of  the  film  and  the  matrix  to  remove  the  film.  Besides  the  CI 
compounds,  S  compounds,  carbonates,  nitrates  and  sulfates  cause  the  above-described  reaction,  and  Li,  K, 

45  Bi,  Na,  Ba,  Ca,  Mg,  Zn,  Fe,  Zr,  Sn,  Sr  and  Al  are  useful  as  an  element  combined  therewith.  In  the  process 
according  to  the  present  invention  wherein  secondary  recrystallization  is  developed  by  the  step  of  heating 
of  a  slab  at  a  low  temperature  +  nitriding  after  decarburization  annealing,  the  CI  compound  is  most 
effective  in  attaining  a  high  magnetic  flux  density. 

With  respect  to  the  amount  of  addition  of  such  a  compound,  when  the  amount  is  less  than  that  specified 
50  in  the  claim,  no  satisfactory  effect  of  removing  the  film  can  be  attained,  while  when  the  amount  is 

excessively  large,  the  magnetic  flux  density  falls.  Thus,  it  becomes  possible  to  provide  a  grain  oriented 
electrical-steel  sheet  having  no  a  glass  film  comprising  forsterite  and/or  spinel  or  having  no  significant  glass 
film. 

Besides  the  annealing  separator,  the  final  box  annealing  conditions,  as  the  third  characteristic  feature  of 
55  the  present  invention,  are  important  to  the  present  invention. 

Extensive  experiments  and  studies  conducted  by  the  present  inventors  have  revealed  that  annealing 
atmosphere  conditions  are  an  important  factor  for  stabilizing  the  secondary  recrystallization  and  increasing 
the  magnetic  flux  density  when,  like  the  present  invention,  use  is  made  of  the  step  of  effecting  a  nitriding 
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treatment  after  decarburization  annealing  to  form  an  inhibitor  composed  mainly  of  (Al,  Si)N  and  regulating 
the  formation  of  a  glass  film  and  causing  a  decomposition  reaction  of  the  glass  film  by  using  an  annealing 
separator  and  final  finish  annealing  conditions. 

Specifically,  when  an  (Al,  Si)N  inhibitor  is  utilized  substantially  without  using  a  MnS  as  the  inhibitor  as  in 
5  the  present  invention,  the  secondary  recrystallization  initiates  at  about  1,100°C  which  is  higher  than  that  in 

the  case  of  the  conventional  process  for  producing  a  grain  oriented  electrical  steel  sheet  having  a  high 
magnetic  flux  density.  For  this  reason,  it  is  necessary  to  maintain  the  strength  of  the  inhibitor  at  a  constant 
level  while  effecting  the  inhibition  of  formation  of  the  glass  film  and  the  decomposition  reaction  of  the  glass 
film  until  the  temperature  reaches  the  secondary  recrystallization  initiation  region. 

io  The  reason  for  this  is  that,  in  the  process  where  the  annealing  separator  once  initiates  the  formation  of  a 
glass  film  and  then  induces  the  decomposition  reaction  of  the  glass  film,  the  decomposition  of  the  inhibition 
in  the  steel  rapidly  proceeds  from  the  point  in  time  when  the  decomposition  reaction  of  the  glass  film 
begins.  For  this  reason,  neither  good  secondary  recrystallization  nor  high  magnetic  flux  density  can  be 
attained  without  effecting  finish  annealing  under  specific  conditions  according  to  the  present  invention. 

is  With  respect  to  final  box  annealing  conditions,  in  the  temperature  rise  during  which  the  decomposition 
reaction  of  the  glass  film  begins,  the  temperature  is  raised  in  an  atmosphere  having  a  N2  content  of  30%  or 
more  until  it  reaches  the  soaking  temperature.  This  enables  (Al,  Si)N  to  be  stabilized  until  the  secondary 
recrystallization  begins.  The  heating  rate  in  the  final  box  annealing  is  20°C/hr  or  less.  When  it  exceeds 
20  °  C/hr,  the  growth  rate  of  secondary  recrystallization  becomes  improper,  which  deteriorates  the  integration 

20  density  in  the  orientation  of  the  product,  so  that  a  satisfactorily  high  B8  value  cannot  be  obtained. 
The  steel  sheet  subjected  to  final  box  annealing  is  then  subjected  to  baking  with  an  insulating  coating 

solution  and  heat  flattening  combined  with  shape  reforming  and  stress  relieving  annealing  in  a  continuous 
annealing  line  at  800  to  900  °C.  Before  or  after  the  heat  flattening,  a  seam  or  spotty  recess  having  a  depth 
of  5  to  50  urn  is  imported  at  intervals  of  2  to  15  mm  in  a  direction  at  an  angle  of  45  to  90°  to  the  rolling 

25  direction  by  a  laser  beam,  a  sprocket  roll,  a  press,  marking,  local  etching,  etc.  Thereafter,  various  insulating 
coating  solution  are  coated  according  to  applications  on  the  part  of  the  customers,  and  the  coated  material 
is  subjected  to  a  baking  treatment.  When  the  insulating  coating  solution  is  used  for  the  purpose  of  imparting 
film  tension,  the  steel  sheet  is  coated  with  a  coating  solution  comprising  a  phosphate  or  colloidal  silica  as 
described  in  JP-B-53/28375  and  then  subjected  to  a  baking  treatment.  Further,  when  a  good  workability  is 

30  needed  in  the  use  thereof  on  the  part  of  the  customers,  the  surface  of  the  steel  sheet  subjected  to  heat 
flattening  is  coated  with  an  organic  coating  solution  or  a  semi-organic  coating  solution  and  then  subjected  to 
a  baking  treatment.  Alternatively,  the  surface  of  the  steel  sheet  subjected  to  heat  flattening  may  be  coated 
with  an  inorganic  coating  solution,  subjected  to  a  baking  treatment  and  then  coated  with  an  organic  coating 
solution  and  subjected  to  a  baking  treatment  to  form  a  film  having  a  double  layer  structure.  When  use  is 

35  made  of  the  organic  film  forming  agent,  (1)  at  least  one  totally  organic  coating  solution  selected  from 
acrylic,  polyvinyl,  vinyl  acetate,  epoxy,  styrene  and  other  resins  and/or  their  polymers  and  crosslinking 
products,  or  (2)  a  semi-organic  coating  solution  comprising  a  mixture  of  the  resin  recited  in  the  above  item 
(1)  with  at  least  one  member  selected  from  chromates,  phosphoric  acid,  phosphates,  boric  acid,  borates, 
etc.  is  coated  and  baked  at  a  temperature  in  the  range  of  from  150  to  450  °C  to  a  thickness  of  2  to  6  urn 

40  before  use  of  the  steel  sheet. 
The  coating  and  baking  treatment  with  these  organic  coating  solution  contributes  to  a  remarkable 

improvement  in  the  slittability,  cuttability,  punchability,  etc.  With  respect  to  the  punchability,  the  conven- 
tional  products  having  a  glass  film  can  be  punched  about  5000  times  when  use  is  made  of  a  steel  die.  On 
the  other  hand,  according  to  the  present  invention,  in  products,  wherein  the  thickness  of  the  glass  film  is  0.3 

45  urn  or  less,  the  punchability  can  be  improved  to  about  100,000  times  when  an  inorganic  insulating  coating 
solution  agent  is  coated  and  baked,  and  to  about  2,000,000  times  when  a  semi-organic  film  forming  agent  is 
further  coated  and  baked  thereon. 

The  reason  for  the  limitation  of  the  constituent  features  of  the  present  invention  will  now  be  described. 
At  the  outset,  the  reason  for  the  limitation  of  the  chemical  compositions  of  the  electrical  steel  slab  used 

50  as  the  starting  material  will  be  described. 
With  respect  to  the  C  content,  when  the  content  is  less  than  0.021%,  the  secondary  recrystallization 

becomes  so  unstable  that  the  magnetic  flux  density  of  the  product  is  as  low  as  about  1  .80  Tesla  in  terms  of 
the  B8  value  even  in  the  case  of  successful  secondary  recrystallization.  On  the  other  hand,  when  the  C 
content  exceeds  0.075%,  the  decarburization  annealing  time  should  be  prolonged,  so  that  the  productivity  is 

55  lowered. 
With  respect  to  the  Si  content,  the  specific  resistance  of  the  product  varies  depending  upon  the  Si 

content.  When  the  Si  content  is  less  than  2.5%,  satisfactory  iron  loss  value  is  not  obtained.  On  the  other 
hand,  when  it  exceeds  4.5%,  cracking  and  breaking  of  the  material  frequently  occur  during  cold  rolling, 
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which  makes  it  impossible  to  stably  effect  the  cold  rolling  operation. 
One  of  the  characteristic  features  of  the  composition  system  of  the  starting  material  according  to  the 

present  invention  is  to  limit  the  S  content  to  0.014%  or  less.  In  the  prior  art,  for  example,  in  a  technique 
disclosed  in  Japanese  Examined  Patent  Publication  (Kokoku)  No.  47-25220,  S  (sulfur)  is  described  as  an 

5  element  for  forming  as  MnS  a  precipitate  necessary  for  inducing  secondary  recrystallization,  and  there 
exists  a  content  range  capable  of  exhibiting  the  best  effect,  which  content  range  has  been  specified  as  an 
amount  range  capable  of  dissolving,  in  a  solid  solution  form,  Mns  at  the  stage  of  heating  the  slab  prior  to 
the  hot  rolling.  As  a  result  of  studies  in  recent  years,  it  has  been  found  that  S  aggrarate  the  poor  secondary 
recrystallization  when  a  slab  of  a  material  having  a  high  Si  content  is  heated  at  a  low  temperature  and  hot- 

io  rolled  in  a  process  for  producing  a  unidirectionally  grain  oriented  electrical  steel  sheet  where  (Al,  Si)N  is 
used  as  a  precipitate  necessary  for  secondary  recrystallization.  When  the  Si  content  of  the  material  is  4.5% 
or  less,  if  the  S  content  is  0.014%  or  less,  preferably  0.0070%  or  less,  poor  secondary  recrystallization 
does  not  occur  at  all. 

In  the  present  invention,  use  is  made  of  (Al,  Si)N  as  a  precipitate  necessary  for  the  secondary 
is  recrystallization.  In  order  to  ensure  the  necessary  minimum  AIN,  it  is  necessary  for  the  acid-soluble  Al 

content  and  N  content  to  be  0.010%  or  more  and  0.0030%  or  more,  respectively.  However,  when  the  acid- 
soluble  Al  content  exceeds  0.040%,  the  AIN  content  during  hot  rolling  become  improper,  which  renders  the 
secondary  recrystallization  unstable.  For  this  reason,  the  acid-soluble  Al  content  is  limited  to  0.010  to 
0.040%.  On  the  other  hand,  when  the  N  content  exceeds  0.0130%,  not  only  there  occurs  surface  cracking 

20  called  "blister"  on  the  surface  of  the  steel  sheet  but  also  the  primary  recrystallized  grain  diameter  cannot 
be  regulated.  For  this  reason,  the  N  content  is  limited  to  0.0030  to  0.0130%. 

When  the  Mn  content  is  less  than  0.05%,  the  secondary  recrystallization  becomes  unstable.  However, 
when  it  is  excessively  high,  although  the  B8  value  becomes  high,  the  use  of  Mn  in  an  amount  exceeding  a 
certain  value  is  disadvantageous  from  the  viewpoint  of  cost.  For  this  reason,  the  Mn  content  is  limited  to 

25  0.05  to  0.45%. 
The  decarburization  annealing  according  to  the  present  invention  should  satisfy  requirements  that  the 

oxygen  content  should  be  900  ppm  or  less  and  the  Fe-oxides  to  Si02  ratio  is  0.20  or  less.  When  the 
oxygen  content  exceeds  900  ppm,  the  Si02  and  Fe-oxides  contents  inevitably  increase  and  the  thickness  of 
the  oxide  film  as  well  becomes  large,  which  is  disadvantageous  for  the  glass  film  decomposition  reaction  in 

30  the  final  box  annealing.  Specifically,  Si02  remains  just  under  the  surface,  which  weakens  the  effect  of 
improving  the  workability  or  makes  it  impossible  to  bring  the  surface  to  a  completely  specular  glassless 
state.  Further,  this  is  causative  of  the  deterioration  of  the  magnetic  properties.  Moreover,  since  the  formation 
of  excessive  Si02  accelerates  the  decomposition  of  AIN  etc.  as  the  inhibitor  in  the  steel  by  the  action  of 
Si02  prior  to  the  initiation  of  the  secondary  recrystallization,  there  occurs  a  problem  that  a  good  orientation 

35  cannot  be  attained.  However,  when  the  degree  of  oxidation  is  extremely  limited,  the  decarburization  time 
should  be  prolonged,  so  that  the  productivity  is  lowered.  The  degree  of  oxidation  is  preferably  in  the  range 
of  from  400  to  700  ppm  in  terms  of  the  oxygen  content. 

When  the  P  content  is  0.045%  or  less  in  the  production  of  a  steel  by  a  melt  process,  the  effect  of 
enhancing  the  magnetic  flux  density  is  small.  On  the  other  hand,  when  the  P  content  exceeds  0.20%,  the 

40  sheets  becomes  so  fragile  that  it  becomes  difficult  to  effect  cold  rolling. 
The  P  content  of  the  product  is  important  to  the  present  invention.  P  is  dissolved  in  a  solid  solution  form 

in  iron,  and  part  thereof  is  present  in  a  precipitated  state.  The  P  is  very  useful  for  reducing  the  iron  loss  of 
the  product,  and  in  order  to  attain  the  effect,  it  is  necessary  for  the  P  content  to  be  0.03%  at  the  lowest.  On 
the  other  hand,  the  P  content  exceeds  0.15%,  the  product  becomes  fragile,  which  is  detrimental  to  the 

45  workability  of  the  product,  for  example,  punchability,  so  that  the  product  is  unsuitable  for  use. 
The  Fe-oxides  to  Si02  ratio  in  the  oxide  film  is  limited  to  0.20  or  less.  When  this  ratio  exceeds  0.20, 

since  the  glass  film  formation  reaction  is  remarkably  accelerated  in  the  first  half  of  the  finish  annealing,  the 
amount  of  formation  of  the  forsterite  is  increased,  which  inhibits  the  reaction  in  the  subsequent  step  of 
decomposing  the  forsterite  from  sufficiently  proceeding.  When  the  FeO  to  Si02  ratio  is  0.20  or  less,  it  is 

50  possible  to  provide  a  steel  sheet  having  substantially  no  glass  film  after  the  completion  of  the  finish 
annealing  by  virtue  of  effects  attained,  for  example,  by  the  addition  of  additives  to  MgO. 

The  nitrogen  content  of  the  steel  sheet  after  the  completion  of  the  decarburization  annealing  is  limited 
to  150  ppm  or  more.  This  requirement  should  be  satisfied  for  the  purpose  of  forming  the  inhibitor  (Al,  Si)N 
necessary  for  stably  providing  good  secondary  recrystallized  grains  in  the  process  of  the  present  invention. 

55  When  the  nitrogen  content  is  less  than  150  ppm,  the  secondary  recrystallization  becomes  so  unstable  that 
fine  grains  are  liable  to  occur.  On  the  other  hand,  when  the  nitrogen  content  exceeds  300  ppm,  roughness 
and  unevenness  occurs  in  the  surface  of  the  steel  sheet  in  subsequent  reactions,  such  as  a  denitriding 
reaction,  or  such  a  high  nitrogen  content  often  becomes  disadvantageous  in  the  step  of  purification  after 
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that.  For  this  reason,  it  is  desirable  for  the  nitrogen  content  to  be  300  ppm  or  less. 
In  MgO  used  in  the  annealing  separator,  there  is  a  limitation  on  the  particle  diameter,  CAA  value  and 

hydration  ig-loss. 
In  the  technique  according  to  the  present  invention,  the  material  is  rendered  glassless  by  decomposing 

5  and  removing,  through  a  chemical  reaction,  a  moderate  glass  film  formed  in  the  first  half  of  the  temperature 
rise  in  the  final  box  annealing.  Specifically,  in  order  to  stabilize  the  inhibitor  until  the  initiation  of  the 
secondary  recrystallization  in  the  first  half  of  the  final  box  annealing,  it  is  necessary  to  utilize  at  this  period 
the  effect  of  preventing  the  additional  oxidation,  nitriding,  etc.  by  a  suitable  amount  of  a  glass  film,  and  this 
is  important  to  provide  a  glassless  product  having  excellent  magnetic  properties. 

io  For  this  purpose,  it  is  important  for  the  MgO  as  themain  component  of  the  annealing  separator,  as  such, 
to  have  a  suitable  reactivity.  Specifically,  when  the  reactivity  of  MgO  is  very  low,  the  reaction  for  the 
formation  of  the  forsterite  in  the  first  half  of  the  temperature  rise  in  the  final  box  annealing  does  not  proceed, 
so  that  sealing  effect  cannot  be  attained  by  the  film.  In  this  case,  even  in  the  case  of  successful  secondary 
recrystallization,  the  crystal  orientation  becomes  very  poor,  or  additional  oxidation  causes  residual  Si02, 

is  AI2O3  or  their  spinel  to  occur  just  under  the  surface  of  the  steel  sheet,  which  deteriorates  the  iron  losses. 
For  this  reason,  MgO  is  limited  to  have  such  a  particle  size  distribution  such  that  30%  or  more  of  the  MgO 
particles  have  a  diameter  of  10  urn  or  less.  When  this  proportion  is  less  than  30%,  the  reactivity  becomes 
so  low  that  the  above-described  effect  cannot  be  attained.  Further,  the  CAA  value  of  MgO  is  limited  to  50  to 
300  sec.  When  this  value  is  less  than  50  sec,  the  progress  of  the  hydration  becomes  very  rapid  for  use  on 

20  a  commercial  scale,  so  that  it  becomes  difficult  to  control  the  hydrogen  ig-loss.  On  the  other  hand,  when  the 
CAA  value  exceeds  300  sec,  the  reactivity  of  the  MgO  particles  becomes  so  low  that  it  becomes  impossible 
to  form  a  moderate  forsterite  in  the  first  half  of  the  final  box  annealing.  The  hydration  ig-loss  of  MgO  is 
limited  to  5%  or  less.  When  the  water  content  exceeds  5%,  the  dew  point  between  steel  sheets  becomes 
so  high  that  additional  oxidation  occurs  in  the  first  half  of  the  temperature  rise,  which  makes  it  difficult  to 

25  render  the  surface  of  the  steel  sheet  homogeneously  glassless.  In  extreme  cases,  this  has  an  influence 
even  on  the  inhibitor,  which  aggravates  the  poor  secondary  recrystallization. 

With  respect  to  additives  to  MgO,  at  least  one  member  selected  from  chlorides,  carbonates,  nitrates, 
sulfates  and  sulfides  of  Li,  K,  Bi,  Na,  Ba,  Ca,  Mg,  Zn,  Fe,  Zr,  Sn,  Sr,  Al,  etc.  is  incorporated  in  an  amount  of 
2  to  30  parts  by  weight  based  on  100  parts  by  weight  of  MgO.  The  addition  of  these  compounds  first 

30  causes  a  moderately  thin  forsterite  film  to  be  formed  on  the  surface  of  the  steel  sheet  in  the  first  half  of  the 
temperature  rise  in  the  finish  annealing.  Then,  the  formation  of  the  forsterite  is  inhibited,  and  additional 
oxidation  is  prevented.  In  the  second  half  of  the  temperature  rise,  the  film  layer  is  decomposed  by  an  Fe 
etching  reaction  in  the  film  layer,  thus  rendering  the  surface  of  the  steel  sheet  glassless.  When  the  amount 
of  addition  of  these  compounds  is  less  than  2  parts  by  weight,  the  decomposition  reaction  of  the  forsterite 

35  formed  in  the  first  half  of  the  temperature  rise  does  not  sufficiently  proceed,  so  that  the  glass  film 
unfavorably  remains  unremoved.  On  the  other  hand,  when  the  amount  of  addition  of  the  above-described 
compounds  exceeds  30  parts  by  weight,  component  elements  in  the  additive  unfavorably  diffuse  and 
penetrate  into  the  steel  sheet  to  give  rise  to  intergranular  etching  or  to  have  an  influence  on  the  inhibitor  or 
on  subsequent  purification  treatment.  The  amount  of  addition  is  particularly  preferably  in  the  range  of  from  5 

40  to  15  parts  by  weight. 
Final  box  annealing  conditions  are  very  important  to  the  process  according  to  the  present  invention 

wherein  the  formation  of  a  moderate  glass  film  and  the  decomposition  of  the  glass  film  are  effected  in  the 
final  box  annealing. 

In  general,  N2,  H2  or  a  mixed  gas  comprising  N2  and  H2  is  used  as  the  atmosphere  gas  in  the  final  box 
45  annealing  of  grain  oriented  electrical  steel  sheets.  The  use  of  a  mixed  gas  comprising  N2  and  H2  is 

advantageous  from  the  viewpoint  of  the  regulation  of  oxidation  on  the  surface  of  the  steel  sheet  and  the 
cost.  In  the  present  invention,  in  order  to  regulate  the  strength  of  the  inhibitor  in  the  reaction  for  rendering 
the  surface  of  the  steel  sheet  glassless,  an  atmosphere  having  a  N2  content  of  at  least  30%  or  more  and 
comprising  N2,  H2  and  another  inert  gases  is  used  as  an  atmosphere  gas  during  the  temperature  rise. 

50  When  the  partial  pressure  of  N2  is  less  than  30%,  the  effect  of  preventing  the  weakening  of  (Al,  Si)N  caused 
during  the  reaction  for  rendering  the  surface  of  the  steel  sheet  glassless  cannot  be  attained,  so  that  a 
material  having  a  high  magnetic  flux  density  cannot  be  stably  provided.  The  deterioration  of  the  magnetic 
properties  is  significant  particularly  under  such  an  atmosphere  condition  that  the  N2  content  is  20%  or  less. 
When  the  atmosphere  comprises  100%  of  N2,  in  some  property  values,  oxidation  occurs  due  to  an  increase 

55  in  the  degree  of  oxidation  between  steel  sheets,  which  often  causes  the  surface  of  the  steel  sheet  to 
become  uneven.  The  N2  content  is  preferably  in  the  range  of  from  30  to  90%. 

In  the  use  of  a  gas  having  a  N2  content  of  30%  or  more,  although  the  steel  sheet  may  be  annealed  in 
this  atmosphere  over  the  whole  period  of  the  temperature  rise,  additional  oxidation  may  occur  depending 
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upon  MgO  conditions,  so  that  it  is  preferred  to  change  the  atmosphere  gas  after  the  temperature  reaches 
about  700  °C  which  is  most  effective  for  stabilizing  (Al,  Si)N. 

In  the  present  invention,  it  is  advantageous  that  the  soaking  temperature  in  the  final  box  annealing  is  in 
the  range  of  from  1180  to  1250°C.  In  the  present  invention,  the  material  is  in  a  glassless  state  at  a  point  of 

5  time  when  the  temperature  has  reached  the  soaking  temperature  in  the  final  box  annealing.  The  exposure  of 
the  material  to  the  soaking  temperature  gives  rise  to  further  thermal  etching,  which  renders  the  surface  of 
the  steel  sheet  specular.  When  the  soaking  temperature  is  below  1180°C,  not  only  is  this  effect  small  but 
also  the  purification  is  disadvantaged.  On  the  other  hand,  when  the  soaking  temperature  exceeds  1250°C, 
the  effect  of  rendering  the  surface  of  the  steel  sheet  specular  is  limited  and  there  is  a  possibility  that  the 

io  form  of  the  coil  becomes  poor  and  seizing  occurs  in  the  edge  portion.  The  heating  rate  in  the  final  box 
annealing  is  limited  to  20  °  C/hr  or  less.  When  the  heating  rise  rate  exceeds  this  value,  the  decomposition 
rate  of  the  inhibitor  exceeds  the  growth  rate  of  the  secondary  recrystallized  grain,  which  inhibits  the  growth 
of  crystal  grains  having  an  optimal  orientation,  so  that  the  B8  value  falls. 

Thereafter,  the  resultant  steel  sheet  is  coated  with  an  insulating  coating  solution  and  subjected  to  heat 
is  flattening.  In  this  case,  a  seam  or  spotty  flaw,  recess  or  groove  is  imparted  to  the  surface  of  the  steel  sheet 

by  a  laser  beam,  a  sprocket  roll,  a  press,  marking,  local  etching  or  the  like  before  or  after  the  heat 
flattening. 

The  conditions  of  the  flaw,  recess,  or  groove  vary  depending  upon  the  usage  of  electrical  steel  sheets. 
When  customers  use  the  electrical  steel  sheet  without  effecting  stress  relieving  annealing  in  the  fabrication 

20  of  iron  cores,  the  depth  may  be  as  small  as  less  than  5  urn  for  the  purpose  of  utilizing  the  effect  attained  by 
a  suitable  strain.  On  the  other  hand,  when  the  electrical  steel  sheet  is  used  for  the  fabrication  of  a  coil- 
wound  core  which  requires  stress  relieving  annealing,  the  flaw,  recess  or  groove  conditions  are  important.  In 
this  case,  the  flaw,  recess  or  groove  is  imparted  in  a  depth  of  5  to  50  urn  at  intervals  of  2  to  15  mm  and  an 
angle  of  45  to  90°  to  the  rolling  direction.  The  angle  is  preferably  as  close  to  90°  as  possible.  When  an 

25  decrease  in  the  angle  is  required  for  reasons  of  workability,  the  effect  of  provision  of  the  flaw,  recess  or 
groove  can  be  attained  when  the  angle  is  45  °  or  more.  Although  the  width  of  the  flaw,  recess  or  groove  is 
not  particularly  limited,  it  is  preferably  as  narrow  as  possible.  When  the  depth  is  less  than  5  urn,  the  effect 
of  improving  the  iron  loss  value  after  annealing  is  small.  On  the  other  hand,  when  the  depth  exceeds  50 
linn,  the  lowering  in  the  magnetic  flux  density  becomes  large,  which  is  disadvantageous  from  the  viewpoint 

30  of  properties  at  a  high  magnetic  field.  When  the  direction  of  the  seam  flaw  is  outside  the  above-described 
range,  the  effect  of  improving  the  iron  loss  cannot  be  attained,  or  there  occurs  a  deterioration  in  the  iron 
loss. 

Then,  an  inorganic,  organic  or  semi-organic  coating  solution  agent  or  the  like  is  used  as  an  insulating 
coating  solution  forming  agent  for  coating  and  baking  depending  upon  the  purpose  of  use  of  the  electrical 

35  steel  sheet.  When  the  tension  effect  and  heat  resistance  are  required,  the  steel  sheet  is  subjected  to 
coating  and  baking  with  a  treating  agent  composed  mainly  of  colloidal  silica  and  a  phosphate  or  a  treating 
agent  consisting  of  a  phosphate  alone.  The  coating  thickness  is  limited  to  2  to  6  urn.  When  the  thickness  is 
smaller  than  this  range,  no  effect  is  attained.  On  the  other  hand,  when  the  thickness  exceeds  this  range,  the 
lowering  in  the  space  factor  causes  properties  to  be  lost  when  the  product  is  incorporated  into  a 

40  transformer.  When  a  good  workability  is  required,  the  steel  sheet  is  subjected  to  coating  and  baking  with  an 
inorganic,  organic  or  semi-organic  coating  solution  agent  once  or  twice  or  more. 

It  is  considered  through  the  following  mechanism  that  a  material  having  an  ultra  low  iron  loss  free  from 
a  glass  film  can  be  obtained  by  the  present  invention. 

In  the  present  invention,  at  the  outset,  a  suitable  amount  of  a  glass  film  is  formed  in  the  first  half  of  the 
45  step  of  the  temperature  rise  in  the  final  box  annealing  through  the  utilization  of  a  suitable  amount  of  an 

oxide  film  having  a  regulated  reactivity  formed  in  the  decarburization  annealing,  MgO  having  a  regulated 
reactivity  and  additives.  This  imparts  a  suitable  sealing  effect  to  the  surface  of  the  steel  sheet,  which 
contributes  to  stabilization  of  inhibitors  such  as  AIN.  Then,  in  the  second  half  of  the  temperature  rise  in  the 
final  box  annealing,  etching  and  decomposition  reaction  of  the  glass  film  proceeds  by  virtue  of  the  action  of 

50  additives  incorporated  into  MgO,  such  as  chlorides,  carbonates,  sulfates,  nitrates  and  sulfides.  Further,  in 
subsequent  soaking  at  a  high  temperature  in  the  final  box  annealing,  a  thermal  etching  effect  occurs.  In  this 
stage,  uneven  portions  of  the  surface  of  the  matrix  of  the  steel  sheet  caused  by  surface  roughening  during 
cold  rolling,  formation  of  an  uneven  oxide  film  in  the  decarburization  annealing,  etc.  are  smooth,  so  that  the 
surface  of  the  steel  sheet  becomes  specular.  This  is  because  the  movement  of  atoms  on  the  surface  during 

55  heat  treatment  at  a  high  temperature  is  facilitated  by  rendering  the  surface  of  the  steel  sheet  glassless, 
which  lowers  the  surface  tension,  so  that  the  surface  of  the  steel  sheet  is  smooth.  In  such  a  reaction 
process,  the  stabilization  and  strengthening  of  the  inhibitor  are  important  until  the  secondary  recrystallization 
begins.  For  this  reason,  in  the  present  invention,  the  N2  partial  pressure  is  controlled.  This  enables  the 

9 



EP  0  577  124  A2 

stabilization  of  the  inhibitor  to  be  maintained,  so  that  a  grain  oriented  electrical  steel  sheet  having  a  high 
magnetic  flux  density  can  be  provided. 

When  the  glassless  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density  thus 
obtained  is  subjected  to  division  of  magnetic  domain,  a  significant  improvement  in  the  iron  loss  can  be 

5  attained  over  the  iron  loss  of  the  conventional  grain  oriented  electrical  steel  sheet  having  a  glass  film  and  a 
high  magnetic  flux  density. 

This  effect  is  believed  to  reside  in  the  following  fact.  Two  effects,  i.e.,  an  effect  derived  from  the 
freedom  from  a  glass  film  and  an  internal  oxide  layer  observed  in  products  having  a  glass  film  and  an  effect 
refinning  from  the  smooth  surface  having  a  low  unevenness,  prevent  the  occurrence  of  a  pinning 

io  phenomenon  in  the  movement  of  the  domain  wall  during  division  of  the  magnetic  domain.  This  combines 
with  the  effect  of  a  high  magnetic  flux  density  to  provide  a  significant  effect,  so  that  a  material  having  an 
ultra  low  iron  loss  can  be  provided. 

EXAMPLES 
15 

The  function  and  effect  of  the  present  invention  will  now  be  descried  with  reference  to  the  following 
Examples. 

Example  1 
20 

A  steel  comprising,  in  terms  of  by  weight,  3.50%  of  Si,  0.054%  of  C,  0.14%  of  Mn,  0.008%  of  S, 
0.0295%  of  Al  and  0.073%  of  N  with  the  balance  consisting  of  Fe  and  unavoidable  impurities  was  cast  into 
a  slab  by  continuous  casting.  The  slab  was  heated  to  1,200°C,  hot-rolled,  annealed,  pickled  and  cold-rolled 
into  a  sheet  having  a  thickness  of  0.22  mm  which  was  then  subjected  to  decarburization  annealing  for  110 

25  sec.  In  this  case,  the  decarburization  annealing  was  effected  on  the  two  temperature  levels  of  830  °  C  and 
840  °  C.  The  average  grain  diameter  of  the  primary  recrystallized  grains  and  the  proportion  of  grains  having 
a  diameter  more  than  twice  as  large  as  the  average  grain  diameter  are  shown  in  Fig.  2.  The  steel  sheets 
subjected  to  decarburization  annealing  were  nitrided  to  have  a  nitrogen  (N)  content  of  226  ppm,  coated  with 
an  annealing  separator  comprising  a  chloride,  a  carbonate,  a  nitrate,  a  sulfate  or  the  like  and  then  subjected 

30  to  final  box  annealing.  The  high  temperature  final  box  annealing  cycle  was  effected  under  two  conditions 
shown  in  Figs.  1  (A)  and  1  (B).  In  a  continuous  line,  the  steel  sheets  subjected  to  secondary  recrystallization 
was  mildly  pickled  with  2.5%  sulfuric  acid  solution  at  80  °C  for  10  sec,  coated  with  an  insulating  coating 
solution  agent  comprising  50  kg  of  50%  AI(H2P04)3,  70  kg  of  30%  colloidal  silica  and  5  kg  of  Cr03,  and 
then  subjected  to  baking  and  heat  flattening  at  850  °  C  for  30  sec.  Thereafter,  a  strain  was  imparted  to  the 

35  steel  sheets  in  the  perpendicular  direction  to  the  rolling  direction  under  conditions  of  intervals  of  5  mm  in 
the  rolling  direction,  an  irradiation  width  of  0.15  mm  and  an  irradiation  mark  depth  of  2.0  urn  to  provide  final 
products. 

Conditions  for  additive  to  annealing  separators  are  listed  in  Table  1,  and  the  test  results  are  given  in 
Table  2. 

40 
Table  1 

No.  Annealing  Separator  Conditions 

1  Invention  MgO  100  g  +  CaCI2  5  g 
2  Do.  Do.  +  SnCI2  7  g 
4  Do.  Do.  +  SrCI2  5  g  +  MgCI2  5  g 
5  Do.  Do.  +  FeS  7  g  +  K2C03  8  g 
6  Comp.  Ex.  Do.  +  CaCI2  0.5  g  +  K2C03  0.5  g 
7  Do.  Do.  +  Ti02  5  g  +  Na2B+07  0.2  g 

55 
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M a g n e t i c   P r o p e r t i e s   of  P r o d u c t   S h e e t :  
B8  v a l u e   (T)/W17/50  v a l u e   ( w / k g )  

(  —  '  f a i l u r e   of  s e c o n d a r y   r e c r y s t a l l i z a t i o n )  

A n n e a l i n g   D e c a r b u r -   F i n a l   box  A n n e a l i n g   C y c l e  
S e p a r a t o r   i z a t i o n  
No.  A n n e a l i n g   a  b  

Temp  .  (  c o m p a r a t   i v e  
M a t e r i a l )  

1  830°C  *1.  9 6 / 0 .   63  1 . 8 6 / 0 . 8 7  
840°C  1 . 8 8 / 0 . 8 4  

2  830°C  *1.  9 5 / 0 .   66  1 . 8 6 / 0 . 8 9  
840°C  1 . 8 6 / 0 . 8 8  

3  830°C  *1.  9 4 / 0 .   69  1 . 8 4 / 0 . 9 2  
840°C  1 . 8 6 / 0 . 8 8  

4  830°C  *1.  9 5 / 0 .   65  1 . 8 5 / 0 . 8 9  
840°C  1 . 8 7 / 0 . 8 6  

5  830°C  *1.  9 4 / 0 .   69  1 . 8 5 / 0 . 9 0  
840°C  1 . 8 5 / 0 . 9 0  

6  830°C  *1.  9 1 / 0 .   78  1 . 9 0 / 0 . 8 1  
840°C  1 . 8 9 / 0 . 8 1   1 . 9 0 / 0 . 8 1  

7  830°C  *1.  9 2 / 0 .   78  1 . 9 1 / 0 . 7 9  
840°C  1 . 9 0 / 0 . 8 3   1 . 9 0 / 0 . 8 0  

(*:  I n v e n t i o n )  

In  all  the  materials  of  the  present  invention,  the  thickness  of  the  oxide  film  on  the  surface  of  the  steel 
35  sheet  before  coating  with  an  insulating  film  was  0.3  urn  or  less,  that  is,  the  surface  could  be  successfully 

rendered  glassless.  When  the  heating  rate  in  the  final  box  annealing  was  lowered,  a  very  high  B8  value 
could  be  obtained  by  enhancing  the  N2  partial  pressure  and  lowering  the  decarburization  annealing 
temperature. 

40  Example  2 

A  steel  material  comprising,  in  terms  of  by  weight,  0.054%  of  C,  3.35%  of  Si,  0.12%  of  Mn,  0.032%  of 
acid  soluble  Al,  0.007%  of  S  and  0.0072%  of  N  with  the  balance  consisting  of  Fe  and  unavoidable 
impurities  was  hot-rolled  into  a  sheet  having  a  thickness  of  1.6  mm,  annealed  at  1130°  C  for  2  min,  pickled 

45  and  cold-rolled  into  a  sheet  having  a  final  thickness  of  0.15  urn. 
Then,  the  steel  sheet  was  subjected  to  decarburization  annealing  under  conditions  of  25%  N2  +  75% 

H2  and  a  dew  point  of  65  °C  at  830  °C  for  70  sec,  and  nitrided  in  a  dry  atmosphere  comprising  25%  of  N2, 
75%  of  H2  and  NH3  at  750  °C  for  30  sec  to  have  a  nitrogen  (N)  content  of  220  ppm,  thereby  providing  a 
material  under  test.  This  steel  sheet  was  coated  with  an  annealing  separator  having  a  composition  specified 

50  in  Table  3,  and  final  box  annealing  was  effected  with  the  atmosphere  conditions  being  changed  to  those 
shown  in  Figs.  1  (A)  and  1  (B).  This  steel  sheet  was  mildly  pickled  with  2%  H2S04  at  80  °C  for  10  sec  to 
activate  the  surface  of  the  steel  sheet.  The  surface  of  the  steel  sheet  was  coated  with  an  insulating  coating 
solution  comprising  100  ml  of  20%  colloidal  Si02,  25  ml  of  50%  monobasic  aluminum  phosphate,  25  ml  of 
50%  monobasic  magnesium  phosphate  and  7  g  of  chromic  anhydride  so  that  the  thickness  of  the  film  after 

55  baking  was  4  urn,  and  subjected  to  baking  at  830  °C  for  30  sec  to  provide  a  product.  The  surface 
appearance,  coverage  of  glass  film  and  magnetic  properties  of  the  steel  sheets  in  this  experiment  are  given 
in  Table  4. 

11 
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Table  3 

Coating  Conditions  for  Annealing  Separator 

No.  MgO  CI  Content  of  Chloride  S  Content  of  Chloride  N  Content  of  Nitride 

8  Invention  CAA  60  sec  100  pt.wt.  KCI  3  pt.wt.  Cas  1  pt.wt.  MnN  2  pt.wt. 

9  Do.  Do.  CaCI2  Na2S  Do. 
Do.  Do.  Do.  Do. 

10  Do.  Do.  FeCI3  CuS  Do. 
Do.  Do.  Do.  Do. 

11  Do.  Do.  MgCI2  1.5  +  AI2S3  Do. 
Do.  CaCI2  1.5  Do.  Do. 

12  Do.  Do.  MnCI2  1.5  +  BaS  Do. 
Do.  UCI1.5  Do.  Do. 

13  Comp.Ex.  CAA  60  sec  100  pt.wt.  +  Ti02  5  pt.wt.  +  Na2B+07  0.3  pt.wt. 

12 
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As  is  apparent  from  the  results,  in  all  the  materials  coated  with  the  annealing  separators  according  to 
the  present  invention,  the  surface  could  be  substantially  completely  rendered  glassless  and  exhibited  a 

55  metallic  gloss,  so  that  steel  sheets  having  a  specular  surface  could  be  provided.  In  all  the  materials 
according  to  the  present  invention,  the  coverage  of  glass  was  1  g/m2  or  less,  that  is,  the  glass  film  was 
hardly  formed.  With  respect  to  magnetic  properties,  all  the  materials  subjected  to  final  box  annealing  under 
conditions  (A)  had  a  high  magnetic  flux  density  and  a  low  iron  loss  value,  whereas  all  the  materials 
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subjected  to  final  box  annealing  under  comparative  conditions  (B)  were  poor  in  secondary  recrystallization 
and  had  poor  magnetic  properties.  All  the  materials  according  to  the  present  invention  were  far  superior  to 
the  comparative  materials  in  the  repeated  flexural  property.  Further,  with  respect  to  the  number  of  times  of 
punching  as  well,  the  materials  according  to  the  present  invention  exhibited  remarkably  excellent  results. 

5 
Example  3 

The  same  material  as  that  used  in  Example  2  was  subjected  to  the  same  treatment  as  that  of  Example 
2  and  hot-rolled  into  a  sheet  having  a  final  thickness  of  0.225  mm.  This  steel  sheet  was  subjected  to 

io  decarburization  annealing  under  conditions  of  25%  N2  +  75%  H2  and  a  dew  point  of  65  °  C  at  840  °  C  for  90 
sec,  and  subsequently  annealed  in  a  dry  atmosphere  comprising  25%  of  N2,  75%  of  H2  and  NH3  at  750  °C 
for  30  sec  with  the  NH3  content  being  varied  to  have  a  nitrogen  (N)  content  of  200  ppm.  Thereafter,  the 
steel  sheet  was  coated  with  an  annealing  separator  having  a  composition  specified  in  Table  5,  and  final  box 
annealing  was  effected  under  conditions  shown  in  Figs.  1  (A).  The  surface  of  the  steel  sheet  was  coated 

is  with  a  coating  agent  comprising  100  ml  of  2.0%  colloidal  Si02,  50  ml  of  50%  Mg(H2PO/r)2and  7  g  of  Cr03 
and  subjected  to  baking  with  the  film  thickness  being  varied.  The  results  on  the  state  of  the  film  and 
magnetic  properties  in  this  experiment  are  given  in  Table  6. 

Table  5 
20 

Coating  Conditions  for  Annealing  Separator 

No.  MgO  CI  Content  of  Chloride  S  Content  of  Chloride  N  Content  of  Nitride 

14  Invention  CAA  75  sec  100  pt.wt.  SnCI2  1.5  pt.wt.  MgSO+  3.0  pt.wt.  Si3N+  5  pt.wt. 

15  Do.  Do.  Do.  Ng2SO+  Do. 
5.0  pt.wt.  Do.  Do. 

16  Do.  Do..  Do.  CuSO+  Do. 
10.0  pt.wt.  Do.  Do. 

17  Comp.Ex.  CAA  75  sec  100  pt.wt.  +  Ti02  5  pt.wt.  +  Na2Bi07  0.3  pt.wt. 

14 
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As  is  apparent  from  the  results,  in  all  the  materials  according  to  the  present  invention,  the  surface  could 
55  be  significantly  rendered  glassless  and  exhibited  a  metallic  gloss,  and  the  coverage  of  the  formed  glass  film 

was  1  g/m2  or  less.  With  respect  to  magnetic  properties  as  well,  all  the  materials  coated  with  the  annealing 
separator  according  to  the  present  invention  had  good  iron  loss  and  magnetic  flux  density  values.  A 
particularly  good  iron  loss  value  could  be  obtained  when  the  film  thickness  was  3  urn  or  more.  Also  in  the  N 

15 
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and  S  contents  of  the  steel,  the  glassless  materials  according  to  the  present  invention  exhibited  a 
significantly  lower  value  than  the  comparative  material  having  a  glass  film. 

The  comparative  material  having  a  glass  film  was  unsuccessful  in  the  purification  and  had  a  poor  iron 
loss  value. 

5 
Example  4 

A  steel  material  comprising,  in  terms  of  by  weight,  0.054%  of  C,  3.35%  of  Si,  0.10%  of  Mn,  0.030%  of 
acid  soluble  Al,  0.007%  of  S  and  0.007%  of  N  with  the  balance  consisting  of  Fe  and  unavoidable  impurities 

io  was  hot-rolled  into  a  sheet  having  a  thickness  of  2.0  mm,  annealed  at  1130°  C  for  2  min,  pickled  and  cold- 
rolled  into  a  sheet  having  a  final  thickness  of  0.225  mm. 

Then,  the  steel  sheet  was  subjected  to  decarburization  annealing  under  conditions  of  25%  N2  +  75% 
H2  and  a  dew  point  of  55  °C  at  830  °C  for  100  sec,  and  nitrided  in  a  dry  atmosphere  comprising  25%  of  N2, 
75%  of  H2  and  NH3  at  750  °C  for  30  sec  to  have  a  nitrogen  (N)  content  of  250  ppm  to  provide  a  material 

is  under  test. 
This  steel  sheet  was  coated  with  an  annealing  separator  having  a  composition  specified  in  Table  7,  and 

final  box  annealing  was  effected  with  the  atmosphere  conditions  being  changed  to  those  shown  in  Figs.  1 
(A)  and  1  (C).  This  steel  sheet  was  mildly  pickled  with  2%  H2SO/i  at  80  °C  for  10  sec  to  activate  the  surface 
of  the  steel  sheet.  The  surface  of  the  steel  sheet  was  coated  with  an  insulating  coating  solution  agent 

20  comprising  80  ml  of  20%  colloidal  Si02,  20  ml  of  20%  colloidal  Zr02,  50  ml  of  50%  AI(H2PO/i)3  and  7  g  of 
OO3  so  that  the  thickness  of  the  film  after  baking  was  4  urn,  and  subjected  to  baking  at  830  °C  for  30  sec 
to  provide  a  product.  The  surface  appearance,  coverage  of  glass  film  and  magnetic  properties  of  steel 
sheets  in  this  experiment  are  given  in  Table  7. 

25  Table  7 

No.  Coating  Conditions  for  Annealing  Separator 

18  Invention  MgO  100  pt.wt.  +  FeCI3  10  pt.wt. 
19  Do.  MgO  100  pt.wt.  +  CaCI2  5  pt.wt.  +  CaS  5  pt.wt. 
20  Do.  MgO  100  pt.wt.  +  BaCI2  5  pt.wt.  +  KCI  5  pt.wt. 
21  Do.  MgO  100  pt.wt.  +  SnCI2  5  pt.wt.  +  ZnCI2  5  pt.wt.  +  MgS  5  pt.wt 
22  Do.  MgO  100  pt.wt.  +  NaCI  10  pt.wt.  +  FeS  10  pt.wt. 

23  Comp.Ex.  MgO  100  pt.wt.  +  Ti02  5  pt.wt.  +  Na2B/i07  0.3  pt.wt. 

16 
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As  is  apparent  from  the  results,  in  all  the  materials  according  to  the  present  invention,  the  surface  could 
5  be  substantially  rendered  completely  glassless,  and  a  good  glassless  uniform  surface  appearance  could  be 

obtained.  With  respect  to  magnetic  properties,  all  the  materials  subjected  to  finish  annealing  under 
conditions  (A)  had  a  high  magnetic  flux  density  and  a  lower  iron  loss  value  than  the  comparative  material 
having  a  glass  film,  whereas  all  the  materials  subjected  to  final  box  annealing  under  conditions  (C)  had  an 
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extremely  low  magnetic  flux  density  and  were  a  poor  material.  All  the  materials  according  to  the  present 
invention  were  far  superior  in  the  surface  roughness  to  the  materials  having  a  glass  film,  that  is,  it  was 
confirmed  that  the  surface  appearance  was  improved  by  the  present  invention.  Further,  the  materials 
according  to  the  present  invention  exhibited  a  great  improvement  in  the  punchability  as  a  measure  for  the 

5  evaluation  of  workability. 

Example  5 

The  same  material  as  that  used  in  Example  4  was  subjected  to  the  same  treatment  as  that  of  Example 
io  4  and  rolled  into  a  sheet  having  a  final  thickness  of  0.225  mm.  A  seam  flaw  was  imparted  to  the  steel  sheet 

by  using  a  laser  beam  in  the  rolling  direction  and  a  direction  normal  to  the  rolling  direction  of  the  steel 
sheet  under  conditions  of  an  interval  of  5  mm,  a  depth  of  5  urn  and  a  width  of  100  urn,  and  the  steel  sheet 
was  then  subjected  to  decarburization  annealing  under  conditions  of  25%  N2  +  75%  H2  at  830  °C  for  100 
sec  and  nitrided  in  an  atmosphere  comprising  25%  of  N2,  75%  of  H2  and  NH3  to  have  a  nitrogen  (N) 

is  content  of  220  ppm.  Thereafter,  the  steel  sheet  was  coated  with  an  annealing  separator  having  a 
composition  specified  in  Table  9,  and  final  box  annealing  was  effected  under  conditions  shown  in  Fig.  1  (A). 
The  surface  of  the  steel  sheet  was  coated  with  an  insulating  film  forming  agent  comprising  70  cc  of  20% 
colloidal  Si02,  25  cc  of  20%  colloidal  Zr02,  5  cc  of  20%  colloidal  Sn02,  50  cc  of  50%  monobasic 
magnesium  phosphate  and  5  g  of  Cr03  and  subjected  to  baking  with  the  coating  thickness  being  varied. 

20  The  results  on  the  state  of  the  film  and  magnetic  properties  in  this  experiment  are  given  in  Table  10. 

Table  9 

No.  Coating  Conditions  for  Annealing  Separator 

24  Invention  MgO  100  pt.wt.  +  MnCI2  10  pt.wt.  +  SnCI2  5  pt.wt. 
25  Invention  MgO  100  pt.wt.  +  CaCI2  5  pt.wt.  +  MgCI2  5  pt.wt.  +  SrS  5  pt.wt. 

26  Comp.Ex.  MgO  100  pt.wt.  +  Ti02  5  pt.wt.  +  Na2Bi07  0.3  pt.wt. 
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As  is  apparent  from  the  results,  in  all  the  materials  according  to  the  present  invention,  the  surface  could 
be  substantially  completely  rendered  glassless  and  exhibited  a  metallic  gloss.  On  the  other  hand,  in  the 
material  coated  with  a  comparative  annealing  separator,  a  uniform  glass  film  was  formed  as  with  Example  4. 
With  respect  to  magnetic  properties  as  well,  all  the  materials  subjected  according  to  the  present  invention 
had  a  good  iron  loss  value,  and  a  particularly  good  iron  loss  value  was  obtained  when  the  coverage  of  the 
insulating  film  was  3  to  4.5  urn.  By  contrast,  in  the  comparative  material,  the  attained  iron  loss  values  were 
inferior  to  those  in  the  materials  according  to  the  present  invention. 

19 
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Example  6 

Steels  comprising  chemical  ingredients  as  specified  in  Tables  11  and  14  were  produced  by  a  melt 
process  in  a  converter.  Steel  sheets  were  produced  under  conditions  as  specified  in  Tables  12,  13,  15  and 

5  16.  In  some  steel  sheets,  annealing  of  hot-rolled  sheets  were  effected  at  1120°C  for  30  sec.  All  the 
materials  except  for  material  Nos.  41  to  46  were  subjected  to  aging  between  passes  of  the  cold  rolling.  The 
aging  was  effected  at  250  °  C.  Nitriding  which  is  especially  important  to  the  present  invention  following  the 
primary  recrystallization  annealing,  was  effected  in  a  portion  of  an  identical  furnace  provided  with  a  partition 
by  using  a  dry  atmosphere  comprising  an  identical  gas  composition  while  flowing  NH3  gas  at  a  constant 

io  flow  rate.  The  nitrogen  content  after  the  primary  recrystallization  are  given  in  Tables  12  and  15.  The  steel 
sheets  were  coated  with  a  powder.  In  this  case,  the  powder  was  dissolved  in  water  to  provide  a  slurry,  and 
the  slurry  was  coated  on  the  surface  of  the  steel  sheets  to  provide  a  coating  which  was  then  dried  at 
250  °C.  The  "%"  of  the  additive  is  percentage  by  weight  when  the  weight  of  MgO  is  supposed  to  be  100%. 
Thereafter,  final  box  annealing  was  effected  with  the  average  temperature  rise  rate  from  800  °C  to  the 

is  maximum  temperature  being  varied.  In  this  case,  the  maximum  temperature  was  1,200°C.  Further,  a 
phosphate  high-tension  insulating  film  (a  secondary  film)  was  coated  on  and  heated  the  steel  sheets  which 
were  then  subjected  to  blanking,  stress  relieving  annealing  at  850  °C  for  4  hr  in  a  dry  atmosphere 
comprising  90%  N2  and  10%  H2  and  then  magnetic  measurement.  The  results  are  given  in  Tables  13  and 
16.  All  the  maximum  depth,  pitch  and  angle  to  the  rolling  direction  of  grooves  measurements  are  for 

20  products  after  the  final  box  annealing. 
The  magnetic  measurement  was  effected  by  SST  testing  method  for  a  single  sheet  having  a  size  of  60 

x  300  mm.  In  this  test,  the  B8  value  [magnetic  flux  density  (Tesla)  at  800  A/m)  and  W17/5o  (iron  loss  value 
(w/kg)  in  1.7  Tesla  at  50  Hz)  and  W13/5o  (iron  loss  value  (w/kg)  in  1.3  Tesla  at  50  Hz)  were  measured. 

As  is  apparent  from  Tables  13  and  16,  the  materials  falling  within  the  scope  of  the  present  invention  had 
25  a  high  magnetic  flux  density  and  a  sufficiently  low  iron  loss  and  can  attain  the  object  of  the  present 

invention. 
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As  is  apparent  from  the  above-described  Examples,  according  to  the  present  invention,  grain  oriented 
electrical  steel  sheets  not  having  a  glass  film  and  having  a  very  high  magnetic  flux  density  and  an  ultra  low 
iron  loss,  particularly  grain  oriented  electrical  steel  sheets  having  a  high  magnetic  flux  density  and  a  low 
iron  loss  and  significantly  excellent  in  the  workability,  such  as  slittability,  cuttability  and  punchability,  can  be 
produced  at  a  low  cost. 

Z\3 
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Claims 

1.  A  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density  and  an  excellent  iron  loss 
property,  comprising,  in  terms  of  by  weight,  2.5  to  4.5%  of  Si,  said  steel  sheet  having,  as  oxides  on  its 

5  surface,  a  glass  film  composed  0.6  g/m2  or  less  in  total  of  forsterite  and  spinel  comprised  of  MgO,  Si02 
and  AI2O3  and  an  insulating  film  having  a  thickness  of  6  urn  or  less,  the  face  tension  imparted  on  the 
surface  of  the  steel  sheet  by  the  film  being  in  the  range  of  from  0.5  to  2.0  kg/mm2'  said  steel  sheet 
having  a  B8  value  of  1  .88T  or  more. 

10  2.  The  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density  and  an  excellent  iron  loss 
property  according  to  claim  1  ,  wherein  the  surface  of  said  steel  sheet  has  a  seam  or  spotty  recess  or 
strain  in  a  direction  at  an  angle  of  45  to  90  0  to  the  rolling  direction  of  the  steel  sheet. 

3.  The  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density  and  an  excellent  iron  loss 
15  property  according  to  claim  1  ,  wherein  the  surface  of  said  steel  sheet  has  a  seam  or  spotty  flaw  recess 

or  groove  or  strain  in  a  direction  at  an  angle  of  45  to  90  0  to  the  rolling  direction  of  the  steel  sheet,  said 
recess  has  a  bottom  portion  where  part  of  the  forsterite  and/or  spinel  remain  and  the  average  thickness 
of  the  glass  film  composed  mainly  of  forsterite  and/or  spinel  is  0.3  urn  or  less. 

20  4.  A  process  for  producing  a  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density  and 
an  excellent  iron  loss  property  by  heating  a  slab  at  a  low  temperature,  said  process  comprising  the 
step  of:  heating  a  slab  comprising,  in  terms  of  by  weight,  0.021  to  0.075%  of  C,  2.5  to  4.5%  of  Si, 
0.010  to  0.040%  of  acid  soluble  Al,  0.0030  to  0.0130%  of  N,  0.0140%  or  less  of  S  and  0.05  to  0.45%  of 
Mn  with  the  balance  consisting  of  Fe  and  unavoidable  impurities  at  a  temperature  below  1  ,280  0  C,  hot- 

25  rolling  the  heated  slab  and  optionally  subjecting  the  hot-rolled  sheet  to  annealing,  subjecting  the  steel 
sheet  to  once  or  twice  or  more  cold  rolling  with  annealing  between  the  cold  rollings  being  effected  to 
provide  a  steel  sheet  having  a  final  thickness,  subjecting  the  cold-rolled  sheet  to  decarburization 
annealing,  nitriding  the  steel  sheet,  coating  the  nitrided  steel  sheet  with  an  annealing  separator, 
subjected  to  the  coated  steel  sheet  to  final  box  annealing  and  coating  the  annealed  steel  sheet  with  an 

30  insulating  film,  wherein  said  annealing  separator  comprises  at  least  a  CI  compound  in  an  amount  of  1 
part  by  weight  or  more  in  terms  of  CI  based  on  100  parts  by  weight  of  MgO. 

5.  The  process  for  producing  a  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density 
and  an  excellent  iron  loss  property  according  to  claim  4,  wherein  said  annealing  separator  contains  as 

35  an  additive  at  least  one  member  selected  from  the  group  consisting  of  CI  compounds,  S  compounds, 
carbonates,  nitrates  and  sulfates  in  an  amount  of  1  to  15  parts  by  weight  in  terms  of  the  total  amount  of 
CI,  S,  (C03r2  and  (SO*)-2. 

6.  The  process  for  producing  a  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density 
40  and  an  excellent  iron  loss  property  according  to  claim  4,  wherein  the  amount  of  oxygen  added  to  the 

steel  sheet  in  the  decarburization  annealing  is  900  ppm  or  less  and  the  Fe-oxide  to  Si02  ratio  in  the 
oxide  film  is  0.20  or  less. 

7.  The  process  for  producing  a  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density 
45  and  an  excellent  iron  loss  property  according  to  claim  4,  wherein  the  amount  of  nitrogen  added  to  the 

steel  sheet  in  the  nitriding  treatment  process  is  150  ppm  or  more. 

8.  The  process  for  producing  a  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density 
and  an  excellent  iron  loss  property  according  to  claim  4  or  5,  wherein  said  annealing  separator 

50  comprises  100  parts  by  weight  of  MgO  and,  added  thereto,  2  to  30  parts  by  weight  of  at  least  one 
member  selected  from  the  group  consisting  of  chlorides,  carbonates,  nitrates,  sulfates  and  sulfides  of 
Li,  K,  Bi,  Na,  Ba,  Ca,  Mg,  Zn,  Fe,  Zr,  Sn,  Sr,  Al,  etc.,  the  MgO  used  in  the  annealing  separator  having 
such  a  particle  size  that  30%  or  more  of  the  MgO  consists  of  particles  having  a  diameter  of  10  urn  or 
less,  a  citric  acid  activity  (CAA  value)  of  50  to  300  sec  (as  measured  at  30  0  C)  and  a  hydration  ig-loss 

55  of  5%  or  less. 

9.  The  process  for  producing  a  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density 
and  an  excellent  iron  loss  property  according  to  claim  4,  wherein  the  heating  in  the  final  box  annealing 

27 
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is  effected  in  an  atmosphere  comprising  N2  and  H2  with  the  nitrogen  content  being  30%  or  more  at  a 
heating  rate  of  20  °  C/hr  or  less. 

0.  The  process  for  producing  a  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density 
and  an  excellent  iron  loss  property  according  to  claim  4,  wherein,  in  the  coating  of  the  steel  sheet  with 
the  insulating  film,  a  baking  treatment  is  effected  once  or  twice  or  more  so  that  the  film  thickness  after 
baking  is  in  the  range  of  from  2  to  6  urn. 

1.  The  process  for  producing  a  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density 
and  an  excellent  iron  loss  property  according  to  claim  4,  wherein  a  seam  or  spotty  recess  or  strain  is 
imparted  at  an  angle  of  45  to  90°  to  the  rolling  direction  of  the  steel  sheet  at  intervals  of  2  to  15  mm,  a 
recess  depth  of  1  to  25  urn  and  a  recess  width  of  500  urn  or  less  by  a  press,  a  sprocket  roll,  marking, 
a  laser  beam,  local  etching,  etc.  after  at  least  one  step  of  cold  rolling,  decarburization  annealing,  finish 
annealing  and  insulating  film  treatment  to  effect  the  division  of  magnetic  domain. 

2.  The  process  for  producing  a  grain  oriented  electrical  steel  sheet  having  a  high  magnetic  flux  density 
and  an  excellent  iron  loss  property  according  to  any  one  of  claims  4  to  10,  wherein  a  steel  comprising 
1  to  7%  of  Si  and  more  than  0.045  to  0.20%  of  P  is  used  as  a  starting  material. 

28 



EP  0  577  124  A2 

F i g . 1   A  

1 2 0 0 ° C x 2 0 H r  

1 5 ° C / H r /   \  

6 0 0 ° C x i O H r X   \  

/   
N2  50°/0   

\  

^  H2  50°/o   
,  

h ?   m n ° / f t  

F i g . l B  

1 2 0 0 ° C x 2 0 H r  
1 5 ° C / H r /   \  

6 0 0 ° C x l O H r X   \  

^   

N2  75°/o   
^  

-   H2  250/o  _  .  h ?   m n » / „  

F i g . l C  

1 2 0 0 ° C x 2 0 H r  

29 



EP  0  577  124  A2 

F i g . 2  

CXJ  vp CD  a\  
f J < Q S  
>-  Crj  tu  

OO  f—  Q  

Q£  S   -=C O f - o :  CD Cx-CXJ 
, o o  z a <  O  Q2 qs  cn p--cij>- ose—  ■<: CD  CXJ 

o   ^   s  OS  •—  • Q_  d   E  —  > 

-5 
QSW CD OS CXJ  CXJ. CD  E—  ' -=C  2x3 
CXJ > - ~ -  

Cx. CD CO cxj  r z  CD  •— 

OS  CD 
S e t a  

CD  Ex. 

GOOD 
PARTIAL 
FINE  GRAIN 
TOTALLY 
FINE  GRAIN 

810  8 2 0   8 3 0   8 4 0   8 5 0  

DECARBURIZATION  ANNEALING  TEMP.  C C )  

30 


	bibliography
	description
	claims
	drawings

