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A  method  and  apparatus  for  the  continuous  etching  and  aluminum  plating  of  stainless  steel  strips. 

©  This  method  combines  etching  of  the  strip  by 
passing  through  reduced  pressure  electric  plasma 
discharge  zones  and  the  direct  off-line  dip-coating  of 
the  etched  strip  in  a  bath  of  molten  aluminum. 

The  strip  brought  to  cathode  potential  defilades 
continuously  in  registration  with  the  magnet  ele- 
ments  and  anodes  of  a  plurality  of  consecutively 
disposed  magnetron  devices  and,  therefore,  directly 
into  said  molten  metal  bath. 
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A  METHOD  AND  APPARATUS  FOR  THE  CONTINUOUS  ETCHING  AND  ALUMINUM  PLATING  OF  STAIN- 
LESS  STEEL  STRIPS 

ing  valve. 
(3)  EP-A-270.144  (N.V.  BEKAERT)  discloses 

an  apparatus  for  the  continuous  sputter-etching  of 
elongated  substrates  such  as  wires,  strips,  cords, 

5  and  the  like,  before  coating.  In  this  apparatus,  the 
elongated  substrate  is  guided  through  a  thin  anode 
cylindrical  chamber  flushed  by  a  sputtering  gas  at 
pressures  of  10~4  to  10~7  Torr.  A  voltage  of  100  - 
1000  V  is  applied  between  the  substrate  (which  is 

w  at  ground  potentiel)  and  the  anode,  whereby  a  glow 
discharge  is  established  and  a  plasma  is  formed 
around  the  substrate  with  a  current  of  50-200  mA. 
The  substrate  and  the  sputtering  gas  move  in  op- 
posite  directions  within  the  tube  which  increases 

75  the  etching  efficiency.  Alternatively,  an  AC  potential 
can  be  applied  to  the  electrodes  for  RF-sputtering. 

(4)  FR-A-2.578.176  (ELECTRICITE  DE 
FRANCE)  describes  a  device  for  etching  flat  sub- 
strates,  e.g.  continuous  strips,  by  means  of  a  plas- 

20  ma  resulting  from  a  corona  discharge.  This  device 
can  include  a  series  of  successive  plasma  gener- 
ators  each  of  which  comprises  a  grounded  plate  for 
supporting  the  substrate  to  be  etched  (generally  an 
insulating  sheet  or  strip  material)  in  registration  with 

25  a  slotted  ridge-shaped  anode  supplied  with  a  plas- 
ma  generating  gas.  When  energized,  this  arrange- 
ment  produces  a  stream  of  plasma  which  strikes 
the  strip  to  be  etched  at  an  angle  near  90°  or  less. 
The  plasma  is  generated  at  a  potential  from  about 

30  10  to  20kV  and  a  frequency  below  100  kHz. 
(5)  EP-A-1  69.680  (VARIAN)  discloses  a 

planar  magnetron  etching  device  incorporating  a 
movable  magnetic  source  opposite  the  surface  of 
the  object  to  be  sputter-etched.  Lines  of  magnetic 

35  flux  move  over  the  surface  to  be  etched  thus 
creating  a  constantly  changing  magnetic  field  pro- 
file  everywhere  on  the  surface.  If  two  surfaces  must 
be  etched  simultaneously,  a  separate  magnetic 
source  moves  in  registration  with  the  other  surface. 

40  The  magnetic  source  comprises  radial  magnets  in 
a  magnetically  permeable  ring  encased  in  steel. 
The  source  may  be  mounted  on  a  shaft  driven  by 
vanes  in  a  flow  of  coolant  liquid  to  cause  excentric 
rotation.  If  reactive  ion  etching  is  desired,  a  reactive 

45  gas  may  be  admixed  with  the  plasma  generating 
gas. 

(6)  Japanese  Patent  Publication  No.  60- 
052519  (TOYOTA  JIDOSHA)  discloses  a  method 
for  the  surface  treatment  of  cast  iron  materials  for 

so  increasing  pit  resistance.  The  method  includes  the 
steps  of  coating  the  surface  of  the  iron  with  alu- 
minum  (by  plasma  spraying,  hot  dipping,  vacuum 
deposition  or  the  like)  and  remelting  the  Al  surface 
layer  by  a  high  energy  beam.  This  produces  a 

Introduction 

The  present  invention  concerns  a  method  and 
apparatus  for  plating  stainless  steel  strips  with  alu- 
minum  in  which,  prior  to  plating,  the  strip  is 
cleaned  by  passing  into  an  electric  gaseous  dis- 
charge. 

The  continuous  cleaning  or  etching  of  defilad- 
ing  elongated  substrates  such  as  wire,  strips, 
bands  and  the  like  by  ion  bombardment  prior  to 
coating  with  another  material  or  metal  is  known. 
This  technique  is  indeed  considered  much  more 
effective  in  the  case  of  high  chromium  content 
alloys  than  the  more  conventional  high  temperature 
reductive  cleaning  treatments  because  chromium 
oxide  is  difficult  to  reduce  and  poor  reduction  effi- 
ciency  is  likely  to  cause  problems  of  adhesion  of 
the  final  aluminum  layer.  Some  pertinent  prior  art  in 
this  field  is  summarized  below. 

The  prior  art 

(1)  DDR-1  20.474  (HEISIG  et  al.)  discloses  an 
installation  for  the  precleaning  by  sputtering  before 
plating  under  vacuum  of  a  stainless  strip.  The 
precleaning  unit  can  be  integral  with  or  separated 
from  the  plating  unit  itself.  The  precleaning  unit 
comprises  a  plurality  of  magnetron  elements  ar- 
ranged  consecutively  along  the  defilading  strip  (see 
the  drawing).  The  strip  is  narrowly  confined  in  the 
discharge  region  of  the  magnetrons  by  means  of 
rolls  (7)  which  prevent  it  from  touching  the  pole- 
pieces  of  the  magnet  or  the  anode  on  the  other 
side  of  the  strip.  The  strip  is  grounded  as  well  as 
the  remainder  of  the  apparatus;  only  the  anode  is 
insulated  and  held  at  positive  voltage  relative  to  the 
strip.  Seventy  %  of  the  energy  fed  to  the  mag- 
netrons  is  used  up  to  heat  the  strip.  The  document 
does  not  specify  how  the  sputter-cleaned  strip  is 
vacuum-plated  afterwards. 

(2)  DDR-1  36.047  (STEINFELDE  et  al.)  dis- 
closes  a  row  of  plasmatrons  for  the  repeated  etch- 
ing  of  a  strip  moving  continuously.  The  efficiency 
of  the  etching  is  sufficient  to  permit  subsequent 
coating  without  the  need  to  heat  the  strip  to  high 
temperatures.  The  plasmatron  gas  discharge  de- 
vices  comprise  a  hollow  roll  of  non-ferromagnetic 
material  containing  a  ring-gap  magnet.  The  metal 
strip  maintained  at  cathode  potential  travels  via 
guide-rolls  along  a  hollow  anode  located  opposite 
said  hollow  roll.  A  gas  under  reduced  pressure  is 
fed  into  the  discharge  zone  via  a  tube  with  calibrat- 
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wear-resistant  surface  layer  on  the  iron  material 
without  the  need  of  adding  alloying  elements  to  the 
casting. 

(7)  An  article  by  S.  Schiller  et  al.  in  2nd 
International  Conference  on  Metallurgical  Coatings, 
28.3  (1977),  San  Francisco,  USA,  details  some  of 
the  conditions  for  the  etch-precleaning  of  stainless 
strips  before  coating  with  metals.  These  authors 
used  a  ring-gap  plasmatron  discharge  of  400-700  V 
under  0.6-6  Pa  or  argon.  The  current  density  was 
about  100  mA/cm2  and  the  power  consumed  was 
about  1  kW  per  plasmatron  for  a  10  cm  wide  strip 
defilading  at  a  rate  of  0.05  -  0.1  m/sec. 

Summary  of  the  invention 

Most  of  the  techniques  disclosed  in  the  fore- 
going  prior  art  which,  in  contrast  with  the  more 
conventional  hot-dip  plating  techniques  (see  for  in- 
stance  US-A-4,675,214  ARMCO  and  EP-A-176  109 
(NISSHIN  STEEL))  in  which  the  stainless  strips  are 
reduced  with  flue  gases  or  hydrogen  before  plating, 
involve,  prior  to  coating,  the  continuous  etching  of 
a  moving  strip-like  substrate,  this  being  combined 
in  a  last  step  with  a  direct  in-situ  metal  plating 
operation,  recommend  using  low  pressure  metal 
vaporization  coating  methods  for  this  last  step. 

However,  these  methods  are  generally  tedious 
and  costly  and  the  method  of  the  present  invention 
proposes,  as  summarized  in  claim  1,  to  directly 
combine  magnetron  plasma  etching,  in  a  first  step, 
with  dip-coating  from  a  molten  aluminium  bath,  in  a 
second  step. 

Many  advantages  result  from  the  application  of 
the  present  method  including  very  high  etching 
efficiency  even  for  hard  to  remove  oxides  like 
chromium,  well  adhering  aluminum  films,  easy  con- 
trol  of  protective  film  thickness  and  relatively  low 
production  costs  due  to  compactness  of  the  ap- 
paratus  for  achieving  the  method,  and  high  produc- 
tion  rates.  The  apparatus  is  disclosed  in  annexed 
claim  4. 

Detailed  description  of  the  invention 

The  installation  represented  on  Fig.  1  com- 
prises  an  enclosure  consisting  of  four  successive 

5  tubular  compartments  1a  -  1d  connected  to  each 
other  by  reduced  diameter  apertures  and  termi- 
nated  by  a  spout  2  which  penetrates  into  a  bath  3 
of  molten  aluminum  4. 

A  continuous  stainless  strip  5  is  circulated  with- 
w  in  the  installation  starting  from  a  feed-spool  6  up  to 

a  take-up  spool  7  at  the  end  of  the  line.  The  strip  is 
guided  by  main  rollers  8,  9,  10  and  11,  and  by 
seal-roll  chambers  12a  to  12e  which  also  provide 
gas  pressure  isolation  between  compartments  and 

75  from  the  outside.  Seal-roll  chambers  are  detailed  in 
document  EP-A-176  109  incorporated  by  reference. 

The  components  1a  to  1d  of  the  present  in- 
stallation  are  provided  with  input  ducts  13a  to  13d, 
respectively,  and  output  ducts  14a  to  14d,  respec- 

20  tively.  The  output  ducts  are  used  in  connection  with 
one  or  more  suitable  pumps  to  establish  a  reduced 
pressure  within  the  enclosure.  The  input  ducts  are 
used  to  introduce  a  gas  at  low  pressure  to  sustain 
the  plasmatron  discharges  in  the  compartments; 

25  this  gas  is  usually  argon.  In  an  embodiment  of  the 
present  installation,  the  seal-roll  chambers  12b,  12c 
and  12d  can  be  omitted,  whereby  only  one  input 
duct,  for  instance  13d,  and  only  one  output  duct, 
for  instance  14a,  are  still  necessary  to  maintain  the 

30  full  enclosure  under  the  required  low  pressure  or 
argon  and  all  the  other  input  and  output  ducts  can 
be  suppressed  as  well  as  the  reduced  diameter 
section  between  the  compartments;  in  this  case, 
the  overall  shape  of  the  enclosure  along  its  length 

35  remains  approximately  constant. 
Each  compartment  of  the  present  enclosure  1 

contains  a  plasmatron  device  24  (individual  plas- 
matron  are  given  the  reference  numbers  24a  to 
24d)  which  is  represented  on  an  enlarged  scale  in 

40  fig.  2.  A  plasmatron  device  of  the  kind  used  in  the 
present  embodiment  comprises  a  magnet  frame  15 
carrying  three  magnets,  respectively  161,  162  and 
163  arranged  in  order  of  alternating  polarity,  so  that 
the  magnetic  field  created  by  said  magnets  is 

45  closed  in  a  confinement  space  between  the  mag- 
nets  and  an  anode  18,  as  represented  by  reference 
17  on  the  drawing.  The  magnets  are  placed  very 
close  to  the  path  of  the  circulating  strip  5  so  that 
the  strip  will  circulate  within  the  confinement  space 

so  17  while  being  prevented  from  rubbing  against  the 
magnets  by  means  of  rolls  19  made  of  a  non- 
magnetic  material,  for  instance  bronze  or  austenitic 
steel.  The  anode  18  is  connected  to  a  positive 
terminal  of  an  electric  generator  (not  shown)  by  a 

55  lead  passing  through  an  insulator  20  (for  instance 
of  steatite). 

When  the  strip  is  at  ground  potential  (as  is  the 
enclosure  as  shown  in  the  drawing)  and  the  cath- 

Brief  description  of  the  drawings 

Fig.  12  is  a  schematic  view  of  an  installation 
for  the  combined  plasma  etching  of  a  stainless 
steel  strip  and  Al  hot-dipping  of  said  strip  after 
etching. 

Fig.  2  is  an  enlarged  schematic  view  of  an 
etching  magnetron  device  used  in  the  installation  of 
Fig.  1. 

Fig.  3  is  a  schematic  view  of  another  em- 
bodiment  for  the  combined  plasma  etching  of  a 
stainless  steel  strip  and  its  subsequent  off-line  plat- 
ing  by  hot-dipping  into  molten  aluminum. 
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ode  18  is  at  a  positive  voltage  of  a  few  hundred 
volts,  for  argon  pressures  of  a  few  microbars,  a 
luminescent  discharge  is  generated  in  the  confine- 
ment  zone  17,  as  shown  by  the  darkened  area  in 
fig.  2.  Therefore  the  strip  which  passes  through  the 
luminescent  discharge  in  zone  17  is  etched  by  the 
impact  of  the  gaseous  ions  formed  in  this  region. 
Reference  22  designates  cooling  passages  through 
which  coolant  fluids  can  be  passed  in  case  refrig- 
eration  is  needed. 

The  several  successive  magnetron  devices 
housed  within  successive  compartments  1a  to  1d 
are  identical  with  that  represented  in  fig.  2,  how- 
ever  they  are  arranged  in  successive  alternate 
head-to-foot  orientation,  so  that  both  sides  of  the 
strip  can  be  etched  as  the  strip  5  progresses  along 
its  path  in  the  enclosure. 

Under  operation,  the  strip  5  moves  along  its 
path  in  the  enclosure  1  and  each  portion  thereof 
passes  successively  in  the  discharge  zones  17  of 
each  successive  plasmatron  device  24a  to  24d.  Of 
course,  if  desired,  the  number  of  compartments 
with  respective  plasmatron  can  be  more  than  4,  for 
instance  6,  8  or  more.  After  passing  the  last  dis- 
charge  zone,  the  etched  strip  is  guided  through 
seal-roll  chamber  12e  and  spout  2  into  the  bath  of 
molten  aluminum  4,  whereby  it  becomes  coated 
with  a  film  of  aluminum.  The  coating  weight 
(thickness)  is  controlled  by  means  of  a  conven- 
tional  wiping  apparatus  W  or  an  equivalent,  after 
which  the  aluminum  solidifies  by  cooling.  Then  the 
plated  strip  is  stored  over  take-up  spool  7. 

Under  normal  operation,  the  energy  develop- 
ped  in  the  plasmatron  discharge  is  sufficient  to 
heat  up  the  strip  to  the  desired  temperature  before 
it  enters  the  molten  aluminum  bath.  If  this  heating 
effect  is  insufficient  (for  instance  when  operating 
under  limited  magnetron  power  output)  a  supple- 
mental  heating  device  21  can  be  used  to  raise  the 
temperature  of  the  strip  to  the  desired  value.  This 
heating  device  can  be  for  instance  a  thermo-elec- 
tric  element  or  a  HF  induction-coil  element. 

Fig.  3  represents  schematically  another  ap- 
paratus  for  the  continuous  etching  and  subsequent 
immediate  plating  of  a  stainless  strip. 

This  apparatus  consists  of  a  double-sided  en- 
closure  31,  made  for  instance  of  high  grade  steel, 
one  side  being  for  the  entrance  of  unplated  strip 
and  the  other  side  for  the  removal  of  the  plated 
strip.  The  entrance  side  comprises  a  succession  of 
reduced  size  openings  32a  to  32d  of  very  narrow 
diameter  to  provide  a  pressure  tight  passage  to  a 
strip  33  supplied  by  a  spool  34  which  circulates 
vertically  in  the  enclosure  31.  Normally,  the  clear- 
ance  between  the  strip  and  the  edges  in  the  pas- 
sages  32a  to  32d  should  be  in  the  order  of  a  few 
tens  of  urn  (e.g.  30-100  urn)  to  be  sealingly  effec- 
tive. 

Then,  the  entrance  side  of  the  enclosure  com- 
prises  a  series  of  magnetron  devices  34a  to  34d 
each  of  which  corresponds  to  that  illustrated  in  fig. 
2  and  comprising  a  magnet  unit  35a  to  35d  and  an 

5  anode  (38a  to  38d).  The  magnet  units  and  the 
corresponding  anodes  are  in  registration  with  the 
moving  strip  33  exactly  as  disclosed  in  the  pre- 
vious  embodiment  so  that  the  strip  becomes 
etched  on  both  sides  as  it  progressively  passes 

10  through  the  discharge  zones  generated  between 
the  strip  surface  (at  cathode  potential)  and  the 
respective  anodes. 

As  the  strip  leaves  the  last  magnetron  element 
(35d,  38d)  it  passes  over  a  turning  roller  39  which 

75  is  partly  immersed  in  a  molten  aluminum  bath  40, 
this  bath  being  replenished  as  necessary  with  mol- 
ten  metal  by  syphoning  means  41  represented 
schematically  by  a  reservoir  42  of  molten  alu- 
minum  and  a  bent  tube  43,  the  molten  metal  of 

20  reservoir  42  being  raised  to  the  level  of  the  bath  40 
by  the  atmospheric  pressure  working  against  the 
reduced  pressure  of  argon  within  the  enclosure  31  ; 
therefore  the  level  of  molten  metal  of  bath  40  is 
maintained  under  control. 

25  After  being  plated  with  Al  by  its  passage  in 
bath  40,  the  coating  weight  being  conventionally 
controlled  by  wiping  (see  W  in  the  drawing)  the 
strip  5  leaves  the  enclosure  through  gas  sealed 
passage  means  44a  to  44d  which  are  of  similar 

30  cons  truction  as  the  aforementioned  passages  32a 
to  32d,  and  is  stored  over  a  take-up  spool  45. 

The  enclosure  31  is  provided  with  a  series  of 
opening  ducts  referenced  Pi,  P2,  P3,  P4  and  Ar. 
The  P  labelled  ducts  are  for  build  up  of  progres- 

35  sively  reduced  pressure  within  the  enclosure,  i.e. 
they  are  connected  to  respective  vacuum  pumps 
(not  represented),  while  duct  labelled  Ar  is  for  the 
arrival  of  a  plasma  sustaining  gas,  usually  argon. 

The  operation  of  this  apparatus  practically  du- 
40  plicates  that  of  the  previous  embodiment.  The  strip 

supplied  by  the  feed  spool  34  penetrates  into  the 
enclosure  through  the  successive  gas  tight  open- 
ings  32a  to  32d;  it  gets  etched  by  passing  through 
the  discharge  zones  in  the  plasmatron  devices  35a 

45  -  38a  to  35d  -  38d;  and  then  it  is  plated  with 
aluminum  by  passing  through  bath  40  and,  finally, 
it  exists  from  the  enclosure  by  passages  44a  to 
44d  and  is  stored  over  take-up  spool  45. 

The  following  example  illustrates  the  invention 
50  in  detail. 

Example 

55  An  apparatus  of  the  kind  illustrated  in  fig.  3  was 
used.  The  strip  was  a  0.5  mm  thick  and  1  m  wide 
stainless  strip;  therefore  the  width  of  each  mag- 
netron  (10  units)  was  in  correspondence.  The  dis- 
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tance  between  the  strip  and  the  magnet  elements 
was  set  to  8  mm  (see  rolls  19  in  fig.  1)  and  the 
discharge  confinement  zone  between  the  strip  and 
the  anodes  38  (made  of  tantalum)  was  25  mm  thick 
2  x  3  cm  high  (surface  about  600  cm2  for  each 
magnetron).  The  magnets  were  made  of  samarium- 
cobalt  alloy  giving  a  magnetic  field  of  intensity 
oersted  in  the  working  surface. 

The  pumps  connected  to  outputs  Pi  to  P* 
gave,  respectively,  10,  10~1,  10~3  and  10~5  mbar 
and  the  Argon  input  was  adjusted  to  give  about  3-5 
x  10~3  mbar  argon  pressure  in  the  discharge  areas. 
The  molten  aluminum  was  maintained  at  640- 
680°  C.  The  strip  was  grounded  throught  the  enclo- 
sure  and  under  500-600  V  DC,  the  discharge  cur- 
rent  was  about  20-40  mA/cm2  which  means  an 
energy  consumption  of  2-5  kW  per  magnetron. 
Occasionally,  preheating  of  the  strip  before  enter- 
ing  the  bath  of  molten  aluminum  was  applied. 

With  strip  delivery  rates  of  20-60  m/min,  homo- 
genous  unpitted,  well  adherent  Al  plating  of  3-100 
urn  thick  were  recorded. 

aluminum  on  both  sides  of  a  stainless  steel  sheet- 
iron  strip  comprising: 
a)  an  elongated  vacuum  enclosure  swept  by  argon 
under  about  10~4  -  10~2  mbar  of  pressure  provided 

5  with  gastight  means  for  feeding  and  circulating 
unplated  strip  throughout  the  enclosure. 
b)  a  bath  of  molten  aluminum  means  for  continu- 
ously  circulating  the  strip  therein  and  removing  it 
afterward,  so  that  the  strip  is  dipped  into  the  mol- 

10  ten  aluminum  and  a  layer  thereof  is  coated  on  the 
strip  surface  and  solidifies  by  cooling  upon  with- 
drawal  from  the  bath; 
c)  a  plurality  of  reciprocally  acting  plasma  mag- 
netron  etching  devices  alternatively  placed,  in  suc- 

r5  cession  in  the  enclosure  along  the  moving  strip  and 
on  both  sides  thereof,  each  of  said  devices  com- 
prising 
i)  a  magnet  element  on  one  side  of  the  strip  and,  in 
registration  therewith, 

20  ii)  a  counter-electrode  on  the  other  side  of  the  strip, 
and 
iii)  means  to  apply  a  positive  voltage  thereto  rela- 
tive  to  the  strip  to  generate  a  low  pressure  argon 
plasma  discharge  which  will  be  concentrated  by 

25  the  magnetic  field  of  the  magnet  element  to  at 
least  one  confinement  zone  between  the  strip  and 
said  counter-electrode, 
the  whole  arrangement  being  so  that  both  sides  of 
the  displacing  strip  are  progressively  and  control- 

30  lably  etched  by  the  plasma  in  the  confinement 
zones  of  the  successive  etching  devices  before  the 
strip  enters  the  molten  aluminum  bath,  thus  as- 
suring  optimalized  cleaning  of  the  strip  and  op- 
timalized  wetting  and  adhesion  of  the  coating  metal 

35  on  the  steel  surface. 
5.  The  apparatus  of  claim  4,  in  which  said 

elongated  vacuum  enclosure  is  a  horizontally  ori- 
ented  tubular  hollow  holder  provided  with  gastight 
input  means  at  one  end  for  the  admission  of  said 

40  strip  and,  at  another  end,  a  vertically  oriented  spout 
whose  tip  plunges  in  said  bath  of  molten  aluminum, 
roller  means  being  provided  to  direct  the  strip 
axially  in  the  enclosure,  then  through  the  spout  into 
the  molten  aluminum  bath,  and  then  upwards  out  of 

45  the  bath,  whereby  the  plated  strip  is  collected  and 
stored. 

6.  The  apparatus  of  claim  4,  in  which  the 
enclosure  is  vertically  oriented  with  the  molten  Al 
bath  located  at  bottom  thereof  and  divided  into  two 

so  main  parallel  sections,  an  input  section  containing 
said  plurality  of  magnetron  etching  devices  and  in 
which  the  strip  is  displaced  downwardly  to  be  dip- 
ped  into  said  bath,  and  an  output  section  in  which 
the  strip  is  displaced  upwards  for  cooling  after 

55  being  plated  with  aluminum  and  being  removed 
from  said  bath. 

7.  The  apparatus  of  claims  5  and  6,  in  which 
the  moving  strip  passed  across  several  successive 

Claims 

1  .  Method  for  the  continuous  plating  of  a  stain- 
less  steel  strip  with  an  adherent,  protective  layer  of 
aluminum,  which  comprises  the  steps  of: 

a)introducing  the  strip  at  an  end  of  an  elon- 
gated  low  pressure  argon  swept  enclosure  and 
continuously  circulating  it  within  said  enclosure 
along  a  path  very  close  to  a  series  of  magnetron 
devices  and  in  registration  therewith,  so  that  the 
strip  is  subjected,  as  it  travels  along  said  path,  to  a 
series  of  low  argon  pressure  plasmatron  discharges 
from  said  magnetron  devices  and  the  surface  of 
the  strip  becomes  regularly  and  efficiently  etched 
by  said  plasmatron  discharges; 

b)  off-line  passing  the  freshly  etched  strip 
into  a  bath  of  molten  aluminum  and  withdrawing  if 
afterwards,  so  that  a  layer  of  said  aluminum  depos- 
its  by  dip-coating  on  the  etched  surface  of  the  strip 
and  solidifies  upon  withdrawal  and  cooling  into  a 
thin,  homogeneous  and  strongly  adherent  alumi- 
num  film; 

c)  collecting  the  aluminum  plated  strip  by 
rolling  it  over  a  take-up  spool. 

2.  The  method  of  claim  1  in  which  the  strip 
leaves  said  enclosure  at  another  end  thereof  before 
entering  the  molten  aluminum  bath. 

3.  The  method  of  claim  1,  in  which  the  molten 
aluminum  bath  is  located  within  the  same  enclo- 
sure  in  which  the  strip  is  subjected  to  etching  by 
plasmatron  discharge,  and  in  which  the  strip  leaves 
the  enclosure  after  being  plated  with  aluminum  to 
be  stored  at  step  (c)  on  said  take-up  spool. 

4.  Apparatus  for  continuously  dip-plating  with 
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compartments  of  said  parallel  sections  in  which  the 
internal  pressure  is  progressively  reduced,  the 
etching  operation  being  carried  out  in  the  compart- 
ment  with  the  lowest  pressure. 

8.  The  apparatus  of  claim  6,  in  which  said  5 
lowest  pressure  is  about  3-5  x  10~3  mbar  of  argon 
and  the  discharge  is  effected  under  about  300- 
1000  V  and  10-1000  mA/cm2  of  the  strip  surface. 

9.  The  apparatus  of  claim  6,  in  which  well 
adherent,  homogeneous  coatings  of  aluminum  20  m 
to  800  urn  thick  are  obtained. 
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