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Description 

The  present  invention  relates  to  the  treatment  of 
iron  ore. 

U.S.  2,091,850  and  U.S.  3,881,916  both  disclose 
methods  of  ore  treatment  in  which  an  ore  is  passed  into 
a  rotary  ported  kiln,  and  in  which  oxygen-containing  gas 
is  injected  through  the  ports  of  the  kiln.  However,  the 
former  specification  is  concerned  with  all  sorts  of  differ- 
ent  reactions  in  the  kiln,  and  the  latter  is  concerned  with 
reducing  iron  ore. 

Hitherto,  magnetite  iron  ore  having  the  formula 
Fe304  has  been  formed  into  moist  pellets  which  are  then 
indurated  to  enable  them  to  withstand  the  temperatures 
and  forces  which  they  are  subjected  to  in  a  blast  furnace 
when  the  iron  is  extracted  from  the  ore. 

One  previously  proposed  construction  of  apparatus 
for  effecting  such  induration  is  shown  in  Figure  1  ,  which 
shows  a  diagrammatical  elevational  view  of  such  appa- 
ratus.  It  includes  a  chute  (usually  a  roller  feed  screen) 
1  0  to  supply  green  or  cold  wet  pellets  with  8-10%  mois- 
ture  onto  the  beginning  of  a  moving  grate  12  (usually 
referred  to  as  a  straight  grate  system).  The  latter  ex- 
tends  through  drying  and  pre-heating  enclosures  1  3,  1  5 
and  17  through  which  is  drawn  heated  air  or  gas  by 
means  of  pumps  14,  16  and  18  respectively. 

Typically  the  cold  wet  iron  ore  pellets  8  are  supplied 
to  the  moving  grate  12  to  a  depth  of  15  to  20cm,  the 
grate  being  about  5m  wide  and  50m  long.  The  iron  ore 
pellet  bed  passes  through  two  drying  zones  20  and  22 
within  the  enclosures  1  3  and  1  5  respectively,  and  finally 
through  a  pre-heating  zone  24  in  the  enclosure  17.  The 
second  drying  zone  22  is  supplied  with  hot  air  at  500°C 
to  700°C  from  the  off-gas  of  a  grate  cooler  system  of  the 
apparatus.  The  hot  gas  flowing  through  the  pre-heat 
zone  24  at  about  1000°C  to  1200°C  is  the  off-gas  from 
the  rotary  kiln.  The  gas  flowing  into  the  first  drying  zone 
at  about  300°C  is  usually  the  off-gas  from  the  pre-heat 
zone. 

At  a  finishing  position  of  the  moving  grate  12  there 
is  provided  a  chute  30  extending  to  an  upper  end  of  a 
cylindrical  rotary  kiln  32.  The  kiln  is  about  5m  in  diameter 
and  about  50m  in  length.  It  is  mounted  on  rotary  bear- 
ings  34  at  an  inclination  of  about  2°.  A  drive  motor  36  is 
coupled  to  one  of  the  bearings  34  to  rotate  the  kiln  32 
at  about  one  revolution  per  minute. 

An  exit  chute  38  is  provided  at  the  lower  end  of  the 
kiln  32  to  direct  the  indurated  pellets  onto  a  second  mov- 
ing  grate  40,  in  this  case  constituting  a  rotary  cooler.  This 
grate  is  about  3m  wide  and  with  an  effective  length  of 
50m,  but  here  the  indurated  pellets  are  loaded  on  this 
conveyor  to  a  depth  of  about  0.75m. 

The  region  above  the  moving  grate  is  usually  divid- 
ed  into  two  zones  by  adjacent  enclosures  42  and  43. 
Cold  air  is  pumped  through  ducts  44  by  pumps  45  and 
thence  through  the  pellet  bed  on  the  grate  40.  The  heat- 
ed  air  from  the  primary,  upstream  cooling  zone  defined 
by  the  enclosure  42  passes  into  the  kiln  32.  Air  from  the 

second,  downstream  air  cooling  zone  defined  by  the  en- 
closure  43  passes  through  a  recoup  duct  48  to  the  drying 
zone  22. 

As  the  pellets  fall  from  the  moving  grate  40  they  are 
5  transported  to  a  storage  area  (not  shown)  by  a  conven- 

tional  rubber  conveyor  belt  50. 
A  duct  54  guides  hot  gases  exiting  the  kiln  32  to  the 

pre-heating  zone  24  of  the  moving  grate  12. 
A  burner  56  is  mounted  in  the  enclosure  42  and  ex- 

10  tends  into  the  kiln.  The  burner  56  is  directed  to  throw  a 
flame  into  the  interior  of  the  kiln  32  above  the  iron  ore 
pellets  therein. 

Typically  a  pyrometer  58  is  sited  in  the  enclosure  42 
and  is  directed  at  the  top  of  the  bed  in  the  kiln  to  provide 

is  a  measurement  of  the  peak  temperature  of  the  pellet 
bed  within  the  kiln  32.  The  fuel  fed  to  the  burner  56  is 
controlled  manually  by  a  control  valve  60  to  maintain  a 
desired  peak  pellet  temperature. 

During  operation  of  the  apparatus  shown  in  Figure 
20  1  ,  after  the  iron  ore  pellets  8  have  passed  through  the 

two  drying  zones  20  and  22  and  the  pre-heating  zone 
24,  at  which  they  reach  temperatures  of  about  100°C, 
400°C  and  900°C  respectively,  they  fall  under  gravity 
from  the  moving  grate  1  2  to  the  chute  30  and  thence  to 

25  the  upper  end  of  the  kiln  32.  Here,  the  slow  rotation  of 
the  kiln  ensures  that  the  pellets  are  moved  about  con- 
tinually  so  that  they  become  evenly  heated  and  thereby 
indurated,  and  at  the  same  time  move  steadily  down  the 
kiln  32  to  the  lower  end  thereof.  They  continue  to  fall 

30  under  the  force  of  gravity  down  the  chute  38  onto  the 
second  moving  grate  40.  The  grate  transports  the  pel- 
lets  through  the  cooling  zones  within  the  enclosures  42 
and  43,  and  then  onto  the  conveyor  belt  50  to  the  stor- 
age  location. 

35  It  will  thus  be  seen  that,  typically,  the  first  drying 
zone  20  receives  its  hot  air  from  the  off-gas  duct  18  from 
the  pre-heat  zone  24.  The  second  stage  drying  zone  22 
receives  its  hot  air  from  the  exit  gas  of  the  second  stage 
cooling  zone  defined  by  the  enclosure  43  via  the  recoup 

40  duct  48.  The  pre-heating  zone  24  is  provided  with  even 
hotter  gases  from  the  kiln  32  via  the  duct  54. 

In  the  firing  zone  within  the  kiln  32,  the  temperature 
of  the  pellets  rises  typically  to  about  1  ,300°C.  Figure  5 
shows  the  variation  of  temperature  with  distance  along 

45  the  kiln  from  the  higher  end  thereof  to  the  lower  end. 
The  broken  curve  represents  the  temperature  of  the 
gases  and  the  solid  curve  the  temperature  of  the  pellets, 
the  latter  peaking  at  about  1,300°C.  The  temperature 
represented  by  the  abscissa  is  0°C.  Both  the  tempera- 

so  ture  and  distance  scales  are  linear. 
Very  little  oxidation  of  the  pellets  occurs  inside  the 

kiln  in  the  foregoing  process.  If  the  stages  in  the  process 
are  defined  as  (i)  the  first  drying  stage  in  the  first  drying 
zone  20,  (ii)  the  second  drying  stage  in  the  second  dry- 

55  ing  zone  22,  (iii)  the  pre-heating  stage  in  the  pre-heating 
zone  24,  (iv)  the  firing  stage  in  the  kiln  32,  (v)  the  cooling 
stage  in  the  cooling  zones  defined  by  the  enclosures  42 
and  43,  then  the  magnetite  contents  at  the  ends  of  these 
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stages,  compared  with  the  initial  content,  are  respec- 
tively  about  (i)  90%,  (ii)  85%,  (iii)  30%,  (iv)  28%,  and  (v) 
2%. 

The  apparatus  and  process  described  above  con- 
sumes  about  350,000  British  Thermal  Units  of  energy 
per  tonne  of  indurated  iron  ore  pellets  produced.  It  is 
therefore  very  expensive  to  run. 

The  present  invention  seeks  to  provide  a  remedy. 
Accordingly,  the  present  invention  is  directed  to  ap- 

paratus  for  treating  iron  ore,  comprising  an  elongate  and 
generally  cylindrical  inclined  kiln  mounted  for  rotation 
about  its  longitudinal  axis,  drive  means  coupled  to  the 
kiln  to  rotate  the  latter  about  that  axis,  iron  ore  feed 
means  positioned  at  the  upper  end  of  the  kiln  to  feed 
iron  ore  into  the  kiln  while  the  latter  is  rotating,  port-de- 
fining  means  in  the  generally  cylindrical  wall  of  the  kiln 
to  enable  gaseous  material  to  be  fed  into  the  interior  of 
the  kiln  at  at  least  one  position  between  the  ends  there- 
of,  which  port-defining  means  are  of  such  a  construction 
that  they  are  open  when  they  are  underneath  the  iron 
ore  in  the  kiln,  and  in  that  gaseous  oxidising  material 
feed  means  are  connected  to  the  port-defining  means 
to  feed  such  oxidising  material  thereto,  whereby  oxidis- 
ing  gaseous  material  is  passed  through  the  iron  ore  in 
the  kiln  when  the  apparatus  is  in  use  so  as  to  raise  the 
temperature  of  the  iron  ore,  by  oxidation  thereof,  and 
cause  the  latter  to  be  indurated,  in  which  the  apparatus 
further  comprises  temperature  measuring  means  ar- 
ranged  to  provide  a  measurement  of  an  interior  temper- 
ature  of  the  kiln  and  control  means  connected  to  the  gas- 
eous  oxidising  material  feed  means  to  vary  the  rate  at 
which  gaseous  oxidising  material  is  fed  to  the  port-de- 
fining  means  in  dependence  upon  the  said  measure- 
ment  so  as  to  maintain  the  peak  temperature  of  the  iron 
ore  in  the  kiln  within  a  predetermined  range. 

Preferably,  the  said  predetermined  range  is  from 
1,270°Cto  1,340°C. 

The  present  invention  extends  to  a  method  of  treat- 
ing  iron  ore,  comprising  feeding  iron  ore  into  the  upper 
end  of  a  rotary  elongate  generally  cylindrical  inclined 
kiln,  feeding  gaseous  oxidising  material  through  port- 
defining  means  in  the  wall  of  the  kiln  at  positions  under- 
neath  the  iron  ore  in  the  kiln,  whereby  the  gaseous  ox- 
idising  material  passes  through  the  iron  ore  in  the  kiln 
to  raise  the  temperature  of  the  iron  ore  by  oxidation 
thereof  and  cause  the  latter  to  be  indurated,  in  which  an 
interior  temperature  of  the  kiln  is  measured,  and  the  rate 
at  which  the  gaseous  oxidising  material  is  fed  to  the  port- 
defining  means  of  the  kiln  is  varied  in  dependence  upon 
the  measured  temperature,  so  as  to  maintain  the  peak 
temperature  of  the  iron  ore  in  the  kiln  within  a  predeter- 
mined  range. 

Preferably,  the  said  predetermined  range  is  from 
1,270°C  to  1,340°C,  depending  upon  chemical  addi- 
tives  included  in  the  iron  ore. 

An  example  of  apparatus  as  well  as  an  example  of 
a  method  in  accordance  with  the  present  invention  is 
illustrated  in  the  accompanying  drawings  in  which: 

Figure  1  is  a  diagrammatical  elevational  view  of  a 
prior  construction  of  apparatus; 
Figure  2  is  a  corresponding  diagrammatical  eleva- 
tional  view  of  apparatus  embodying  the  present  in- 

5  vention; 
Figure  3  is  a  diagrammatical  sectional  view  of  a  kiln 
of  the  apparatus  shown  in  Figure  2  taken  in  the 
plane  represented  by  the  line  III  -  III  thereof; 
Figure  4  is  a  sectional  view  through  port-defining 

10  means  of  the  apparatus  shown  in  Figures  2  and  3; 
and 
Figures  5  and  6  show  respective  explanatory 
graphs. 

is  The  prior  art  shown  in  Figure  1  has  already  been 
described  in  detail.  The  parts  shown  in  Figure  2  which 
correspond  to  parts  shown  in  Figure  1  have  the  same 
reference  numerals.  The  Figure  2  apparatus  differs  from 
that  shown  in  Figure  1  in  the  following  respects: 

20 
a)  the  kiln  32  is  ported  by  port  -defining  means  69  at 
intervals  spaced  apart  around  two  annuli  70  which 
in  turn  are  spaced  apart  along  the  length  of  the  kiln, 
one  of  the  annuli  being  roughly  mid  way  between 

25  the  ends  of  the  kiln,  and  the  other  being  closer  to 
the  upper  end  of  the  kiln; 
b)  these  annuli  70  are  surrounded  by  enclosure 
rings  72  which  remain  stationary  and  form  a  seal 
with  the  rotated  kiln; 

30  c)  both  enclosure  rings  72  are  connected  by  a  com- 
mon  gallery  74  which  in  turn  is  connected  to  the  en- 
closure  42  via  a  further  duct  76; 
d)  a  valve  and/or  pump  78  is  provided  in  the  duct 
76,  and  can  be  adjusted  to  vary  the  amount  of  heat- 

35  ed  air  from  the  enclosure  42  that  is  passed  to  the 
ring  enclosures  72; 
e)  an  automatic  electronic  controller  79  is  connect- 
ed  to  the  pyrometer  58,  to  the  control  valve  60,  and 
to  the  valve  and/or  pump  78. 

40 
As  shown  in  Figure  3,  which  views  the  kiln  interior 

in  the  direction  from  the  lower  end  thereof  to  the  upper 
end  thereof,  the  kiln  rotates  in  a  clockwise  sense  in  this 
direction.  Consequently  the  iron  ore  bulk  within  the  kiln 

45  resides  on  the  interior  kiln  wall  for  the  time  being  slanting 
upwardly  to  the  left  of  the  lower-most  position  of  the  kiln 
wall,  as  shown  in  Figure  3. 

A  cross-section  through  one  of  the  port-defining 
means  69  is  shown  in  greater  detail  in  Figure  4,  although 

so  it  must  be  emphasised  once  again  that  this  construction 
is  given  by  way  of  example  only.  The  port-defining 
means  therein  are  for  the  time  being  underneath  the  iron 
ore  bulk  within  the  kiln.  The  port  -defining  means  69  are 
adjacent  to  an  aperture  80  shown  in  the  wall  of  the  kiln 

55  32,  and  comprise  a  block  82  through  which  extends  a 
through-bore  84,  which  is  in  direct  registration  with  the 
aperture  80  in  the  wall  of  the  kiln  32.  At  right  angles  to 
the  this  through-bore  84  extends  a  cylindrical  transverse 

3 
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bore  86  of  substantially  larger  cross  sectional  diameter 
than  the  through-bore  84.  A  cylindrical  block  88,  having 
an  external  diameter  slightly  smaller  than  the  transverse 
bore  86,  extends  therewithin,  and  is  free  to  rotate  there- 
within  about  its  axis  of  revolution.  The  cylindrical  block 
88  is  provided  with  a  weight  90  on  one  side.  As  a  result, 
this  weight  90  will  always  be  positioned  on  the  underside 
of  the  cylinder  88  regardless  of  the  orientation  of  the 
block  82  as  the  kiln  rotates. 

A  through-bore  92  extends  through  the  cylindrical 
block  88  transversely  of  its  axis  of  revolution,  and,  when 
the  block  82  has  the  orientation  shown  in  Figure  4,  is  in 
registration  with  the  through-bore  84  in  the  block  82.  As 
a  result,  gaseous  material  is  free  to  flow  from  the  outer 
side  of  the  block  82,  through  the  bores  82  and  92, 
through  the  aperture  80  in  the  kiln  wall  82  and  thence  to 
the  interior  of  the  iron  ore  bulk  in  the  kiln  interior. 

A  refractory  mesh  94  may  be  provided  to  prevent 
any  solids  from  the  kiln  interior  falling  into  the  port-de- 
fining  means.  Alternatively,  the  aperture  80  may  actually 
comprise  a  multitude  of  small  apertures  in  the  region  de- 
fined  by  what  is  shown  as  an  aperture  80  in  Figure  4. 

In  orderthat  the  port  -defining  means  69  do  not  open 
again  at  a  position  which  is  diametrically  opposite  that 
represented  in  Figure  4,  a  slot  100  is  provided  in  the 
interior  of  the  block  82,  around  the  transverse  bore  86 
and  adjacent  to  the  inner  end  of  the  through-bore  84.  A 
closure  member  102  rests  within  the  slot  100,  and  is 
freely  moveable  from  the  position  it  occupies  as  shown 
in  Figure  4,  in  which  it  is  wholly  underneath  the  inner 
end  of  the  through  bore  84,  to  a  position  in  which  it  lies 
entirely  across  that  through  bore  84,  to  close  the  latter. 
It  will  be  seen  therefore  that  by  the  time  the  block  82 
reaches  the  position  which  is  diametrically  opposite  that 
which  it  occupies  in  Figure  4,  the  closure  member  102 
will  have  been  slid  under  the  force  of  gravity  into  its  clos- 
ing  position.  However,  before  the  position  it  occupies  in 
Figure  4  is  reached  once  again,  the  closure  number  1  02 
will  have  slid  back  to  the  open  position. 

Thus  it  will  be  seen  that  during  operation  of  the  ap- 
paratus  shown  in  Figure  2,  a  substantial  amount  of  air 
from  the  cooling  enclosure  42  is  fed  to  the  enclosure 
rings  72  and  through  the  port  -defining  means  69  which 
are  for  the  time  being  underneath  the  iron  ore  pellets  in 
the  kiln  32.  This  heated  air  therefore  passes  through  the 
iron  ore  pellets.  As  result,  the  pellets  heat  up  by  virtue 
of  the  magnetite  present  within  them  being  converted  to 
hematite  during  the  following  exothermic  chemical  oxi- 
dation  process: 

4Fe304  +02  ->  6Fe203. 

This  results  in  a  considerable  increase  in  temperature 
of  the  iron  ore  pellets  at  the  positions  of  the  enclosure 
rings  72,  and  results  in  the  temperature  curve  shown  in 
Figure  6,  in  which  temperature  is  plotted  along  the  ordi- 
nate,  and  distance  along  the  kiln  from  its  upper  end  to 

its  lower  end  is  plotted  along  the  abscissa.  The  latter 
thus  represents  0°C.  Both  scales  are  linear.  As  in  Figure 
5,  the  broken  curve  represents  the  temperature  of  the 
gases  within  the  kiln  and  the  solid  curve  represents  the 

5  temperature  of  the  solids  within  the  kiln.  The  positions 
represented  by  the  steep  inclinations  110  and  112  re- 
spectively  in  Figure  6  correspond  to  the  positions  of  the 
two  rings  72  around  the  kiln  32. 

It  is  thus  seen  that  the  temperature  of  the  solids  to- 
10  wards  the  lower  end  of  the  kiln  actually  exceeds  that  of 

the  gases  and  the  amount  of  energy  consumed  by  the 
fuel  within  the  kiln  in  order  to  maintain  a  peak  tempera- 
ture  at  about  1  ,300°C,  is  dramatically  less,  perhaps  as 
low  as  80,000  British  Thermal  Units  per  tonne  of  indu- 

es  rated  pellets  produced,  although  it  will  be  appreciated 
that  any  consumption  of  energy  below  200,000  British 
Thermal  Units  per  tonne  of  indurated  pellets  would  rep- 
resent  a  significant  saving. 

Whilst  it  is  still  possible  in  the  apparatus  shown  in 
20  Figure  2  to  maintain  the  peak  temperature  of  the  iron 

ore  in  the  kiln  at  an  even  1  ,300°C  by  adjusting  the  supply 
of  fuel  of  the  burner  56,  priority  of  control  will  be  given 
by  the  controller  79  to  the  valve  and/or  pump  78  in  the 
duct  76,  whilst  keeping  the  fuel  consumed  by  the  burner 

25  56  to  a  minimum.  Thus,  in  the  event  that  the  peak  tem- 
perature  of  the  pellets  in  the  kiln  32  falls  significantly  be- 
low  1  ,310°C,  as  measured  by  the  pyrometer  58,  the  con- 
troller  79  will  accordingly  increase  the  flow  rate  through 
the  duct  76  to  increase  the  supply  of  oxygen  to  the  en- 

30  closure  rings  70.  This  increases  the  exothermic  oxida- 
tion  of  the  iron  ore  to  raise  the  temperature  until  it  returns 
once  again  to  1,310°C.  Conversely,  if  the  temperature 
significantly  exceeds  1  ,310°C,  the  flow  rate  through  the 
duct  76  will  be  decreased  by  the  controller  79. 

35  As  a  result,  the  magnetite  content  at  the  end  of  the 
five  stages  referred  to  herein  are  respectively  about  (i) 
90%,  (ii)  85%,  (iii)  30%,  (iv)17%,  and  (v)  2%. 

The  controller  79  will  only  increase  the  flow  of  fuel 
to  the  burner  56  in  the  event  that  the  desired  tempera- 

40  ture  cannot  be  reached  merely  by  increasing  the  flow  of 
oxygen  enriched  air  though  the  duct  76. 

In  certain  circumstances,  it  is  possible  that  the  con- 
troller  79  may  shut  down  the  burner  56  altogether,  or 
close  it  to  a  level  which  is  just  sufficient  to  maintain  a 

45  flame,  in  the  event  that  the  exothermic  oxidation  process 
is  entirely  sufficient  to  maintain  the  desired  temperature 
within  the  kiln. 

Many  modifications  to  the  illustrated  apparatus  and 
method  will  occur  to  a  man  of  ordinary  skill  in  the  art 

so  without  taking  the  apparatus  or  method  outside  the 
scope  of  the  present  invention. 

For  example,  a  substantial  proportion  of  the  air 
drawn  into  the  enclosure  42  may  eventually  pass  to  the 
enclosure  1  3,  directly  or  via  the  kiln  interior,  to  eliminate 

55  the  need  to  recoup  the  qases  from  the  pre-heat  zone  24 
to  the  first  drying  zone  20. 

An  additional  pump  may  be  positioned  in  the  duct 
48  to  assist  flow  of  air  therethrough. 
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dising  material  passes  through  the  iron  ore  in  the 
kiln  (32)  to  raise  the  temperature  of  the  iron  ore  by 
oxidation  thereof  and  cause  the  latter  to  be  indurat- 
ed,  characterised  in  that  an  interior  temperature 

5  of  the  kiln  (32)  is  measured,  and  the  rate  at  which 
the  gaseous  oxidising  material  is  fed  to  the  port  -de- 
fining  means  (69)  of  the  kiln  (32)  is  varied  in  depend- 
ence  upon  the  measured  temperature,  so  as  to 
maintain  the  peak  temperature  of  the  iron  ore  in  the 

10  kiln  (32)  within  a  predetermined  range. 

4.  A  method  according  to  claim  3,  characterised  in 
that  the  said  predetermined  range  is  from  1  ,270°Cc 
to  1,340°C,  depending  upon  chemical  additives  in- 

15  eluded  in  the  iron  ore. 

Patentanspriiche 

20  1.  VorrichtungzurBehandlungvon  Eisenerzen,  mitei- 
nem  langgestreckten  und  im  allgemeinen  zylindri- 
schen,  ansteigenden  Ofen  (32),  der  urn  seine 
Langsachse  drehbar  montiert  ist,  Antriebsmitteln 
(36),  die  mit  dem  Ofen  (32)  verbunden  sind,  urn  letz- 

25  teren  urn  die  Achse  zu  drehen,  Eisenerz-Fordermit- 
teln  (12),  die  an  dem  oberen  Ende  des  Ofens  (32) 
angeordnet  sind,  urn  Eisenerz  in  den  Ofen  (32)  zu 
fordern,  wahrend  dieser  sich  dreht,  Durchlal3-Be- 
grenzungsmitteln  (69)  in  der  im  allgemeinen  zylin- 

30  drischen  Wand  des  Ofens  (32),  urn  es  gasformigem 
Material  zu  gestatten,  in  das  Innere  des  Ofens  (32) 
an  zumindest  einer  Stelle  zwischen  dessen  Enden 
zugefuhrt  zu  werden,  wobei  die  DurchlaB-Begren- 
zungsmittel  (69)  von  derartiger  Konstruktion  sind, 

35  dal3  sie  geoffnet  sind,  wenn  sie  sich  unterhalb  des 
Eisenerzes  in  dem  Ofen  (32)  befinden,  und  wobei 
Fordermittel  (76,  78)  fur  gasformiges  Oxidations- 
material  an  die  DurchlaB-Begrenzungsmittel  (69) 
angeschlossen  sind,  urn  solches  Oxidationsmateri- 

40  al  dorthin  zu  fordern,  wodurch  gasformiges  Oxida- 
tionsmaterial  durch  das  Eisenerz  in  dem  Ofen  (32) 
hindurchgefuhrt  wird,  wenn  die  Vorrichtung  in  Be- 
trieb  ist,  urn  die  Temperatur  des  Eisenerzes  durch 
dessen  Oxidation  zu  erhohen  und  letzteres  zu  har- 

45  ten,  dadurch  gekennzeichnet,  daG  die  Vorrich- 
tung  ferner  Temperatur-MeBmittel  (58)  hat,  die  an- 
geordnet  sind,  urn  fur  eine  Messung  einer  Innen- 
temperatur  des  Ofens  zu  sorgen,  und  Steuermittel 
(79)  aufweist,  die  an  die  Fordermittel  (76,  78)  fur 

so  das  gasformige  Oxidationsmaterial  angeschlossen 
sind,  urn  die  Rate,  mit  der  das  gasformige  Oxidati- 
onsmaterial  zu  dem  DurchlaB-Begrenzungsmittel 
(69)  zugefuhrt  wird,  in  Abhangigkeit  von  der  Mes- 
sung  zu  verandern,  urn  die  Spitzentemperatur  des 

55  Eisenerzes  in  dem  Ofen  (32)  innerhalb  eines  vor- 
bestimmten  Bereichs  zu  halten. 

Instead  of  or  in  addition  to  passing  the  air  from  the 
cooling  enclosure  42  to  the  rings  72,  pure  oxygen  or  en- 
riched  air  may  be  passed  to  those  rings  via  an  inlet  1  20 
to  the  pump  /  valve  78. 

The  ported  kiln  32  shown  in  Figure  2  may  utilise  the 
Boliden-Allis  ported  kiln  technology. 

A  proportion  of  the  off-gas  from  either  the  first  or 
second  cooling  zones  (or  both)  may  be  directed  into  the 
valve/pump  78  (where  it  is  possibly  mixed  with  oxygen) 
and  thence  to  the  annuli  70. 

All  of  the  air  or  gas  pumps  may  be  centrifugal  fans, 
for  example. 

Claims 

1  .  Apparatus  for  treating  iron  ore,  comprising  an  elon- 
gate  and  generally  cylindrical  inclined  kiln  (32) 
mounted  for  rotation  about  its  longitudinal  axis, 
drive  means  (36)  coupled  to  the  kiln  (32)  to  rotate 
the  latter  about  that  axis,  iron  ore  feed  means  (12) 
positioned  at  the  upper  end  of  the  kiln  (32)  to  feed 
iron  ore  into  the  kiln  (32)  while  the  latter  is  rotating, 
port  -defining  means  (69)  in  the  generally  cylindrical 
wall  of  the  kiln  (32)  to  enable  gaseous  material  to 
be  fed  into  the  interior  of  the  kiln  (32)  at  at  least  one 
position  between  the  ends  thereof,  which  port-de- 
fining  means  (69)  are  of  such  a  construction  that 
they  are  open  when  they  are  underneath  the  iron 
ore  in  the  kiln  (32),  and  in  that  gaseous  oxidising 
material  feed  means  (76,  78)  are  connected  to  the 
port  -defining  means  (69)  to  feed  such  oxidising  ma- 
terial  thereto,  whereby  oxidising  gaseous  material 
is  passed  through  the  iron  ore  in  the  kiln  (32)  when 
the  apparatus  is  in  use  so  as  to  raise  the  tempera- 
ture  of  the  iron  ore,  by  oxidation  thereof,  and  cause 
the  latter  to  be  indurated,  characterised  in  that  the 
apparatus  further  comprises  temperature  measur- 
ing  means  (58)  arranged  to  provide  a  measurement 
of  an  interior  temperature  of  the  kiln  and  control 
means  (79)  connected  to  the  gaseous  oxidising  ma- 
terial  feed  means  (76,  78)  to  vary  the  rate  at  which 
gaseous  oxidising  material  is  fed  to  the  port-defin- 
ing  means  (69)  in  dependence  upon  the  said  meas- 
urement  so  as  to  maintain  the  peak  temperature  of 
the  iron  ore  in  the  kiln  (32)  within  a  predetermined 
range. 

2.  Apparatus  according  to  claim  1  ,  characterised  in 
that  the  said  predetermined  range  is  from  1  ,270°C 
to  1  ,340°C. 

3.  A  method  of  treating  iron  ore,  comprising  feeding 
iron  ore  into  the  upper  end  of  a  rotary  elongate  gen- 
erally  cylindrical  inclined  kiln  (32),  feeding  gaseous 
oxidising  material  through  port  -defining  means  (69) 
in  the  wall  of  the  kiln  at  positions  underneath  the 
iron  ore  in  the  kiln  (32),  whereby  the  gaseous  oxi- 2.  Vorrichtung  nach  Anspruch  1,  dadurch  gekenn- 
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zeichnet,  dal3  der  vorbestimmte  Bereich  von 
1270°C  bis  1340°C  betragt. 

3.  Verfahren  zur  Behandlung  von  Eisenerzen,  mit  fol- 
genden  Schritten:  s 

Fordern  von  Eisenerz  in  das  obere  Ende  eines 
drehbaren,  langgestreckten,  im  allgemeinen 
zylindrischen,  ansteigenden  Ofens  (32), 
Zufuhren  von  gasformigem  Oxidationsmaterial  10 
durch  DurchlaB-Begrenzungsmittel  (69)  in  der 
Wand  des  Ofens  an  Stellen  unterhalb  des  Ei- 
senerzes  in  dem  Ofen  (32),  wodurch  das  gas- 
formige  Oxidationsmaterial  durch  das  Eisenerz 
in  dem  Ofen  (32)  hindurchgefuhrt  wird,  urn  die  15 
Temperatur  des  Eisenerzes  durch  dessen  Oxi-  2. 
dation  zu  erhohen  und  letzteres  zu  harten, 

dadurch  gekennzeichnet,  dal3  eine  Innen- 
temperatur  des  Ofens  (32)  gemessen  wird  und  die  20  3. 
Rate,  mit  der  das  gasformige  Oxidationsmaterial 
dem  DurchlaB-Begrenzungsmittel  (69)  des  Ofens 
(32)  zugefuhrt  wird,  in  Abhangigkeit  von  der  gemes- 
senen  Temperatur  verandert  wird,  urn  die  Spitzen- 
temperatur  des  Eisenerzes  in  dem  Ofen  (32)  inner-  25 
halb  eines  vorbestimmten  Bereichs  zu  halten. 

4.  Verfahren  nach  Anspruch  3,  dadurch  gekennzeich- 
net,  dal3  der  vorbestimmte  Bereich  von  1  270°C  bis 
1  340°C  betragt,  abhangig  von  den  chemischen  Zu-  30 
satzen,  die  sich  in  dem  Eisenerz  befinden. 

Revendications 
35 

1  .  Appareil  pour  le  traitement  de  minerai  de  fer,  cons- 
titue  d'un  four  (32)  incline,  de  forme  globalement  cy- 
lindrique,  monte  a  rotation  autour  de  son  axe  longi- 
tudinal,  de  moyens  d'entraTnement  (36),  couples  au 
four  (32)  afin  de  faire  tourner  ce  dernier  autour  de  40 
cet  axe,  de  moyens  d'alimentation  en  minerai  de  fer  4. 
(12),  positionnes  a  I'extremite  superieure  du  four 
(32)  afin  d'amener  du  minerai  de  fer  dans  le  four 
(32)  tandis  que  ce  dernier  est  en  rotation,  des 
moyens  de  definition  d'orifices  (69),  menages  dans  45 
la  paroi  globalement  cylindrique  du  four  (32)  afin  de 
permettre  a  un  materiau  gazeux  d'etre  fourni  a  I'in- 
terieur  du  four  (32)  en  au  moins  une  position  entre 
ses  extremites,  ces  elements  de  definition  d'orifices 
(69)  etant  d'une  construction  faisant  qu'ils  sont  so 
ouverts  lorsqu'ils  se  trouvent  au-dessous  du  mine- 
rai  de  fer  se  trouvant  dans  le  four  (32),  et  des 
moyens  d'alimentation  en  materiau  oxydant  gazeux 
(76,  78)  etant  connectes  aux  moyens  de  definition 
d'orifices  (69),  afin  d'y  introduire  ce  materiau  oxy-  55 
dant,  de  maniere  que  le  materiau  gazeux  oxydant 
soit  amene  a  passer  a  travers  le  minerai  de  fer  se 
trouvant  dans  le  four  (32)  lorsque  I'appareil  est  en 

utilisation,  de  maniere  a  augmenter  la  temperature 
regnant  dans  le  minerai  de  fer,  par  son  oxydation, 
et  provoquer  son  durcissement,  caracterise  en  ce 
que  I'appareil  comprend  en  outre  des  moyens  de 
mesure  de  temperature  (58),  agences  pour  donner 
une  mesure  de  la  temperature  interieure  du  four,  et 
des  moyens  de  regulation,  connectes  au  moyen 
d'alimentation  en  materiau  oxydant  gazeux  (76,  78) 
afin  de  modifier  le  debit  auquel  le  materiau  oxydant 
gazeux  est  introduit  dans  le  moyen  de  definition 
d'orifices  (69)  en  fonction  de  ladite  mesure,  de  ma- 
niere  a  maintenir  la  temperature  de  crete  du  minerai 
de  fer  se  trouvant  dans  le  four  (32)  dans  les  limites 
d'une  plage  predeterminee. 

Appareil  selon  la  revendication  1  ,  caracterise  en  ce 
que  ladite  plage  predeterminee  est  comprise  entre 
1270  et  1340°C. 

Un  procede  de  traitement  de  minerai  de  fer,  com- 
prenant  I'introduction  de  minerai  de  fer  dans  I'extre- 
mite  superieure  d'un  four  (32)  incline,  de  forme  glo- 
balement  cylindrique,  allonge,  rotatif,  I'introduction 
de  materiau  oxydant  gazeux  dans  le  moyen  de  de- 
finition  d'orifice  (69),  dans  la  paroi  du  four,  en  des 
positions  se  trouvant  au-dessous  du  minerai  de  fer 
dans  le  four  (32)  de  maniere  que  le  materiau  oxy- 
dant  gazeux  passe  par  le  minerai  de  fer  se  trouvant 
dans  le  four  (32)  afin  d'augmenter  la  temperature 
du  minerai  de  fer  par  son  processus  d'oxydation,  et 
provoquer  le  durcissement  de  celui-ci,  caracterise 
en  ce  que  la  temperature  interieure  du  four  (32)  est 
mesuree  et  le  debit  auquel  le  materiau  oxydant  ga- 
zeux  est  introduit  dans  le  moyen  de  definition  d'ori- 
fices  (69)  du  four  (32)  est  modifie  en  fonction  de  la 
temperature  mesuree,  de  maniere  a  maintenir  la 
temperature  de  crete  du  minerai  de  fer  se  trouvant 
dans  le  four  (32)  dans  les  limites  d'une  plage  pre- 
determinee. 

Un  procede  selon  la  revendication  3,  caracterise  en 
ce  que  ladite  plage  predeterminee  va  de  1270  a 
1340°C,  selon  les  additifs  chimiques  inclus  dans  le 
minerai  de  fer. 
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