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Description 

The  present  invention  relates  to  an  apparatus  for 
producing  metal  foils  from  molten  starting  material 
according  to  the  preamble  of  claim  1  . 

BACKGROUND  ART 

An  apparatus  of  the  type  described  above  is  previ- 
ously  known  from  US-A-4,649984. 

US-A-4,  142,571  a  further  prior  art  apparatus  has  a 
nozzle  directed  towards  the  circumferential  surface  of  a 
rotary  roller  or  drum,  the  opening  of  the  nozzle  located 
a  short  distance  from  the  circumferential  surface  being 
connected  to  a  reservoir  for  heated  molten  metal  mate- 
rial  disposed  above  the  nozzle  through  a  slot-shaped 
nozzle  channel  connecting  the  nozzle  opening  and  the 
reservoir.  The  reservoir  is  connected  to  a  pressure 
source  by  means  of  which  molten  material  may  be 
urged  from  the  reservoir  through  the  nozzle  channel 
and  the  nozzle  opening  out  onto  the  circumferential  sur- 
face  for  cooling,  for  the  formation  of  a  metal  foil. 

It  is  known  that  the  quality  of  a  metal  foil  which  is 
produced  in  accordance  with  the  above-described  so- 
called  Planar  Flow  Casting  technique  is  greatly  depend- 
ent  upon  and  varies  with  fluctuations  in  the  cooling  cycle 
of  the  melt.  In  order  to  achieve  the  desired  uniform  foil 
quality,  it  is  thus  important  that  the  cooling  cycle  of  the 
melt  take  place  under  as  constant  conditions  as  possi- 
ble.  In  this  instance,  a  key  factor  is  the  interface  layer  of 
air  which  accompanies  the  substrate  and  which  may 
readily  give  rise  to  air  pockets  between  the  melt  and  the 
substrate  which  disrupt  the  cooling  cycle  and  are 
thereby  detrimental  to  quality.  In  order  to  avoid  or  mini- 
mize  the  risk  of  quality  deterioration  caused  by  such  air 
pockets,  the  air  interface  must,  therefore,  be  displaced, 
which,  in  the  prior  art  apparatus,  is  achieved  partly  by 
the  proximity  of  the  nozzle  opening  to  the  substrate  and 
partly  by  the  pressure  of  the  melt  forced  through  the 
nozzle  opening  against  the  substrate.  Since  the  melt 
pressure  against  the  substrate  displacing  the  interface 
layer  of  air  in  a  given  nozzle  design  (the  slot  width  of  the 
nozzle  channel  and  nozzle  opening)  is,  in  all  essentials, 
dependant  upon  the  pressure  applied  to  the  molten 
material  in  the  reservoir,  the  applied  pressure  must, 
hence,  be  kept  above  a  certain  minimum  pressure  level 
in  order  to  achieve  the  desired  air  displacement.  Since 
the  applied  pressure,  in  a  given  nozzle  design,  also 
influences  the  quantity  of  positively  discharged  melt  and 
ultimately  the  thickness  of  the  finished  foil,  the  pressure 
should,  moreover,  be  kept  as  constant  as  possible  in 
order  to  ensure  a  uniform  foil  thickness. 

DE-C-2  950  406  describes  an  apparatus  for  pro- 
ducing  metal  foils  where  the  area  above  the  substrate  in 
front  of  the  nozzle  is  covered  by  a  chamber  which 
implies  pressure  by  a  partial  vacuum  and  heat  to  the 
surface  of  the  substrate  in  order  to  ameliorate  the  qual- 
ity  of  the  foil  and  to  vary  the  length  of  the  metal  foil  which 
is  in  contact  with  the  substrate. 

EP-A-0  208  890  describes  a  similar  apparatus  where 
the  chamber  is  located  around  the  nozzle  in  order  to 
vary  the  distance  between  the  nozzle  and  the  substrate 
to  be  able  to  produce  foils  with  different  thicknesses. 

5  Here,  the  chamber  acts  like  an  air  or  gas  cushion  on 
which  the  nozzle  is  situated,  also  to  ameliorate  the  qual- 
ity  of  the  foil. 
Previously  mentioned  US-A-4  649  984  comprises  an 
apparatus  with  a  conditioning  chamber  as  a  shield 

w  around  the  nozzle  for  minimizing  an  intrusion  of  ambient 
atmosphere  into  the  chamber.  Gas  control  provides  a 
selected,  low  density  atmosphere,  such  as  a  partial  vac- 
uum,  within  the  conditioning  chamber.  This  improves 
the  surface  finish  of  the  cast  strip  and  minimizes  air 

15  pocket  type  defects. 
However,  the  problem  inherent  in  prior  art  appara- 

tus  is  that  it  is  difficult  to  avoid  pressure  variations,  for 
example  in  connection  with  replenishment  of  the  reser- 
voir,  which  results  in  corresponding  thickness  variations 

20  in  the  foil. 
Another  problem  inherent  in  the  prior  art  apparatus 

is  that  it  does  not  wholly  unconditionally  make  for  the 
production  of  metal  foils  of  thicknesses  below  a  certain 
value,  eg.  50  urn.  As  has  been  explained  above,  the 

25  thickness  of  the  metal  foil  in  a  given  nozzle  design  is,  in 
all  essentials,  dependant  upon  the  pressure  which  is 
applied  to  the  molten  material  in  the  reservoir  and  which 
in  turn  determines  the  quantity  of  extruded  melt.  In 
increased  quantities  of  discharged  melt,  the  foil  thick- 

30  ness  increases,  while  consequentially  diminishing  at  the 
same  rate  as  the  quantity  of  discharged  melt  is  reduced. 
Thus,  when  the  apparatus  is  to  be  switched  from  pro- 
ducing  a  metal  foil  of  a  certain  thickness  to  producing  a 
metal  foil  of  another,  slighter  thickness,  the  applied 

35  pressure  (and  thereby  the  quantity  of  discharged  melt) 
must  thus  be  reduced  correspondingly.  Such  a  pressure 
reduction  entails,  at  the  same  time,  that  the  melt  pres- 
sure  against  the  substrate  which  displaces  the  interface 
air  layer  is  reduced,  with  resultant  increased  risk  of  air 

40  pockets  between  the  melt  and  the  substrate,  which  dis- 
rupt  the  cooling  process  and  thereby  impair  the  quality 
of  the  finished  foil.  In  order  to  prevent  the  reduced  melt 
pressure  against  the  substrate  from  being  lower  than  is 
required  for  achieving  desired  air  displacement  as 

45  explained  above,  a  modification  of  nozzle  design  (i.e. 
nozzle  channel  and  nozzle  opening  with  smaller  slot 
width)  is  thus  required  in  the  prior  art  apparatus  in  order 
to  be  able  to  reduce  the  discharged  quantity  of  melt  to 
an  extent  adapted  to  the  desired  foil  thickness.  How- 

50  ever,  a  nozzle  design  with  reduced  slot  width  of  nozzle 
channel  and  nozzle  opening  is  highly  sensitive  to  and 
places  great  demands  on  the  purity  of  the  molten  start- 
ing  material  which  should,  therefore,  be  pure  and  wholly 
free  of  large-sized  impurities  in  order  to  be  able  to  pass 

55  through  the  nozzle  channel  and  nozzle  opening  without 
becoming  stuck  and  clogging  the  passage.  Conse- 
quently,  using  the  prior  art  apparatus,  it  is  not  possible 
to  produce  a  metal  foil  of  a  thickness  of  less  than  50  urn, 
for  example  10-20  urn,  without  employing  an  extremely 
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pure  -  and  thereby  expensive  -  starting  material,  which 
is  a  contributory  factor  in  drastically  raising  the  price  of 
the  finally  produced  metal  foil. 

OBJECTS  OF  THE  INVENTION  s 

One  object  of  the  present  invention  is,  therefore,  to 
propose  an  apparatus  of  the  type  described  by  way  of 
introduction  which  permits  production  of  a  metal  foil  of 
desired  large  (eg.  50  urn)  or  lesser  (eg.  10-20  urn)  thick-  w 
ness  and  with  uniform  foil  qualities  without  suffering 
from  the  consequential  drawbacks  of  the  type  inherent 
in  the  prior  art  apparatus. 

Another  object  of  the  present  invention  is  to  devize 
an  apparatus  of  the  described  type  which  makes  possi-  is 
ble  the  production  of  an  extremely  thin  (1  0-20  urn)  metal 
foil  using  the  cheapest  concievable  starting  material 
(metal  scrap),  without  the  risk  of  clogging  of  the  channel 
and/or  the  opening  in  the  nozzle  employed. 

20 
SOLUTION 

These  and  other  objects  will  be  attained  according 
to  the  present  invention  in  that  an  apparatus  of  the  type 
described  in  the  foregoing  has  been  given  the  features  25 
of  the  characterising  portion  of  claim  1  . 

With  the  aid  of  the  pressure  difference  created  by 
the  vacuum  chamber  or  the  pressure  chamber,  respec- 
tively,  in  the  space  between  the  substrate  and  the  noz- 
zle,  it  is  thus  possible  to  maintain  a  sufficiently  high,  30 
constant  melt  pressure  against  the  substrate,  i.e.  a  melt 
pressure  which  is  wholly  independent  of  both  the  quan- 
tity  of  the  melt  supplied  through  the  nozzle  opening  and 
any  possible  pressure  variations  occurring  in  the  inflow- 
ing  melt.  The  constant  melt  pressure  realized  by  the  35 
pressure  difference  creates  extraordinarily  good  pre- 
conditions  for  producing  a  metal  foil  of  uniform  superior 
surface  qualities,  at  the  same  time  as  naturally  also  con- 
tributing  to  enhancing  the  efficiency  of  contact  between 
the  melt  and  the  substrate,  and  thereby  the  cooling  40 
cycle  of  the  melt.  A  further  advantage  afforded  is  that 
the  melt  pressure  against  the  substrate  may  be  kept 
constant  irrespective  of  the  quantity  of  melt  which  is 
supplied,  which  implies  that  metal  foils  of  different,  both 
large  and  small  thicknesses,  may  be  produced  without  45 
the  need  for  modifying  the  design  of  the  nozzle  (the  slot 
width  of  the  nozzle  channel  and  the  nozzle  opening). 
Hence,  metal  foils  of  very  large  thicknesses,  eg.  above 
50  urn,  as  well  as  metal  foils  of  very  slight  thicknesses, 
eg.  1  0-20  urn,  may  be  produced  employing  one  and  the  so 
same  nozzle  design.  In  particular,  this  entails  that  the 
slot  width  of  the  nozzle  channel  and  nozzle  opening 
may  be  very  large,  of  the  order  of  2-3  mm,  for  which  rea- 
son  the  nozzle  will  be  less  sensitive,  or  completely 
insensitive,  to  the  purity  of  the  starting  material  55 
employed,  even  if  metal  foils  of  very  slight  thicknesses 
(10-20  urn)  are  to  be  produced. 

Further  practical  and  advantageous  embodiments 
of  the  apparatus  according  to  the  present  invention 

have  moreover  been  given  the  characterizing  features 
as  set  forth  in  the  appended  subclaims. 

BRIEF  DESCRIPTION  OF  THE  ACCOMPANYING 
DRAWINGS 

The  present  invention  will  be  described  in  greater 
detail  hereinbelow  with  particular  reference  to  the 
accompanying  Drawings,  in  which: 

Fig.  1  schematically  illustrates  in  partial  section  an 
apparatus  according  to  one  embodiment  of  the 
invention; 
Fig.  2  schematically  illustrates,  on  a  larger  scale, 
the  region  of  the  nozzle  opening  in  the  apparatus  of 
Fig.  1  ;  and 
Fig.  3  schematically  illustrates,  on  a  larger  scale, 
the  region  of  the  opening  of  a  nozzle  according  to 
another  preferred  embodiment  of  the  apparatus 
according  to  the  invention. 

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

The  apparatus  according  to  the  present  invention 
which  is  schematically  illustrated  in  partial  section  in 
Fig.  1  has  been  given  the  generic  reference  numeral  1  . 
The  apparatus  1  includes  a  movable,  cooling  substrate 
which,  in  the  illustrated  embodiment,  consists  of  the  cir- 
cumferential  or  casing  surface  2  of  a  roller  or  drum  3 
rotary  about  a  horizontal  axis  in  the  direction  of  the 
arrow  A.  Adjacent  the  roller  3,  there  is  disposed  a  noz- 
zle  4  comprising  an  upper  and  a  lower  nozzle  lip  4a  and 
4b,  respectively,  which  therebetween  form  the  forward 
end  5a  of  a  nozzle  channel  5  which,  at  the  forward  end, 
discharges  in  a  slot-shaped  nozzle  opening  4c  (slot 
width  2-3  mm)  directed  towards  the  circumferential  sur- 
face  2.  The  nozzle  channel  5  is  in  communication  with  a 
reservoir  6  for  molten  starting  material  7,  eg.  metal 
scrap,  and  is  provided  with  a  rear  portion  5b  extending 
beyond  the  reservoir  6  and  being  closed  by  means  of  an 
openable  hatch  or  door  8. 

As  is  apparent  from  Fig.  1  ,  the  nozzle  4  is  arranged 
so  that  the  nozzle  channel  5  inclines  somewhat 
upwardly  towards  the  roller  3  in  relation  to  the  horizontal 
plane,  as  is  intimated  by  the  angle  of  inclination- 
amarked  at  the  rear  region  of  the  nozzle.  The  nozzle  4 
is  further  arranged  so  that  the  nozzle  opening  4c  dis- 
charges  a  very  short  distance  (approx.  0.3  mm  at  the 
lower  nozzle  lip  4b  and  the  upper  nozzle  lip  4a)  from  the 
circumferential  surface  2  in  a  region  and  on  a  level 
below  the  horizontal  axis  of  rotation  (not  shown)  of  the 
roller  3,  i.e.  in  a  region  located  within  the  fourth  quadrant 
of  a  coordinate  system  with  zero  point  in  the  axis  of  rota- 
tion  of  the  roller. 

In  order  to  make  possible  run-off  of  the  molten 
material  7  from  the  reservoir  6  via  the  inclining  nozzle 
channel  5,  5a  out  through  the  nozzle  opening  4c  by 
force  of  gravity,  the  reservoir  6  is  kept  filled  to  such  an 
extent  that  the  surface  of  the  molten  material  in  the  res- 
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ervoir  lies  at  a  level  (h)  above  the  nozzle  opening  4c. 
According  as  the  reservoir  6  is  emptied,  the  surface 
sinks  and,  in  order  to  prevent  the  surface  from  sinking  to 
a  level  flush  with  the  nozzle  opening  4c  (i.e.  h  =  0),  the 
reservoir  6  is  disposed  to  be  replenishable  with  new  5 
molten  material  from  a  tiltable  smelting  furnace  (not 
shown)  disposed  above  the  reservoir. 

As  is  apparent  from  Fig.  2,  which  schematically 
illustrates  the  region  of  the  nozzle  opening  4c  on  a 
larger  scale,  there  is  provided,  between  the  forward  end  10 
of  the  lower  nozzle  lip  4b  and  the  circumferential  surface 
2,  a  space  9  which  is  in  communication  with  or  commu- 
nicable  with  a  vacuum  chamber  10.  In  the  illustrated 
embodiment,  the  space  9  is  of  elongate,  slot-shaped 
design  with  a  substantially  constant  slot  width  (approx.  15 
0.3  mm)  throughout  its  entire  axial  extent.  There  is  fur- 
ther  provided,  between  the  circumferential  surface  2 
and  the  forward  end  of  the  upper  nozzle  lip  4a,  a  slot- 
shaped  elongate  space  11  of  the  same  slot  width  (i.e. 
approx.  0.3  mm)  as  the  space  9.  In  order  to  maintain  the  20 
molten  material  7  at  a  constant  temperature  above  the 
melting  point  of  the  material  (eg.  950°C)  throughout  the 
entire  passage  through  the  channel  5  from  the  reservoir 
6  to  the  nozzle  opening  4c,  heating  devices  12,  for 
instance  glowing  kanthal  tubes,  are  provided  in  both  the  25 
upper  and  lower  nozzle  lips  4a,  4b,  respectively,  by 
means  of  which  tubes  the  molten  material  is  prevented 
from  cooling  before  exiting  from  the  nozzle  4. 

Fig.  3  shows  the  discharge  portion  of  a  nozzle 
according  to  another  embodiment  of  the  present  inven-  30 
tion  and,  for  purposes  of  clarity,  the  same  reference 
numerals  as  in  Fig.  2  have  been  employed  for  corre- 
sponding  parts,  with  the  addition  of  a  primo  symbol.  The 
nozzle  4'  in  Fig.  3  thus  includes  an  upper  and  a  lower 
nozzle  4a'  and  4b',  respectively,  which  therebetween  35 
define  a  nozzle  channel  5'.  Between  the  forward  end  of 
the  lower  nozzle  lip  4b'  and  the  surface  2'  of  the  sub- 
strate,  there  is  provided  a  similarly  elongate  space  9' 
which  is  in  communication  with  or  communicable  with  a 
vacuum  chamber  10'.  The  space  9'  differs  from  the  40 
space  9  of  Fig.  2  in  that  it  displays  a  rearwardly  tapering 
(seen  in  the  direction  of  movement  of  the  substrate)  or 
v-shaped  cross  section,  i.e  the  distance  between  the 
nozzle  lip  4b'  and  the  circumferential  surface  2'  (the  slot 
width)  diminishes  in  a  direction  from  the  nozzle  opening  45 
4c'  and  rearwardly.  The  space  1  1  '  between  the  upper 
nozzle  lip  4a'  and  the  surface  2'  is,  on  the  other  hand, 
substantially  of  constant  slot  width  throughout  its  entire 
axial  extent. 

The  apparatus  1  in  Figs.  1  and  2  produces  a  web-  so 
shaped  metal  foil  13  in  the  following  manner.  The  space 
9  is  placed  in  communication  with  the  vacuum  chamber 
1  0  and  molten  material  7  runs  by  force  of  gravity  from 
the  reservoir  6  through  the  nozzle  channel  5  out  through 
the  nozzle  opening  4c  for  forming  a  so-called  melt  pud-  ss 
die  7'  in  the  region  of  the  nozzle  opening.  Because  of 
the  pressure  (eg.  70-90  cm  water  column)  which  pre- 
vails  in  the  space  9,  the  rear  portion  of  the  melt  puddle 
will  be  sucked  into  the  space  9  and  thereby  against  the 

circumferential  surface  2  at  constant,  sufficiently  high 
pressure  to  displace  the  interface  layer  of  air  which 
accompanies  the  circumferential  surface  moving  in  the 
direction  of  the  arrow  A  (eg.  at  30  m/s).  On  contact  with 
the  cooling  (approx.  170°C)  substrate,  the  melt  puddle 
is  cooled  from  beneath  for  the  formation  of  a  metal  foil 
13  accompanying  the  circumferential  surface  2,  the 
metal  foil  being,  after  passage  through  the  space  1  1  , 
unwound  from  the  circumferential  surface  and  wound 
up  into  a  roll  of  foil. 

Using  the  apparatus  1  ,  metal  foils  may  be  produced 
in  this  manner  with  varying,  but  in  every  individual  case 
uniform  thicknesses  and  of  uniform  superior  surface 
qualities.  If,  for  example,  a  metal  foil  of  a  given  thickness 
(50  urn)  is  desired,  the  quantity  of  supplied  melt  is  cor- 
respondingly  regulated,  while,  if  a  metal  foil  of  a  lesser 
thickness  (10-20  urn)  is  to  be  produced,  a  correspond- 
ingly  reduced  quantity  of  melt  is  supplied.  The  quantity 
of  melt  which  is  supplied  in  each  individual  case  is,  to  all 
essentials,  determined  by  the  level  difference  (h) 
between  the  surface  of  the  melt  in  the  reservoir  6  and 
the  nozzle  opening  4c,  which  is  easy  to  regulate  by  the 
controlled  supply  of  new  melt  from  the  smelting  furnace 
(not  shown). 

In  a  corresponding  manner,  a  metal  foil  13'  is  pro- 
duced  using  the  nozzle  4'  illustrated  in  Fig.  3.  The 
advantage  inherent  in  this  nozzle  is  that  the  vacuum  in 
the  space  9'  need  not  be  of  such  magnitude  as  the  cor- 
responding  vacuum  in  the  space  9  to  achieve  the  con- 
templated  sufficiently  high  melt  pressure  against  the 
circumferential  surface  2',  since  the  tapering  cross  sec- 
tion  of  the  space  gives  rise  to  a  pressure  composant 
directed  towards  the  circumferential  surface  and 
increasing  in  a  direction  rearwardly  from  the  nozzle 
opening  4c'.  In  the  same  manner  as  using  the  nozzle  4, 
the  nozzle  4'  can  be  instrumental  in  producing  metal 
foils  of  varying,  but  in  each  individual  case  uniform  thick- 
nesses  and  of  uniform  superior  surface  qualities.  For 
example,  a  metal  foil  may  be  produced  of  a  thickness  of 
approx.  50  urn  by  the  supply  of  a  certain  adapted  quan- 
tity  of  molten  material,  while  a  thinner  metal  foil,  eg.  of 
the  order  of  10-20  urn,  is  produced  in  that  the  quantity  of 
supplied  molten  material  is  kept  at  a  correspondingly 
lower  level. 

It  should  finally  be  observed  that  the  apparatus 
according  to  the  present  invention  may,  instead  of  the 
vacuum  chamber  described  in  the  foregoing  and  specif- 
ically  shown  on  the  Drawings,  be  provided  with  a  pres- 
sure  chamber  between  the  nozzle  and  the  substrate,  in 
order  to  press  the  melt  at  constant  pressure  against  the 
substrate.  The  pressure  chamber  should  ideally  be  dis- 
posed  ahead  of  the  melt  supplied  through  the  nozzle 
(seen  in  the  direction  of  movement  of  the  substrate). 
Thus,  according  to  the  present  invention,  the  constant 
high  melt  pressure  against  the  substrate  is  catered  for 
by  the  pressure  difference  which  the  apparatus  creates 
between  the  nozzle  and  the  substrate  and  which  is 
either  achieved  by  means  of  the  space  communicable 
with  the  vacuum  chamber  or  the  space  communicable 
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with  the  pressure  chamber,  as  described  above. 
As  will  be  apparent  from  the  foregoing  description, 

it  is  possible,  according  to  the  present  invention,  to  pro- 
duce,  from  molten  starting  material,  both  thick  and  thin 
metal  foils  using  an  apparatus  which  is  extremely  simple 
in  both  design  and  operative  mode  and  which,  in  partic- 
ular,  makes  it  possible  to  produce  extremely  thin  metal 
foils  (10-20  urn)  employing  the  cheapest  possible  start- 
ing  material,  for  example  metal  scrap,  without  the  risk  of 
clogging  of  the  nozzle  channel  and/or  nozzle  opening 
because  of  particles  present  in  the  starting  material. 

The  present  invention  should  not  be  considered  as 
restricted  to  that  described  above  and  shown  on  the 
Drawings,  many  modifications  being  conceivable  with- 
out  departing  from  the  scope  of  the  appended  Claims. 

Claims 

1.  An  apparatus  for  the  production  of  web-shaped 
metal  foils  (13;  13')  from  molten  starting  material 
(7),  the  apparatus  including 

a  movable,  cooling  substrate  (2;  2')  consisting 
of  the  circumferential  surface  of  a  rotary  roller 
or  drum  (3),  and  a  nozzle  (4;  4')  discharging 
molten  material  which  is  disposed  to  be  applied 
to  the  substrate,  for  the  formation  of  the  metal 
foil,  wherein  a  space  (9;  9')  is  provided  between 
the  nozzle  (4;  4')  and  the  substrate  (2;  2')  which 
is  communicable  with  a  chamber  (10;  10'),  cre- 
ating  a  pressure  difference  in  said  space  (9;  9') 
with  respect  to  the  ambient  atmosphere, 
characterized  in  that 
the  chamber  (10;  10')  is  a  vacuum  chamber  or 
a  pressure  chamber,  that 
said  pressure  difference  maintains  a  constant 
melt  pressure  of  said  molten  material  against 
said  substrate  (2;  2'),  and  that  said  nozzle  (4; 
4')  is  located  on  a  level  below  the  horizontal 
axis  of  rotation  of  said  roller  (3). 

2.  The  apparatus  as  claimed  in  claim  1  , 
characterized  in  that 

said  nozzle  (4;  4')  is  arranged  so  that  the  noz- 
zle  channel  (5)  inclines  upwardly  towards  said 
roller  (3)  in  relation  to  the  horizontal  plane. 

3.  The  apparatus  as  claimed  in  claim  1  or  2, 
characterized  in  that 

said  nozzle  (4;  4')  is  located  in  a  region  within 
the  fourth  quadrant  of  a  coordinate  system  with 
its  zero  point  in  the  axis  of  rotation  of  the  roller 
(3),  rotating  counterclockwise. 

4.  The  apparatus  as  claimed  in  one  of  the  preceding 
claims, 
characterized  in  that 

the  nozzle  (4;  4')  is  disposed  at  a  level  beneath 
the  axis  of  rotation  of  the  roller. 

5.  The  apparatus  as  claimed  in  one  of  the  preceding 
5  claims, 

characterized  in  that 

said  pressure  difference  sucks  or  presses  the 
molten  material  into  contact  with  the  substrate 

10  (2;  2'). 

6.  The  apparatus  as  claimed  in  one  of  the  preceding 
claims, 
characterized  in  that 

15 
the  thickness  of  the  metal  foil  is  between  10 
and  20  urn  or  above. 

7.  The  apparatus  as  claimed  in  one  of  the  preceding 
20  claims, 

characterized  in  that 

the  space  (9;  9')  is  elongate,  with  the  longitudi- 
nal  axis  of  the  space  substantially  parallel  to 

25  the  substrate. 

8.  The  apparatus  as  claimed  in  one  of  the  preceding 
claims, 
characterized  in  that 

30 
the  space  (9;  9')  tapers  in  a  direction  away  from 
the  opening  (4c')  of  the  nozzle. 

9.  The  apparatus  as  claimed  in  one  of  the  preceding 
35  claims, 

characterized  in  that 

the  nozzle  (4;  4')  includes  an  upper  (4a;  4a') 
and  a  lower  (4b;  4b')  lip  which  together  define  a 

40  nozzle  opening  (4c;  4c')  directed  towards  the 
substrate  (2;  2'),  the  space  (9;  9')  communica- 
ble  with  the  chamber  (10;  10')  being  disposed 
between  the  substrate  and  the  lower  lip. 

45  10.  The  apparatus  as  claimed  in  one  of  the  preceding 
claims, 
characterized  in  that 

the  distance  between  the  substrate  (2;  2')  and 
so  the  lower  lip  (4b;  4b')  is  less  than  the  distance 

between  the  substrate  and  the  upper  lip  (4a; 
4a'). 

11.  The  apparatus  as  claimed  in  one  of  the  preceding 
55  claims, 

characterized  in  that 

the  distance  between  the  lower  lip  (4b;  4b')  and 
the  substrate  (2;  2')  diminishes  in  a  direction 

30 

40 
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from  the  nozzle  opening  (4c;  4c')  rearwardly 
with  respect  to  the  movement  of  the  substrate 
(2;  2'). 

12.  The  apparatus  as  claimed  in  one  of  the  preceding  s 
claims, 
characterized  in  that 

both  the  upper  and  the  lower  nozzle  lips 
include  heating  devices  (12;  12')  for  maintain-  10 
ing  the  nozzle  (4;  4')  at  a  temperature  in  excess 
of  the  melting  temperature  of  the  starting  mate- 
rial. 

13.  The  apparatus  as  claimed  in  one  of  the  preceding  is 
claims, 
characterized  in  that 

the  portion  of  the  channel  disposed  towards 
the  reservoir  (6)  has  a  rear  section  extending  20 
beyond  the  reservoir  and  closed  by  means  of 
an  openable  hatch  or  door  (8). 

Patentanspruche 
25 

1.  Vorrichtung  zur  Herstellung  bandformiger  Metallfo- 
lien  (13;  13')  aus  einem  geschmolzenen  Ausgangs- 
material  (7),  wobei  die  Vorrichtung  folgendes 
umfaBt: 

30 
ein  bewegliches  Kiihlsubstrat  (2;  2'),  das  aus 
der  Umfangsflache  einer  Drehwalze  Oder  einer 
Trommel  (3)  besteht,  sowie  eine  Dtise  (4;  4'), 
die  geschmolzenes  Material  abgibt,  das  zum 
Aufbringen  auf  das  Substrat  vorgesehen  ist,  35 
urn  die  Metallfolie  zu  bilden,  wobei  ein  Raum 
(9;  9')  zwischen  der  Dtise  (4;  4')  und  dem  Sub- 
strat  (2;  2')  vorgesehen  ist,  der  mit  einer  Kam- 
mer  (10;  10')  in  Verbindung  gebracht  werden 
kann,  wobei  in  dem  Raum  (9;  9')  eine  Druckdif-  40 
ferenz  bezuglich  der  Umgebungsatmosphare 
hergestellt  werden  kann, 
dadurch  gekennzeichnet,  daB 
die  Kammer  (10;  10')  eine  Vakuumkammer 
Oder  eine  Druckkammer  ist,  daB  45 
die  Druckdifferenz  einen  konstanten  Schmel- 
zendruck  des  geschmolzenen  Materials  gegen 
das  Substrat  (2;  2')  aufrechterhalt,  und  daB  die 
Dtise  (4;  4')  auf  einem  Niveau  unter  der  hori- 
zontalen  Drehachse  der  Walze  (3)  angeordnet  so 
ist. 

2.  Vorrichtung  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  daB 

55 
die  Dtise  (4;  4')  derart  angeordnet  ist,  daB  der 
Dtisenkanal  (5)  bezuglich  der  horizontalen 
Ebene  nach  oben  zu  der  Walze  (3)  geneigt  ist. 

3.  Vorrichtung  nach  Anspruch  1  oder  2, 
dadurch  gekennzeichnet,  daB 

die  Dtise  (4;  4')  in  einem  Bereich  innerhalb  des 
vierten  Quadranten  eines  Koordinatensystems 
mit  dem  Nullpunkt  in  der  Drehachse  der  Walze 
(3)  liegt,  die  sich  gegen  den  Uhrzeigersinn 
dreht. 

4.  Vorrichtung  nach  einem  der  vorhergehenden 
Ansprtiche, 
dadurch  gekennzeichnet,  daB 

die  Dtise  (4;  4')  auf  einem  Niveau  unter  der 
Drehachse  der  Walze  angeordnet  ist. 

5.  Vorrichtung  nach  einem  der  vorhergehenden 
Ansprtiche, 
dadurch  gekennzeichnet,  daB 

die  Druckdifferenz  das  geschmolzene  Material 
in  Kontakt  mit  dem  Substrat  (2;  2')  saugt  oder 
preBt. 

6.  Vorrichtung  nach  einem  der  vorhergehenden 
Ansprtiche, 
dadurch  gekennzeichnet,  daB 

die  Dicke  der  Metallfolie  zwischen  10  und  20 
urn  oder  dartiber  liegt. 

7.  Vorrichtung  nach  einem  der  vorhergehenden 
Ansprtiche, 
dadurch  gekennzeichnet,  daB 

der  Raum  (9;  9')  langlich  ist,  wobei  die  Langs- 
achse  des  Raums  im  wesentlichen  parallel  zu 
dem  Substrat  liegt. 

8.  Vorrichtung  nach  einem  der  vorhergehenden 
Ansprtiche, 
dadurch  gekennzeichnet,  daB 

der  Raum  (9;  9')  in  Richtung  von  der  Offnung 
(4c')  der  Dtise  weg  verjtingt  ist. 

9.  Vorrichtung  nach  einem  der  vorhergehenden 
Ansprtiche, 
dadurch  gekennzeichnet,  daB 

die  Dtise  (4;  4')  eine  obere  (4a;  4a')  und  eine 
untere  Lippe  (4b;  4b')  umfaBt,  die  zusammen 
eine  Dtisenoffnung  (4c;  4c')  bilden,  die  zu  dem 
Substrat  (2;  2')  gerichtet  ist,  wobei  der  mit  der 
Kammer  (10;  10')  in  Verbindung  zu  bringende 
Raum  (9;  9')  zwischen  dem  Substrat  und  der 
unteren  Lippe  angeordnet  ist. 

10.  Vorrichtung  nach  einem  der  vorhergehenden 

6 



11  EP  0  502 

Ansprtiche, 
dadurch  gekennzeichnet,  daB 

der  Abstand  zwischen  dem  Substrat  (2;  2')  und 
der  unteren  Lippe  (4b;  4b')  Weiner  als  der  s 
Abstand  zwischen  dem  Substrat  und  der  obe- 
ren  Lippe  (4a;  4a')  ist. 

11.  Vorrichtung  nach  einem  der  vorhergehenden 
Ansprtiche,  to 
dadurch  gekennzeichnet,  daB 

12.  Vorrichtung  nach  einem  der  vorhergehenden 
Ansprtiche,  20 
dadurch  gekennzeichnet,  daB 

die  obere  und  die  untere  Dusenlippe  Heizein- 
richtungen  (12;  12')  umfassen,  urn  die  Dtise  (4; 
4')  auf  einer  Temperatur  tiber  der  Schmelztem-  25 
peratur  des  Ausgangsmaterials  zu  halten. 

13.  Vorrichtung  nach  einem  der  vorhergehenden 
Ansprtiche, 
dadurch  gekennzeichnet,  daB  30 

der  zu  dem  Behalter  (6)  hin  angeordnete  Teil 
des  Kanals  einen  hinteren  Abschnitt  aufweist, 
der  sich  tiber  den  Behalter  hinauserstreckt  und 
mittels  einer  zu  offnenden  Luke  oder  Ttir  (8)  35 
verschlossen  ist. 

Revendications 

1.  Appareil  pour  produire  de  la  feuille  metallique  en  to 
bande  (13;13')  a  partir  de  materiau  de  depart  (7) 
fondu,  I'appareil  comprenant  un  substrat  de  refroi- 
dissement  mobile  (2;2')  constitue  par  la  surface  cir- 
conferentielle  d'un  rouleau  ou  tambour  tournant  (3), 
et  une  buse  (4;4')  deversant  du  materiau  fondu  qui  45 
est  dispose  pour  etre  applique  sur  le  substrat,  pour 
la  formation  de  la  feuille  metallique,  dans  lequel  un 
espace  (9;9')  est  prevu  entre  la  buse  (4;4')  et  le 
substrat  (2;2')  qui  peut  communiquer  avec  une 
chambre  (1  0  ;  1  0')  creant  une  difference  de  pression  so 
dans  le  dit  espace  (9;9')  par  rapport  a  I'atmosphere 
ambiante,  caracterise  en  ce  que  la  chambre 
(10;10')  est  une  chambre  a  vide  ou  une  chambre 
sous  pression,  en  ce  que  la  dite  difference  de  pres- 
sion  maintient  une  pression  constante  du  dit  mate-  55 
riau  en  fusion  contre  le  dit  substrat  (2;2'),  et  en  ce 
que  la  dite  buse  (4;4')  est  placee  a  un  niveau  au- 
dessous  de  I'axe  horizontal  de  rotation  du  dit  rou- 
leau  (3). 

44  B1  12 

2.  Appareil  selon  la  revendication  1  ,  caracterise  en  ce 
que  la  dite  buse  (4;4')  est  disposee  de  fagon  que  le 
canal  de  buse  (5)  est  incline  vers  le  haut  en  direc- 
tion  du  dit  rouleau  (3),  par  rapport  au  plan  horizon- 
tal. 

3.  Appareil  selon  la  revendication  1  ou  2,  caracterise 
en  ce  que  la  dite  buse  (4;4')  est  placee  dans  une 
region  dans  le  quatrieme  quadrant  d'un  systeme  de 
coordonnees  tournant  dans  le  sens  anti-horaire, 
dont  le  point  zero  est  I'axe  de  rotation  du  rouleau 
(3). 

4.  Appareil  selon  I'une  des  revendications  preceden- 
tes,  caracterise  en  ce  que  la  buse  (4;4')  est  dispo- 
see  a  un  niveau  au-dessous  de  I'axe  de  rotation  du 
rouleau. 

5.  Appareil  selon  I'une  des  revendications  preceden- 
tes,  caracterise  en  ce  que  la  dite  difference  de  pres- 
sion  aspire  ou  presse  le  materiau  en  fusion  en 
contact  avec  le  substrat  (2;2'). 

6.  Appareil  selon  I'une  des  revendications  preceden- 
tes,  caracterise  en  ce  que  I'epaisseur  de  la  feuille 
metallique  est  comprise  entre  10  et  20  urn  ou  plus. 

7.  Appareil  selon  I'une  des  revendications  preceden- 
tes,  caracterise  en  ce  que  I'espace  (9;9')  est 
allonge,  I'axe  longitudinal  de  cet  espace  etant  subs- 
tantiellement  parallele  au  substrat. 

8.  Appareil  selon  I'une  des  revendications  preceden- 
tes,  caracterise  en  ce  que  I'espace  (9;9')  est  effile 
dans  une  direction  s'eloignant  de  I'ouverture  (4c') 
de  la  buse. 

9.  Appareil  selon  I'une  des  revendications  preceden- 
tes,  caracterise  en  ce  que  la  buse  (4  4')  comprend 
une  levre  superieure  (4a;4a')  et  une  levre  inferieure 
(4b;4b')  qui  determinent  ensemble  une  ouverture 
de  buse  (4c;4c')  dirigee  vers  le  substrat  (2;2'), 
I'espace  (9;9')  pouvant  communiquer  avec  la  cham- 
bre  (10;10')  est  dispose  entre  le  substrat  et  la  levre 
inferieure. 

10.  Appareil  selon  I'une  des  revendications  preceden- 
tes,  caracterise  en  ce  que  la  distance  entre  le  subs- 
trat  (2;2')  et  la  levre  inferieure  (4b;4b')  est  inferieure 
a  la  distance  entre  le  substrat  et  la  levre  superieure 
(4a;4a'). 

11.  Appareil  selon  I'une  des  revendications  preceden- 
tes,  caracterise  en  ce  que  la  distance  separant  la 
levre  inferieure  (4b;4b')  et  le  substrat  (2;2')  diminue 
dans  une  direction  a  partir  de  I'ouverture  de  buse 
(4c;4c')  vers  I'arriere  par  rapport  au  deplacement 
du  substrat  (2;2'). 

EP  0  502  344  B1 

der  Abstand  zwischen  der  unteren  Lippe  (4b; 
4b')  und  dem  Substrat  (2;  2')  von  der  Dtisenoff- 
nung  (4c;  4c')  bezuglich  der  Bewegung  des  15 
Substrats  (2;  2')  in  Richtung  nach  hinten 
abnimmt. 

25 
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12.  Appareil  selon  I'une  des  revendications  preceden- 
tes,  caracterise  en  ce  qu'a  la  fois  les  levres  supe- 
rieure  et  inferieure  de  buse  comprennent  des 
dispositifs  chauffants  (12;12')  pour  maintenir  la 
buse  (4,4')  a  une  temperature  superieure  a  la  tern-  5 
perature  de  fusion  du  materiau  de  depart. 

13.  Appareil  selon  I'une  des  revendications  preceden- 
tes,  caracterise  en  ce  que  la  partie  du  canal  dispo- 
see  vers  le  reservoir  (6)  comporte  une  section  10 
arriere  qui  s'etend  au-dela  du  reservoir  et  est  fer- 
mee  au  moyen  d'un  panneau  ou  porte  (8)  ouvrable. 
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