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©  Process  and  apparatus  for  continuously  cleaning  elongated  substrates,  and  objects  thus  cleaned. 

©  The  invention  relates  to  a  process  for  the  con- 
tinuous  cleaning  of  an  elongated  substrate,  such  as 
a  wire,  a  strip,  a  cord,  etc.,  whereby  the  substrate 
(1  1  )  to  be  cleaned  is  guided  through  a  high  vacuum 
chamber  (12,  13),  whereby  an  inert  sputtering  gas  , 
such  as  argon,  is  introduced  into  this  chamber  and  a 
sufficiently  high  voltage  difference  and  current  is 
maintained  between  the  substrate  (1  1  )  used  as  cath- 
ode  and  an  anode  (18)  present  in  the  chamber,  so 
that  an  electrical  discharge  occurs  between  these 
two  electrodes,  as  a  result  of  which  the  substrate 
(11)  is  cleaned  by  the  impact  of  inert  gas  ions  when 
passing  through  the  vacuum  chamber  (1  2,  1  3). 
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PROCESS  AND  APPARATUS  FOR  THE  CLEANING  OF  AN  ELONGATED  SUBSTRATE,  SUCH  AS  A  WIRE,  A 
STRIP,  A  CORD,  ETC.  AND  OBJECTS  THUS  CLEANED 

The  invention  related  in  the  first  place  to  a 
process  for  the  continuous  cleaning  of  an  elon- 
gated  substrate  such  as  a  wire,  a  strip,  a  cord,  etc. 

Elongated  metal  objects,  such  as  steel  wires, 
are  made  by  special  techniques  such  as  wire  draw- 
ing,  during  which  the  cross  section  of  the  objects  is 
reduced.  This  reduction  in  cross  section  is  gen- 
erally  carried  out  in  appropriate  equipment  using 
suitable  lubricants.  Residues  of  these  lubricants 
must  generally  be  removed  from  the  fabricated 
objects,  if  these  objects  are  subsequently  to  be 
used  successfully.  This  may  also  be  the  case  for 
non-metallic,  elongated  objects,  such  as  man-made 
fibres,  on  the  surface  of  which  residues  of  other 
materials  may  be  left  after  the  manufacturing  pro- 
cess. 

The  continuous  cleaning  of  elongated  sub- 
strates  is  particularly  important  if  these  substrates 
have  to  be  coated  subsequently  of  if  these  sub- 
strates  have  to  be  subsequently  embedded  as  a 
reinforcement,  because  the  adhesion  between  sub- 
strate  and  coating  or  between  substrate  and  ma- 
terial  to  be  reinforced  is  substantially  improved 
when  the  substrate  has  been  adequately  cleaned. 

It  is  an  object  of  the  invention  to  provide  a 
suitable  process  for  the  continuous  and  highly  ef- 
fective  cleaning  of  an  aiongated  substrate. 

It  is  a  further  object  of  the  invention  to  provide 
a  process  that  allows  this  cleaning  to  be  carried  out 
at  high  speed. 

To  this  end,  the  invention  proposes  that  the 
elongated  substrate  to  be  cleaned  is  guided 
through  a  high  vacuum  chamber  and  that  an  inert 
sputtering  gas,  such  as  argon,  is  introduced  into 
this  chamber  and  that  a  sufficiently  high  voltage 
difference  and  current  is  maintained  between  the 
cathodic  substrate  and  an  anode  provided  in  this 
chamber,  so  that  an  electrical  discharge  is  gen- 
erated  between  these  two  electrodes  and  a  plasma 
results,  whereby  the  substrate  is  cleaned  by  the 
impact  of  inert  gas  ions  from  the  plasma  while 
passing  through  the  vacuum  chamber. 

Preferably,  the  anode  is  formed  by  an  elon- 
gated  casing,  such  as  a  circular  cylindrical  surface, 
whereby  the  substrate  is  guided  longitudinally 
through  the  anode  while  the  elongated  substrate  is 
kept  at  ground  potential. 

It  is  most  preferable  to  guide  the  inert  sputter- 
ing  gas  and  the  substrate  to  be  cleaned  through 
the  anode,  for  example  a  copper  tube,  in  opposite 
directions. 

In  particular,  the  substrate  to  be  cleaned  is  pre- 
cleaned  by  induction  heating  under  vacuum  prior  to 
the  plasma  cleaning  in  the  high  vacuum  chamber. 

The  invention  also  related  to  an  apparatus  for 
the  continuous  cleaning  of  an  elongated  substrate, 
such  as  a  wire,  a  cord,  a  strip,  etc.  in  which  this 
apparatus  is  at  least  provided  with  a  chamber  with 

5  means  to  evacuate  this  chamber  to  a  high  vacuum, 
with  an  anode  in  this  high  vacuum  chamber,  and 
with  means  to  introduce  an  inert  sputtering  gas, 
such  as  argon,  into  this  high  vacuum  chamber.  The 
apparatus  according  to  the  present  invention  is 

70  characterized  in  that  the  apparatus  is  also  provided 
with  means  for  the  continuous  guiding  of  the  elon- 
gated  substrate  through  the  high  vacuum  chamber 
and  with  means  for  maintaining  a  sufficiently  high 
potential  difference  and  current  between  the  ca- 

75  thodic  substrate  and  the  anode  present  in  the 
chamber,  so  that  a  glow  discharge  is  established 
between  these  two  electrodes  and  a  plasma  is 
formed. 

Preferably,  the  anode  is  an  elongated  casing, 
20  such  as  a  circular,  cylindrical  surface. 

Finally,  the  invention  also  related  to  elongated 
substrates  that  are  cleaned  according  to  the  pro- 
cess  and  in  the  apparatus  according  to  the  inven- 
tion. 

25  The  invention  will  now  be  further  explained  in 
the  following  detailed  description  and  accompany- 
ing  drawing,  wherein  : 

Figure  1  represents  a  flow  chart  of  a  com- 
plete  line  of  which  the  apparatus  according  to  the 

30  invention  forms  a  part,  and 
Figure  2  represents  a  longitudinal  section  of 

an  apparatus  according  to  the  invention. 
In  Figure  1  parts  of  a  complete  line  are  in- 

dicated  by  number  1 -9 ,   whereby  the  number  5 
35  indicates  the  apparatus  according  to  the  invention. 

The  elongated  substrate  to  be  cleaned  is  reeled  off 
a  coil  or  such  means  in  station  1  and  is  fed  through 
chambers  2  and  3  with  vacuum  seal  lock  4  into  the 
actual  cleaning  apparatus  5,  whereupon  it  is  re- 

40  wound  onto  a  coil  6,  thereby  passing  through 
chamber  3'  with  vacuum  seal  lock  4'  and  chamber 
2'.  Such  a  line  has  for  instance  been  described  in 
U.K.  patent  1.362.735  in  which  a  high  vacuum 
chamber  is  preceded  and  succeded  by  two  vacu- 

45  um  chambers. 
The  vacuum  chambers  2  and  2'  are  connected 

to  a  Roots  vacuum  booster  7  known  per  se,  where- 
as  chambers  3  and  3'  are  connected  to  a  rotary 
vacuum  pump  8.  The  high  vacuum  chamber  5  is 

50  connected  to  a  turbomolecular  pump  9.  Between 
the  atmosphere  (unwinding  and  rewinding  stations 
1  and  6)  and  the  chambers  2  and  2'  respectively, 
suitable  means  of  passage  10  and  10'  are  pro- 
vided.  Between  the  chambers  3  and  5  and  between 

2 
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the  chambers  3'  and  5  vacuum  tight  valves  (4  and 
4'  respectively)  are  present. 

The  line  operates  as  follows.  With  the  Roots 
vacuum  booster  7,  with  for  instance  a  capacity  of 
500  m3  per  hour,  a  vacuum  of  10  -1  to  10  - 2 .  
Torr  is  achieved  in  chambers  2  and  2'.  The  cham- 
bers  3  and  3'  are  evacuated  still  further  with  pump 
8,  with  for  instance  a  capacity  of  10  m3  per  hour,  to 
a  final  pressure  of  for  example  10  ~2  Torr  or 
lower.  The  high  vacuum  chamber  5  is  evacuated 
using  the  turbomolecular  vacuum  pump  9  to  a  high 
vacuum,  for  instance  10  -+  to  10  ~  7  Torr. 
During  the  evacuation  of  the  chamber  5,  the  valves 
4  and  4'  are  completely  closed.  After  this  situation 
has  been  reached,  the  line  is  ready  to  start  the 
process  for  cleaning  the  elongated  substrate  11, 
whereupon  valves  4  and  4  1  are  opened. 

Figure  2  shows  the  longitudinal  section  of  a 
typical  vacuum  chamber  5.  This  chamber  5  con- 
sists  of  two  sections  12  and  13,  interconnected  by 
the  openings  14.  The  actual  piece  of  equipment  15 
for  the  cleaning  of  the  elongated  substrate  11  is 
contained  in  section  13.  The  section  12  is  provided 
with  connectors  16  for  the  turbomolecular  pump  9 
and  with  connectors  17  for  the  supply  of  an  inert 
gas,  such  as  argon,  nitrogen,  etc. 

The  piece  of  equipment  15  comprises  a  cir- 
cular  cylindrical  anode  18  with  cable  connectors  19 
to  provide  the  electrical  potential.  This  anode  may 
for  instance  be  a  copper  tube.  This  anode  18  is 
supported  by  a  tube  20,  made  for  instance  fom 
stainless  steel,  and  subsequently  by  a  tube  21 
made  from  insulating  material,  for  instance  alumin- 
ium  oxide.  The  both  ends  of  the  tubes  20  and  21 
are  incorporated  in  the  insulating  supports  22  and 
23.  The  tubes  20  and  21  can  in  theory  be  replaced 
by  a  single  tube  made  from  insulating  material,  in 
which  case  the  wall  thickness  of  this  single  tube  is 
about  equal  to  the  sum  of  the  wall  thicknesses  of 
the  tubes  20  and  21  .  The  ends  of  the  anode  1  8  are 
incorporated  into  the  insulating  supports  24  and  25. 
Between  the  end  of  the  anode  18  and  the  insulat- 
ing  support  24,  a  spring  26  has  been  provided.  The 
supports  24  and  25  fit  into  clamping  devices  27 
and  28.  The  clamping  device  27  has  been  fixed  to 
the  wall  between  sections  12  and  13,  whereas  the 
clamping  device  28  cen  be  screwed  onto  the  end 
of  the  section  1  2.  It  is  clear  that  the  spring  26  can 
be  slackened  by  loosening  the  clamping  device  28, 
as  a  result  of  which  the  anode  18  is  expelled  and 
can  thus  easily  exchanged  for  another  tube  18.  In 
addition,  the  vacuum  chamber  5  is  also  provided 
with  a  flange  connection  29,  which  permits  the 
removal  of  the  anode  18  without  loosening  the 
clamping  devices  27  and  28.  The  lid  30  of  the 
section  12  also  has  a  flange  connection.  The  diam- 
eter  of  the  tube  18  is  for  example  about  20  mm, 
whereas  its  length  is  for  instance  about  500  mm. 

The  process  for  cleaning  an  alongated  sub- 
strate  1  1  ,  such  as  a  wire,  a  strip,  etc,  is  as  follows. 
When  the  line  is  ready  to  operate  the  process,  the 
substrate  1  1  to  be  cleaned  is  fed  through  the  piece 

5  of  equipment  15  as  indicated  by  the  arrow  31.  The 
pump  9  is  switched  off  and  an  inert  sputtering  gas, 
such  as  argon,  is  fed  into  the  vacuum  chamber  5 
or  into  sections  12  and  13  in  a  continuous  manner 
until  a  pressure  between  0.01  and  10  Torr  has 

w  been  reached.  A  sufficiently  high  voltage  difference 
is  maintained  between  the  anode  18  and  the  sub- 
strate  1  1  (the  cathode),  so  that  a  glow  discharge  is 
established  and  a  plasma  is  formed.  This  may 
occur  at  a  voltage  difference  of  100  to  1.000  V  and 

15  a  current  between  50  and  200  mA.  The  substrate 
1  1  is  then  cleaned  by  the  impact  of  the  inert  argon 
ions  from  the  plasma  between  the  substrate  1  1  (the 
cathode)  and  the  cylindrical  tube  18  (the  anode). 
The  substrate  1  1  will  be  preferably  kept  at  ground 

20  potential.  It  is  also  possible  to  apply  an  alternating 
potential  between  the  anode  18  and  the  substrate 
1  1  (the  cathode)  in  order  to  attain  the  so-called  RF- 
state.  Triode  sputtering  is  also  possible  with  the 
apparatus  according  to  the  invention. 

25  An  important  characteristic  of  the  process  ac- 
cording  to  the  invention  is  that  the  inert  sputtering 
gas,  such  as  argon  is  led  through  the  anode  18  in 
the  direction  of  the  arrow  32.  This  means  that  the 
substrate  11  and  the  sputtering  gas  move  in  op- 

30  posite  directions  within  the  evacuated  section  12 
and  in  particular  within  the  anode  18.  This  can  for 
example  be  achieved  by  ensuring  a  lower  pressure 
in  the  chamber  3  than  in  the  chamber  3',  or  by 
making  sure  that  the  resistance  between  the  cham- 

35  bers  3  and  5  is  smaller  than  the  resistance  be- 
tween  the  chambers  3'  and  5. 

The  process  according  to  the  invention  is  par- 
ticularly  suitable  for  metal  substrates,  such  as  steel 
wires,  steel  cords,  etc.  which  have  been  coated 

40  with  zinc,  brass,  etc.  These  elongated  steel  pro- 
ducts,  whether  coated  or  uncoated,  generally  carry 
residues  of  lubricants  which  are  difficult  to  remove. 
It  has  been  found  that  elongated  substrates  are 
efficiently  cleaned  when  fed  at  high  speeds(20  m 

45  per  minute  or  more)  when  using  the  process  ac- 
cording  to  the  invention. 

The  process  according  to  the  invention  is  fur- 
ther  characterized  in  that  the  substrate  11  to  be 
cleaned  is  pre-cleaned  by  induction  heating  under 

so  vacuum,  prior  to  cleaning  in  the  high  vacuum 
chamber  or  prior  to  the  plasma  cleaning.  This  pre- 
cleaning  can  be  carried  out  for  example  in  the 
chamber  2  at  temperatures  up  to  about  300  °C. 

Within  the  context  of  the  invention,  improve- 
55  ments  can  be  introduced,  both  with  regard  to  the 

process  and  to  the  apparatus.  For  instance,  a  coil 
can  be  fitted  around  the  anode  18  in  the  section 

3 
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13,  so  as  to  generate  a  magnetic  field  between  the 
mode  18  and  the  substrate  11,  which  further  im- 
)roves  the  quality  of  the  cleaning  of  the  substrate. 

Claims 

1.  Process  for  the  continuous  cleaning  of  an 
jlongated  substrate,  such  as  a  wire,  a  strip,  a  cord, 
3tc,  characterized  in  that  the  substrate  (11)  to  be 
cleaned  is  guided  through  a  high  vacuum  chamber 
;12,  13),  that  an  inert  sputtering  gas  ,  such  as 
argon,  is  introduced  into  this  chamber  and  a  suffi- 
:ientiy  high  voltage  difference  and  current  is  main- 
ained  between  the  substrate  (11)  used  as  cathode 
and  an  anode  (18)  present  in  the  chamber,  so  that 
3n  electrical  discharge  occurs  between  these  two 
3lectrodes,  as  a  result  of  which  the  substrate  (11) 
s  cleaned  by  the  impact  of  inert  gas  ions  when 
passing  through  the  vacuum  chamber  (12,  13). 

2.  Process  according  to  claim  1,  characterized 
in  that  the  anode  (18)  consists  of  an  elongated 
casing,  inside  which  the  elongated  substrate  is 
guided  in  the  longitudinal  direction. 

3.  Process  according  to  claim  2,  characterized 
in  that  the  elongated  casing  (18)  is  a  circular, 
cylindrical  surface. 

4.  Process  according  to  one  or  more  of  the 
preceding  claims  1-3,  characterized  in  that  the 
elongated  substrate  (1  1  )  is  kept  at  ground  potential. 

5.  Process  according  to  one  or  more  of  the 
preceding  claims  1-4,  characterized  in  that  an  al- 
ternating  voltage  is  applied  between  the  two  elec- 
trodes  (11,  18). 

6.  Process  according  to  one  or  more  of  the 
preceding  claims  1-5,  characterized  in  that  the  inert 
sputtering  gas  and  the  substrate  (1  1  )  to  be  cleaned 
are  fed  through  the  anode  (18)  in  opposite  direc- 
tions. 

7.  Process  according  to  one  or  more  of  the 
preceding  claims  1-6,  characterized  in  that  the 
elongated  substrate  (1  1  )  to  be  cleaned  is  metal,  in 
particular  steel. 

8.  Process  according  to  claim  7,  characterized 
in  that  the  metal  substrate  is  provided  with  a  coat- 
ing. 

9.  Process  according  to  claim  8,  characterized 
in  that  the  coating  is  brass  or  zinc. 

10.  Process  according  to  one  or  more  of  the 
preceding  claims  1-9,  characterized  in  that  the  sub- 
strate  to  be  cleaned  in  the  high  vacuum  chamber 
(plasma  cleaning)  is  pre-cieaned  by  induction  heat- 
ing  under  vacuum. 

1  1  .  Apparatus  for  the  continuous  cleaning  of  an 
elongated  substrate  such  as  a  wire,  a  strip,  a  cord, 
etc.,  comprising  at  least  a  chamber  with  means  to 
evacuate  this  chamber,  an  anode  mounted  inside 
this  high  vacuum  chamber,  means  for  introducing 

an  inert  sputtering  gas,  sucn  as  argon,  in  tnis 
vacuum  chamber,  characterized  in  that  the  appara- 
tus  (5)  is  also  provided  with  means  to  continuously 
guide  the  elongated  substrate  (11)  through  the  high 

5  vacuum  chamber  (12,  13)  and  with  means  to  main- 
tain  a  sufficiently  high  voltage  and  current  dif- 
ference  between  the  substrate  (11)  as  cathode  and 
the  anode  (18)  present  in  the  chamber,  so  that  a 
glow  discharge  is  established  between  the  two 

<o  electrodes  (11,  18). 
12.  Apparatus  according  to  claim  11,  character- 

ized  in  that  the  anode  (18)  is  an  elongated  casing. 
13.  Apparatus  according  to  claim  12,  character- 

ized  in  that  the  elongated  casing  is  a  circular 
rs  cylindrical  surface. 

14.  Apparatus  according  to  one  or  more  of  the 
preceding  claims  11-13,  characterized  in  that  the 
high  vacuum  chamber  (12,  13)  consists  of  two 
sections,  interconnected  by  openings  (14). 

30  1  5.  Apparatus  according  to  one  or  more  of  the 
preceding  claims  11-14,  characterized  in  that  the 
ends  of  the  anode  (18)  are  incorporated  between 
insulating  supports  (24,  25)  in  the  walls  of  one 
section  (13)  of  the  high  vacuum  chamber  (12,  13), 

25  and  that  the  other  section  (12)  of  the  high  vacuum 
chamber  is  provided  with  an  inlet  (17)  for  an  inert 
gas. 

16.  Apparatus  according  to  claim  15,  character- 
ized  in  that  a  spring  (26)  is  provided  between  one 

30  end  of  the  anode  (18)  and  its  corresponding  in- 
sulating  support  (24). 

17.  Apparatus  according  to  one  or  more  of  the 
preceding  claims  11-16,  characterized  in  that 
means  are  provided  to  guide  the  inert  sputtering 

35  gas  and  the  substrate  (11)  to  be  cleaned  through 
the  anode  (1  8)  in  opposite  directions. 

18.  Metal  elongated  substrate,  characterized  in 
that  the  substrate  is  cleaned  according  to  the  pro- 
cess  according  to  one  or  more  of  the  preceding 

40  claims  1-10. 
19.  Metal  elongated  substrate  according  to 

claim  18,  characterized  in  that  the  substrate  is 
made  of  steel. 

20.  Metal  elongated  substrate  according  to 
45  claim  18  or  19,  characterized  in  that  the  substrate 

is  provided  with  a  coating. 
21.  Metal  elongated  substrate  according  to 

claim  20,  characterized  in  that  the  coating  has. 
been  chosen  from  brass  and  zinc. 

50 
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