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This  invention  relates  to  an  improved  raw  materials  mix  for  producing  self-fluxing,  sintered  ores, 
and  more  particularly,  to  an  improved  process  for  producing  low-slag,  sintered  ores  which  are  resistant 
to  disintegration.  The  process  is  based  on  the  finding  that  the  Si02  content  of  the  fine  grains  of  the  new 
materials  mix  is  important  to  the  production  of  improved  self-fluxing,  sintered  ores. 

Sintering  by  a  common  Dwight-Lloyd  sinter  machine  generally  comprises  preparing  a  raw 
materials  mix  of  iron  ore,  limestone,  silica,  miscellaneous  other  materials  and  coke,  agglomerating  the 
mix  in  the  presence  of  water,  and  charging  the  resulting  agglomerate  into  the  sinter  machine.  In  that 
machine,  the  surface  layer  of  the  sinter  bed  is  ignited  in  an  ignition  furnace,  and  suction  is  applied 
downwardly  of  the  sinter  bed  for  a  period  of  about  20  minutes  during  which  the  whole  thickness  of  the 
sinter  bed  is  sintered,  starting  from  the  surface  layer  and  ending  with  the  bottom  layer. 

In  the  production  of  sintered  ores  which  flux  themselves  and  have  a  CaO/SiO2  level  in  the  range 
of  from  1.0:1  to  2.0:1  generally from  1.3:1 to  1.8:1,  a  high  productivity,  a  low fuel  consumption  and  an 
improved  quality  in  terms  of  shatter  index  and  degradation  index  after  reduction  at  550°C  (RDI)  are 
factors  always  to  be  kept  in  mind.  In  order  to  improve  the  RDI  value  which  expresses,  as  a  weight 
percentage  of  grains  below  3  mm  in  size,  the  ease  with  which  the  sintered  ore  disintegrates  when 
subjected  to  a  reducing  atmosphere  in  a  blast  furnace  at  a  temperature  in  the  range  of  from  400  to 
600°C  according  to  the  conventional  technique,  either  the  coke  content  of  the  mix  or  its  slag  content 
(expressed  as  the  sum  of  CaO  and  Si02)  is  increased.  The  first  method,  i.e.  increasing  the  coke  content, 
is  effective  in  improving  the  RDI  value,  but  lowers  the  gas  permeability  of  the  sinter  bed,  thus 
decreasing  the  productivity  and  reducibility  while  increasing  coke  consumption.  The  second  method, 
i.e.  increasing  the  slag  content  (expressed  as  the  sum  of  CaO  and  Si02),  achieves  the  intended  purpose, 
but  calls  for  more  slag  to  be  charged  into  the  blast  furnace,  thus  increasing  the  blast  furnace  fuel 
consumption.  Usually,  blast  furnaces  are  charged  with  about  300  kg  of  slag  per  ton  of  pig,  and  this 
amount  is  far  greater  than  the  amount  necessary  for  furnace  operations.  As  mentioned  above,  such 
excess  slag  is  primarily  due  to  the  high  content  of  Si02  carried  with  the  furnace  charge,  especially  its 
major  ingredient,  i.e.,  the  sintered  ore.  A  small  Si02  content  of  sintered  ore  denotes  a  low  strength  and 
a  low  yield  of  sintered  ore.  To  avoid  this  problem,  it  has  been  necessary  to  keep  the  SiO2  content  of  the 
sintered  ore  in  the  range  of  from  about  5.6  to  about  6.0  wt%,  inclusive. 

Certain  proposals  have  been  made  for  decreasing  the  Si02  content  of  sintered  ore  without 
increasing  the  coke  content. 

One  such  proposal  recommends  burning,  a  large  amount  of  a  gaseous  fuel  (coke  oven  gas)  in  an 
ignition  furnace  or  heating  furnace  to  replace  the  usual  solid  fuel  (coke).  However,  the  technique 
proposed  uses  essentially  low  firing  temperatures  and  requires  the  higher  range  of  firing  temperature  to 
be  retained  for  a  lengthy  period  of  time;  this  inevitably  lowers  the  productivity  of  the  process.  In 
addition,  past  records  of  the  technique  for  reducing  the  Si02  content  in  terms  of  the  sintered  ore  show 
that  the  Si02  content  cannot  be  made  lower  than  about  5.6  wt%,  and,  therefore,  the  technique  is  not  an 
effective  method  of  lowering  the  Si02  content  of  the  sintered  ore.  The  high  blast  furnace  slag  volume 
also  denotes  an  increased  furnace  fuel  consumption,  and,  therefore,  with  the  current  concern  over 
energy  saving,  a  reduction  in  the  blast  furnace  slag  volume  is  an  important  task  for  the  industry. 

We  have  now  surprisingly  found  that,  in  a  raw  materials  mix  for  sintering  which  consists  of  coarse 
and  fine  grains,  the  Si02  content  of  the  fine  grains  is  critical  to  the  production  of  an  improved  self- 
fluxing,  sintered  ore. 

More  specifically,  the  process  of  this  invention  for  producing  a  self-fluxing  sintered  ore  is  based  on 
the  finding  that  Si02  contained  in  the  fine  grains  of  the  raw  materials  mix  melts  easily  in  the  sintering 
operation  to  form  a  melt,  and  that  even  a  small  amount  of  such  SiO2  can  bind  and  agglomerate  the 
coarse  grains  of  the  iron  ore  to  give  a  strength  which  is  such  that  the  resulting  sintered  ore  will  not 
disintegrate  under  the  load  (the  weight  of  furnace  charge)  when  it  is  charged  into  a  blast  furnace. 

According  to  our  invention,  we  provide: 
(1)  a  process  for  producing  a  self-fluxing,  sintered  ore  using  a  raw  material  mix  comprising  iron 

ore,  limestone,  silica  and  coke,  at  least  25  wt%  of  said  mix  consisting  of  fine  grains  below  1  mm  in  size 
and  said  mix  containing  not  more  than  5.4  wt%  of  SiO2  in  terms  of  "sintered  ore  product"  (said  sintered 
ore  product  being  a  product  from  which  coke,  combined  C02  and  combined  water  have  been  removed 
by  sintering  of  the  mix),  said  process  being  characterized  by  controlling  the  SiO2  content  of  said  fine 
grains  to  be  at  least  50  wt%  of  the  total  Si02  content  of  the  raw  materials  mix,  and  sintering  the  thus 
controlled  mix; 

(2)  a  process  for  producing  a  self-fluxing  sintered  ore  using  a  raw  materials  mix  comprising  iron 
ore,  limestone,  silica,  coke  and  return  fines,  at  least  25  wt%  of  said  mix  consisting  of  fine  grains  below  1 
mm  in  size  and  said  mix  containing  not  more  than  5.4  wt%  of  SiO2  in  terms  of  "sintered  ore  product" 
(said  sintered  ore  product  being  a  product  from  which  coke,  combined  C02  and  combined  water  have 
been  removed  by  sintering  of  the  mix),  said  process  being  characterised  by  controlling  the  Si02  content 
of  said  fine  grains  to  be  between  Z.4  and  3.0  wt%  of  the  raw  materials  mix  (dry)  and  the  basicity 
(CaO/S'02  ratio)  of  said  fine  grains  to  be  not  more  than  1.3:1,  and  sintering  the  thus  controlled  mix  (the 



expression  "mix(dry)"  refers  to  a  raw  material  mix  which  has  been  dried  so  as  to  be  freed  of  water  other 
than  combined  water); 

(3)  a  process  according  to  (2)  above  wherein  the  sum  of  the  CaO  and  Si02  contained  in  said  fine 
grains  is  at  least  4.0  wt%  of  said  mix; 

(4)  a  process  according  to  (2)  or  (3)  above,  wherein  the SiO2 content  of  said  fine  grains  minus  the 
AI203  content  of  said  fine  grains  is  between  1.8  and  2.4  wt%  of  the  raw  materials  mix,  and  the  weight 
ratio  of  CaO  to  (SiO2-Al2O3)  contained  in  said  fine  grains  is  between  0.5:1  and  2.0:1; 

(5)  a  process  according  to  (4)  above,  wherein  the  weight  ratio  of  CaO  to  (SiO2-Al2O3)  contained 
in  said  fine  grains  is  between  1.0:1  and  1.8:1; 

(6)  a  composition  consisting  of  a  raw  materials  mix  for  producing  a  self-fluxing,  sintered  ore,  said 
mix  comprising  iron  ore,  limestone,  silica  and  coke,  at  least  25  wt%  of  said  mix  consisting  of  fine  grains 
below  1  mm  in  size  and  said  mix  containing  not  more  than  5.4  wt% of  Si02 in  terms  of  "sintered  ore 
product"  (said  sintered  ore  product  being  a  product  from  which  coke,  combined  CO2  and  combined 
water  have  been  removed  by  sintering  of  the  mix),  said  mix  being  characterised  by  an Si02  content  of 
said  fine  grains  of  at  least  50%  of  the  total  Si02  content  of  said  mix;  and 

(7)  a  composition  consisting  of  a  raw  materials  mix  for  producing  a  self-fluxing,  sintered  ore,  said 
mix  comprising  iron  ore,  limestone,  silica,  coke  and  return  fines,  at  least  25  wt%  of  said  mix  consisting 
of  fine  grains  below  1  mm  in  size  and  said  mix  containing  not  more  than  5.4  wt%  of  Si02  in  terms  of 
"sintered  ore  product"  (as  defined  in  (6)  above),  said  mix  being  characterized  by  an  Si02  content  of  said 
fine  grains  between  2.4  and  3.0  wt%  of  said  mix(dry),  and  the  basicity  (CaO/SiO2  ratio)  of  said  fine 
grains  being  not  more  than  1.3:1. 

The  invention  defined  above  provides  a  novel  process  for  producing  a  sintered  ore  with  a  reduced 
slag  content  (CaO  plus  SiO2  without  increasing  the  RDI  value  of  the  ore,  such  sintered  ore  of  low  slag 
content  requiring  less  thermal  energy  for  melting  in  a  blast  furnace.  A  further  feature  of  the  invention  is 
that  the  process  of  the  invention  produces  a  sintered  ore  the Si02  content  of  which  is  below  5.4  wt% 
without  adverse  effects  on  the  quality  and  productivity  of  the  ore. 

Reference  is  now  made  to  the  accompanying  drawings,  in  which: 
FIG.  1  shows  the  relationship  of  the  weight  percentage  of  CaO  and  SiO2  to  the  basicity  (CaO/SiO2 

by  weight)  for  six  ranges  of  grain  size  of  a  raw  materials  mix  used  in  the  conventional  sintering  process. 
FIG.  2  shows  the  relationship  of  the  same  parameters  for  a  raw  materials  mix  used  in  the  process 

of  this  invention. 
FIG.  3  shows  the  relationship  of  the  same  parameters  for  another  raw  materials  mix  used  in  the 

process  of  this  invention. 
FIG.  4  shows  the  relationship  of  the  RDI  value  and  the  ratio  of  the  Si02  content  of  fine  grains 

below  1  mm  in  size  to  the  SiO2  content  of  the  total  mix. 
FIGS.  5,  7  and  9  respectively  show  the  productivity  (a),  the  sintering  time  (b),  the  sinter  to  sinter 

cake  ratio  (c),  the  coke  consumption  (d),  the  shatter  index  (e),  and  the  RDI  value  (f)  obtained  in  the 
practice  of  the  process  of  this  invention,  and  in  various  comparison  examples. 

FIG.  6  shows  the Si02  content  and  CaO  content  of  fine  grains  of  the  mix  (of  this  invention)  below 
1  mm  in  size  in  relation  to  the  RDI  value  of  the  resulting  sintered  ore. 

FIG.  8  shows  the  SiO2  content,  the  Al2O3  content  and  the  CaO  content  of  fine  grains  of  the  mix  (of 
this  invention)  below  1 mm  in  size  in  relation  to  the  RDI  value  of  the  resulting  sintered  ore. 

Preferred  embodiments  of  the  invention  are  now  described  in  detail. 
In  general,  particles  of  self-fluxing  sintered  ore  having  a  CaO/SiO2  level  in  the  range  of  from  1.0:1 

to  2.0:1,  inclusive,  mostly  from  1.3:1  to  1.8:1,  inclusive,  agglomerate  together  by  the  action  of  "slag 
bond"  wherein  the  grains  of  iron  are  bonded  by  means  of  a  melt.  Since  the  quality  and  productivity  of 
the  sintered  ore  are  determined  by  the  bond,  it  becomes  very  important  to  form  a  suitable  bond. 
However,  with  the  current  sintering  process  using  suction  through  the  sinter  bed  as  is  typically 
performed  with  a  Dwight-Lloyd  sintering  machine,  the  sintering  reaction  at  high  temperatures  finishes 
so  soon  that  it  is  necessary  to  form  the  required  melt  within  a  short  period  of  time. 

In  accordance  with  this  invention,  we  have  found  that  the  quantity  and  quality  of  the  fine  grains 
of  a.  raw  materials  mix  for  sintering  below  1  mm  in  size  are  important  factors,  and  that  the  proper 
control  of  these  two  factors  accelerates  the  formation  of  the  above  melt,  leading  to  a  reduction  in  the 
Si02  content  of  the  resulting  sintered  ore. 

In  general,  a  raw  materials  mix  for  sintering  contains  about  6%  water,  which  accelerates  the 
formation  of  pseudo-particles  that  increase  the  gas  permeability  of  the  sinter  bed.  Each  pseudo-particle 
comprises  a  coarse  grain  core  about  1  to  5  mm  in  size  which  is  surrounded  by  fine  grains  below  1  mm 
in  size  adhering  to  the  core.  Our  studies  suggest  that  the  formation  of  the  melt  in  question  starts  at  that 
portion  of  the  surrounding  fine  grains  which  melts  at  low`temperatures.  The  quantity  of  initially  fused 
grains  gradually  increases  by  melting  adjacent  coarse  grains,  but  because  the  sintering  materials  stays 
in  a  high  temperature  range  only  for  a  short  period  of  time,  the  coarse  grains  do  not  fuse  completely 
and  the  resulting  melt  is  not  a  uniform  mixture  of  fine  and  coarse  grains  but  contains  a  higher 
proportion  of  the  initially  fused  fine  grains  when  it  has  coagulated  and  formed  slag  bonds.  Therefore,  to 
form  a  required  amount  of  melt  quickly,  it  is  necessary  that  the  fine  grains  below  1  mm  in  size 
surrounding  a  coarse  grain  should  contain  as  many  starting  points  as  possible  which  melt  at  low 



temperatures.  The  melt  basically  consists  of  Si02,  CaO  and  iron  oxides,  and,  since  the  greater  part  of 
the  sintering  material  is  made  up  of  iron  ore  as  the  source  of  iron  oxides,  the  fine  grains  surrounding  a 
coarse  grain  unavoidably  contain  a  large  proportion  of  iron  oxides.  Accordingly,  the  more  SiO2  and  CaO 
sources  which  are  present  in  the  fine  grains,  the  more  easily  is  a  melt  is  formed.  This  may  be  achieved 
by  using  a  raw  material  which  contains  a  large  proportion  of  SiO2  and  CaO  in  only  fine  grains.  However 
no  such  iron  ore  is  found  in  nature,  and,  therefore,  a  practical  method  is  to  add  fine  grains  of  silica, 
serpentite,  peridotite  and  Ni-slag  as  SiO2  sources  and  fine  grains  of limestone  as  a  CaO  source.  Other 
effective  materials  are  slag  from  a  blast furnace,  slag  from  a  converter,  and returned  fines  which  contain 
large  proportions  of  SiO2  and  C a O .  

1.  The  first  embodiment  of  the  process  of  this  invention  is  a  process  for  producing  a  self-fluxing, 
sintered  ore  using  a  raw  materials  mix  comprising  iron  ore,  limestone,  silica  and  coke,  at  least  25  wt% 
of  said  mix  consisting  of  fine  grains  below  1  mm  in  size  and  said  mix  containing  not  more  than  5.4  wt% 
of  Si02  in  terms  of  "sintered  ore  product",  as  defined  above,  said  process  being  characterized  by 
controlling  the  Si02  content  of  said  fine  grains  to  be  at  least  50  wt%  of  the  total  Si02  content  of  the  raw 
materials  mix,  and  sintering  the  thus  controlled  mix. 

The  first  embodiment  of  the  process  of  this  invention  is  now  described  in  detail  with  reference  to 
the  accompanying  drawings  and  the  following  tables.  Let  the  mix  used  in  the  conventional  sintering 
process  (see  FIG.  1  and  Table  1)  be  compared  with  the  mix  used  in  the  first  embodiment  of  the  process 
of  this  invention  (see  FIG.  2,  Table  2  and  FIG.  3  and  Table  3).  FIGS.  1,  2  and  3  each  show  the 
relationship  of  the  weight  of  Si02  and  CaO  for  each  grain  size  (as  percentage  of  the  total  content  of 
each  size)  to  the  basicity  (CaO/SiO2  ratio  by  weight)  for  each  grain  size.  The  grain  size  scale  of  each 
figure  is  divided  into  six  ranges,  namely:  -0.25  mm,  0.25 ~  0.5  mm,  0.5 ~  1  mm,  1  N  2  mm, 
2 ~ 5  mm,  and  5 ~ 10  mm.  The  premix  has  an  average  basicity  (CaO/SiO2)  of  about  1.35:1.  Tables  1, 2 
and  3  (below)  each  show  the  grain  size  distribution  of  the  mix  and  the  contents  of  CaO  and  SiO2, 
respectively,  for  each  grain  size  as  percentages  of  the  CaO  and  Si02  contents  of  the  mix. 











As  FIG.  1  shows,  the  mix  for  the  conventional  process  contains  more  CaO  in  the  range  of  from  1 
to  2  mm  and  of  from  0.25  to  0.5  mm  than  in  the  other  ranges,  but  its  SiO2  content  is  uniformly 
distributed  over  the  six  ranges.  In  addition,  as  Table  1  (above)  shows,  both  the  CaO  and  SiO2  contents, 
as  percentages  of  the  CaO  and  SiO2  contents  of  the  mix,  are  below  50%  in  the  case  of  grain  sizes  below 
1  mm.  On  the  other  hand,  as  FIG.  2  shows,  the  mix  for  the  process  of  this  invention  is  characterized  by  a 
CaO  distribution  for  grain  sizes  below  1  mm  which  is  similar  to  that  obtained  with  the  mix  of the 
conventional  process  and  yet  contains  more  Si02  in  grains  below  1  mm  in  size  than  does the 
conventional  mix.  Furthermore,  the  mix  for  the  process  of  this  invention  is  controlled  so  that  is  contains 
not  more  than  5.4  wt%  of  Si02  in  terms  of  the  Si02  content  of  the  sintered  ore  product.  In  consequence, 
the  grains  of  the  mix  below  1  mm  in  size  have  a  low  basicity  (CaO/Si02).  As  table  2  shows,  the  SiO2 
content  for  grain  sizes  below  1  mm,  as  a  percentage  of  the  total  Si02  of  the  mix,  is  higher  than  50%. 

FIG.  3  illustrates  another  mix  to  be  used  in  the  process  of  this  invention.  The  mix  is  such  that  the 
SiO2  content  of  fine  grains  below  1  mm  in  size  is  at  least  50%  of  the  total  SiO2  content  of  the  mix,  and 
that  the  SiO2  content  of  the  mix  is  5.2%  in  terms  of  the  SiO2  content  of  the  sintered  ore  product.  The 
mix  is  characterized  in  that  grains  below  1  mm  in  size  have  a  higher  SiO2  content  and  a  lower  basicity 
(CaO/SiO2)  than  grains  below  1  mm  in  size  in  the  conventional  mix  (see  FIG.  1).  It  follows  that,  as 
shown  in  Table  3  (above),  the  Si02  content  of  grains  below  1  mm  in  size  as  compared  with  the  total 
5i02  content  of  the  mix  is  at  least  50%  as  with  the  mix  the  characteristics  of  which  are  shown  in  Table 
2  (above). 

As  described  in  the  foregoing,  the  Si02  content  of  the  mix  to  be  used  in  the  process  of  this 
invention  is  so  controlled  that  it  is  not  more  than  5.4%  as  converted  to  a  value  for  sintered  ore  product. 
Such  conversion  is  necessary  for  determining  accurately  the  Si02  content  of  the  mix  because  some 
portions  of  the  mix  are  eliminated  as  gas  and  dust  in  the  course  of  sintering.  No  general  conversion 
formula  can  be  set  because  the  type  and  amount  of  the  ingredients  to  be  eliminated  from  the  mix  vary 
slightly  with  the  composition  of  the  mix  and  the  sintering  conditions,  but  it  can  be  approximated  by  the 
following  relationship: 



in  which:  Y  is  the  Si02  content  (wt%)  of  the  sintered  ore  product,  X  is  the  SiOz  content  (wt%)  of  the  mix, 
and  a  and  b are  constants,  generally  1.1  and  not  more  than  0.2,  respectively,  which  can  be  determined 
empirically  on  the  basis  of  actual  records  of  sintering  operations. 

The  mix  for  use  in  the  process  of  this  invention  contains  at  least  25%,  preferably  from  25  to  60%, 
of  fine  grains  below  1  mm  in  size.  If  the  content  of  fine  grains  below  1  mm  in  size  is  lower  than  25%, 
not  enough  slag  bonds  are  formed  by  sintering  to  provide  a  strong  sintered  ore.  If  the  content  of  fine 
grains  below  1  mm  in  size  exceeds  60%,  the  gas  permeability  of  the  sinter  bed  is  decreased  but  this  will 
not  sacrifice  the  productivity  of  the  process  of  this  invention  if  the  agglomeration  operation  is  enhanced 
by  longer  agglomeration  or  if  a  binder  such  as  quicklime  or  bentonite  is  added. 

Sintered  ores  were  produced  from  the  mix  described  above  with  varying  proportions  of  SiO2  in 
grains  below  1  mm  in  size  relative  to  the  total  Si02  of  the  mix,  and  the  RDI  values  of  the  products  were 
plotted  in  FIG.  4,  from  which  one  can  understand  that  the  RDI  value  is  greatly  and  suddenly  improved 
when  the  Si02  content  of  mix  grains  below  1  mm  in  size  exceeds  50%  of  the  total  Sio2  content  of  the 
mix.  This  is  probably  because  an  increased  reactive  area  of  the  Si02-containing  mix  causes  rapid  and 
uniform  formation  of  Si02  slag,  the  basic  component  of  the  slag  bond  which  binds  the  particles  or  iron 
oxide  together  and  governs  the  strength  of  the  sintered  ore  product.  As  a  result,  a  low-slag  sintered  ore 
containing  not  more  than  5.4%  of  Si02  is  produced. 

The  following  are  illustrative  methods  of  controlling  the  Si02  content  of  the  sintered  ore  product 
to  be  not  greater  than  5.4%  and  also  of  controlling  the  SiO2  content  of  mix  grains  below  1  mm  in  size  to 
be  at  least  50%  of  the  total  Si02  content  of  the  mix: 

(1)  first  controlling  the  SiO,  content  of  the  mix  to  be  not  more  than  5.4%  in  terms  of  the  Si02 
content  of  the  sintered  ore  product,  and  at  the  same  time  decreasing  the  CaO  content  of  the  mix  so  that 
its  basicity  (CaO/SiO2)  does  not  vary,  and  then  decreasing  the  grain  size  of  SiO2  sources  such  as  silica, 
dunnite,  serptentite,  Miferma  and  other  high  Si02  content  ores  to  below  1  mm. 

(2)  second,  decreasing  the  size  of  returned  fines  containing  more  SiO2  than  ordinary  ores  to  below 
1  mm;  and 

(3)  third,  using  a  large  proportion  of  ores  which  contain  more  Si02  than  ordinary  ores,  and  which 
comprise  many  fine  grains  below  1  mm  in  size. 

2.  The  second  embodiment  of  the  process  of  this  invention  is  a  process  for  producing  a  self- 
fluxing  sintered  ore  using  a  raw  materials  mix  comprising  iron  ore,  silica,  limestone,  coke  and  return 
fines,  at  least  25  weight  %  of  said  mix  consisting  of  fine  grains  below  1  mm  in  size  and  said  mix 
containing  not  more  than  5.4  wt%  of  SiO2  in  terms  of  "sintered  ore  product",  said  process  being 
characterized  by  controlling  the  Si02  content  of  said  fine  grains  to  be  between  2.4  and  3.4  weight  %  of 
the  raw  material  mix  (dry),  and  the  basicity  (CaO/SiO2  ratio)  of  said  fine  grains  to  be  not  more  than 
1.3:1,  and  sintering  the  thus  controlled  mix. 

Therefore,  the  sintered  ore  produced  by  the  second  embodiment  of  this  invention  is  a  self-fluxing 
(basic)  sintered  ore  which  contains  not  more  than  5.4  wt%  of  SiO2,  and  the  fine  grains  below  1  mm  in 
size  which  account  for  at  least  25%  of  the  ore  are  characterized  by  having  a  basicity  (CaO/SiO2)  below 
1.3:1. 

Thus,  the  next  point  to  be  considered  is  the  composition  of  the  fine  grains  of  the  mix  below  1  mm 
in  size.  As  we  have  already  revealed,  the  lower  the  basicity  (CaO/SiO2  ratio)  of  fine  grains  of  the  mix 
below  1  mm  in  size,  the  higher  the  reduction  strength  of  the  sintered  ore,  and  this  effect  is  particularly 
conspicuous  when  the  fine  grains  have  a  basicity  below  1.0:1.  Accordingly,  two  raw  materials  mixes 
with  the  same  average  composition  will  provide  sintered  ores  of  different  reduction  strengths  if  the  fine 
grains  below  1  mm  in  size  have  different  basicities.  For  example,  a  mix  in  which  the  fine  grains  below 
1  mm  in  size  have  a  higher  basicity  provides  a  sintered  ore  of  higher  reduction  strength  than  a  mix  in 
which  such  fine  grains  have  a  lower  basicity. 

However,  our  studies  have  also  shown  that  not  only  is  the  basicity  of  fine  grains  below  1  mm  in 
size,  an  important  factor,  but  also  the  absolute  amounts  of  Si02  and  CaO  contained  in  such  fine  grains. 

The  above  discussion  shows  that  the  amounts  of  fine  grains  of  a  mix  below  1  mm  in  size  and  their 
constituents,  especially  Si02  and  CaO,  have  an  important  effect  on  the  quality  of  the  sintered  ore 
product.  We  have  also  found  that  most  of  the  SiO2  and  CaO  in  coarse  grains  larger  than  1  mm  in  size 
either  remains  unreacted  or  is  reacted  but  mostly  confined  within  the  coarse  particles,  thus  failing  to 
perform  the  function  of  a  "bond".  However,  CaO  which  forms  slag  more  easily  than  Si02  will  form some 
slag  in  the  later  stage  of  the  sintering  reaction,  therefore,  by  properly  controlling  the  SiO2  and  CaO 
contents  of  fine  grains  below  1  mm  in  size,  sintered  ores  can  be  produced  without  impairing  their 
quality  and  productivity  even  if  the  SiO2  and  CaO  contents  of  coarse  grains  larger  than  1  mm  in  size  are 
decreased.  In  other  words,  the  necessary  and  sufficient  requirement  for  high  quality  and  productivity  of 
sintered  ore  is  that  the  proper  conditions  of  the  amount  and  constituents  (Si02  and  CaO)  of  fine  grains 
of  a  raw  materials  mix  for  sintering  below  1  mm  in  size  should  be satisfied.  By  reducing  the  Si02  and 
CaO  contents  of  coarse  grains  more  than  1  mm  in  size  which  have  not  been  involved  in  the  formation  of 
a  "bond",  and  thereby  decreasing  the  total  SiO2  and  CaO  contents  of  the  raw  material,  a  low-slag 
sintered  ore  can  be  prepared  which  contains  not  more  than  5.4  wt%  of  Si02  but  which  has  previously 
been  difficult  to  produce  commercially  due  to  low  quality  and  productivity.  However,  it  is  substantially 



impossible  in  practice  selectively  to  eliminate  SiO2  and  CaO  from  only  the  coarse  grains  of  the  raw 
material  which  are  more  than  1  mm  in  size.  Therefore, as  a  practically  feasible  method,  the  SiOz  and 
CaO  contents  of  the  coarse  grains are  reduced  not  directly  but  indirectly  by  decreasing  the  SiO2  and 
CaO  contents  of  the  total  mix,  and  then  compensating  for  the  required  amounts  of  SiO2  and  CaO  in  the 
fine  grains  below  1  mm  in  size.  Therefore,  a  40  kg-pot  test  was  conducted  to  determine  the 
quantitative  relationship  between  the  SiO2  and  CaO  contents  of  fine  grains  below  1  mm  in  size  and  the 
quality  of  the  sintered  ore  product.  The  results  of  the  test  are  shown  in  FIG.  6  of  the  drawings. 

FIG.  6  is  a  graph  plotting  the  RDI  values  of  sintered  ore  products  produced  by  varying  the  Si02  and 
CaO  contents  of  fine  grains  of  a  raw  materials  mix  below  1  mm  in  size.  On  the  x-axis,  the  weight  of  SiO2 
contained  in  fine  grains  below  1  mm  in  size  is  plotted  as  a  percentage  of  the  components  of  the  mix 
(dry).  This  factor  is  defined  by  the  following  formula  (the  factor  will  hereunder  be  referred  to  as  [SiO2]  in 
-1  mm): 

wherein  A  is  the  percentage  by  weight  of  the  fine  grains  below  1  mm  in  size  contained  in  the  mix,  and  B 
is  the  percentage  by  weight  of  SiO2  contained  in  the  fine  grains  below  1  mm  in  size.  On  the  y-axis,  the 
weight  of  CaO  contained  in  fine  grains  below  -1  mm  in  size  is  plotted  as  a  percentage  of  the 
components  of  the  mix(dry).  The  RDI  values  of  the  resulting  sintered  ore  products  are  indicated  by 
numerals  in  the  graph.  The  basicity  (CaO/SiO2  ratio)  of  the  fine  grains  below  1  mm  in  size  is  shown  as  a 
solid  line  sloping  upwards  to  the  right,  and  the  sum  of  the  CaO  and  SiO2  contained  in  the  fine  grains 
below  1  mm  in  size  is  shown  as  a  dotted  line  sloping  upwards  to  the  left.  As  is  clear  from  FIG.  6,  the 
area  of  RDI  <40  is  hatched  and  it  enclosed  the  region  where  [SiO2]  in  -1  mm  is  at  least  2.4  and  the 
CaO/SiO2  ratio  of  fine  grains  below  1  mm  in  size  is  not  more  than  1.3:1.  In  particular,  the  region  where 
[SiO2]  in  -1  mm  is  at  least  3.0  and  the  CaO/SiO2  ratio  of  fine  grains  below  1  mm  in  size  is  not  more 
than  1.0:1  is  characterized  by  very  desirable  RDI  values  (<30).  Therefore,  to  keep  the  RDI  value  of  a 
sintered  ore  product  within  a  desired  range,  it  is  necessary  that  the  [SiO2]  in  -1  mm  should  be  higher 
than  a  certain  value  and  that  the  CaO/SiO2  ratio  of  fine  grains  below  1  mm  in  size  should  not  exceed  a 
given  value. 

Since  the  sintered  ore  produced  by  the  process  of  this  invention  is  of  low  Si02  content,  the  total 
SiO2  content  of  the  mix  should  naturally  be  smaller  than  that  of  the  conventional  mix,  and  this  require- 
ment  unavoidably  constitutes  a  limit  to  the  increase  in  the  level  of  [SiO2]  in  -1  mm.  The  region  where 
[SiO2]  in  -1  mm  exceeds  3.0  in  FIG.  6  is  obtainable  only  in  a  laboratory*by  selecting  only  iron  ores 
which  are  extremely  low  in  Si02  content,  blending  them  with  fine  powders  of  SiOl  sources  and 
sintering  the  resulting  mix.  In  commercial  operations  where  selection  of  such  ores  is  difficult,  there  is 
little  possibility  of  obtaining  the  stated  range. 

Furthermore,  the  strength  at  ordinary  temperatures  (shatter  index)  of  a  sintered  ore  is  directly 
correlated  with  the  sum  of  the  CaO  and  SiO2  contained  in  fine  grains  below  1  mm  in  size,  and, 
therefore,  the  value  of  the  sum  cannot  be  made  excessively  low.  With  the  level  of  [SiO2]  in  -1  mm  of 
the  mix  being  at  least  2.4,  if  the  sum  of  CaO  and  SiO2  contained  in  fine  grains  below  1  mm  in  size  is 
smaller  than  4.0,  the  sintered  ore  product  has  a  tendency  to  exhibit  low  strength  at  ordinary 
temperatures  (shatter  index),  making  it  necessary  to  implement  separate  provisions  for  increasing  the 
shatter  index  by,  for  instance,  incorporating  more  coke  in  the  mix. 

The  following  conclusion  can  be  drawn  from  the  above  discussion:  the  technique  of  this  invention 
can  be  easily  implemented  within  the  hatched  area  of  FIG.  6  where  the  [SiO2]  in  -1  mm  value  is  at  least 
2.4  and  the  CaO/SiO2  ratio  of  fine  grains  below  1  mm  in  size  is  not  more  than  1.3:1,  especially  in  the 
dotted  area  where  the  [SiO2]  in  -1  mm  value  is  between  2.4  and  3.0,  the  CaO/SiO  ratio  of  fine  grains 
below  1  mm  in  size  is  not  greater  than  1.3:1  and  the  sum  of  CaO  and  SiO2  contained  in  the  fine  grains 
below  1  mm  in  size  is  at  least  4.0.  It  is  to  be  noted  again  that  the  mix  for  use  in  the  process  of  this 
invention  generally  contains  from  25  to  60  wt%  of  fine  grains  below  1  mm  in  size. 

It  is  well  known  that the  reduction  strength  of  a  sintered  ore  will  usually  decrease  with  an  increase 
in  the  AI203  content  of  the  ore.  In  contrast  with  this  statistical  fact,  some  cases  are  observed  in  which 
an  increase  in  the  AI203  content  does  not  necessarily  result  in  a  low  reduction  strength  and,  therefore, 
the  relationship  between  the  AI203  content  and  the  reduction  strength  has  not  been  altogether  clear. 
On  the  basis  of  our  understanding  that  a  slag  bond  is  formed  of  relatively  fine  grains  and  that  most  of 
the  coarse  grains  remain  in  the  unmelted  ore,  we  have  carried  out  experiments  varying  the  AI203 
content  of  fine  grains  only  rather  than  the  Al2O3  content  averaged  by  both  fine  and  coarse  grains,  and 
we  have  found  that  there  is  an  inverse  relationship  between  the  AI203  content  of  fine  grains  below 
1  mm  in  size  and  the  reduction  strength  of  the  sintered  ore  product.  We  have  also  found  that  the 
inconsistency  which  has  been  observed  in  some  cases  between  the  average  Al2O3  content  of  the 
sintered  ore  and  its  reduction  strength  can  be  explained  by  the  AI203  content  of  fine  grains  below  1  mm 
in  size.  Accordingly,  it  is  necessary  to  control  not  only  the  average  Al2O3  content  of  a  sintered  ore  but 
also  the  AI203  content  of  fine  grains  below  1  mm  in  size.  What  is  more,  a  raw  material  for  sintering 
should  not  be  composed  of  crushed  iron  ores  having  a  high  AI203  content,  and  this  is  important  for 
ensuring  an  acceptable  reduction  strength  in  the  sintered  ore. 



The  above  discussion  shows  that  the  proportions  of  fine  grains  of  a  raw  material  for  sintering 
which  are  below  1  mm  in  size  and  of  their  constituents,  especially  SiO2,  CaO  and  Al2O3,  have  an 
important  effect  on  the  quality  of  the  sintered  ore  product.  We  have  also  found  that  most  of  the  Si02, 
CaO  and  AI203  in  the  coarse  grains  larger  than  1  mm  in  size  either  remains  unreacted  or  is  reacted but 
mostly  confined  within  the  coarse  grains,  thus  failing  to  perform  the  function  of  a  "bond".  However, 
CaO  which  more  easily  forms  slag  than  SiO2  and  AI203  will  form  some  slag  in  the  later  stage  of  the 
sintering  reaction.  Therefore,  by  properly  controlling  the  SiO2,  CaO  and  Al2O3  contents  of  fine  grains 
below  1  mm  in  size,  sintered  ores  with  quality  and  productivity  unimpaired  can  be  produced  even  if  the 
SiO2  and  CaO  contents  of  coarse  grains  larger  than  1  mm  in  size  are  decreased,  or  even  if  the  Al2O3 
content  of  said  coarse  grains  is  increased.  In  other  words,  as  stated  above,  the  necessary  and  sufficient 
requirement  for  high  quality  and  productivity  of  the  sintered  ore  is  that  the  proper  conditions  with 
respect  to  the  amount  and  constituents  (SiO2,  CaO  and  Al2O3)  of  fine  grains  of  a  raw  materials  mix  for 
sintering  below  1  mm  in  size  should  be  satisfied.  By  reducing  the  Si02  and  CaO  contents  of  coarse 
grains  larger  than  1  mm  in  size  which  have  not  been  involved  in  the  formation  of  a  "bond",  and  thereby 
decreasing  the  total  SiO2  and  CaO  contents  of the  raw  material,  a  low-slag  sintered  ore  can  be  prepared 
which  contains  not  more  than  5.4  wt%  of  SiO2  but  which  has  previously  been  difficult  to  produce 
commercially  due  to  low  quality  and  productivity.  However,  it  is  substantially  impossible  in  practice 
selectively  to  eliminate  SiO2  and  CaO  from  only  the  coarse  grains  of  the  raw  material  below  1  mm  in 
size.  Therefore,  as  a  practically  feasible  method,  the  Si02  and  CaO  contents  of  the  coarse  grains  are 
reduced  not  directly  but  indirectly  by  decreasing  the  Si02  and  CaO  contents  of  the  total  raw  material, 
and  then  compensating  for  the  required  amounts  of  Si02  and  CaO  in  the  fine  grains  below  1  mm  in  size. 
Accordingly,  a  40  kg-pot  test  was  conducted  to  determine  the  quantitative  relationship  between  the 
SiO2,  CaO  and  Al2O3  contents  of  fine  grains  below  1  mm  in  size  and  the  quality  of  the  sintered  ore 
product.  The  results  of  the  test  are  shown  in  FIG.  8  of  the  accompanying  drawings. 

FIG.  8  is  a  graph  plotting  the  RDI  values  of  sintered  ore  products  produced  by  varying  the  SiO2, 
CaO  and  AI203  contents  of  fine  grains  of  a  raw  materials  mix  which  are  below  1  mm  in'size.  We  have 
plotted  on  the  x-axis  the  weight  of  the  Si02  contained  in  fine  grains  below  1  mm  in  size  minus  the 
weight  of  AI203  contained  in  the  fine  grains  as  a  percentage  of  the  components  of  the  mix(dry).  This 
factor  is  defined  by  the  following  formula  (the  factor  will  hereunder  be  referred  to  as  [SiO2-Al2O3]  in 
-1  mm): 

wherein  A  is  the  percentage  by  weight  of  the  fine  grains  below  1  mm  in  size  contained  in  the  mix,  8  is 
the  percentage  by  weight  of  SiO2  contained  in  the  fine  grains  below  1  mm  in  size,  and  C  is  the 
percentage  by  weight  of  AI203  contained  in  the  fine  grains  below  1  mm  in  size. 

On  the  y-axis,  we  have  plotted  the  weight  of  the  CaO  content  of  the  fine  grains  below  1  mm  in 
size  as  a  percentage  of  the  components  of  the  mix  (dry).  The  RDI  values  of  the  resulting  sintered  ore 
products  are  indicated  by  numerals  in  the  graph  of  Fig.  8.  The  CaO/(SiO2-Al2O3)  values  for  fine  grains 
below  1  mm  in  size  are  shown  as  dotted  lines.  As  is  clear from  FIG.  8,  the  area  of  RDI  40  is  hatched  and 
it  encloses  the  region  where  [SiO2-Al2O3]  in  -1  mm  is  at  least  1.8  and  the  CaO/(SiO2-Al2O3)  ratio  of 
fine  grains  below  1  mm  in  size  is  not  greater  than  2.0:1.  In  particular  the  region  where  the 
[SiO2-Al2O3]  in  -1  mm  value  is  at  least  2.4  and  the  CaO/(SiO2-Al2O3)  ratio  of  fine  grains  below 
1  mm  in  size  is  not  greater  than  1.8:1  is  characterized  by  very  desirable  RDI  values  (<30).  Therefore,  to 
keep  the  RDI  value  of  a  sintered  ore  product  within  a  desired  range,  it  is  necessary  that  the 
[SiO2-Al2O3]  in  -1  mm  value  should  be  higher  than  a  certain  level  and  that  the  CaO/(SiO2-Al2O3) 
ratio  of  fine  grains  below  1  mm  in  size  should  not  exceed  a  given  value. 

Now,  the  change  in  the  AI203  content  of  a  raw  material  for  sintering  is  generally  smaller  than  that 
in  the  SiO2  content,  and  furthermore,  in  practice  iron  ores  having  an  extremely  low  content  of  Al2O3  are 
not  generally  available  in  large  quantities.  Therefore,  it  is  unavoidable  that  the  level  of  [SiO2-Al2O3]  in 
-1  mm  must  be  increased  by  increasing  the  SiO2  content  of  fine  grains  below  1  mm  in  size.  However, 
since  the  sintered  ore  produced  by  the  process  of  this  invention  is  of  low  SiO2  content,  the  total  SiO2 
content  of  the  raw  materials  mix  should  naturally  be  smaller  than  that  of  the  conventional  mix,  and  this 
requirement  unavoidably  constitutes  a  limit  to  the  available  increase  in  the  level  of  [SiO2-Al2O3]  in 
-1  mm.  The  region  where  [Si02-AI203]  in  -1  mm  exceeds  2.4  in  FIG.  8  is  obtainable  only  in  a 
laboratory  by  selecting  only  iron  ores  which  are  extremely  low  in  SiO2  and  Al2O3  contents,  blending 
them  with  fine  powders  of  SiO2  sources  and  sintering  the  resulting  mix.  In  commercial  operations 
where  selection  of  such  iron  ores  is  difficult,  there  is  little  possibility  of  obtaining  the  stated  range. 

Furthermore,  the  strength  at  ordinary  temperatures  (shatter  index)  of  the  sintered  ore  is  d i rec t ly  
correlated  with  the  sum  of  CaO  and  SiO2  contained  in  fine  grains  below  1  mm  in  size,  and,  therefore, 
the  value  of  the  sum  cannot  be  made  excessively  low.  With  the  level  of  [SiO2-Al2O3]  in  -1  mm  of  a 
raw  materials  mix  being  at  least  1.8,  if  the  value  of  the  CaO/(SiO2-Al2O3)  ratio  of  the  fine  grains  below 
1  mm  in  size  is  smaller  than  1.0:1,  the  sum  of  the  CaO  and  Si02  contained  in  said  fine  grains  decreases, 
and  the  sintered  ore  product  has  a  tendency  to  exhibit  a  low  strength  at  ordinary  temperatures  (shatter 



index),  making  it  necessary  to  implement  separate  provisions  for  increasing  the  shatter  index  by,  for 
instance,  incorporating  more  coke  in  the  mix.  It  is  to  be  mentioned  here  that  the  level  of  the 
CaO/(SiO2-Al2O3)  ratio  of  fine  grains  below  1  mm  in  size  should  not  be  below  0.5:1  because, 
otherwise,  sintered  ore  which  is  very  low  in  strength  at  ordinary  temperatures  is  produced. 

The  following  conclusion  can  be  drawn  from  the  above  discussion:  the  technique  of  this  invention 
can  be  easily  implemented  within  the  hatched  area  of  FIG.  8  where  the  [SiO2-Al2O3]  in  -1  mm  values 
are  at  least  1.8  and  the  CaO/(SiO2-Al2O3)  ratio  of  fine  grains  below  1  mm  in  size  are  not  greater  than 
2.0:1  especially  in  the  dotted  area  where  the  [SiO2-Al2O3]  in  -1  mm  values are  between  1.8  and  2.4 
and  the  CaO/(SiO2-Al2O3)  rates  between  0.5:1  preferably  1.0:1  and  2.0:1. 

Preferred  embodiments  of  the  process  of  this  invention  are  described  hereunder  in  greater  detail 
with  reference  to  the  following  examples. 

Three  different  raw  materials  mixes  each  comprising  iron  ores,  limestone,  silica,  coke  and  return 
fines  were  agglomerated  in  the  presence  of  water,  and  the  resulting  agglomerates  were  charged  into  a 
40  kg  test  pot  at  a  negative  pressure  of  1700  mm  H20  to  produce  three  different  sintered  ores.  The 
description  of  the  ingredients  of  each  mix  and  the  grain  size  distribution  of  each  ingredient  are  shown  in 
Table  4  (for  Comparative  Example  1),  Table  5  (for  Example  1)  and  Table  6  (for  Example  2).  The  average 
basicity  (CaO/SiO2)  of  each  raw  materials  mix  was  about  1.35:1.  The  raw  materials  mix  used  in 
Example  1  according  to  one  embodiment  of  the  process  of  this  invention  incorporated  fine  grains 
(below  1  mm  in  size)  of  silica  containing  at  least  90%  of  5i02  so  that  the  5i02  content  of  the  mix  was 
not  more  than  5.4%  in  terms  of  sintered  ore  product.  The  raw  materials  mix  used  in  Example  2 
according  to  another  embodiment  of  this  invention  likewise  incorporated  fine  grains  (below  1  mm  in 
size)  of  silica  containing  at  least  90%  of  Si02,  but  it  contained  a  smaller  amount  of  silica  and  limestone 
so  that  the  Si02  content  of  the  mix  was  not  more  than  5.2%  in  terms  of  sintered  ore  product.  Tables  4, 
5  and  6  are  keyed  to  Tables  1,  2  and  3,  respectively.  The  compositions  of  the  principal  ingredients  of 
each  mix  are  identified  in  Table  8  below. 





The  test  results  are  shown  in  Table  7  (below)  and  FIG.  5  of  the  drawings.  The  process  of  this 
invention  (Examples  1  and  2)  was  slightly  more  productive  than  the  conventional  process  (Comparative 
Example  1)  due  to  a  shorter  sintering  period  and  a  higher  ratio  of  sinter  to  sinter  cake.  The  process  of 
this  invention  consumed  slightly  less  coke  than  the  conventional  process.  This  means  that,  although  the 
process  of  this  invention  achieved  almost  the  same  results  of  sintering  as  in  the  conventional  technique 
with  respect  to  moisture  content,  coke  content,  productivity,  sintering  time,  sinter  to  sinter  cake  ratio, 
coke  consumption  and  shatter  index,  it  greatly  reduced  the  RDI  value  of  the  sintered  ore  product  (as  in 
Example  1),  or  reduced  the  SiO2  content  of the sintered  ore  product  to  less  than  5.2%  without  greatly 
increasing  its  RDI  value  (as  in  Example  2). 





As  described  in  the  foregoing,  the  process  of  this  invention  is  comparable  with,  or  even  superior 
to,  the  conventional  sintering  process  with  respect  to  productivity,  coke  consumption,  shatter  index  and 
other  factors  while  it  can  greatly  reduce  the  RDI value  of  the  sintered  product,  or  reduce  the  SiO2 
content  of  the  sintered  product  to  below  5.4%  without  greatly  increasing  its  RDI  value. 

Comparative  Examples  2  and  3  and  Examples  3  to  7  of  this  invention  are  described  hereunder. 
Seven  different  raw  materials  mixes  each  comprising  iron  ores,  limestone,  silica,  coke  and  return  fines 
were  agglomerated  in  the  presence  of  water,  and  the  resulting  agglomerates  were  charged  into  a  40  kg 
test  pot  at  a  negative  presure  of  1700  mmH20  to  produce  seven  different  sintered  ores.  The  description 
of  the  ingredients  of  each  mix  and  the  composition  of  each  ingredient  are  shown  in  Tables  9  to  12 
(Comparison  Example  2  and  Examples  3  to  5)  and  Tables  19  to  22  (Comparison  Example  3  and 
Examples  6  and  7).  The  proportions  of  the  ingredients  of  the  mixes  are  indicated  in  Table  13 
(Comparison  Example  2  and  Examples  3  to  5)  and  in  Table  23  (Comparison  Example  3  and  Examples  6 
and  7).  Tables  14  to  17  are  keyed  to  the  data  on  the  proportions  of  ingredients  set  forth  in  Table  13  for 
Comparative  Example  2  and  Examples  3  to  5,  respectively,  and  each  table  shows  the  Si02  and  CaO 
contents  of  the  raw  materials  mix  and  the  sintered  ore  product.  In  each  of  Tables  14  to  17,  the  data  on 
the  SiO2  content,  the  CaO  content  and  the  CaO/SiO2  ratio  of  the  mix  are  classified  under  coarse  grains 
larger  than  1  mm  in  size  and  fine  grains  below  1  mm  in  size. 

Tables  24  to  26  are  keyed  to  the  data  on  the  proportions  of  ingredients  set  forth  in  Table  23  for 
Comparative  Example  3  and  Examples  6  and  7,  respectively,  and  each  table  shows  the  Si02,  CaO  and 
Al2O3  contents  and  the  CaO/SiO2  ratios  of  the  raw  materials  mix  and  sintered  ore  product,  and  the 
(SiO2-Al2O3)  contents  and  CaO/(SiO2-Al2O3)  ratios  of  fine  grains  (below  1  mm  in  size)  of  the  mix.  In 
each  of  Tables  24  to  26,  the  data  on  the  SiO2  content,  CaO  content  and  Al2O3  content  of  the  mix  are 
classified  under  "coarse  grains"  (above  1  mm  in  size)  and  "fine  grains"  (below  1  mm  in  size), 
respectively. 

As  mentioned  above  in  connection  with  the  raw  material  mix  to  be  used  in  the  process  of  this 
invention,  the  relationship  between  Y  which  is  the  SiO2  content  (wt%)  of  the  sintered  ore  product  and  X 
which  is  the  SiO2  content  (wt%)  of  the  raw  materials  mix  can  be  approximated  by  the  following  formula: 

wherein  a  and  b  are  constants,  generally  1.1  and  not  more  than  0..2.  respectively,  which  can  be 
determined  empirically  on  the  basis  of  actual  records  of  sintering  operations. 

As  Tables  13  and  14  show,  the  raw  materials  mix  prepared  in  Comparative  Example  2  is  such  that 
the  amount  of  silica  containing  at  least  90%  of  Si02  is  simply  decreased  to  lower  the  Si02  content  in 



terms  of  sintered  ore  product  from  the  ordinary  range  of  5.6  to  6.0  wt%  down  to  5.4  wt%.  As  a  result, 
the  level  of  [SiO2]  in  -  1  mm  of  the  mix  is  2.25  and  the  CaO/SiO2  ratio  of  fine  grains  below  1  mm  in 
size  is  1.20:1.  Therefore,  a  simple  reduction  of  the  SiO2  content  gives  a  level  of  [SiO2]  in  -1  mm  which 
is  below  2.4. 

As  shown  in  Tables  13  and  15,  the  raw  materials  mix  prepared  in  Example  3  is  such  that  not  only 
is  the  amount  of  silica  which  is  added  lowered  but  the  grain  size  is  also  decreased  to  below  1  mm  so  as 
thereby  to  decrease  the  SiO2  content  in  terms  of  sintered  ore  product  down  to  5.4  wt%.  As  a  result,  the 
[SiO2]  in  -1  mm  value  is  increased  to  2.77  and  the  CaO/SiO2  ratio  of  fine  grains  below  1  mm  in  size  is 
decreased  to  0.95:1. 

In  Example  4  (shown  in  Tables  13  and  16),  the  raw  materials  mix  contains  both  return  fines  a  part 
of  which  is  crushed  to  a  size  below  1  mm  and  relatively  coarse  grains  of  other  iron  ores,  so  that  the  SiO 
content  in  terms  of  sintered  ore  product  is  decreased  to  5.4  wt%.  The  mix  is  characterized  by  an  [SiO2] 
in  -1  mm  value  which  is  as  high  as  2.97  and  a  CaO/SiO7  ratio  of  fine  grains  below  1  mm  in  size  as  high 
as  1.25:1. 

In  Example  5  (illustrated  in  Tables  15  and  17),  the  raw  materials  mix  is  such  that  not  only  is  the 
amount  of  silica  added  decreased  to  0.8  wt%  but  also  the  grain  size  is  decreased  to  below  1  mm  and 
also  it  incorporates  partially  crushed  iron  ores  containing  a  higher  proportion  of  SiO2  than  for  the  mix  as 
a  whole,  so  that  the  SiO2  content  in  terms  of  sintered  ore  is  decreased  to  5.0  wt%.  In  consequence,  the 
[SiO2]  in  -1  mm  of  the  mix  is  2.55  and  the  CaO/SiO2  ratio  of  fine  grain  below  1  mm  in  size  is  1.12:1. 
The  results  obtained  by  sintering  the  raw  material  mixes  prepared  in  Comparative  Example  2  and 
Examples  3  to  5,  respectively,  are  shown  in  Table  18  and  illustrated  in  the  graph  of  FIG.  7. 

As  shown  in  Table  18  and  Fig.  7,  the  raw  material  mix  of  Comparative  Example  2,  which  was 
prepared  by  simply  reducing  the  SiO2  content,  provided  a  sintered  ore  having  an  excessively  high  RDI 
value  which  could  only  be  produced  after  an  extended  sintering  period  and  in  a  low  sinter to  sinter  cake 
ratio.  The  mix  consumed  a  large  amount  of  coke  as  it  was  sintered.  In  contrast,  the  raw  materials  mix  of 
Example  3,  which  was  prepared  by  not  only  decreasing  the  amount  of  silica  added  but  also  by  reducing 
its  grain  size  to  below  1  mm,  provided  a  sintered  ore  having  a  desired  RDI  value  (below  40),  which 
could  be  produced  with  high  productivity  and  in  a  short  sintering  period,  consuming  less  coke,  although 
the  sintered  ore  product  contained  5.4  wt%  of  Si02  which  was  less  than  the ordinary  values  between 
5.6  and  6.0  wt%. 

The  raw  materials  mix  of  Exampie  4,  which  contained  return  fines  with  somewhat  more  SiO,  than 
the  intended  sintered  ore  product  and  part  of  which  was  crushed  to  a  size  below  1  mm,  provided  a 
sintered  ore  having  a  high  shatter  index  and  an  RDI  value  below  40.  Such  ore  could  be  produced  in  a 
high  sinter  to  sinter  cake  ratio,  consuming  a  small  amount  of  coke. 

The  raw  materials  mix  of  Example  5,  prepared  by  not  only  decreasing  the  amount  of  silica  added 
to  0.8  wt%  but  also  by  reducing  its  grain  size  to  below  1  mm  and  by  incorporating  partially  crushed  iron 
ores  which  were  relatively  high  in  Si02  content,  provided  a  sintered  ore  having  a  desired  value  of  RDI 
below  40  without  sacrificing  the  productivity  and  sinter  to  sinter  cake  ratio  and  without  increasing  the 
coke  consumption,  although  the  resulting  sintered  ore  had  its  SiO2  content  decreased  to  5.0  wt%. 







As  Tables  23  and  24  show,  the  raw  materials  mix  prepared  in  Comparative  Example  3  is  such  that 
the  amount  of  silica  containing  at  least  90%  of.  SiO2  is  simply  decreased  to  lower  the  Si02  content  in 
terms  of  sintered  ore  product  from  the  ordinary  range  of  5.6  to  6.0  wt%  down  to  5.4  wt%.  As  a  result 
the  level  of  [SiO2-Al2O3]  in  -1  mm  of  the  mix  is  1.64  and  the  weight  ratio  of  CaO/(Si02-Al2O3)  of 
fine  grains  below  1  mm  in  size  is  1.54:1.  Therefore,  a  simple  decrease  in  the  Si02  content  gives  a  level 
of  [SiO2-Al2O3]  in  -1  mm  which  is  below  1.8. 

As  shown  in  Tables  23  and  25,  the  raw  materials  mix  prepared  in  Example  6  contains  both  return 
fines,  part  of  which  is  crushed  to  a  size  below  1  mm,  and  relatively  coarse  grains  of  other  ores  so  that 
the  SiO2  content  in  terms  of  sintered  ore  product  is  decreased  to  5.4  wt%.  The  mix  is  characterized  by 
an  [SiO2- Al2O3]  in  -1  mm  value  which  is  as  high  as  2.03  and  a  weight  ratio  of  CaO/(SiO2-Al2O3)  of 
fine  grains  below  1  mm  in  size  which  is  as  high  as  1.85:1. 

In  Example  7  illustrated  in  Tables  23  and  26,  the  raw  materials  mix  is  such  that  not  only  is  the 
amount  of  silica  added  decreased  to  0.7  wt%  but  also  its  grain  size  is  lowered  to  below  1  mm  and 
further  it  incorporates  partially  crushed  iron  ores  containing  a  higher  proportion  of  5i02  than  for  the  mix 
as  a  whole,  so  that  the  SiO2  content  in  terms  of  sintered  ore  is  decreased  to  5.0  wt%.  In  consequence, 
the  [SiO2- Al2O3]  in  -1  mm  of  the  mix  is  1.83  and  the  weight  ratio  of  CaO/(SiO2-Al2O3)  of  fine  grains. 
below  1  mm  in  size  is  1.29:1. 

The  results  obtained  by  sintering  the  raw  materials  mix  prepared  in  Comparative  Example  3  and 
Examples  6  and  7  are  shown  in  Table 27  and  illustrated  in. the  graph  of FIG.  9.  As  is  clear from  Table  27 
and  FIG.  9,  the  raw  materials  mix  of  Comparative  Example  3,  which  was  prepared  by  simply  lowering 
the  SiO2  content,  provided  a  sintered  ore  having  a  relatively  high  RDI  value  which  could  only  be 
produced  after  extending  sintering  and  in  a  low  sinter  to  sinter  cake  ratio.  The  mix  consumed  a  large 
amount  of  coke  as  it  was  sintered. 



The  raw  materials  mix  of  Example  6,  which  contained  return  fines  having  somewhat  more  SiO2 
than  the  intended  sintered  ore  product  and  part  of  which  was  crushed  to  a  size  below  1  mm  provided  a 
sintered  ore  having  a  high  shatter  index  and  an  RDI  value  below  40.  Such  ore  could  be  produced  in  a 
high  sinter  to  sinter  cake  ratio,  consuming  a  small  amount  of  coke. 

The  raw  material  mix  of  Example  7  prepared  by  both  lowering  the  amount  of  silica  added  to  0.7 
wt%  and  decreasing  its  grain  size  to  below  1  mm,  and  also  by  incorporating  into  the  mix  partially 
crushed  iron  ores  which  were  relatively  high  in  SiO2  content  provided  a  sintered  ore  having  a  desired 
value  of  RDI  below  40  without  sacrificing  the  productivity  and  sinter  to  sinter  cake  ratio,  and  without 
increasing  the  coke  consumption,  although  the  resulting  sintered  ore  had  its  Si02  content  decreased  to 
5.0  wt%. 







As  described  in  the  foregoing,  the  process  of  this  invention  is  comparable  with,  or  even  superior 
to,  the  conventional  sintering  technique  with  respect  to  productivity,  coke  consumption,  shatter  index 
and  other  factors,  while  it  can  lower  the  SiO2  content  of  the  sintered  ore  to  below  5.4  wt%  and 
decrease  the  slag  content  (SiO.  plus  CaO)  of  the  ore  without  greatly  increasing  the  level  of  RDI. 
Accordingly,  the  process  can  greatly  curtail  the  amount  of  slag  charged  into  a  blast  furnace,  yielding  an 
appreciable  decrease  in  the  blast  furnace  fuel  consumption. 

1.  A  process  for  producing  a  self-fluxing  sintered  ore  using  a  raw  materials  mix  comprising  iron 
ore,  limestone,  silica  and  coke,  at  least  25  wt%  of  said  mix  consisting  of  fine  grains  below  1  mm  in  size 
and  said  mix  containing  not  more  than  5.4  wt%  of  Si02  in  terms  of  "sintered  ore  product"  (said  sintered 
ore  product  being  a  product  from  which  coke,  combined  CO2  and  combined  water  have  been  removed 
by  sintering  of  the  mix),  said  process  being  characterized  by  controlling  the  SiO2  content  of  said  fine 
grains  to  be  at  least  50  wt%  of  the  total  Si02  content  of  the  raw  materials  mix,  and  sintering  the  thus 
controlled  mix. 

2.  A  process  for  producing  a  self-fluxing  sintered  ore  using  a  raw  materials  mix  comprising  iron 
ore,  silica,  limestone,  coke  and  return  fines,  at  least  25  wt%  of  said  mix  consisting  of  fine  grains  below 
1  mm  in  size  and  said  mix  containing  not  more  than  5.4  wt%  of  SiO2  in  terms  of  "sintered  ore  product" 
(as  defined  in  Claim  1  above),  said  process  being  characterized  by  controlling  the  SiO2  content  of  said 
fine  grains  to  be  between  2.4  and  3.0  wt%  of  the  raw  materials  mix  (dry)  and  the  basicity  (CaO/SiO2 
ratio)  of  said  fine  grains  to  be  not  more  than  1.3:1,  and  sintering  the  thus  controlled  mix. 

3.  A  process  according  to  Claim  2,  wherein  the  sum  of  the  CaO  and  SiO2  contained  in  said  fine 
grains  is  at  least  4.0  wt%  of  said  mix. 

4.  A  process  according  to  Claim  2  or  Claim  3,  wherein  the  Si02  content  of  said  fine  grains  minus 
the  Al2O3  content  of  said  fine  grains  is  between  1.8  and  2.4  wt%  of  the  raw  materials  mix,  and  the 
weight  ratio  of  CaO  to  (SiO2-Al2O3)  contained  in  said  fine  grains  is  between  0.5:1  and  2.0:1. 

5,  A  process  according  to  Claim  4,  wherein  the  weight  ratio  of  CaO  to  (SiO2 Al2O3)  contained 
in  said  fine  grains  is. between  1.0:1  and  1.8:1. 

6.  A  composition  consisting  of  a  raw  materials  mix  for  producing  a  self-fluxing,  sintered  ore,  said 
mix  comprising  iron  ore,  limestone,  silica  and  coke,  at  least  25  wt%  of  said  mix  consisting  of  fine  grains 
below  1  mm  in  size  and  said  mix  containing  not  more  than  5.4  wt%  of  Si02  in  terms  of  "sintered  ore 
product"  (said  sintered  ore  product  being  a  product  from  which  coke,  combined  C02  and  combined 
water  have  been  removed  by  sintering  of  the  mix),  said  mix  being  characterized  by  an  SiO2  content  of 
said  fine  grains  of at  least  50%  of  the  total  SiO2  content  of  said  mix. 

7.  A  composition  consisting  of  a  raw  materials  mix  for  producing  a  self-fluxing,  sintered  ore,  said 
mix  comprising  iron  ore,  limestone,  silica,  coke  and  return  fines,  at  least  25  wt%  of  said  mix  consisting 
of  fine  grains  below  1  mm  in  size,  and  said  mix  containing  not  more  than  5.4  wt%  of  Si02  in  terms  of 
"sintered  ore  product"  (as  defined  in  Claim  6  above),  said  mix  being  characterized  by  an  SiO2  content  of 
said  fine  grains  between  2.4  and  3.0  wt%  of  said  mix  (dry),  and  the  basicity  (CaO/SiO2  ratio)  of  said  fine 
grains  being  not  more  than  1.3:1. 

1.  Procédé  de  fabrication  d'un  minerai  fritté  autofondant  avec  utilisation  d'un  mélange  de 
matières  premières  comprenant  du  minerai  de  fer,  du  calcaire,  de  la  silice  et  du  coke,  au  moins 
25%  du  poids  du  mélange  étant  formés  de  grains  fins  de  grosseur  inférieure  à  1  mm  et  le  mélange 
ne  contenant  pas  plus  de  5,4%  en  poids  de  SiO2,  en  terme  de  "produit  de  minerai  fritté"  (ce  produit  de 
minerai  fritté  étant  un  produit  duquel  on  a  éliminé  lè  coke,  le  C02  combiné  et  l'eau  combinée  en  frittant 
le  mélange),  ce  procédé  étant  caractérisé  par  le  fait  que  l'on  règle  la  teneur  en  Si02  des grains  fins  de 
façon  qu'elle  représente  au  moins  50%  en  poids  de  la  teneur  totale  en  SiO2  du  mélange  de  matières 
premières,  et  que  l'on  fritte  le  mélange  ainsi  réglé. 

2.  Procédé  de  fabrication  d'un  minerai  fritté  autofondant  avec  utilisation  d'un  mélange  de 
matières  premières  comprenant  du  minerai  de  fer,  de  la  silice,  du  calcaire,  du  coke  et  des  fines  de 
recyclage,  au  moins  25%  du  poids  du  mélange  étant  formés  de  grains  fins  de  grosseur  inférieure  à 
1  mm  et  le  mélange  ne  contenant  pas  plus de  5,4%  en  poids  de  Si02  en  terme  de  "produit  de  minerai 
fritté"  tel  que  défini  à  la  revendication  1  ci-dessus),  ce  procédé  étant  caractérisé  par  le  fait  que  l'on  règle  la 
teneur  en  SiO2  des  grains  fins  de  façon  qu'elle  soit  comprise  entre  2,4  et  3,0%  en  poids  du  mélange  de 
matières  premières  (sec)  et  que  la  basicité  de  ces  grains  fins  ne  soit  pas  supérieure  à  1,3:1,  et  que  l'on 
fritte  le  mélange  ainsi  réglé. 

3.  Procédé  selon  la  revendication  2,  dans  lequel  le  total  du  CaO  et  du  SiO2  contenus  dans  les 
grains  fins  représente  au  moins  4,0%  du  poids  du  mélange. 

4.  Procédé  selon  l'une  des  revendications  2  et  3,  dans  lequel  la  teneur  en  SiO2  des  grains  fins 
moins  la  teneur  en  Al2O3  des  grains  fins  est  comprise  entre  1,8  et  2,4%  du  poids  du  mélange  de 



matières  premières  et  le  rapport  de  poids  CaO:(SiO2-Al2O3)  dans  les  grains  fins  est  compris  entre 
0;5:1  et  2,0:1. 

5.  Procédé  selon  la  revendication  4,  dans  lequel  le  rapport  de  poids  CaO:(SiO2-Al2O3)  dans  les 
grains  fins  est  compris  entre  1,0:1  et  1,8:1. 

6.  Composition  formée  d'un  mélange  de  matières  premières  pour  la  fabrication  d'un  minerai  fritté 
autofondant  ce  mélange  comprenant  du  minerai  de  fer,  du  calcaire,  de  la  silice  et  du  coke,  au  moins 
25%  du  poids  du  mélange  étant  formés  de  grains  fins  de  grosseur  inférieure  à  1  mm  et  le  mélange  ne 
contenant  pas  plus  de  5,4%  en  poids  de  Si02  en  terme  de  "produit  de  minerai  fritté"  (ce  produit  de 
minerai  fritté  étant  un  produit  duquel  on  a  éliminé  le  coke,  Ie CO2  combiné  et  l'eau  combinée  en  frittant 
le  mélange),  ce  mélange  étant  caractérisé  par  une  teneur  en  Si02,  dans  les  grains  fins,  représentant  au 
moins  50%  de  la  teneur  totale  en  SiO2  du  mélange. 

7.  Composition  formée  d'un  mélange  de  matières  premières  pour  la  fabrication  d'un  minerai  fritté 
autofondant,  ce  mélange  comprenant  du  minerai  de  fer,  du  calcaire,  de  la  silice,  du  coke  et  des  fines  de 
recyclage,  au  moins  25%  du  poids  du  mélange  étant  formés  de  grains  fins  de  grosseur  inférieure  à 
1  mm,  et  le  mélange  ne  contenant  pas  plus  de  5,4%  en  poids  de  SiO2  en  ce  qui  concerne  le  "produit  de 
minerai  fritté"  (tel  que  défini  à  la  revendication  6  ci-dessus),  ce  mélange  étant  caractérisé  par une  teneur 
en  SiO2,  dans  les  grains  fins,  comprise  entre  2,4  et  3,0%  du  poids  du  mélange  (sec)  et  la  basicité 
(rapport  CaO/SiO2)  des  grains  fins  ne  dépassant  pas  1,3:1. 

1,  Verfahren  zur  Herstellung  eines  selbstgehenden  (selbstschmelzigen)  gesinterten  Erzes  aus  einer 
Rohmaterialmischung,  welche  Eisenerz,  Kalkstein,  Silika  und  Koks  umfaßt,  zu  mindestens  25  Gew.-% 
aus  Feinkorn  in  einer  Größe  unter  1  mm  besteht  und  nicht  mehr  als  5,4  Gew.-%  Si02  enthält,  bezogen 
auf  das  "gesinterte  Erz-Produkt"  (bei  dem  es  sich  um  ein  Produkt  handelt,  aus.dem  Koks,  gebundenes 
CO2  und  gebundenes  Wasser  durch  Sintern  der  Mischung  entfernt  worden  sind),  dadurch  gekenn- 
zeichnet,  daß  man  den  Si02-Gehalt  des  Feinkorns  auf  mindestens  50  Gew.-%  des  gesamten  SiO2 
Gehaltes  der  Rohmaterialmischung  einstellt  und  die  so  eingestellte  Mischung  sintert. 

2.  Verfahren  zur  Herstellung  eines  selbstgehenden  (selbstschmelzigen)  gesinterten  Erzes  aus  einer 
Rohmaterialmischung,  welche  Eisenerz,  Silika,  Kalkstein,  Koks  und  Rückgut  umfaßt,  zu  mindestens  25 
Gew.-%  aus  Feinkorn  in  einer  Größe  unter  1  mm  besteht  und  nicht  mehr  als  5,4  Gew.-%  Si02  enthält, 
bezogen  auf  das  "gesinterte  Erz-Produkt"  (wie  in  Anspruch  1  definiert),  dadurch  gekennzeichnet,  daß 
man  den  Si02-Gehalt  des  Feinkorns  auf  einen  Wert  zwischen  2,4  und  3,0  Gew.-%  der  Rohmaterial-. 
mischung  (trocken)  und  die  Basizität  (CaO/SiO2-Vehältnis)  des  Feinkorns  auf  einen  Wert  nicht  größer 
als  1,3:1  einstellt  und  die  so  eingestellte  Mischung  sintert. 

3.  Verfahren  nach  Anspruch  2,  dadurch  gekennzeichnet,  daß  der  Gesamtgehalt  des  Feinkorns  an 
CaO  plus  Si02  mindestens  4,0  Gew.-%  der  Mischung  beträgt. 

4.  Verfahren  nach  Anspruch  2  oder  3,  dadurch  gekennzeichnet,  daß  der  Si02-Gehalt  des  Fein- 
korns  abzüglich  des  Al2O3-Gehalts  des  Feinkorns  zwischen  1,8  und  2,4  Gew.-%  der  Rohmaterial- 
mischung  beträgt,  und  daß  das  Gewichtsverhältnis  von  CaO  zu  (SiO2-Al2O3),  das  im  Feinkorn  ent- 
halten  ist,  zwischen  0,5:1  und  2,0:1  liegt. 

5.  Verfahren  nach  Anspruch  4,  dadurch  gekennzeichnet,  daß  das  Gewichtsverhältnis  von  CaO  zu 
(SiO2-Al2O3),  das  im  Feinkorn  enthalten  ist,  zwischen  1,0:1  und  1,8:1  liegt. 

6.  Rohmaterialmischung  zur  Herstellüng  eines  selbstgehenden  (selbstschmelzigen)  gesinterten 
Erzes,  welche  Eisenerz,  Kalkstein,  Silika  und  Koks  umfaßt,  zu  mindestens  25  Gew.-%  aus  Feinkorn  in 
einer  Größe  unter  1  mm  besteht  und  nicht  mehr  als  5,4  Gew.-%  Si02  enthält,  bezogen  auf  das  "ge- 
sinterte  Erz-Produkt"  (bei  dem  es  sich  um  ein  Produkt  handelt,  aus  dem  Koks,  gebundenes  CO2  und  ge- 
bundenes  Wasser  durch  Sintern  der  Mischung  entfernt  worden  sind),  dadurch  gekennzeichnet,  daß  der 
SiO2-Gehalt  des  Feinkorns  mindestens  50%  des  gesamten  SiO2 -Gehaltes  der  Mischung  beträgt. 

7.  Rohmaterialmischung  zur  Herstellung  eines  selbstgehenden  (selbstschmeizigen)  gesinterten 
Erzes,  welche  Eisenerz,  Kalkstein,  Silika,  Koks  und  Rückgut  umfaßt,  zu  mindestens  25  Gew.-%  aus  Fein- 
korn  in  einer  Größe  unter  1  mm  besteht  und  nicht  mehr  als  5,4  Gew.-%  Si02  enthält,  bezogen  auf  das 
"gesinterte  Erz-Produkt"  (wie  in  Anspruch  6  definiert),  dadurch  gekennzeichnet,  daß  der  SiO2 Gehalt 
des  Feinkorns  zwischen  2,4  und  3,0  Gew.-%  der  Mischung  (trocken)  beträgt  und  die  Basizität 
(CaO/SiO2-Verhäitnis)  des  Feinkorns  nicht  größer  als  1,3:1  ist. 
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