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The  present  invention  relates  to  the  casting 
of  strip  material  at  high  quench  rates  and  at 
high  production  rates.  More  particularly,  the 
present  invention  is  directed  to  apparatus  for 
rapidly  casting  thin  metallic  strip  material. 

The  apparent  advantages  and  economic 
significance  of  producing  thin  metallic  strip 
material  by  a  casting  process,  as  compared  to 
the  conventional  rolling  or  reducing  operations, 
are  numerous.  The  fact  that  strip  casting  may  be 
performed  at  such  high  quench  rates  as  to 
produce  amorphous  material  is  even  more 
meaningful.  However,  it  is  equally  apparent  that 
there  are  a  multitude  of  strip  casting  parameters 
which  must  be  controlled  or  monitored  to 
assure  that  the  cast  strip  is  of  acceptable  quality 
and  of  uniform  composition  and  structure.  For 
these  reasons,  those  skilled  in  the  art  appreciate 
the  intricacies  involved  in  the  development  of  a 
commercially  successful  strip  casting  apparatus. 

The  general  concept  of  casting  thin  metallic 
materials  such  as  sheet,  foil,  strip  and  ribbon 
was  disclosed  in  the  early  1900's.  For  example, 
United  States  Patent  Nos.  905,758  and 
993,903  teach  processes  wherein  molten  ma- 
terial  flows  onto  a  moving  cool  surface  and 
the  material  is  drawn  and  hardened  thereon  into 
a  continuous  thin  strip.  These  references  teach 
that  molten  metal  may  be  poured  onto  the 
smooth  peripheral  surface  of  a  rotating  liquid- 
cooled  copper  drum  or  disc  to  form  strip 
materials.  Despite  early  disclosure  of  such  con- 
cept,  there  is  no  evidence  of  commercial  suc- 
cess  of  strip  casting  during  the  early  part  of  the 
20th  century. 

Recently,  in  United  States  Patents  Nos. 
3,522,836  and  3,605,863  a  method  for  manu- 
facturing  a  continuous  product,  such  as  metallic 
wire  or  strip  from  molten  metal  has  been  dis- 
closed.  These  references  teach  that  a  convex 
meniscus  of  molten  material  should  project 
from  a  nozzle.  A  heat  extracting  surface,  such  as 
a  water-cooled  drum,  is  moved  in  a  path  sub- 
stantially  parallel  to  the  outlet  orifice  and  into 
contact  with  the  meniscus  of  molten  metal  to 
continuously  draw  material  from  the  meniscus 
to  form  a  uniform  continuous  product.  The 
above-described  method  is  commonly  called 
the  "melt  drag"  process  as  the  heat  extracting 
surface  moving  past  the  meniscus  of  molten 
metal  at  the  nozzle  orifice  actually  has  an  effect 
on  the  rate  of  molten  metal  flow,  or  drag, 
through  the  nozzle. 

More  recent  strip  casting  developments  focus 
on  relatively  narrow  refinements  in  the  metallic 
strip  casting  art.  For  example,  United  States 
Patent  No.  4,142,571  is  particularly  directed  to 
a  slot  construction  in  a  metal  strip  casting 
nozzle  having  stringent  dimensional  require- 
ments.  Also,  United  States  Patent  No. 
4,077,462  pertains  to  the  provision  of  a  specific 
construction  for  a  stationary  housing  above  the 

peripheral  surface  of  a  chill  roll  used  for  strip 
casting. 

There  are  a  number  of  other  rapid  quenching 
techniques  known  in  the  art.  For  example,  melt 
spinning  processes  of  producing  metallic  fila- 
ment  by  cooling  a  fine  molten  stream  either  in 
free  flight  or  against  a  chill  block  have  been 
practised.  Also  known  are  melt  extraction  tech- 
niques,  such  as  crucible  melt  extraction  dis- 
closed  in  United  States  Patent  No.  3,838,185 
and  pendant  drop  melt  extraction  techniques 
taught  in  United  States  Patent  No.  3,896,203. 
It  has  been  found  difficult  to  produce  uniform 
sheet  or  strip  by  such  alternative  techniques  of 
rapid  casting.  There  are  many  factors,  such  as 
casting  temperature  and  pressure,  auxiliary  sur- 
face  cooling  rates,  surface  coatings  for  the  cast- 
ing  surface,  and  the  like  which  appear  to  affect 
the  product  thickness  and  the  quality  of  rapidly 
cast  strip  material. 

Despite  the  relatively  long  history  of  the  art  of 
strip  casting,  and  the  recent  developments  in 
this  area,  strip  casting  is  not  a  widely  accepted 
and  commercially  significant  operation  at  the 
present  time.  It  appears  that  various  improve- 
ments,  modifications  and  innovations  are  re- 
quired  in  the  art  to  effect  a  significant  com- 
mercial  impact  in  the  art  of  strip  casting.  In 
particular,  proper  relationships  among  such 
variables  as  molten  metal  tundish  construction, 
nozzle  orifice  size  and  dimensions,  spacing  from 
a  casting  surface,  speed  at  which  such  surface 
is  moved,  quench  rates,  metal  temperature  and 
feed  rates,  and  the  like  may  require  more 
accurate  identification  and  interrelation  in  order 
to  accomplish  the  uniformity  and  consistency 
required  for  successful,  commercial  production 
of  cast  strip.  In  particular,  certain  nozzle  and  slot 
structures  and  their  dimensional  relationship  to 
the  casting  surface  onto  which  strip  material  is 
cast,  have  been  found  to  be  desirable  to  yield 
uniform  strip  casting  results  when  utilized  in 
various  casting  parameters. 

Accordingly,  a  new  and  improved  appa- 
ratus  for  casting  relatively  wide,  thin  strip 
material  is  desired  which  overcomes  the  dis- 
advantages  of  the  prior  art  structures.  Such 
desired  apparatus  should  be  reliable,  more 
efficient  and  more  effective  than  the  structures 
disclosed  in  the  prior  art,  and  should  lead  to 
reproducibility,  uniformity  and  consistency  in 
strip  casting. 

Among  the  objects  of  the  present  invention  is 
the  provision  of  a  strip  casting  apparatus  which 
is  capable  of  continuously  casting  metallic  strip 
material  of  substantially  uniform  dimension  and 
substantially  uniform  quality  throughout  its 
length. 

Another  object  of  the  present  invention  is  the 
provision  of  a  strip  casting  apparatus  having  an 
outwardly  diverging  nozzle  construction  which 
promotes  the  efficient  rapid  casting  of  metal 



strip  material. 
Another  object  of  the  present  invention  is  to 

provide  a  strip  casting  apparatus  capable  of 
reproducing  successful  strip  casting  oper- 
ations. 

Another  object  of  this  invention  is  to  provide 
a  strip  casting  apparatus  which  can  effect  suf- 
ficiently  rapid  quenching  of  the  produced  strip 
to  result  in  the  production  of  amorphous  strip. 
However,  it  should  be  understood  that  the  pro- 
duction  of  continuously  cast  crystalline  material 
is  also  comprehended  by  the  present  invention. 

A  further  object  of  this  invention  is  to  iden- 
tify  certain  design  and  dimensional  require- 
ments,  particularly  with  regard  to  an  outwardly 
diverging  nozzle  structure,  which  permits  con- 
tinuous  and  repetitious  rapid  casting  of  metallic 
strip  material  of  uniform  dimension  and  uni- 
form  quality. 

The  above-mentioned  United  States  Patent 
No.  4,142,571  discloses  continuously  casting 
metal  strip  comprising  a  tundish  for  receiving 
and  holding  molten  metal,  a  nozzle  comprising  a 
slot  disposed  in  the  tundish  with  the  longi- 
tudinal  extent  of  the  slot  approximating  the 
width  of  the  strip  to  be  cast,  said  slot  having 
substantially  uniform  cross-sectional  dimen- 
sions  throughout  the  longitudinal  extent  there- 
of,  and  a  cooled  casting  surface  at  least  as  wide 
as  the  strip  to  be  cast  disposed  outside  the 
nozzle  and  movable  past  the  nozzle,  at  a  stand- 
off  distance  not  more  than  1  mm  therefrom,  in 
a  direction  substantially  perpendicular  to  the 
longitudinal  axis  of  the  slot,  and  the  slot  having 
an  outer  portion  near  the  casting  surface  and  an 
inner  portion  remote  from  the  casting  surface. 

In  accordance  with  the  present  invention,  in 
similar  apparatus  said  slot  is  defined  between  a 
first  lip  and  a  second  lip  of  the  nozzle,  said  first 
lip  and  said  second  lip  having  substantially 
planar  inside  surfaces,  facing  one  another  at 
said  inner  portion  of  the  slot,  said  inside  sur- 
faces  diverging  from  one  another  at  the  outer 
portion  of  the  slot,  and  said  first  lip  and  said 
second  lip  having  bottom  surfaces  facing  the 
casting  surface  at  a  standoff  distance  less  than 
3.048 mm  (0.120  inch). 

The  present  invention  will  be  more  fully 
understood  and  appreciated  with  reference  to 
the  accompanying  drawings,  in  w h i c h : -  

Figure  1  is  an  elevation  view,  partially  in 
cross-section,  illustrating  a  typical  apparatus 
according  to  the  present  invention  for  con- 
tinuously  casting  strip  material. 

Figure  2  is  a  cross-sectional  view  on  a  larger 
scale  of  an  outwardly  diverging  nozzle  in  a  strip 
casting  apparatus  of  the  present  invention. 

Figures  3,  4  and  5  are  cross-sectional  views 
of  alternative  outwardly  diverging  nozzles  in 
strip  casting  apparatus  of  the  present  inven- 
tion. 

Referring  particularly  to  the  drawings,  Figure 
1  generally  illustrates  an  apparatus  for  casting 
metallic  strip  material  10  in  accordance  with 
the  present  invention.  This  apparatus  includes 

an  element  upon  which  the  strip  10  is  cast.  In  a 
preferred  embodiment  a  continuous  strip  10  is 
cast  onto  a  smooth,  outer  peripheral  surface  14 
of  a  circular  drum  or  wheel  12  as  shown  in 
Figure  1.  It  should  be  understood,  however,  that 
configurations  other  than  circular  may  be 
employed  for  the  casting  element.  For  example, 
a  wheel  with  a  smooth,  frustoconical  outer 
peripheral  surface  (not  shown)  may  be  em- 
ployed.  Also,  a  belt  capable  of  rotating  through 
a  generally  ovular  path  may  also  be  employed 
as  the  casting  element.  Regardless  of  the  con- 
figuration  employed,  the  cooled  casting  surface 
should  be  at  least  as  wide  as  the  strip  to  be  cast. 

In  a  preferred  embodiment,  the  casting 
element  comprises  a  water  cooled,  precipi- 
tation  hardened  copper  alloy  wheel  12  contain- 
ing  about  98%  copper  and  about  2%  chromium. 
Copper  and  copper  alloys  are  chosen  for  their 
high  thermal  conductivity  and  wear  resistance. 
However,  beryllium  copper  alloys,  steel,  brass, 
aluminum,  aluminum  alloys  or  other  materials 
may  be  utilized  alone,  or  in  combination.  For 
example,  multipiece  wheels  having  sleeves  of 
molybdenum  or  other  material  may  be  em- 
ployed.  Likewise,  cooling  may  be  accomplished 
with  the  use  of  a  medium  other  than  water. 
Water  is  typically  chosen  for  its  low  cost  and  its 
ready  availability. 

In  the  operation  of  the  strip  casting  appar- 
atus  of  the  present  invention,  the  surface  14  of 
the  casting  wheel  12  must  be  able  to  absorb  the 
heat  generated  by  contact  with  molten  metal  at 
the  initial  casting  location  16,  and  such  heat 
must  be  conducted  substantially  into  the  copper 
wheel  during  each  rotation  of  the  wheel.  The 
initial  casting  point  16  refers  to  the  approxi- 
mate  location  on  the  casting  surface  14  where 
molten  metal  20  from  a  tundish  22  first  con- 
tacts  the  casting  surface  14.  Cooling,  by  heat 
conduction,  may  be  accomplished  by  delivering 
a  sufficient  quantity  of  water  through  internal 
passageways  located  near  the  periphery  of  the 
casting  wheel  12.  Alternatively,  the  cooling 
medium  may  be  delivered  directly  to  the  under- 
side  of  the  casting  surface.  Understandably, 
refrigeration  techniques  and  the  like  may  be 
employed  to  accelerate  or  decelerate  cooling 
rates,  and/or  to  effect  wheel  expansion  or  con- 
traction  during  strip  casting. 

Whether  a  drum,  wheel  or  belt  is  employed 
for  casting,  the  casting  surface  should  be 
generally  smooth  and  symmetrical  to  maximize 
uniformity  in  strip  casting.  For  example,  in 
certain  strip  casting  operations  the  distance  be- 
tween  the  outer  peripheral  casting  surface  14 
and  the  surfaces  defining  the  orifice  of  the 
nozzle  which  is  feeding  the  molten  material 
onto  the  casting  surface  14  must  not  deviate 
from  a  desired  or  set  distance  during  the  cast- 
ing  operation.  This  distance  shall  hereinafter  be 
called  standoff  distance  or  gap.  It  is  under- 
standable  that  the  gap  should  be  substantially 
maintained  throughout  the  casting  operation 
when  it  is  the  intention  to  cast  uniform  strip 



material. 
It  should  be  understood  that  if  the  casting 

element  is  a  drum  or  a  wheel,  the  element 
should  be  carefully  constructed  so  as  not  to  be 
out-of-round  during  operation  to  ensure  uni- 
formity  in  strip  casting.  Along  these  lines,  it  has 
been  found  that  a  drum  or  wheel  which  is  out- 
of-round  by  about  0.508  mm  (0.020  inch),  or 
more  may  have  a  magnitude  of  dimensional  in- 
stability  which  unless  corrected  or  compen- 
sated  during  operation,  may  be  unacceptable  for 
certain  strip  casting  operations.  It  has  been 
found  that  acceptable  dimensional  symmetry, 
as  well  as  the  elimination  of  problems 
associated  with  weld  porosity  may  be  more 
readily  accomplished  by  fabricating  the  wheel  or 
drum  from  a  single,  integral  slab  of  cold  rolled  or 
forged  copper  alloy.  However,  as  mentioned 
above  alternative  materials,  including  sleeves 
and  coatings  may  be  employed. 

The  molten  material  20  to  be  cast  in  the 
apparatus  described  herein  is  preferably  re- 
tained  in  the  crucible  or  tundish  22,  which  is 
provided  with  a  pouring  orifice  or  nozzle  24.  The 
nozzle  24  is  typically,  though  not  necessarily, 
located  at  a  lower  portion  of  the  tundish  22  as 
shown  in  Figure  1.  The  nozzle  24  may  be  a 
separate  element  in  the  tundish  22  or,  the 
nozzle  24  and  tundish  22  may  be  monolithic, 
i.e.  integrally  formed,  with  all  or  any  portion  of 
the  tundish  22. 

The  nozzle  24,  located  in  or  forming  a  lower 
portion  of  the  tundish  22  may  comprise  a 
slotted  element,  as  best  shown  in  Figure  2.  The 
slot  30  is  preferably  substantially  centrally 
located  in  the  nozzle  element.  Such  approxi- 
mate  central  location  of  the  slot  30  helps  to 
assure  uniformity  as  the  pressure  of  the  molten 
metal  bearing  thereagainst  is  substantially 
equalized  during  the  casting  operation.  It  should 
be  understood,  however,  that  the  slot  30  may 
be  located  in  off-centre  positions  as  may  be 
desired. 

The  longitudinal  extent  of  the  slot  30  should 
approximate  the  width  of  the  strip  to  be  cast. 
There  does  not  appear  to  be  a  limitation  on  the 
longitudinal  extent  of  the  slot,  and  slots  as  long 
as  914 mm  (thirty  six  inches),  or  longer,  are 
comprehended  by  the  present  invention.  It  is 
highly  desirable  that  the  molten  metal  flow  uni- 
formly  through  the  slot  30  in  the  nozzle  24  of 
the  present  invention  in  order  to  produce  uni- 
form,  high  quality  strip  material.  In  an  alterna- 
tive  embodiment,  strip  of  various  widths  may  be 
simultaneously  produced  by  cutting  multiple 
longitudinally  aligned  slots  30  of  appropriate 
longitudinal  extent  in  the  nozzle  area  of  the  tun- 
dish  22,  as  opposed  to  a  single  slot  30.  Regard- 
less  of  the  size  of  the  slot  30,  or  slots,  the  cross- 
sectional  dimensions  of  each  slot  30  should  be 
substantially  uniform  throughout  the  longi- 
tudinal  extent  thereof  to  produce  strip  material 
having  uniform  dimensions.  In  the  operation  of 
the  strip  casting  apparatus  of  the  present  in- 
vention,  the  cooled  casting  surface  14  moves 

past  the  slot  30  in  a  direction  substantially  per- 
pendicular  to  the  longitudinal  axis  of  the  slot. 

As  shown  in  Figure  2,  the  slot  30  is  defined 
between  a  first  lip  32  and  a  second  lip  34  of  the 
nozzle  24.  The  first  lip  32  is  located  at  the 
downstream  edge  of  the  slot  30,  with  respect  to 
the  direction  of  movement  of  the  casting  sur- 
face  14  indicated  by  the  arrow  in  Figure  2.  The 
second  lip  34  is  located  at  an  upstream  edge  of 
the  slot  with  respect  to  the  casting  direction. 

The  first  lip  32  and  the  second  lip  34  have  in- 
side  surfaces  36  and  38,  respectively,  which  are 
substantially  parallel  to  and  facing  one  another 
at  least  at  an  inner  portion  of  the  slot  30.  The 
inner  portion  refers  to  that  portion  which  is 
remote  from  the  casting  surface  14,  i.e.,  which 
is  near  the  molten  metal  holding  portion  of  the 
tundish  while  an  outer  portion  of  the  slot  30 
refers  to  that  portion  near  the  casting  surface 
14.  It  should  be  understood  that  the  innermost 
portion  of  the  slot  may  be  relieved  or  tapered. 
For  example,  the  innermost  portion  of  the  first 
lip  32  and/or  the  second  lip  34  may  be  cut  into 
a  general  V-shape,  or  a  more  rounded  U-shape 
creating  an  initial  funnel  type  structure  for  the 
slot  as  illustrated  in  Figures  3  and  5.  Such  relief 
of  the  innermost  portion  of  the  slot  30  may 
assist  in  maintaining  uniform  molten  metal  flow 
patterns  and  minimizing  irregularities  or  turbu- 
lence  during  strip  casting.  What  is  required  by 
the  present  invention  is  that  the  inside  surfaces 
36  and  38  are  facing  and  parallel  at  least  at 
some  inner  portion  of  the  slot  30. 

Beyond  such  inner,  parallel,  facing  portion,  in 
the  direction  of  the  casting  surface  14,  the  in- 
side  surfaces  diverge  outwardly  from  one 
another  at  an  outer  portion  of  the  slot  30.  Pre- 
ferred  outwardly  diverging  surfaces  are  indi- 
cated  by  reference  numerals  40  and  42  in 
Figure  2.  Such  outward  divergence  of  the  in- 
side  surfaces  may  be  accomplished  by  alterna- 
tive  structures  such  as  those  shown  in  Figures 
3,  4  and  5.  It  should  be  noted  that  only  one  of 
the  inside  surfaces  needs  to  diverge  to  create 
the  necessary  relationship  of  outward  diver- 
gence  therebetween  as  shown  in  Figures  3  and 
4.  Also,  curved  surfaces,  radiused  either  in- 
wardly  40  or  outwardly  42  as  shown  in  Figure 
5,  may  establish  such  outward  divergence. 

From  the  outwardly  diverging  surfaces  40 
and  42  the  first  and  second  lips  32  and  34 
extend  to  bottom  surfaces  44  and  46  respec- 
tively.  Such  bottom  surfaces  44  and  46  of  the 
lips  32  and  34  face  the  casting  surface  14,  and 
are  located  at  a  standoff  distance,  or  gap,  of  less 
than  3.048  mm  (0.120  inch)  from  the  casting 
surface.  In  a  preferred  embodiment,  the  stand- 
off  distance  e  between  the  bottom  surface  44  of 
the  first  lip  32  and  the  casting  surface  14  is  as 
small  as  possible  consistent  with  permitting  the 
casting  surface  14  to  move  thereunder  in  an  un- 
obstructed  path.  In  any  event,  the  gap  e  be- 
tween  the  bottom  surface  44  of  the  first  lip  32 
and  the  casting  surface  14  must  be  small 
enough  at  the  nozzle  orifice  to  prevent  signifi- 



cant  molten  metal  backflow  therebetween 
during  casting.  The  gap  d  between  the  casting 
surface  14  and  the  bottom  surface  46  of  the 
second  lip  34  is  preferably  less  than  2.032  mm 
(0.080  inch),  and  for  casting  certain  alloys  into 
thin  gauge  strip  may  be  less  than  0.254  mm 
(0.010  inch). 

Preferably,  at  least  a  portion  of  the  bottom 
surfaces  44  and  46  are  in  substantially  com- 
plete  parallelism  with  the  casting  surface  14,  at 
least  at  the  nozzle  orifice.  When  utilizing  a  drum 
or  wheel,  and  a  refractory  nozzle  24,  such  paral- 
lelism  may  be  accomplished  by  placing  a  sheet 
of  sandpaper,  or  the  like,  against  the  casting 
surface  14  with  the  grit  side  of  the  sandpaper 
facing  the  nozzle  24.  By  moving  the  nozzle  24 
into  tight  contact  with  the  casting  surface  14, 
with  the  sandpaper  disposed  therebetween,  and 
by  moving  the  casting  surface  14  and  sand- 
paper  simultaneously  past  the  nozzle  24,  the 
bottom  surface  44  and  46  are  ground  by  the  grit 
into  substantially  complete  parallelism  with  the 
casting  surface  14.  Such  parallelism  may  be 
achieved  even  when  round  or  other  curvilinear 
casting  surfaces  are  employed.  To  achieve  such 
parallelism  on  most  refractory  nozzles  by  this 
procedure,  400  to  600  grit  sandpaper  has  been 
found  to  be  adequate. 

It  has  also  been  found  that  the  corners  be- 
tween  the  surfaces  defining  the  slot  30  may  be 
radiused  to  minimize  molten  metal  turbulence 
during  casting.  In  certain  instances  sharp 
corners  may  be  subjected  to  various  pressure 
and  flow  patterns  which  could  create  stress 
conditions  for  nozzles  24  made  of  certain 
materials,  and  in  some  instances,  may  cause  the 
nozzle  to  break,  crack  or  wear  during  casting  in 
a  manner  which  may  upset  balanced  strip  cast- 
ing  conditions.  Providing  such  rounded  corners 
may  minimize  the  adverse  affects  of  such  turbu- 
lence  and  flow  through  the  nozzle  24. 

The  crucible  22  is  preferably  constructed  of  a 
material  having  superior  insulating  ability.  If  the 
insulating  ability  is  not  sufficient  to  retain  the 
molten  material  at  a  relatively  constant  tem- 
perature,  auxiliary  heaters  such  as  induction 
coils  may  have  to  be  provided  in  and/or  around 
the  crucible  22,  or  resistance  elements  such  as 
wires  may  be  provided.  A  convenient  material 
for  the  crucible  is  an  insulating  board  made  from 
fiberized  kaolin,  a  naturally  occurring,  high 
purity,  alumina-silica  fire  clay.  Such  insulating 
material  is  available  under  the  trade  name  Kao- 
wool  HS  board.  However,  for  sustained  oper- 
ations,  and  for  casting  certain  high  melting  tem- 
perature  alloys,  various  other  materials  may 
have  to  be  employed  for  constructing  the 
crucible  or  the  nozzle  including  graphite, 
alumina  graphite,  quartz,  clay  graphite,  boron 
nitride,  silicon  nitride,  silicon  carbide,  boron  car- 
bide,  alumina,  zirconia  and  various  combi- 
nations  or  mixtures  of  such  materials.  It  should 
be  understood  that  these  materials  may  be 
strengthened;  for  example,  fiberized  kaolin  may 
be  strengthened  by  impregnating  with  a  silica 

gel  or  the  like. 
It  is  imperative  that  the  orifice  of  the  nozzle 

24  remain  open  and  its  configuration  remain 
substantially  stable  throughout  at  least  one,  and 
preferably  many  strip  casting  operations.  It  is 
understandable  that  the  orifice  should  not  erode 
or  clog,  significantly,  during  strip  casting.  Along 
these  lines,  it  appears  that  certain  insulating 
materials  may  not  be  able  to  maintain  their 
dimensional  stability  over  long  casting  periods. 
To  obviate  this  problem,  lips  32  and  34  form- 
ing  the  orifice  of  the  nozzle  24  may  be  con- 
structed  of  a  material  which  is  better  able  to 
maintain  dimensional  stability  and  integrity 
during  exposure  to  high  molten  metal  tempera- 
tures  for  prolonged  time  periods.  Such  materials 
may  take  the  form  of  a  single,  generally  semi- 
circular  element  with  a  slot  30  cut  there- 
through  or  a  pair  of  inserts  held  in  the  crucible 
to  form  a  slot  30  therebetween.  In  a  preferred 
embodiment  the  slot  or  slots  in  single  elements 
may  be  cut  ultrasonically  to  ensure  that  the 
desired  slot  dimensions  are  accurately  pro- 
vided.  Such  nozzles  24  may  be  constructed  of 
materials  such  as  quartz,  graphite,  clay  graphite, 
boron  nitride,  alumina  graphite,  silicon  carbide, 
stabilized  zirconia  silicate,  zirconia,  magnesia, 
alumina  or  other  similar  molten  metal  resistant 
material.  Such  nozzles  24  may  be  held  in  the 
orifice  of  the  crucible  mechanically,  with  pres- 
sure,  and/or  with  the  aid  of  adhesives  such 
as  various  refractory  cements,  spring  biased 
mechanisms,  or  the  like. 

The  drive  system  and  housing  for  the  drum, 
wheel  or  other  casting  surface  14  of  the  present 
invention  should  be  rigidly  constructed  to 
permit  drum  rotation  without  structural  in- 
stability  which  could  cause  the  drum  to  slip  or 
vibrate.  In  particular,  care  should  be  taken  to 
avoid  resonant  frequencies  at  the  operating 
speeds  for  the  casting  surface  14.  The  casting 
surface  14  should  be  capable  of  moving  at  a 
surface  speed  of  from  61  metres  (200  linear 
surface  feet)  per  minute  to  more  than  3048 
metres  (10,000  linear  surface  feet)  per  minute, 
preferably  548  to  1219  metres  (1800  to  4000 
feet)  per  minute,  when  utilizing  a  drum  having  a 
circumference  of  about  2.4  metres  (8  feet),  this 
rate  calculates  to  a  drum  speed  from  about  25 
rpm  to  about  1250  rpm.  A  three  horsepower 
variable  speed  reversible,  dynamically  braked 
motor  provides  an  adequate  drive  system  for  an 
integral  copper  alloy  casting  drum  approxi- 
mately  50.8  mm  (2  inches)  thick  and  about  2.4 
metres  (8  feet)  in  circumference. 

In  one  embodiment,  the  casting  surface  14 
on  the  wheel  or  drum  of  the  apparatus  of  the 
present  invention  is  smooth.  It  has  been  found 
that  in  certain  applications,  such  as  for 
producing  amorphous  materials,  finishing  the 
peripheral  surface  14  of  a  casting  drum  12  with 
400-grit  paper  and  preferably  with  600-grit 
paper  may  yield  improved  product  uniformity. 

In  a  preferred  embodiment  as  illustrated  in 
Figure  2,  the  nozzle  24  is  defined  by  an  insert 



made  of  clay  graphite,  a  molten  metal  resistant 
material,  held  in  the  walls  of  the  crucible  22. 
The  slot  30  is  cut  ultrasonically  in  the  clay 
graphite  nozzle  24.  The  first  lip  32  and  the 
second  lip  34  of  the  nozzle  24  define  the  slot 
30  therebetween.  As  alternative  preferred  ex- 
amples  of  nozzle  24  materials,  a  plate  made 
of  quartz  or  vycor  material  or  an  insert  of  boron 
nitride  may  be  employed.  The  desired  slot  form- 
ing  the  orifice  46,  may  be  accurately  cut  there- 
in  with  an  ultrasonic  drill.  A  preferred  one  piece 
element  forming  a  nozzle,  as  best  illustrated  in 
Figure  2,  may  be  constructed  of  a  semi-circular 
ring  of  molten  metal  resistant  material.  In  this 

example,  a  slot  having  a  width  of  about  0.254 
to  about  2.032  mm  (about  0.010  to  about 
0.080  inch)  between  the  facing,  parallel  inside 
surfaces  36  and  38  may  be  ultrasonically  drilled 
into  a  clay  graphite  insert  material,  and  the 
insert  held  in  the  crucible  22.  It  should  be 
understood  that  the  design  of  the  insert  may  be 
modified  to  assist  in  holding  the  insert  forming 
the  nozzle  24  in  the  crucible  22. 

A  preferred  nozzle  24  of  the  apparatus  of  the 
present  invention  is  shown  in  enlarged  cross- 
section  in  Figure  2.  In  one  embodiment  of  this 
apparatus,  the  dimensions  indicated  in  Figure  2 
have  the  following  preferred  limitations. 

In  the  production  of  amorphous  strip 
materials  the  width  of  the  slot  f  is  typically  in 
the  range  of  from  about  0.254  to  1.016  mm 
(0.010  to  0.040  inch).  In  the  production  of 
crystalline  strip  material,  such  as  stainless  steel, 
the  width  of  the  slot  f may  be  greater,  perhaps 
as  high  as  about  2.032  mm  (0.080  inch)  if  thick 
strip  is  being  uniformly  produced  in  accordance 
with  the  present  invention.  Also,  the  primary 
purpose  of  a  relief  at  an  inner  portion  of  the  slot 
30,  such  as  is  shown  in  Figures  3  and  5  is  to 
eliminate  clogging  of  molten  metal  in  the  orifice 
passage  during  strip  casting. 

In  an  exemplary  operation  of  the  apparatus  of 
the  present  invention,  molten  metal  is  delivered 
to  a  heated  crucible  22.  It  is  understood  that  a 
heater,  such  as  induction  coils  of  resistance 
wire,  may  be  provided  in  and  above  the  crucible 
22  to  maintain  relatively  constant  molten  metal 
temperatures  as  may  be  desired.  Alternatively, 

the  molten  metal  may  be  poured  directly  into  a 
preheated  crucible.  The  preheat  temperature 
should  prevent  freezing  or  clogging  of  the  slot 
30  during  the  initial  casting  operation,  and  the 
temperature  of  the  flowing  metal  should  there- 
after  keep  the  crucible  22  and  nozzle  24  at  suf- 
ficient  temperature  to  ensure  uninterrupted 
molten  metal  flow  through  the  orifice.  In  cer- 
tain  applications,  the  nozzle  itself  may  be 
externally  heated  throughout  the  casting  oper- 
ation.  Also,  the  metal  which  is  fed  to  the 
crucible  22  may  be  superheated  to  allow  a 
certain  degree  of  temperature  loss  without 
adversely  affecting  the  metal  flow  through  the 
nozzle  24. 

Also,  a  metallostatic  head  height  in  the  tun- 
dish  22  is  preferably  maintained  at  a  relatively 
constant  level,  typically  at  a  level  of  less  than 
254  mm  (ten  inches)  above  the  nozzle  24, 
throughout  the  casting  operation  to  assure  that 



a  relatively  constant  static  head  pressure  may 
be  maintained  at  the  nozzle  24.  This  may  be 
accomplished  by  initially  pouring  the  molten 
metal  into  the  crucible  to  the  desired  height 
and  thereafter  controlling  the  rate  at  which 
additional  molten  metal  is  poured  into  the 
crucible  to  maintain  the  metallostatic  head.  It  is 
understandable  that  the  rate  at  which  additional 
molten  metal  is  fed  to  the  crucible  22  should  be 
in  substantial  conformity  with  the  rate  at  which 
metal  flows  from  the  nozzle  orifice  onto  the  cast- 
ing  surface  14  in  forming  strip  material.  Main- 
tenance  of  a  relatively  constant  height  of  metal 
in  the  crucible  assures  that  the  molten  metal 
flow  pressure  through  the  orifice  is  maintained 
relatively  constant  so  as  not  to  adversely  affect 
the  casting  operation  or  the  quality  of  the  strip 
material.  Alternatively,  externally  applied  pres- 
sure  may  be  employed  to  control  the  pressure  at 
the  nozzle. 

The  nozzle  24  of  the  present  invention  is 
characterized  by  outwardly  diverging  lip  sur- 
faces  40  and  42  at  the  outer  portion  of  the  slot 
30.  Such  structure  facilitates  increased  molten 
metal  flow  to  a  moving  casting  surface  14, 
resulting  in  improved  lateral  flow  of  molten 
metal  onto  a  casting  surface  14,  and  in  the  for- 
mation  of  high  quality  strip  material  10.  In  a 
preferred  embodiment  the  width  b  of  the  orifice 
of  the  slot  30  at  the  outermost  divergent  portion 
may  be  as  wide  as  about  5.08  mm  (.200  inch), 
which  may  be  in  excess  of  about  four  times  the 
width  f  of  the  slot  30  as  measured  between  the 
inner,  parallel  facing  surfaces  of  the  slot  30. 
Such  structure  provides  a  relatively  large  cast- 
ing  cavity  at  the  outer  portion  of  the  nozzle  24, 
fed  by  a  relatively  narrow  internal  orifice.  Lateral 
movement  of  the  molten  metal  inside  such 
cavity  during  strip  casting  has  been  found  to  im- 
prove  the  uniformity  with  which  metal  is  sup- 
plied  to  the  casting  surface  14,  and  thus  im- 
prove  the  quality  of  the  strip  10  cast  thereon.  As 
discussed  above,  the  presence  of  such  cavity 
further  reduces  the  tendency  for  nozzle  block- 
age  caused  by  freezing  because  the  narrow 
metering  orifice  is  located  further  from  the  cool 
casting  surface  14. 

Various  alloys  may  be  successfully  cast  using 
the  apparatus  of  the  present  invention,  in- 
cluding  certain  brazing  alloys,  including  nickel 
based  brazing  alloys,  stainless  steel  and  certain 
silicon  steel  grades.  In  certain  applications,  the 
cast  alloy  has  been  shown  to  be  amorphous, 
and  in  other  applications,  the  cast  strip  material 
has  been  shown  to  be  crystalline. 

During  casting  of  strip  material,  the  ten- 
dency  of  the  strip  10  to  adhere  to  the  casting 
surface  14  for  a  significant  distance,  such  as 
several  hundred  millimetres  (several  feet)  or 
more,  beyond  the  nozzle  has  been  observed.  It  is 
understandable  that  if  the  strip  material  remains 
on  a  rotating  casting  drum  or  wheel  12  for  a  full 
revolution  damage  to  the  nozzle  orifice  could 
result.  It  has  been  found  that  the  use  of  a  doctor 
blade,  such  as  a  knife  type  element  riding  at  or 

near  the  drum  surface  14,  or  an  air  wiper, 
approximately  0.76  to  1.83  metres  (2.5  to  6 
feet)  from  the  orifice,  or  more,  easily  counters 
such  adherence.  With  such  an  arrangement,  the 
cast  strip  may  be  removed  from  the  drum  by 
such  doctor  blade.  Such  doctor  blade  has  been 
found  particularly  useful  in  the  production  of 
thinner  amorphous  strip  materials  which  appear 
to  have  a  greater  tendency  to  adhere  to  the 
casting  surface  14  than  do  the  crystalline  strip 
materials.  It  is  believed  that  the  force  which 
retains  the  strip  on  the  casting  surface  may 
reflect  the  quality  of  the  thermal  contact  be- 
tween  the  strip  and  the  casting  surface. 

The  casting  of  relatively  high  quality  strip 
material  including  amorphous  material,  which 
for  the  purposes  of  this  invention  includes 
materials  which  are  at  least  25%  amorphous,  is 
feasible  and  practical  using  the  apparatus  and 
procedures  described  above.  Understandably, 
the  quench  rates  must  be  higher  for  amorphous 
material  as  compared  to  crystalline  material. 
Quench  rates  may  be  accelerated  such  as  by  in- 
creasing  the  speed  of  the  casting  surface,  or  the 
like. 

1.  Apparatus  for  continuously  casting  metal 
strip  comprising: 

a  tundish  (22)  for  receiving  and  holding 
molten  metal  (20), 

a  nozzle  (24)  comprising  a  slot  (30)  dis- 
posed  in  the  tundish  with  the  longitudinal  extent 
of  the  slot  approximating  the  width  of  the  strip 
(10)  to  be  cast,  said  slot  having  substantially 
uniform  cross-sectional  dimensions  throughout 
the  longitudinal  extent  thereof,  and 

a  cooled  casting  surface  (14)  at  least  as  wide 
as  the  strip  to  be  cast,  disposed  outside  the 
nozzle  (24)  and  movable  past  the  nozzle,  at  a 
standoff  distance  therefrom,  in  a  direction  sub- 
stantially  perpendicular  to  the  longitudinal  axis 
of  the  slot  (30),  the  slot  having  an  outer  portion 
near  the  casting  surface  (14)  and  an  inner 
portion  remote  from  the  casting  surface,  charac- 
terised  in  that  said  slot  (30)  is  defined  between 
a  first  lip  (32)  and  a  second  lip  (34)  of  the  nozzle 
(24), 

said  first  lip  and  said  second  lip  having  sub- 
stantially  planar  inside  surfaces  (36,  38),  facing 
one  another  at  said  inner  portion  of  the  slot,  said 
inside  surfaces  diverging  from  one  another  (at 
40,  32)  at  the  outer  portion  of  the  slot,  and 

said  first  lip  (32)  and  said  second  lip  (34) 
having  bottom  surfaces  (44, 46)  facing  the  cast- 
ing  surface  (14)  at  a  standoff  distance  of  less 
than  3.048  mm  (0.120  inch). 

2.  Apparatus  according  to  claim  1,  wherein 
the  facing  inside  surfaces  (36,  38)  of  the  first 
and  second  lips  (32,  34)  are  parallel  to  one 
another  at  least  at  an  inner  portion  of  the  slot 
(30). 

3.  Apparatus  according  to  claim  2,  wherein 
the  bottom  surface  (44)  of  the  first  lip  (32)  is 



disposed  toward  the  casting  surface  (14)  for  a 
length  of  at  least  twice  the  width  of  the  slot  (30) 
as  measured  between  said  parallel  facing  sur- 
faces  (36,  38). 

4.  Apparatus  according  to  claim  2  or  3, 
wherein  the  gap  between  the  facing  parallel  in- 
side  surfaces  (36,  38)  of  the  first  and  second 
lips  (32,  34)  is  from  0.254  to  1.016  mm  (.010 
to  .040  inch). 

5.  Apparatus  according  to  claim  2,  3,  or  4, 
wherein  the  gap  between  the  inside  surfaces 
(40,  42)  of  the  first  and  second  lips  (32,  34)  at 
the  outer  portion  of  the  slot  (30)  is  at  least 
0.254  mm  (.010  inch)  greater  than  the  gap  be- 
tween  the  facing  parallel  inside  surfaces  (36, 
38)  of  the  first  and  second  lips. 

6.  Apparatus  according  to  any one  of  the  pre- 
ceding  claims,  wherein  the  gap  between  the  in- 
side  surfaces  (40,  42)  of  the  first  and  second 
lips  (32,  34)  at  the  outer  diverging  portion  of  the 
slot  (30)  is  from  1.016  to  4.572  mm  (.04  to .18 
inch). 

7.  Apparatus  according  to  any one  of  the  pre- 
ceding  claims,  wherein  the  gap  between  the  in- 
side  surfaces  (40,  42)  of  the  first  and  second 
lips  (32,  34)  at  the  outer  diverging  portion  of  the 
slot  (30)  is  from  2.54  to  3.81  mm  (.10  to  .15 
inch). 

8.  Apparatus  according  to  any one  of  the  pre- 
ceding  claims,  wherein  the  casting  surface  (14) 
is  movable  past  the  nozzel  (24)  at  a  rate  of  from 
61  to  3048  metres  (200  to  10,000  linear  sur- 
face  feet)  per  minute. 

9.  Apparatus  according  to  claim  8,  wherein 
the  casting  surface  (14)  is  movable  past  the 
nozzle  (24)  at  a  rate  of  from  548  to  1219 
metres  (1,800  to  4,000  linear  surface  feet)  per 
minute. 

10.  Apparatus  according  to  any one  of  the 
preceding  claims,  wherein  the  casting  surface 
(14)  comprises  the  peripheral  surface  of  a  water 
cooled  wheel  (12). 

11.  Apparatus  according  to  claim  10,  where- 
in  the  wheel  (12)  is  made  of  a  metal  selected 
from  copper,  copper  alloy,  aluminum,  aluminum 
alloy,  steel,  molybdenum  and  combinations 
thereof. 

12.  Apparatus  according  to  any one  of  the 
preceding  claims,  wherein  the  nozzle  (24)  is 
constructed  of  a  material  selected  from 
graphite,  alumina  graphite,  clay  graphite  quartz, 
fiberized  kaolin,  boron  nitride,  silicon  nitride, 
silicon  carbide,  boron  carbide,  alumina,  zirconia, 
stabilized  zirconia  silicate,  magnesia  and  combi- 
nations  thereof. 

13.  Apparatus  according  to  any one  of  the 
preceding  claims,  wherein  at  least  a  portion  of 
the  bottom  surfaces  (44,  46)  of  the  first  and 
second  lips  (32,  34)  are  in  complete  parallelism 
with  the  casting  surface  (14). 

1.  Vorrichtung  zum  Stranggießen  von  Metall- 
band,  enthaltend: 

einen  Gießtrichter  (22)  zum  Aufnehmen  und 
Enthalten  einer  Metallschmelze  (20), 

eine  einen  Schlitz  (30)  aufweisende  Gießöff- 
nung  (24),  die  in  dem  Gießtrichter  so  angeord- 
net  ist,  daß  die  Längsabmessung  des  Schlitzes 
im  wesentlichen  der  Breite  des  zu  gießenden 
Bandmaterials  (10)  entspricht,  wobei  der  Schlitz 
über  seine  Längsausdehnung  im  wesentlichen 
gleichförmige  Querschnittsabmessungen  auf- 
weist,  und 

eine  gekühlte  Gießoberfläche  (14)  welche 
wenigstens  so  breit  ist  wie  das  zu  gießende 
Bandmaterial,  welche  außerhalb  der  Gießöff- 
nung  (24)  angeordnet  und  von  der  Gießöff- 
nung,  in  einem  Abstand  von  derselben,  wegbe- 
wegbar  in  einer  Richtung  ist,  die  im  wesent- 
lichen  senkrecht  ist  zur  Längsachse  des 
Schlitzes  (30),  wobei  der  Schlitz  einen  äußeren 
Abschnitt  dicht  bei  der  Gießoberfläche  (14)  und 
einen  inneren  Abschnitt  aufweist,  welcher  von 
der  Gießoberfläche  entfernt  ist,  dadurch  ge- 
kennzeichnet,  daß  der  Schlitz  (30)  zwischen 
einer  ersten  Lippe  (32)  und  einer  zweiten  Lippe 
(34)  der  Gießöffnung  (24)  definiert  ist, 

die  erste  Lippe  und  die  zweite  Lippe  im 
wesentlichen  ebene  innenseitige  Oberflächen 
(36,  38)  aufweisen,  welche  einander  in  dem  in- 
neren  Abschnitt  des  Schlitzes  gegenüber  ste- 
hen,  wobei  die  innenseitigen  Oberflächen  von- 
einander  (40,  42)  an  dem  äußeren  Abschnitt 
des  Schlitzes  divergieren,  und 

die  erste  Lippe  (32)  und  die  zweite  Lippe  (34) 
mit  unteren  Flächen  (44,  46)  versehen  sind, 
welche  der  Gießoberfläche  (14)  in  einem  Ab- 
stand  von  wenigstens  3,048  mm  (0,12  Zoll) 
gegenüber  liegen. 

2.  Vorrichtung  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  daß  die  einander  zugewandten 
innenseitigen  Oberflächen  (36,  38)  der  ersten 
und  zweiten  Lippen  (32,  34)  wenigstens  in  dem 
inneren  Abschnitt  des  Schlitzes  (30)  parallel  zu- 
einander  sind. 

3.  Vorrichtung  nach  Anspruch  2,  dadurch  ge- 
kennzeichnet,  daß  die  untere  Oberfläche  (44) 
der  ersten  Lippe  (32)  in  Richtung  auf  die  Gieß- 
oberfläche  (14)  über  ein  Länge  von  wenigstens 
dem  zweifachen  der  Breite  des  Schlitzes  (30) 
angeordnet  ist,  gemessen  zwischen  den  paral- 
lelen,  einander  zugewandten  Oberflächen  (36, 
38). 

4.  Vorrichtung  nach  Anspruch  2  oder  3,  da- 
durch  gekennzeichnet,  daß  der  Abstand  zwi- 
schen  den  einander  gegenüber  liegenden  paral- 
lelen  innenseitigen  Oberflächen  (36,  38)  der 
ersten  und  zweiten  Lippen  (32,  34)  0,254  bis 
1,016  mm  (0,01  bis  0,04  Zoll)  beträgt. 

5.  Vorrichtung  nach  Anspruch  2,  3  oder  4, 
dadurch  gekennzeichnet,  daß  der  Abstand  zwi- 
schen  den  innenseitigen  Oberflächen  (40,  42) 
der  ersten  und  zweiten  Lippen  (32,  34)  am 
äußeren  Bereich  des  Schlitzes  (30)  wenigstens 
0,254  mm  (0,01  Zoll)  größer  ist  als  der  Ab- 
stand  zwischen  den  einander  gegenüber  lie- 
genden,  parallelen  innenseitigen  Oberflächen 
(36,  38)  der  ersten  und  zweiten  Lippen. 



6.  Vorrichtung  nach  einem  der  vorhergehen- 
den  Ansprüche,  dadurch  gekennzeichnet,  daß 
der  Abstand  zwischen  den  innenseitigen  Ober- 
flächen  (40,  42)  der  ersten  und  zweiten  Lippen 
(32,  34)  am  äußeren  divergierenden  Abschnitt 
des  Schlitzes  (30)  1,016  bis  4,572  mm  (0,04 
bis  0,18  Zoll)  beträgt. 

7.  Vorrichtung  nach  einem  der  vorhergehen- 
den  Ansprüche,  dadurch  gekennzeichnet,  daß 
der  Spalt  zwischen  den  innenseitigen  Ober- 
flächen  (40,  42)  der  ersten  und  zweiten  Lippen 
(32,  34)  am  äußeren  divergierenden  Abschnitt 
des  Schlitzes  (30)  2,54  bis  3,81  mm  (0,1  bis 
0,15  Zoll)  beträgt. 

8.  Vorrichtung  nach  einem  der  vorhergehen- 
den  Ansprüche,  dadurch  gekennzeichnet,  daß 
die  Gießoberfläche  (14)  hinter  die  Düse  (24)  mit 
einer  geschwindigkeit  von  61  bis  3048  m  (200 
bis  10,000  Fuß)  je  Minute  bewegbar  ist. 

9.  Vorrichtung  nach  Anspruch  8,  dadurch 
gekennzeichnet,  daß  die  Gießoberfläche  (14) 
hinter  die  Düse  (24)  mit  einer  Geschwindigkeit 
von  548  bis  1219 m  (1800  bis  4000  Fuß)  je 
Minute  bewegbar  ist. 

10.  Vorrichtung  nach  einem  der  vorange- 
henden  Ansprüche,  dadurch  gekennzeichnet, 
daß  die  Gießoberfläche  (14)  die  Umfangsober- 
fläche  eines  wassergekühlten  Rades  (12)  um- 
faßt. 

11.  Vorrichtung  nach  Anspruch  10,  dadurch 
gekennzeichnet,  daß  der  Rad  (12)  aus  einem  der 
Metalle  Kupfer,  Kupferlegierungen,  Aluminium, 
Aluminiumlegierungen,  Stahl,  Molybdän  sowie 
Kombinationen  dieser  Metalle  hergestellt  ist. 

12.  Vorrichtung  nach  einem  der  vorange- 
henden  Ansprüche,  dadurch  gekennzeichnet, 
daß  die  Düse  (24)  aus  einem  der  Werkstoffe 
Graphit,  Tonerdengraphit,  Tongraphit,  Quarz, 
fiberisiertem  Kaolin,  Bornitrit,  Siliciumnitrit,  Sili- 
ciumcarbid,  Borkarbid,  Tonerde,  Zirkonerde, 
stabilisiertes  Zirkoniumsilicat,  Magnesiumoxid 
sowie  Kombinationen  dieser  Stoffe,  hergestellt 
ist. 

13.  Vorrichtung  nach  einem  der  vorange- 
henden  Ansprüche,  dadurch  gekennzeichnet, 
daß  wenigstens  ein  Teil  der  Bodenoberflächen 
(44,  46)  der  ersten  und  zweiten  Lippen  (32,  34) 
vollständig  parallel  ausgerichtet  ist  nach  der 
Gießoberfläche  (14). 

1.  Appareil  de  coulée  continue  d'une  bande 
métallique  comprenant: 

un  panier  de  coulée  (22)  destiné  à  recevoir  et 
contenir  un  métal  fondu  (20), 

une  buse  (24)  comprenant  une  fente  (30) 
disposée  dans  le  panier  de  coulée,  la  longueur 
de  la  fente  étant  à  peu  près  égale  à  la  largeur  de 
la  bande  (10)  à  couler,  la  fente  ayant  une 
section  de  dimension  sensiblement  uniforme 
sur  toute  sa  longueur,  et 

une  surface  refroidie  de  coulée  (14)  ayant 
une  largeur  au  moins  égale  à  celle  de  la  bande  à 
couler,  disposée  à  l'extérieur  de  la  buse  (24)  et 

mobile  devant  la  buse  à  une  distance  de 
maintien  de  celle-ci,  en  direction  sensiblement 
perpendiculaire  à  l'axe  longitudinal  de  la  fente 
(30),  la  fente  ayant  une  partie  externe  proche  de 
la  surface  de  coulée  (14)  et  une  partie  interne 
distante  de  la  surface  de  coulée, 

caractérisé  en  ce  que  la  fente  (30)  est  dé- 
limitée  entre  une  première  lèvre  (32)  et  une 
seconde  lèvre  (34)  de  la  buse  (24), 

la  première  lèvre  et  la  seconde  lèvre  ayant 
des  surfaces  internes  sensiblement  planes  (36, 
38)  tournées  l'une  vers  l'autre  dans  la  partie 
interne  de  la  fente,  les  surfaces  internes 
divergeant  l'une  par  rapport  à  l'autre  (en  40,  42) 
dans  la  partie  externe  de  la  fente,  et 

la  première  lèvre  (32)  et  la  seconde  lèvre  (34) 
ayant  des  surfaces  inférieures  (44,  46)  tournées 
vers  la  surface  de  coulée  (14)  à  une  distance  de 
maintien  inférieure  à  3,048  mm. 

2.  Appareil  selon  la  revendication  1,  dans 
lequel  les  surfaces  internes  en  regard  (36,  38) 
de  la  première  et  de  la  seconde  lèvre  (32,  34) 
sont  parallèles  l'une  à  l'autre  au  moins  dans  la 
partie  interne  de  la  fente  (30). 

3.  Appareil  selon  la  revendication  2,  dans 
lequel  la  surface  inférieure  (44)  de  la  première 
lèvre  (32)  est  disposée  vers  la  surface  de  coulée 
(14)  sur  une  longueur  au  moins  égale  au  double 
de  la  largeur  de  la  fente  (30)  mesurée  entre  les 
surfaces  parallèles  en  regard  (36,  38). 

4.  Appareil  selon  l'une  des  revendications  2 
et  3,  dans  lequel  l'espace  compris  entre  les  sur- 
faces  internes  parallèles  en  regard  (36,  38)  de  la 
première  et  de  la  seconde  lèvre  (32,  34)  est 
compris  entre  0,254  et  1,016  mm. 

5.  Appareil  selon  l'une  quelconque  des 
revendications  2  à  4,  dans  lequel  l'espace  com- 
pris  entre  les  surfaces  internes  (40,  42)  de  la 
première  et  de  la  lèvre  (32,  34)  dans  la  partie 
externe  de  la  fente  (30)  est  supérieur  d'au  moins 
0,254  mm  à  l'espace  compris  entre  les  sur- 
faces  internes  parallèles  en  regard  (36,  38)  de  la 
première  et  de  la  seconde  lèvre. 

6.  Appareil  selon  l'une  quelconque  des 
revendications  précédentes,  dans  lequel 
l'espace  compris  entre  les  surfaces  internes  (40, 
42)  de  la  première  et  de  la  seconde  lèvre  (32, 
34)  dans  la  partie  divergente  externe  de  la  fente 
(30)  est  compris  entre  1,016  et  4,572  mm. 

7.  Appareil  selon  l'une  quelconque  des 
revendications  précédentes,  dans  lequel 
l'espace  compris  entre  les  surfaces  internes  (40, 
42)  de  la  première  et  de  la  seconde  lèvre  (32, 
34)  dans  la  partie  externe  divergente  externe  de 
la  fente  (30)  est  compris  entre  2,54  et  3,81 
mm. 

8.  Appareil  selon  l'une  quelconque  des 
revendications  précédentes,  dans  lequel  la  sur- 
face  de  coulée  (14)  est  mobile  en  face  de  la 
buse  (24)  à  une  vitesse  comprise  entre  61  et 
3048  m/min. 

9.  Appareil  selon  la  revendication  8,  dans  le- 
quel  la  surface  de  coulée  (14)  est  mobile  devant 
la  buse  (24)  à  une  vitesse  comprise  entre  548  et 
1219  m/min. 



10.  Appareil  selon  l'une  quelconque  des 
revendications  précédentes,  dans  lequel  la  sur- 
face  de  coulée  (14)  est  la  surface  périphérique 
d'une  roue  (12)  refroidie  par  de  l'eau. 

11.  Appareil  selon  la  revendication  10,  dans 
lequel  la  roue  (12)  est  formée  d'un  métal  choisi 
parmi  le  cuivre,  l'alliage  de  cuivre,  l'aluminium, 
l'alliage  d'aluminium,  l'acier,  le  molybdène  et 
leurs  combinaisons. 

12.  Appareil  selon  l'une  quelconque  des 
revendications  précédentes,  dans  lequel  la  buse 
(24)  est  construite  à  partir  d'un  matériau  choisi 

parmi  le  graphite,  le  graphite-alumine,  le 
graphite-argile,  le  quartz,  le  kaolin  fibré,  le 
nitrure  de  bore,  le  nitrure  de  silicium,  le  carbure 
de  silicium,  le  carbure  de  bore,  l'alumine,  la  zir- 
cone,  la  zircone  stabilisée,  le  silicate,  la  mag- 
nésie  et  leurs  combinaisons. 

13.  Appareil  selon  l'une  quelconque  des 
revendications  précédentes,  dans  lequel  une 
partie  au  moins  des  surfaces  inférieures  (44, 46) 
de  la  première  et  de  la  seconde  lèvre  (32,  34) 
sont  parfaitement  parallèles  à  la  surface  de 
coulée  (14). 
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