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(57)  A  method  and  apparatus  for  feeding  alloy 
additive  and  burden  materials  to  the  burden  in  a 
vertical  shaft  furnace  working  volume  generally 
by  gravity  feeding  the  alloy  additive  to  the  fur- 
nace  tuyere  (22)  for  entrainment  in  the  blast 
media  and  transfer  to  the  burden,  which  im- 
proves  the  recovery  rate  of  the  charged  additive 
components  in  the  molten  metal  and  allows 
utilization  of  undersized  materials  without  sec- 
ondary  handling  and  treatment  of  the  feed 
materials  or  utilization  of  pneumatic  feed  ap- 
paratus. 
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The  present  invention  is  related  to  a  feed  method 
and  apparatus  for  smelting  and  melting  furnaces. 
More  specifically,  an  additive  feed  apparatus  is  dis- 
closed  for  tuyere-equipped,  vertical-shaft  furnaces, 
which  apparatus  utilizes  a  gravity  feed  method  to  ob- 
viate  powered  entrainment  and  transmission  means, 
such  as  pneumatic  injection  apparatus.  The  additive- 
feed  apparatus  provides  for  the  direct  charging  and 
utilization  of  various  materials  in  vertical-shaft  fur- 
naces,  such  as  blastfurnaces  and  cupolas,  which  va- 
rious  materials  are  not  usually  utilized  for  direct  intro- 
duction  with  the  top-charged  burden  materials. 

In  both  of  the  above-noted  furnace  types,  the  raw 
or  burden  materials  are  generally  charged  through  the 
top  of  the  furnace.  In  a  blast  furnace,  the  iron  ore  or 
iron-bearing  charge  material  may  consist  of  any  of  the 
forms  or  oxidation  states  of  iron,  which  are  reduced  in 
a  reducing  atmosphere  at  elevated  temperatures.  Al- 
though  it  is  known  that  blast  furnaces  have  been  run 
without  a  pressurized  top,  modern  furnace  practices 
utilize  pressurized  furnaces  with  feed  hoppers  having 
a  dual-bell  system  to  maintain  the  internal  furnace 
pressure  during  charge  additions. 

The  chemical  and  thermodynamic  reactions  in 
the  vertical-shaft  furnace  require  a  combination  of 
materials  in  the  burden  including  coke,  iron-bearing 
materials  and  limestone.  The  coke  is  a  multifaceted 
addition  to  this  burden.  It  reacts  with  the  oxygen  in  the 
blast  air  blown  into  the  furnace  to  burn  and  provide 
the  reaction  heat,  which  blast  air  may  be  enriched  with 
oxygen  or  other  gasses.  Coke  combustion  products 
include  carbon  monoxide,  which  acts  to  reduce  the 
iron  oxides  to  elemental  iron  particularly  in  the  upper 
regions  of  the  furnace.  The  hot  gasses  evolved  during 
carbon  combustion  at  the  tuyere  region  preheat  the 
burden  materials  at  the  upper  reaches  of  the  furnace, 
gasses  at  least  partially  dry  and  prereduce  the  other 
raw  materials.  The  coke  charge  also  has  a  mechani- 
cal  function  in  the  furnace  reaction,  as  it  must  be  able 
to  sustain  the  overlying  burden  weight  without  being 
crushed,  which  preserves  a  path  for  ready  flow  of  the 
gasses  through  the  burden  above  the  hearth. 

The  ores  and  other  iron-bearing  charge  materials 
are  not  pure  iron  oxide  but  rather  are  frequently  min- 
eral  bearing  materials  laden  with  extraneous  organg- 
ue  components.  Therefore,  lime  usually  in  the  form  of 
limestone  is  added  to  the  burden  to  flux  the  molten 
iron  and  to  generate  a  slag.  This  slag  also  helps  to 
purge  the  ash,  sulfur  and  residue  or  byproduct  mate- 
rials  from  combustion  of  the  coke.  The  limestone  ad- 
dition  requires  a  determinable  amount  of  coke  to  cal- 
cine,  melt  and  raise  the  temperature  of  the  limestone 
addition,  as  this  is  basically  an  endothermic  reaction. 

The  cupola  is  a  vertically  oriented,  cylindrical, 
shaft-type  furnace  generally  having  a  steel  shell  and 
it  is  somewhat  similar  in  apperance  to  a  blast  furnace, 
but  not  necessarily  analogous  in  operation.  The  cupo- 
la  is  the  most  prevalent  furnace  utilized  in  iron  foun- 

dries  for  the  production  of  various  types  of  cast  iron 
and  may  be  run  as  a  semi-batch  or  continuous  type 
operation.  The  cupola  charge  or  burden  materials  dif- 
fer  from  the  blast  furnace  raw  materials  as  it  utilizes 

5  steel  scrap,  iron  scrap  and  pig-iron  rather  than  iron 
ore.  Also,  a  cupola  has  tapholes  and  runners  for  the 
slag  and  molten  metal,  but  generally  does  not  operate 
with  a  pressurized  feed  hopper  like  a  blast  furnace. 
All  of  these  physical  characteristics  bear  evidence  to 

10  the  similarities  of  these  furnaces. 
The  cupola  blast  air  system  is  not  unlike  that  of  a 

blast  furnace,  as  it  introduces  combustion  air  for  the 
coke  into  the  furnace  through  tuyeres.  The  blast  air 
is  introduced  to  the  cupola  volume  at  a  lower  pres- 

15  sure,  such  as  in  the  range  of  about  10  to  80  ounces 
per  square  inch  above  atmosphere,  through  the 
tuyeres.  The  coke  is  burned  and  the  metallic  charge 
is  melted.  Carbon  control  in  the  as-tapped  molten 
metal  is  broadly  a  function  of  the  amount  of  coke 

20  charged  to  the  furnace  and  the  carbon  present  in  the 
charged  iron  and  steel  scrap. 

In  the  processing  of  materials  for  charging  to  a  cu- 
pola,  the  raw  material  additions  are  frequently  sized 
by  screening  or  other  means  to  provide  a  more  uni- 

25  form  material  component  and  to  avoid  the  introduc- 
tion  of  small  sized  additions,  which  may  oxidize  rap- 
idly  outside  the  melting  zone  or  be  entrained  in  the 
gaseous  emissions  discharge  for  entrapment  in  a 
baghouse.  As  a  specific  example,  coke  may  be 

30  screened  to  minimize  addition  to  the  furnace  of  ma- 
terials  which  are  less  than  about  one  and  three- 
quarter  inches  in  diameter.  The  screened  discards  are 
set  aside  for  temporary  storage  prior  to  resale  to  a 
vendor,  but  are  generally  not  utilized  in  the  cupola  fur- 

35  nace  because  of  their  relatively  small  size. 
Metallurgical  coke  is  an  expensive  commodity 

and  the  losses  of  the  screened  material  may  be  as 
high  as  ten  or  twenty  percent.  Further,  the  screened 
coke  discard  material  is  susceptible  to  moisture  pick- 

40  up  from  outside  storage,  and  both  the  undersize  con- 
dition  and  moisture  content  are  regarded  as  detri- 
mental  to  a  furnace  operation.  The  introduction  of 
moisture  to  a  cupola  results  in  heat  losses,  as  it  re- 
quires  heat  to  evaporate  the  water,  which  conse- 

45  quently  requires  the  addition  of  more  coke  and,  there- 
fore,  the  entrained  sulfur  and  ash  to  the  furnace. 
Thus,  it  is  apparent  that  dry  coke  additions  are  gen- 
erally  easier  on  the  furnace  operator,  give  more  con- 
sistent  results  and  are,  consequently,  more  desirable. 

so  Historically  the  cupola  operator  has  had  to  find 
supplemental  uses  for  the  screened  coke  discards  or 
frequently  has  had  to  find  a  secondary  vendor  for 
these  materials.  As  an  example,  metallurgical  coke 
may  cost  $180  per  ton  but  the  undersized  discards  are 

55  only  resalable  for  about  $25  per  ton,  which  results  in 
lost  material,  handling,  storage,  recovery  and  re- 
placement  costs.  Therefore,  furnace  operators  have 
continuously  tried  to  find  methods  and  apparatus  to 
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utilize  these  screened  and  discarded  materials.  One 
known  use  of  these  discarded  material  additions  is  in 
the  production  of  iron  sinter  in  sintering  plants  of  steel 
mills,  which  use  discarded  iron,  lime  and  coke  fines 
to  produce  a  material  acceptable  for  charging  to  a 
blastfurnace.  Unfortunately,  this  is  an  expensive  op- 
eration,  which  was  used  to  consume  all  the  chemical- 
ly  valuable  raw  materials  that  were  physically  un- 
chargeable  to  furnaces.  Many  of  these  sintering 
plants  have  been  abandoned  as  they  are  difficult  to 
run  and  maintain,  and  the  cost  of  handling  the  air 
emissions  from  these  plants  may  be  disproportionate 
to  the  gains  from  their  operations. 

Indicative  of  various  methods  devised  to  utilize 
coke  and  coal  are  a  coal-oil  slurry  method  disclosed 
in  U.S.  Patent  No.  4,030,894.  Other  methods  utilize 
finely  pulverized  coke  and  coal  additions,  which  may 
be  introduced  in  a  carrier  gas  stream  forentrainment 
in  the  hot-blast  gasses.  However,  any  of  these  noted 
methods  require  comminuting  the  coke  or  coal  to  a 
size  such  as  1  00  mesh  by  down  or  similar  size.  In  ad- 
dition,  the  material  must  be  dried  prior  to  furnace  in- 
troduction,  the  moisture  content  must  be  carefully 
controlled,  or  such  moisture  must  be  otherwise  ac- 
commodated.  The  materials  are  usually  introduced 
through  the  furnace  tuyeres  by  a  secondary,  cold-air, 
gas  carrier.  Again,  as  in  a  sintering  operation,  there  is 
a  secondary  handling  and  processing  of  the  addition 
prior  to  its  introduction  to  the  furnace.  Another  impe- 
diment  to  the  utilization  of  these  materials  in  the  fur- 
nace  operations  is  the  education  of  the  operators  to 
accommodate  their  introduction  and  the  consequent 
effects  upon  both  the  heat  and  mass  balance,  the 
temperature  variations  and  resultant  chemical 
changes  of  both  the  slag  and  molten  metal.  Conse- 
quently,  there  has  been  a  reticence  to  utilize  these 
secondary  materials  as  furnace  additions  because  of 
the  added  costs  and  disruptions  to  presently  accept- 
ed  operating  practices. 

Summary  of  the  Invention 

The  present  invention  provides  a  method  and  ap- 
paratus  for  the  introduction  of  various  material  addi- 
tions  to  a  vertical  shaft  furnace  through  the  blast-air 
tuyeres  without  the  use  of  secondary  operations,  or 
ancillary  air  transport  equipment.  Various  screened 
and  moisture-laden  materials  may  be  gravity-char- 
ged  to  the  tuyere  at  a  predetermined  rate  to  permit  en- 
trainment  in  the  blast  media,  which  avoids  using  sec- 
ondary  air  or  pneumatic  transport  equipment.  In  the 
specific  example  of  coke  additions  to  the  cupola  for 
the  manufacture  of  cast  iron,  it  is  unnecessary  to 
screen  or  dry  the  coke  prior  to  making  the  additions, 
thereby  avoiding  a  secondary  operation,  such  as  dry- 
ing,  comminution  or  mixing,  while  making  use  of  avail- 
able  carbon  sources.  Raw  material  losses  are  re- 
duced  and  total  carbon  recovery  at  the  tap  hole  is 

found  to  be  approximately  2.0%  or  more,  which  there- 
by  avoids  excess  ladle  additions  to  obtain  the  desired 
end-point  carbon  level  in  the  molten  iron. 

The  equipment  utilizes  a  sealed  feeder-  hop  per, 
5  which  operates  at  a  pressure  greater  than  atmos- 

phere,  and  a  gravity-feed  pipe  for  communication  of 
the  raw  materials  to  the  tuyere  at  a  controlled  rate  for 
entrainment  in  the  blast  media  to  the  furnace  at  the 
tuyere  level.  It  has  been  found  that  the  carbon  recov- 

10  ery  rate  from  coke  introduced  at  the  tuyere  level  can 
be  as  high  as  85%  in  the  tapped  metal.  This  is  con- 
siderably  greater  than  the  normal  carbon  recovery 
rate  of  about  50%  of  the  top-charged  carbon  in  the 
burden  materials.  Further,  additions  of  ferrosilicon  at 

15  the  tuyere  have  resulted  in  silicon  recovery  in  the 
molten  iron  of  close  to  100%  for  the  silicon  charged 
to  the  burden  at  the  tuyere  line  with  no  negative  im- 
pact  upon  the  furnace  operation  either  in  terms  of  the 
temperature  or  metal  chemistry. 

20  The  above-noted  charging  rate  for  the  raw  mate- 
rial  addition  is  dependent  upon  the  material  to  be  add- 
ed,  its  density,  its  diameter  or  relative  mesh  size,  and 
the  desired  end  point  chemistry.  The  maximum  size  of 
the  added  component  is  preferably  in  the  size  of  about 

25  one-third  the  inner  diameter  of  the  tuyere. 
Embodiments  of  the  invention  will  now  be  descri- 

bed  by  way  of  example  only  and  with  reference  to  the 
accompanying  drawings,  in  which  like  reference  nu- 
merals  describe  like  components,  in  which: 

30  Figure  1  is  an  elevational  view  in  cross-section  of 
the  pressure-sealed  hopper  and  feed  apparatus; 
Figure  2  is  a  plan  view  of  the  hopper  and  feed  ap- 
paratus  of  Figure  1; 
Figure  3  is  an  enlarged  plan  view  of  the  plow  of 

35  the  feeder  in  Figure  1; 
Figure  4  is  a  schematic  illustration  of  a  cupola  in 
cross-section  and  an  alternative  embodiment  of 
a  feed  apparatus;  and, 
Figure  5  is  a  plan  view  of  the  lower  surface  of  the 

40  hopper  and  feed  apparatus  of  Figure  1  . 
A  hopper  and  feed  apparatus  for  the  introduction 

of  coke,  ferrosilicon,  ferromanganese,  aluminum,  sil- 
icon  metal,  silicon  carbide,  silica  sand  and  other  ma- 
terial  inputs  to  a  vertical  shaft  furnace  and  more  spe- 

45  cifically  a  cupola  will  be  utilized  in  the  present  de- 
scription.  It  is  recognized  that  a  prime  requisite  will  be 
the  introduction  of  materials  which  are  smaller  than 
the  tuyere  inner  diameter,  and  preferably  less  than 
one-third  the  diameter  of  the  tuyere  inner  diameter  to 

so  avoid  potential  blockage  of  the  tuyere. 
In  Figure  4,  the  basic  outline  of  a  vertical  shaft 

furnace  and  more  specifically  cupola  10  with  bustle 
pipe  12  is  shown.  Cupola  1  0  is  noted  as  discontinuous 
at  its  top  14  but  it  is  basically  open  and  may  have  a 

55  raw-material  charge  opening  (not  shown)  in  its  side- 
wall  16  in  proximity  to  top  14.  Cupola  10  may  slightly 
resemble  a  cylinder  tapering  at  its  lower  extremity  15 
to  a  different  diameter  from  top  14.  There  is  a  well  or 

3 
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hearth  region  18  for  retention  of  molten  slag  and  iron. 
Iron  is  tapped  from  well  18  through  tap  hole  20. 

Tuyeres  22  in  Figure  4  are  connected  to  down- 
comer  pipes  24  and  bustle  pipe  12,  and  extend 
through  sidewall  16  into  melting  zone  or  well  18.  In 
this  configuration,  blast  gasses  at  a  pressure  above 
atmospheric  pressure  and  at  a  high  flow  rate  are  com- 
municated  from  bustle  pipe  12  to  melting  zone  18  for 
combustion  of  the  coke  in  the  burden.  Coke  combus- 
tion  produces  heat  and  results  in  the  evolution  of  gas- 
eous  materials  and  ash,  which  is  fluxed  from  the  iron 
by  the  slag-forming  limestone  in  the  burden.  Coke 
also  provides  carbon  for  retention  in  the  molten  metal. 
Although  only  two  tuyeres  22  are  shown  for  purposes 
of  illustration,  there  are  generally  a  plurality  of 
tuyeres  22  positioned  around  the  well  diameter  of  a 
furnace  or  cupola  10. 

In  the  configuration  of  Figure  4,  additive  material 
feed  system  25  has  feeder  28  positioned  above 
tuyere  22  and  bustle  pipe  12  to  receive  raw  material 
charges  for  communication  to  tuyere  22  through  con- 
duits  30,  32  and  34,  and  into  tuyere  passage  37  for 
blast  media  entrainment  into  melting  zone  1  8  and  the 
burden.  As  shown,  there  are  no  extraneous  couplings 
to  hopper  28,  conduits  30,  32,  34  or  tuyere  22  for  any 
of  mechanical,  pneumatic  or  hydraulic  transfer  of  raw 
material  charges  to  the  burden.  In  the  preferred  em- 
bodiment  of  feed  system  25,  feeder  28  is  positioned 
in  transfer  bin  38,  as  shown  in  Figure  1.  Chamber  39 
of  bin  38  has  upper  port  40  in  bin  top  41  with  seal  plate 
42  operable  to  close  port  40,  which  is  sealable  against 
open  communication  with  the  atmosphere.  A  tapered 
or  conical  funnel  44  extends  from  port  40  to  feeder  28 
for  transfer  of  raw  materials  to  feeder  28  from  a  feed 
chute  or  other  apparatus  (not  shown).  Discharge  port 
46  at  bin  lower  surface  48  in  Figure  5  is  operably  cou- 
pled  to  conduit  30  for  communication  of  raw  materials 
from  chamber  39  to  tuyeres  22. 

Feeder  28  in  Figures  1  and  2  is  positioned  and  ro- 
tatable  in  chamber  39.  Feeder  28  is  a  generally  cylin- 
drical  shell  with  working  volume  29,  outer  wall  50,  up- 
per  rim  52  and  lower  rim  54.  Feed-control  apparatus 
56  has  skirt  58  positioned  and  operable  around  bin 
lower  rim  54.  Skirt  58  has  upper  segment  60,  which 
may  be  an  annulus  secured  to  bin  outer  wall  50. 
Flange  62  radially  outwardly  extends  from  upper  seg- 
ment  60  and  wall  50,  which  flange  62  has  a  plurality 
of  bolt  holes  therethrough. 

Plate  64  is  a  generally  flat  circular  plate  with  a  di- 
ameter  greater  than  the  cross-sectional  area  of  the 
bin  cylinder  or  working  volume  29,  which  plate  64  is 
mounted  below  lower  rim  54  in  chamber  39  and  sepa- 
rated  therefrom.  Second  skirt  segment  68  is  a  cylin- 
drical  section  with  a  second  flange  70  radially  extend- 
ing  from  its  upper  edge  72.  In  Figure  1,  second  skirt 
segment  68  is  slidable  along  outer  wall  50  of  feeder 
28  to  vary  gap  distance  66  between  plate  upper  sur- 
face  76  and  second-skirt-segment  lower  edge  74  to 

vary  the  discharge  rate  of  raw  material  from  working 
volume  29  to  chamber  39  and  discharge  port  46. 

In  Figure  2,  plows  78  of  feed-control  apparatus 
56  are  secured  to  bin  38  in  chamber  39  and  extend 

5  through  gap  66  into  feeder  working  volume  29.  Plow 
78  is  shown  in  an  enlarged  plan  view  in  Figure  3, 
which  plow  78  may  be  a  rigid  material,  such  as  hot- 
rolled  steel  plate  with  a  wall  thickness  of  about  three- 
quarter  (3/4)  inch.  Plow  78  is  illustrated  as  generally 

10  rectangular  with  first  and  mounting  edge  80  at  an 
acute  angle  to  the  two  parallel  sides  82  and  84  of  the 
rectangle.  Plow  leading  edge  86  is  a  rounded  projec- 
tion  with  tapered  surface  88  extending  from  parallel 
side  82.  In  the  apparatus  of  Figure  1  ,  two  plows  78  are 

15  noted  as  positioned  and  operable  in  feed-control  ap- 
paratus  56,  although  the  number  of  plows  78  and  their 
position  are  variable  by  the  operator  to  accommodate 
the  desired  feed  rate.  This  feed  rate  may  be  depend- 
ent  upon  the  rate  of  operation  of  cupola  10,  the  par- 

20  ticular  additive  material  and  the  rate  of  rotation  of 
feeder  28. 

Top  bearing  support  90  with  a  central  bore  92  ex- 
tends  across  chamber  39  and  is  anchored  to  bin  38 
in  Figure  1.  Drive  shaft  94  is  coupled  to  drive  means, 

25  such  as  a  motor  96,  sprocket  98  and  drive  chain  1  00, 
and  extends  through  passage  102  of  bin  lower  wall 
48.  Drive  shaft  first  end  104  is  secured  in  rotatable 
bearing  assembly  106,  and  second  shaft  end  108  is 
secured  in  central  bore  92  of  support  90.  Stirring  rods 

30  110  radially  extend  from  shaft  94  in  volume  29  and, 
as  shown  in  Figure  1,  are  located  at  both  the  upper 
and  lower  level  of  volume  29.  Conical  member  112 
with  its  larger  diameter  end  114  mounted  on  plate  64 
extends  into  working  volume  29,  and  shaft  94  pro- 

35  jects  generally  through  the  center  of  cone  112.  In  Fig- 
ure  2,  bracing  members  116  extend  diametrically 
across  volume  29,  and  in  this  figure  two  of  members 
116  are  noted  at  right  angles  to  each  other. 

In  operation,  feeder  28  is  filled  with  the  additive 
40  raw  materials  through  port  40  and  rotated  in  sealed 

bin  38  by  drive  means  96,  98,  100,  which  is  coupled 
to  shaft  94.  Lower  skirt  68  is  raised  a  predetermined 
distance  above  upper  surface  76  of  plate  64  to  pro- 
vide  desired  gap  distance  66,  which  may  be  based 

45  upon  density  of  the  raw  material,  its  diameter  or  size, 
desired  feed  rate  into  cupola  1  0  or  any  other  parame- 
ter  of  the  user,  as  the  particular  condition  utilized  to 
set  the  feed  rate  is  not  a  limitation.  The  material  in 
working  volume  29  is  transferred  through  gap  66  by 

so  the  rotation  of  feeder  28  and  the  contact  of  the  fixed 
plows  78.  It  is  known  that  plows  78  may  be  adjusted 
radially  inward  or  outward  to  increase  or  decrease  the 
rate  of  feed  through  slot  66  at  the  same  rotational 
speed  of  feeder  28.  As  the  material  is  displaced  from 

55  feeder  28  to  lower  wall  48  of  chamber  39,  it  is  trans- 
ferred  through  discharge  port  46  to  conduits  30,  32 
and  34  at  the  opening  of  valve  120  for  transfer  to 
tuyere  passage  37  and  entrainment  in  the  air  blast  to 
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cupola  volume  18  and  the  burden.  The  precise  loca- 
tion  of  the  addition  may  vary  as  there  is  a  constant 
draft  of  air  in  cupola  10,  and  it  has  been  observed  that 
at  least  some  of  the  larger  or  more  dense  materials 
contact  the  burden  before  being  melted,  oxidized  or 
otherwise  consumed  in  the  melt.  No  particular  mech- 
anism  is  presently  attributed  to  the  interaction  of  the 
added  materials  for  the  consequent  chemical  rela- 
tions  noted  in  the  cast  iron  materials. 

As  noted  above,  materials  are  transferred  to 
feeder  28  and  chamber  39  is  sealed  by  seal  42  to  al- 
low  chamber  39  to  operate  at  the  same  relative  pres- 
sure  as  cupola  volume  1  8.  The  balanced  pressure  be- 
tween  chamber  39  and  cupola  volume  18  is  attained 
by  closing  valve  120  during  raw  material  charging  to 
working  volume  29  and  closing  seal  42  prior  to  open- 
ing  valve  120.  This  balancing  of  the  pressures  be- 
tween  chamber  39  and  cupola  well  18,  although  cu- 
pola  pressures  in  the  melting  zone  are  usually  not 
more  than  80  inches  of  water  above  atmospheric 
pressure,  allows  for  a  free  transfer  of  materials 
through  conduits  30,  32,  34  with  no  inhibiting  back- 
pressures  from  furnace  10,  which  might  inhibit  grav- 
itational  feeding  of  these  materials.  Potential  pres- 
sure  leaks  at  the  chamber  seals  may  be  compensated 
for  by  external  pressurization,  such  as  through  a  pipe 
and  valve  arrangement  26  coupled  to  a  source  27  of 
air  at  a  pressure  above  atmospheric  pressure. 

As  an  example,  during  brief  trials  of  the  feed 
mechanism  on  a  single  tuyere  22,  carbon  in  the  form 
of  screened  and  undersized  coke  was  utilized  as  the 
additive  raw  material,  which  screened  coke  was  from 
the  coke  to  be  added  to  the  top  of  cupola  10,  and  is 
about  less  than  one  and  three-quarters  inches  in  size. 
This  undersized  coke  addition  had  a  relatively  high 
moisture  content  from  outdoor  storage,  which  mois- 
ture  is  generally  considered  to  have  a  detrimental  im- 
pact  on  the  operation  of  smelting  furnaces.  The  re- 
sults  of  the  tests  to  date  have  indicated  that  the  the- 
oretical  carbon  recovery  for  carbon  (coke)  added  at 
tuyere  22  was  greater  than  eighty  percent  (80%)  ver- 
sus  a  normal  carbon  recovery  of  about  fifty  percent 
(50%)  for  normal  carbon  additions  through  the  cupola 
top.  This  recovery  allows  for  a  higher  carbon  content 
in  the  molten  iron  at  the  tap  hole,  which  avoids  or  re- 
duces  external  carbon  additions  in  the  ladle  or  holding 
vessel  to  attain  the  requisite  carbon  level  in  the  mol- 
ten  metal.  In  addition,  utilization  of  the  normally  re- 
jected  materials  avoids  the  loss  of  the  expensive  pur- 
chased  metallurgical  coke,  while  attaining  higher  re- 
covery  rates  than  is  presently  experienced  with  the 
larger  sized  materials  preferred  for  the  top  charging  to 
the  burden. 

A  similar  test  with  ferrosilicon  noted  that  the  re- 
covery  of  silicon  from  ferrosilicon  additions  through 
tuyere  22  provided  as  much  as  ninety-five  percent 
(95%)  recovery  of  the  silicon  in  the  as-tapped  molten 
iron,  which  significantly  reduces  the  additions  of  sili- 

con  to  the  molten  metal  to  attain  the  requisite  silicon 
specification  level.  It  is  considered  that  other  alloy  ad- 
ditions  can  be  provided  to  furnace  10  with  other  alloy- 
ing  or  additive  components  such  as  ferromanganese, 

5  magnesium,  aluminum  and  silicon  metal,  and  that 
these  additions  will  positively  enhance  furnace  prac- 
tices,  such  as  desulfurization,  although  specific  ex- 
amples  of  the  levels  of  attainment  of  these  practices 
are  not  presently  available.  As  noted,  tests  to  date 

10  have  shown  no  negative  impact  on  furnace  operation 
or  as-tapped  molten  metal  temperature,  and  have 
produced  positive  impacts  on  metal  chemistry.  A  pre- 
cise  chemical  and  thermodynamic  balance  for  any  in- 
dividual  cupola  furnace  is  the  consideration  of  the  op- 

15  erator.  However,  the  ability  to  provide  the  alloying  ad- 
ditions  to  molten  metal  at  tuyere  22  instead  of  to  fur- 
nace  top  14  has  been  shown  to  improve  chemical  ad- 
ditive  recovery  utilizing  presently  available  materials 
and  providing  access  to  other  currently  discardable  or 

20  limited  value  materials.  Exemplary  of  the  materials 
perceived  as  potential  candidates  for  use  as  carbon 
alloying  additions  at  tuyere  are  comminuted  vehicle 
tires.  Also,  silica  sand  addition  to  the  melting  zone  is 
presently  considered  a  potential  source  of  silicon  for 

25  the  metal. 
Although  the  precise  size  of  material  additions 

utilized  to  date  have  been  noted  above,  the  accept- 
able  size  of  additives  for  transfer  through  conduits  is 
considered  to  be  additives  having  a  particle  size  one- 

30  third  or  less  than  the  innerdiameterof  the  transferring 
conduit,  that  is  tuyere  passage  37.  As  an  example,  in 
a  six-inch  tuyere,  it  is  expected  that  the  materials 
must  be  less  than  two  inches  in  diameter.  Further,  the 
optimum  feed  rate  in  a  vertical  shaft  furnace  is  deter- 

35  mined  by  the  volumetric  rate  of  the  air  blast,  as  an  ex- 
cessive  feed  rate  would  not  be  an  acceptable  practice 
in  view  of  the  potential  to  block  free  passage  through 
tuyere  22.  There  is  also  the  potential  to  add  an  exces- 
sive  amount  of  cold  mass  charge  to  the  furnace  and 

40  the  potential  to  cause  large  variations  in  molten  metal 
chemistry  and  temperature,  which  acts  are  to  be 
avoided. 

In  an  alternative  embodiment  of  the  transfer  ap- 
paratus  56,  intermittent  charging  may  be  provided  by 

45  the  use  of  a  dual-valve  structure  as  illustrated  in  Fig- 
ure  4.  In  this  figure,  first  valve  120  is  located  in  the  se- 
quence  of  conduits  30,  32,  34,  and  second  valve  122 
is  operable  positioned  between  conduits  30  and  32. 
As  a  reference  condition,  first  valve  120  is  closed 

so  when  second  valve  122  is  opened.  Feeder  28  is  cou- 
pled  to  first  conduit  30  for  transfer  of  material  to  con- 
duit  30  through  discharge  port  46.  With  first  valve  120 
closed,  material  is  communicated  from  feeder  28,  by 
opening  second  valve  122,  which  permits  material  to 

55  flow  from  feeder  28  and  conduit  30  into  conduit  32  be- 
tween  first  and  second  valves  120  and  122.  There- 
after,  second  valve  122  is  closed  and  first  valve  120 
is  opened  to  provide  material  transferf  rom  conduit  32 
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to  conduit  34,  tuyere  passage  37  and  the  furnace  bur- 
den.  The  rate  of  opening  and  closing  transfer  valves 
120,  122  is  dependent  upon  the  rate  of  material  flow 
from  feeder  28  and  conduit  30  to  the  respective  con- 
duits  32  and  34,  as  it  is  known  that  fast-response 
valves  may  be  utilized  for  this  function.  Valves  120, 
122  may  be  coupled  to  a  control  apparatus  124,  such 
as  a  computer  controlled  device,  which  may  include 
reception  of  sensed  signals  from  line  sensors  130, 
1  32,  which  are  respectively  connected  to  said  control 
device  by  lines  134  and  136,  to  note  both  the  full  and 
empty  positions  of  any  of  conduits  30,  32,  34  and 
safety  sensors  (not  shown)  indicating  closed  and 
open  positions  of  valves  120,  122,  as  known  in  the  art. 
Valves  120  and  122  are  noted  as  coupled  to  controller 
124  by  lines  126  and  128,  respectively.  It  is  known 
that  valves  120,  122  are  rapidly  operable  to  provide 
an  almost  continuous  flow  of  material  to  tuyeres  22. 
Although  only  one  bin  38  and  feeder  28  system  has 
been  shown  in  the  figures,  it  is  apparent  that  a  similar 
feed  system  may  be  coupled  to  each  tuyere  22  to  pro- 
vide  multiple  raw  material  feed  operations,  or  that  a 
single  feeder  28  and  bin  38  could  be  coupled  to  more 
than  one  tuyere  22. 

While  only  specific  embodiments  of  the  invention 
have  been  described  and  claimed  herein,  it  is  appa- 
rent  that  various  modifications  and  alterations  of  the 
invention  may  be  made.  It  is,  therefore,  the  intention 
in  the  appended  claims  to  cover  all  such  modifica- 
tions  and  alterations  as  may  fall  within  the  true  scope 
of  the  invention. 

Claims 

1  .  A  gravity-feeding  mechanism  (25)  for  transfer  of 
alloy  additive  and  burden  materials  to  a  vertical- 
shaft  furnace  (10)  having  a  working  volume  in  a 
hearth  zone  with  a  melting  zone  (18)  for  the  bur- 
den  and  a  well  for  refined  metal  and  an  atmos- 
phere  with  a  pressure  above  atmospheric  pres- 
sure,  said  furnace  (1  0)  having  at  least  one  tuyere 
(22)  for  communication  of  combustion  air  to  the 
refining  and  melting  zone  (18),  said  mechanism 
(25)  comprising: 

means  (38)  for  retaining  and  transferring 
said  materials  for  charging  to  said  furnace; 

means  (30,32,34)  for  coupling  said  tuyere 
(22)  and  said  retaining  and  transfer  means  (38) 
for  communication  of  said  materials  at  a  control- 
led  rate  of  mass  transfer  to  said  tuyere  (22)  for  en- 
trainment  of  said  material  and  communication  to 
said  furnace  volume  (18)  and  burden  to  enhance 
the  burden  and  additive  recovery  and  the  temper- 
ature  in  the  hearth  zone. 

2.  A  gravity-feeding  mechanism  (25)  for  transfer  of 
alloy  additive  and  burden  materials  as  claimed  in 

Claim  1,  further  comprising  means  (28)  for  feed- 
ing  positioned  and  operable  in  said  means  (38) 
for  retaining  and  transferring, 

said  feeding  means  (28)  operable  to  re- 
5  ceive  said  alloy  additive  and  transfer  said  alloy 

additive  to  said  retaining  and  transferring  means 
(38)  at  a  predetermined  rate. 

3.  A  gravity-feeding  mechanism  (25)  for  transfer  of 
10  alloy  additive  and  burden  materials  as  claimed  in 

Claim  2  wherein  said  feeding  means  (28)  has 
means  for  driving  (94,96,98,100)  coupled  to  said 
feeding  means  (28)  and  operable  to  rotate  said 
feeding  means  (28)  in  said  retaining  and  transfer- 

is  ring  means  (38). 

4.  A  gravity-feeding  mechanism  (25)  for  transfer  of 
alloy  additive  and  burden  materials  as  claimed  in 
Claim  1,  2  or  3,  said  means  (30,32,34)  for  cou- 

20  pling  further  comprising  means  (120,122,124, 
126,128,130,132,  134,136)  for  controlling  mate- 
rial  flow  through  said  means  for  coupling 
(30,32,34). 

25  5.  A  gravity-feeding  mechanism  (25)  for  transfer  of 
alloy  additive  and  burden  materials  as  claimed  in 
Claim  4  wherein  said  means  (30,32,34)  for  cou- 
pling  has  at  least  one  conduit  for  communication 
of  alloy  additive  material  between  said  means 

30  (38)  for  retaining  and  transferring  and  said  tuyere 
(22); 

said  means  (120,122,124,126,128,130, 
132,134,136)  for  controlling  having  at  least  one 
valve  positioned  and  operable  in  said  conduit  to 

35  control  flow  of  alloy  additive  material  between 
said  retaining  and  transferring  means  (38)  and 
said  tuyere  (22). 

6.  A  gravity-feeding  mechanism  (25)  for  transfer  of 
40  alloy  additive  and  burden  materials  as  claimed  in 

Claim  5  wherein  said  controlling  means  has  a 
first  valve  (120),  a  second  valve  (122),  at  least 
one  means  (1  30,  1  32)  for  sensing  and  a  controller 
(124); 

45  a  first  line  (126)  connecting  said  first  valve 
(120)  to  said  controller  (124); 

a  second  line  (128)  connecting  said  sec- 
ond  valve  (122)  to  said  controller  (124); 

a  third  line  (134,136)  connecting  said 
so  means  for  sensing  (130,132)  to  said  controller, 

which  sensing  means  (130,132)  is  operable  to 
sense  any  of  the  operational  positions  of  said  first 
and  second  valves  (120,122),  and  the  level  of  ma- 
terial  in  said  conduit  (30,32,34)  and  to  communi- 

55  cate  said  sensed  signal  to  said  controller  (124); 
said  controller  (124)  operable  to  control 

said  first  and  second  valves  (120,122)  between 
an  open  and  closed  position  to  control  the  rate  of 
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alloy  transfer  in  said  conduit  (30,32,34)  from  said 
retaining  and  transferring  means  (38)  to  said 
tuyere  (22)  in  response  to  said  sensed  signals. 

7.  Alloy  and  melt  addition  apparatus  (25)  for  com-  5 
munication  of  said  alloy  and  melt  additives  at  the 
melting  zone  (1  8)  of  a  vertical-shaft  furnace  (1  0) 
for  one  of  smelting  and  metal  refining,  said  fur- 
nace  (10)  having  a  top  (14),  a  hearth  and  a  melt- 
ing  zone  (18),  and  gas  transfer  means  (22),  and  10 
a  burden  charged  to  said  furnace  (10)  from  the 
top  (14)  of  said  furnace,  said  addition  apparatus 
(25)  comprising: 

a  housing  (38)  defining  a  chamber  (39),  an 
input  port  (40)  and  a  discharge  port  (46);  15 

means  (42)  for  sealing  said  input  port  (40); 
means  (28)  for  holding  and  feeding  said  al- 

loy  and  other  additive  materials  for  charging  to 
said  furnace  (10),  said  holding  and  feeding 
means  mounted  in  said  chamber  (39);  20 

means  (56)  for  transferring  said  additive 
materials  from  said  holding  and  feeding  means 
(28)  to  said  chamber  (39)  at  a  fixed  rate  of  dis- 
charge  from  said  holding  and  feeding  means 
(28);  25 

means  (30,32,34)  for  communicating  said 
materials  coupled  between  said  discharge  port 
(46)  and  gas  transfer  means  (22),  said  materials 
communicating  means  (30,32,34)  operable  to 
transfer  said  material  by  gravity  to  said  gas  trans-  30 
fer  means  for  entrainment  with  said  gas  commu- 
nicated  to  said  burden  at  said  hearth  zone. 

8.  The  addition  apparatus  as  claimed  in  Claim  7, 
wherein  said  housing  (38)  is  operable  to  be  35 
sealed  from  the  atmosphere  by  said  sealing 
means  (42). 

9.  The  addition  apparatus  as  claimed  in  Claim  7  or 
8,  wherein  said  holding  and  feeding  means  has  a  40 
bin  (28)  with  an  outer  wall  (50),  an  upper  edge 
(52),  a  lower  edge  (54)  and  a  first  perimeter  at 
said  lower  edge,  said  bin  (28)  rotatable  in  said 
chamber  and  defining  a  fixed  volume  (29), 

a  lower  plate  (64)  positioned  in  said  cham-  45 
ber  (39)  below  said  lower  edge  (54),  said  lower 
plate  (64)  having  an  upper  surface  (76)  in  prox- 
imity  to  said  lower  edge  (54)  and  a  second  peri- 
meter  extending  radially  outward  of  said  first  peri- 
meter,  50 

said  lower  edge  (54)  and  said  plate  upper 
surface  (76)  cooperating  to  define  an  opening 
therebetween; 

a  skirt  (68)  with  a  lower  rim  (74),  said  skirt 
(68)  surrounding  said  first  perimeter  and  vertical-  55 
ly  extending  to  said  plate  upper  surface  (76),  said 
skirt  (68)  vertically  slidable  along  said  bin  outer 
wall  (50)  to  define  a  separating  gap  (66)  between 

said  skirt  lower  rim  (74)  and  said  plate  upper  sur- 
face  (76), 

at  least  one  plow  (78)  having  a  generally 
rectangular  elongate  shape  with  a  wall  thickness 
less  than  the  smallest  dimension  of  said  rectan- 
gular  shape,  said  plow  having  a  leading  edge 
(86),  which  has  a  sloped  and  tapered  length  (88) 
along  said  rectangular  length  to  said  leading 
edge, 

said  tapered  length  (88)  extending  into 
said  bin  volume  (29)  and  said  gap  (66)  to  promote 
discharge  of  said  additive  materials  to  said  hous- 
ing  chamber  (39)  during  rotation  of  said  bin  (28), 

said  skirt  (68)  vertically  slidable  along  said 
bin  outer  wall  (50)  to  adjust  said  gap  separation 
(66)  for  variation  of  the  feed  rate  of  said  additive 
materials  discharged  to  said  housing  chamber 
(39),  said  communicating  means  (30,32,34),  said 
gas-transfer  means  (22)  and  said  furnace  hearth 
(18)  at  a  predetermined  rate. 

10.  The  addition  apparatus  as  claimed  in  Claim  7,  8 
or  9,  wherein  said  furnace  (1  0)  is  a  cupola  having 
a  gas  pressure  greater  than  atmospheric  pres- 
sure  in  the  melting  zone  (1  8),  said  pressure  being 
communicated  to  said  housing  chamber  (39)  and 
being  maintained  in  said  housing  chamber  (39)  by 
said  sealing  means  (42)  to  inhibit  backdrafting  of 
said  additive  materials  through  said  gas  transfer 
means  (22)  and  communication  means 
(30,32,34). 

11.  The  addition  apparatus  as  claimed  in  any  of 
Claims  7  to  1  0  wherein  said  additive  materials  are 
transferred  at  a  predetermined  rate  to  said  com- 
municating  means  (30,32,34)  and  said  gas  trans- 
fer  means  (22)  to  provide  said  refined  metal  at 
about  a  desired  additive  concentration  prior  to 
metal  discharge  from  said  furnace  (10). 

12.  The  addition  apparatus  as  claimed  in  Claim  11 
wherein  said  refined  metal  is  iron,  said  additive 
material  is  carbon,  which  is  provided  to  said  fur- 
nace  as  an  undried  coke  addition  from  previously 
rejected  materials  unusable  as  furnace  burden 
additions. 

13.  The  addition  apparatus  as  claimed  in  Claim  12 
wherein  said  coke  addition  is  provided  from  an 
undried  coke  material  less  than  one  and  three- 
quarter  inches  screen  size. 

14.  The  addition  apparatus  as  claimed  in  Claim  11 
wherein  said  refined  metal  is  iron  and  said  addi- 
tive  material  is  carbon,  which  is  provided  to  said 
furnace  as  comminuted  vehicle  tires  of  a  size  that 
is  less  than  one  and  three-quarter  inches. 

7 
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15.  The  addition  apparatus  as  claimed  in  Claim  11 
wherein  said  refined  metal  is  iron  and  said  addi- 
tive  material  may  be  selected  from  among  coal, 
coke  silicon,  silicon  carbide,  ferrosilicon,  silica 
sand,  magnesium  and  aluminum,  which  materials 
are  provided  with  a  screen  size  less  than  one  and 
three-quarter  inches. 

16.  The  addition  apparatus  as  claimed  in  any  of 
Claims  11  to  15  wherein  said  material  is  provided 
to  said  gas  transfer  means  (22)  at  a  rate  to  pro- 
vide  entrainment  in  said  gas  stream  and  unim- 
peded  flow  through  said  gas  transfer  means. 

17.  The  addition  apparatus  as  claimed  in  any  of 
Claims  7  to  16  wherein  said  gas  transfer  means 
is  a  tuyere  (22). 

18.  The  addition  apparatus  as  claimed  in  any  of 
Claims  7  to  1  7  wherein  said  additive  materials  are 
communicated  to  said  gas  transfer  means  and 
hearth  (1  8)  by  gravity  feed  from  said  housing  (38) 
and  said  communication  means  (30,32,34). 

19.  The  addition  apparatus  as  claimed  in  any  of 
Claims  7  to  18  wherein  said  communication 
means  (30,32,34)  is  a  pipe  coupling  said  housing 
discharge  port  (46)  and  said  gas  transfer  means 
(22),  said  housing  (38)  provided  at  a  height  above 
said  gas  transfer  means  for  gravity  feed  of  said 
additive  materials  through  said  pipe  to  said  gas 
transfer  means  at  a  rate  determined  by  the  rate 
of  transfer  of  said  additive  materials  from  said  bin 
(28)  to  said  housing  chamber  (39). 

20.  A  method  for  transferring  alloy  additive  and  bur- 
den  materials  from  means  (38)  for  retaining  said 
alloy  additive  to  a  vertical-shaft  furnace  (1  0)  hav- 
ing  a  working  volume  with  a  melting  zone  (18)  for 
the  burden  and  a  well  for  refined  metal,  said  fur- 
nace  working  volume  having  an  atmosphere  with 
a  pressure  above  atmospheric  pressure  and  at 
least  one  tuyere  (22)  for  communication  of  com- 
bustion  blast  media  to  the  refining  and  melting 
zones;  said  method  comprising: 

a.  positioning  said  means  (38)  for  retaining  al- 
loy  additive  materials  at  a  vertical  elevation 
above  said  tuyere  (22); 
b.  coupling  said  means  (38)  for  retaining  and 
said  tuyere  with  means  for  communicating 
(30,32,34); 
c.  sealing  said  means  (38)  for  retaining; 
d.  balancing  approximately  equally  the  pres- 
sures  in  said  means  (38)  for  retaining  and  said 
furnace  working  volume; 
e.  communicating  said  alloy  additive  materials 
by  gravity  flow  at  a  fixed  rate  to  said  tuyere 
(22)  for  entrainment  in  said  blast  media  and 

transfer  to  said  furnace  melting  zone  (1  8)  and 
said  burden  in  proximity  to  said  tuyere  to  en- 
hance  the  rate  of  recovery  of  said  additive  al- 
loy  materials  in  said  refined  metal  within  the 

5  furnace  and  to  reduce  the  requisite  furnace- 
external  additions  to  said  refined  metal  to  at- 
tain  requisite  chemical  specification  limits. 

21  .  A  method  for  transferring  alloy  additives  to  a  vert- 
10  ical-shaft  furnace  as  claimed  in  Claim  20,  said 

method  further  comprising  sizing  said  alloy  addi- 
tive  materials  to  said  tuyere  (22)  at  a  diameter 
about  less  than  one-third  the  inner  diameter  of 
said  tuyere. 

15 
22.  A  method  for  transferring  alloy  additives  to  a  vert- 

ical-shaft  furnace  as  claimed  in  Claim  20  or  21, 
said  method  further  comprising  delivering  said  al- 
loy  additive  at  a  fixed  rate  to  said  retaining  means 

20  (38)  and  said  communicating  means  (30,32,34) 
by  means  for  feeding  (28),  which  is  rotatable  and 
adjustable  in  said  retaining  means  (38). 

23.  A  vertical-shaft  furnace  comprising  a  gravity- 
25  feeding  mechanism  as  claimed  in  any  of  Claims 

1  to  6. 

24.  A  vertical-shaft  furnace  comprising  alloy  and 
melt  addition  apparatus  as  claimed  in  any  of 

30  Claims  7  to  19. 
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