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Description 

This  invention  relates  to  electrostatic  spraying. 
Our  UK  Specification  No.  1  569  707  discloses  an  electrostatic  spraying  apparatus  wherein  a  sprayhead 

5  has  a  conducting  or  semiconducting  surface  which  is  charged  to  a  potential  of  the  order  of  1  to  20  Kilovoits 
and  a  field  intensifying  electrode  which  is  mounted  adjacent  to  the  surface  and  is  connected  to  earth 
potential.  When  spraying  liquid  is  delivered  to  the  sprayhead  the  electrostatic  field  at  the  surface  is 
sufficient  to  cause  liquid  to  be  atomised  without  substantial  corona  discharge.  Charged  particles  of  a  liquid 
emerging  from  the  sprayhead  are  projected  past  the  electrode  to  a  target,  which  is  also  at  earth  potential. 

10  The  provision  of  the  earthed  intensifying  electrode  offers  three  advantages.  First,  the  electrostatic  field 
at  the  conducting  or  semiconducting  surface  is  greater  than  it  would  otherwise  be,  since  the  electrode  is 
much  closer  to  the  surface  than  is  the  target.  This  means  that  the  potential  applied  to  the  surface  can  be 
lower,  which  means  that  a  cheaper  and  safer  generator  can  be  employed.  Secondly,  the  spacing  between 
the  electrode  and  the  conducting  or  semiconducting  surface,  and  hence  the  electrostatic  field  at  the 

15  surface,  is  constant.  In  spraying  operations  which  involve  movement  of  a  sprayhead  relative  to  a  target, 
such  as  crop  spraying,  there  can  be  major  variations  in  the  spacing  between  the  sprayhead  and  the  target.  If 
there  is  no  field  intensifying  electrode,  such  variations  in  spacing  cause  corresponding  variations  in  the 
effective  electrostatic  field.  Finally,  in  spraying  operations  which  produce  small,  satelite  droplets  of 
spraying  liquid,  such  smaller  particles  can  be  attracted  to  the  field  intensifying  electrode. 

20  In  large  scale  agricultural  spraying  there  is  a  continual  demand  for  apparatus  capable  of  operating  at 
higher  flow  rates  and  there  is  also  a  demand  for  smaller  droplet  size,  for  example,  down  to  approximately 
30  urn  diameter.  These  demands  are  conflictung,  since  increasing  theflowrate  produces  an  increase  in  the 
size  of  the  droplets,  other  parameters  remaining  constant.  Moreover,  the  combination  of  a  high  flowrate 
and  a  small  droplet  size  causes  a  large  "back  spray"  of  droplets,  which  are  repelled  away  from  the  main 

25  body  of  droplets  and  settle  on  the  apparatus  or  drift  away  into  the  air. 
According  to  the  invention  there  is  provided  electrostatic  spraying  apparatus  comprising  an 

electrostatic  sprayhead,  means  for  causing  a  first  electric  potential  to  be  applied  to  liquid  which  emerges 
from  the  sprayhead,  an  electrode  mounted  adjacent  to  the  sprayhead,  and  means  for  applying  a  second 
electrical  potential  to  the  electrode  such  that  an  intense  electrical  field  is  developed  between  the  emerging 

30  liquid  and  the  electrode,  the  intensity  of  the  field  being  sufficient  to  cause  atomisation  of  liquid,  wherein  the 
electrode  comprises  a  core  of  conducting  or  semiconducting  material  contained  in  a  sheath,  characterised 
in  that  the  sheath  has  a  specific  resistance  of  5x1010  to  5x1012ohmcm. 

The  apparatus  may  further  comprise  insulating  means  so  arranged  that  the  resistance  to  a  flow  of  the 
said  charge  across  the  surface  of  the  sheathing  material  to  the  said  conducting  or  semiconducting  core  is 

35  greater  than  the  resistance  to  a  flow  of  the  said  charge  through  the  sheathing  material  to  the  conducting  or 
semiconducting  core.  Suitably,  the  means  for  applying  the  second  electrical  potential  then  includes  an 
electrical  conductor  which  is  electrically  connected  to  the  conducting  or  semiconducting  core  and  has  a 
cover  of  insulating  material,  and  the  insulating  means  is  provided  between  engaging  parts  of  the  sheathing 
material  and  the  cover. 

40  The  sprayhead  may  include  an  orifice  of  generally  circular  section  with  the  electrode  generally  circular. 
Alternatively,  the  sprayhead  may  include  an  orifice  of  generally  annular  section  and  the  electrode 
comprises  a  generally  ring-shaped  electrode  element  and/or  a  generally  disc-shaped  electrode  element. 
Alternatively,  the  sprayhead  may  have  a  linear  orifice,  in  which  case  the  electrode  comprises  two  mutually 
spaced,  parallel  arranged  linear  electrode  elements. 

45  It  has  been  found  that  this  "semi-insulating"  sheath  on  the  electrode  has  a  number  of  benefits  and  that 
the  properties  of  the  material,  especially  the  volume  resistivity,  have  a  major  effect  on  the  performance  and 
reliability  of  our  sprayers.  The  "semi-insulating"  sheath  provides  a  high  local  resistance  between  the 
sprayhead  and  the  conducting  core  of  the  adjacent  electrode,  thus  enabling  the  potential  at  any  point  of  the 
outside  surface  of  the  sheath  to  vary  from  the  potential  applied  to  the  core  according  to  the  local  current 

so  flow.  This  suppresses  disruptive  sparking  between  the  sprayhead  and  the  electrode  and  enables  a  higher 
potential  difference  to  be  maintained  between  the  sprayhead  and  the  electrode.  It  also  suppresses 
disruptive  corona  which  can  result  from  a  fibre  or  other  dirt  landing  on  the  electrode.  In  addition,  it  reduces 
the  degrading  effect  on  atomisation  of  mechanical  defects  and  of  accidental  liquid  build-up  on  the 
electrode.  In  particular,  the  exact  location  of  the  electrode  relative  to  the  sprayhead  is  less  critical. 

55  Whilst  the  above  benefits  rely  on  the  sheathing  material  having  sufficiently  high  volume  resistivity,  if 
the  resistivity  is  too  high  the  leakage  of  charge  through  the  material  can  be  too  low,  and  hence  the 
atomisation  is  impaired.  In  agriculture,  the  upper  limit  on  the  volume  resistivity  is  determined  by  the  need 
for  the  sprayer  to  operate  in  both  low  and  high  humidities.  It  has  been  found  that  the  volume  resistivity  of 
the  sheathing  material  must  be  chosen  to  optimise  a  sprayers  performance  and  reliability,  and  is  generally 

60  between  5x1011  and  5x1013ohmcm. 
As  hereinafter  explained,  a  specific  resistance  R  can  be  defined  for  sheathing  material  in  tubular  form. 

The  value  for  the  specific  resistance  is  between  5x1010  and  5x1012ohm  cm. 
The  dielectric  strength  of  the  material  and  the  thickness  of  the  sheath  must  be  sufficient  to  withstand 

the  potential  difference  between  the  sprayhead  and  conducting  core  of  the  electrode  without  electrical 
65  breakdown.  The  dielectric  strength  of  the  sheathing  material  is  suitably  above  15  KV/mm  and  the  thickness 
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of  the  sheath  is  suitably  0.75  to  5.0  mm,  preferably  1.5  to  3.5  mm.  For  use  as  an  agricultural  sprayer,  the 
sheathing  material  must  be  both  mechanically  and  electrically  stable  to  the  range  of  agrochemicals 
sprayed  and  to  the  weather  conditions.  The  sheath  must  also  be  mechanically  robust. 

Preferably,  the  second  electrical  potential  has  the  same  polarity  as  the  first  electrical  potential  and  is 
5  intermediate  the  first  electrical  potential  and  the  potential  of  a  target  sprayed  by  the  apparatus,  the  second 

potential  being  sufficiently  different  from  the  first  potential  for  the  liquid  to  be  atomised  but  sufficiently 
close  to  the  first  potential  for  charged  droplets  of  the  liquid  to  be  repelled  away  from  the  sprayhead  and 
towards  the  target. 

The  invention  will  now  be  described,  by  way  of  example,  with  reference  to  the  accompanying 
io  drawings,  in  which:  — 

Figure  1  is  a  section  of  a  sprayhead  and  associated  electrode  in  a  first  electrostatic  spraying  apparatus 
according  to  the  invention; 

Figure  2  is  a  side  elevation  of  an  atomising  edge  with  spraying  liquid  emerging  therefrom  during  use  of 
the  sprayhead  of  Figure  1; 

15  Figures  3  to  8  show  diagrammatically  sprayheads  and  associated  electrodes  in  further  spraying 
apparatus  according  to  the  invention;  and 

Figure  9  is  a  side  elevation  of  a  toothed  atomising  edge  with  liquid  emerging  therefrom  in  a  further 
apparatus  according  to  the  invention. 

The  sprayhead  shown  in  Figure  1  of  the  drawings  forms  part  of  a  tractor  mounted  apparatus  for 
20  spraying  crops  with  pesticide  compositions.  Included  in  the  sprayhead  are  two  upstanding  plates  1  and  3 

which  are  mutually  spaced  and  parallel  arranged.  Each  plate  is  formed  of  brass  or  of  some  other 
conducting  or  semiconducting  material.  The  space  between  the  plates  1  and  3  forms  a  channel  13  through 
which  spraying  liquid  can  flow  downwardly  from  a  distribution  gallery  15  to  a  linear  orifice  5  formed  at  a 
lower  straight  edge  17  of  the  plate  3  and  an  adjacent  part  of  the  plate  1.  A  lower  edge  19  of  the  plate  1  is 

25  generally  parallel  with  but  is  located  a  short  distance  below  (i.e.  downstream  of)  the  lower  edge  17  of  the 
plate  3.  The  edge  19  has  a  radius  preferably  less  than  0.5  mm. 

Adjacent  the  orifice  5  are  two  linear  electrode  elements  7  which  form  an  electrode  of  the  present 
sprayhead.  The  electrode  elements  7  are  supported  by  respective  sheets  21  of  insulating  material. 

Each  electrode  element  7  is  formed  of  a  core  9  having  a  diameter  of  3  to  4  mms  and  a  sheath  1  1  of 
30  "semi-insulating"  material.  The  material  of  the  sheath  has  a  resistivity  within  the  range  5x1011  to 

5x1013  ohm  cms  and  a  thickness  of  approximately  2  mms.  Examples  of  suitable  sheathing  material  are 
certain  grades  of  soda  glass  and  phenol-formaldehyde/paper  composites.  Kite  brand  tubes  supplied  by 
Tufnol  Limited  of  Birmingham,  England  have  been  found  particularly  suitable  for  agricultural  sprayers.  The 
core  9  of  each  element  7  is  formed  of  beads  of  carbon,  tightly  packed  within  the  sheath  11. 

35  There  is  a  spacing  of  approximately  10  mms  between  each  electrode  element  7  and  the  lower  edge  19 
of  the  element  1  and  a  spacing  of  approximately  16  mms  between  the  axes  of  the  two  electrode  elements  7. 

A  high  voltage  generator  is  connected  to  the  plate  1  so  that  the  plate  is  maintained  at  an  electrical 
potential  of  40  KV.  The  electrode  elements  7  are  connected  to  a  tapping  on  the  generator  and  are 
maintained  at  an  intermediate  potential  of  approximately  25  KV. 

40  Connection  between  the  generator  and  each  electrode  element  7  is  effected  by  means  of  a  high  voltage 
lead  having  an  electrical  conductor  inside  a  cover  of  polythene  or  other  insulating  material.  A  short  end 
section  of  the  cover  is  formed  with  an  external  thread  which  engages  an  internal  thread  in  an  end  section  of 
the  sheath  11,  the  conductor  projecting  beyond  the  cover  to  make  an  electrical  connection  with  the  core  9. 
To  ensure  a  satisfactory  connection  between  the  lead  and  the  element  7,  as  hereinafter  described,  a 

45  thermosetting  epoxy  resin  is  applied  to  the  threaded  end  sections  of  the  cover  and  the  sheath  prior  to 
engagement. 

In  use,  the  sprayhead  of  Figure  1  is  connected  to  a  tank  (not  shown)  containing  a  liquid  pesticide  having 
a  volume  resistivity  of  106  to  1011  ohms  cms,  preferably  107  to  1010  ohm  cms. 

The  sprayhead  is  located  about  40  cms  above  a  crop  and  the  tractor  carrying  the  sprayhead  is  driven 
so  over  the  ground. 

Liquid  from  the  tank  is  supplied  to  the  gallery  1  5,  from  which  it  flows  downwardly  through  the  channel 
13  between  the  plates  1  and  3  to  the  orifice  5.  The  liquid  finally  flows  across  one  side  of  the  plate  1  before 
reaching  the  sharp  lower  edge  19  of  that  plate. 

Liquid  contacting  the  plate  1  is  subjected  to  the  same  electrical  potential  as  the  potential  applied  to  that 
55  plate.  When  the  liquid  reaches  the  edge  19  it  is  subjected  to  an  intense  electrostatic  field  which  exists 

between  the  plate  1  and  the  electrode  elements  7.  Referring  to  Figure  2  of  the  drawings,  the  intensity  of  the 
field  is  such  that  the  liquid  is  formed  into  a  series  of  ligaments  23  as  it  leaves  the  lower  edge  19  of  the  plate 
1  and  moves  downwardly  towards  the  crop.  Each  ligament  23  is  subsequently  atomised  into  a  series  of 
droplets  25.  The  spacing  between  adjacent  ligaments  23  is  determined  by  the  magnitude  of  the  electrical 

60  potentials  on  the  plate  1  and  the  electrode  elements  7,  the  properties  of  the  liquid,  and  the  flow  rate,  and  is 
typically  between  0.5  and  5  mm. 

At  high  flow  rates  of  250  ccs/min  per  metre  of  the  edge  19  the  intensity  of  the  electrostatic  field  is  still 
sufficient  to  cause  atomisation  into  droplets  having  a  diameter  of  the  order  of  100  urn.  Sparking  between 
the  plates  1  and  3  and  the  electrode  elements  7  is  prevented,  however,  by  the  sheath  1  1  of  each  element. 

65  As  spraying  continues  there  is  a  tendency  for  the  space  charge  formed  by  the  cloud  of  droplets 
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between  the  sprayhead  and  the  crop  to  repel  further  droplets  emerging  from  the  atomising  edge  19 
upwardly  towards  other  parts  of  the  spraying  apparatus  or  parts  of  the  tractor.  The  potential  on  the 
electrode  elements  7,  which  has  the  same  polarity  as  the  charge  on  the  droplets,  serves  to  repel  the 
droplets  downwardly  towards  the  crop.  Any  charge  which  does  collect  on  the  elements  7  themselves  is 

5  conducted  away  via  the  sheath  11  and  core  9. 
In  this  connection,  it  will  be  appreciated  that  "semi-insulating  materials"  suitable  for  use  as  the 

material  for  the  sheath  1  1  generally  have  a  surface  resistivity  which  is  variable,  according  to  the  amount  of 
gaseous  absorption  thereon  and  other  factors,  but  which  is  usually  lower  than  the  volume  resistivity. 
Unless  special  precautions  are  taken  in  constructing  the  electrode  element  7  there  is  therefore  a  danger  that 

w  charge  collected  on  the  surface  of  the  outer  surface  of  the  sheath  11  will  flow  along  that  surface  to  one  end 
of  the  sheath,  across  an  annular  end  surface  of  the  sheath,  between  the  internal  surface  of  the  sheath  and 
the  outer  surface  of  the  polythene  cover  on  the  high  voltage  lead,  and  finally  to  the  core  9  of  the  element  7 
and  the  conductor  of  the  lead.  Any  flow  of  charge  along  an  outer  surface  of  the  sheath  11  causes  a  potential 
difference  to  be  established  between  different  parts  of  the  surface.  This  means  that  the  potential  difference 

15  between  liquid  emerging  from  the  orifice  5  and  the  electrode  elements  7  varies  according  to  location  along 
the  lengths  of  the  orifice  and  the  element.  This  in  turn  results  in  a  variable  electrical  field  between  the 
emerging  liquid  and  the  electrode  elements  and  hence  uneven  spraying.  It  is  to  prevent  or  substantially  to 
prevent  such  a  flow  of  charge  across  the  surface  of  the  sheath  1  1  to  the  core  9  that  the  above-mentioned 
epoxy  resin  is  provided  between  the  threadably  engaging  end  sections  of  the  sheath  and  the  insulating 

20  cover  on  the  high  voltage  lead. 
The  construction  of  the  sprayhead  shown  in  Figure  1  can  be  modified  by  making  one  of  the  plates  1  and 

3  from  a  conducting  or  semiconducting  material  and  the  other  plate  from  non-conducting  material. 
Referring  now  to  Figure  3  of  the  drawings,  a  second  sprayhead  according  to  the  invention  has  a  similar 

construction  to  the  sprayhead  of  Figure  1,  there  being  a  pair  of  upstanding  plates  27  and  29  corresponding 
25  to  respective  plates  1  and  3  of  Figure  1,  a  channel  31  corresponding  to  the  channel  13,  and  electrodes  33 

corresponding  to  electrodes  7.  In  the  sprayhead  of  Figure  3,  however,  a  lower  edge  35  of  the  plate  27  is 
disposed  at  the  same  vertical  location  as  a  lower  edge  37  of  the  plate  29.  The  lower  edges  35  and  37  define 
an  orifice  in  the  form  of  a  slot  41  from  which  atomisation  of  liquid  takes  place. 

In  a  preferred  construction  of  the  apparatus  of  Figure  3,  the  slot  41  has  a  length  of  50  cms  and  a  width 
30  of  125  urn.  Each  of  the  electrodes  33  has  a  sheath  of  Kite  brand  Tufnol  tubing  and  a  core  of  carbon  beads. 

The  core  is  6  mms  diameter  and  the  outside  diameter  of  the  sheath  is  1  cms.  The  axis  of  each  electrode  33 
is  4  mms  below  the  slot  41  and  there  is  a  spacing  of  24  mms  between  the  axes  of  respective  electrodes.  A 
voltage  of  40  KV  is  applied  to  the  plates  27  and  29  of  the  sprayhead  and  a  voltage  of  24  KV  is  applied  to  the 
electrodes  33.  In  use,  the  sprayhead  is  located  30  cms  away  from  a  target,  which  is  at  earth  potential. 

35  The  apparatus  has  been  used  for  spraying  a  mixture  of  white  oil  and  cyclohexanone,  the  mixture 
having  a  resistivity  of  5x108ohmcms  and  a  viscosity  of  8CSt. 

At  flowrates  of  0.5,  1.0  and  2.0  ccs/sec  the  volume  median  diameters  of  droplets  from  the  sprayhead 
were  45,  60  and  95  urn,  respectively. 

If  the  sheathing  material  is  removed  from  each  electrode  33  and  the  above-mentioned  voltages  are 
40  maintained,  there  is  heavy  sparking  and  no  effective  spraying.  To  avoid  sparking  it  is  necessary  to  reduce 

the  differential  voltage  between  the  plates  27  and  29  and  the  electrodes  33  to  about  8  KV  i.e.  the  plates  27 
and  29  are  maintained  at  40  KV  and  the  electrodes  33  at  32  KV.  Spraying  is  then  possible  but  at  a  much 
reduced  performance,  flowrates  of  0.5  and  1.0  ccs/sec  giving  droplets  of  volume  median  diameters  of 
approximately  150  and  250  um,  respectively.  At  a  flowrate  of  2.0  ccs/sec  the  mixture  of  liquids  merely  drips 

45  from  the  slot  41. 
In  a  third  sprayhead  according  to  the  invention  shown  in  Figure  4,  a  pair  of  upstanding  plates  41  and  43 

defining  a  liquid  channel  45  are  made  of  insulating  material.  As  in  the  embodiment  of  Figure  3,  the  plates  41 
and  43  have  their  lower  edges  47  and  49,  respectively,  at  the  same  vertical  location  so  that  an  atomising  slot 
51  is  defined  by  those  edges. 

so  To  enable  an  electrical  potential  to  be  applied  to  liquid  in  the  sprayhead  of  Figure  4,  an  electrode  53  is 
provided  on  that  surface  of  the  plate  41  which  is  adjacent  to  the  plate  43  and  which,  in  use,  is  contacted  by 
liquid.  As  shown  in  Figure  4,  the  electrode  53  is  connected  to  a  voltage  generator  Vv 

In  using  the  sprayhead  of  Figure  4  there  is  only  a  small  potential  difference  between  the  electrical 
potential  V,  on  the  electrode  53  and  the  potential  of  the  liquid  at  the  slot  51.  Accordingly,  liquid  emerging 

55  from  the  slot  51  is  subjected  to  a  similarly  intense  electrostatic  field  to  the  field  at  the  lower  edge  19  of  the 
plate  1  in  Figure  1.  The  emerging  liquid  is  therefore  formed  into  ligaments  and  atomised  in  the  manner 
described  above. 

Figure  5  shows  a  fourth  sprayhead  according  to  the  invention  in  which  two  upstanding  plates  53  and 
55,  respectively,  are  arranged  with  a  lower  edge  57  of  the  plate  53  a  short  distance  below  a  lower  edge  59  of 

60  the  plate  55.  The  plates  55  and  57  are  made  of  insulating  material  and  an  electrode  61  is  provided  in  the 
material  of  the  plate  53  at  the  lower  edge  57  thereof.  As  in  the  sprayhead  of  Figure  4,  the  electrode  61  is 
connected  to  a  voltage  generator  Vv 

Figure  6  shows  a  further  sprayhead  according  to  the  invention  in  which  upstanding  plates  63  and  65  of 
S5  insulating  material  are  arranged  with  a  lower  edge  67  of  the  plate  63  a  short  distance  below  a  lower  edge  69 
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of  the  plate  65.  An  electrode  71  is  provided  at  the  surface  of  the  plate  65  which  faces  the  plate  63  and 
defines  one  side  of  the  channel  between  the  plates  63  and  65. 

In  the  sprayheads  described  above  liquid  emerging  from  a  sprayhead  is  atomised  from  a  straight  edge 
(as  in  Figures  1,  5  and  6)  or  from  a  slot  (as  in  Figures  3  and  4).  In  alternative  arrangements,  shown  in  Figures 

5  7  and  8,  the  edge  or  slot  is  circular. 
Referring  to  Figure  7  of  the  drawings,  a  further  sprayhead  according  to  the  invention  includes  a  hollow, 

cylindrical  nozzle  member  81  which  is  formed  with  a  distribution  gallery  83  and  a  channel  85.  At  a  lower 
end  of  the  channel  83  is  an  annular  orifice  87.  The  member  81  is  made  of  conducting  or  semiconducting 
material  and  is  connected  via  a  high  voltage  lead  89  to  a  high  voltage  generator  (not  shown). 

to  The  member  81  depends  from  a  polypropylene  holder  91  which  has  a  stem  93  extending  downwardly, 
coaxially  of  the  member.  The  stem  93  serves  as  an  insulating  cover  for  a  conductor  95  which  is  connected 
to  a  tapping  on  the  generator.  Additionally,  the  stem  93  provides  support  for  an  electrode  97  connected  to  a 
lower  end  of  the  conductor  95. 

The  electrode  97  has  a  sheath  99  of  "semi-insulating"  material  and  a  core  101  of  brass  or  other 
15  conducting  or  semiconducting  material. 

As  shown  in  Figure  7,  the  sheath  99  includes  a  cylindrical  section  103  which  is  received  within  a  main 
recess  at  a  lower  end  of  the  stem  93  and  a  disc-shaped  section  105  which  engages  the  lower  end  of  the 
stem.  The  core  101  of  the  electrode  97  has  a  threaded  upper  end  which  is  engaged  with  an  internally 
threaded  subsidiary  recess  above  the  main  recess  in  the  stem  93. 

20  In  use,  the  electrode  97  operates  in  a  similar  manner  to  the  corresponding  electrodes  in  the 
embodiments  described  above.  However,  in  the  apparatus  of  Figure  7  the  cylindrical  section  103  of  the 
sheath  99  is  an  interference  fit  within  the  main  recess  in  the  stem  93  so  that  there  is  a  minimal  flow  of 
charge  from  the  section  105  along  the  cylindrical  surface  of  the  section  103  and  across  an  upper,  annular 
end  surface  of  that  section  to  the  core  101.  In  any  event,  the  radial  distance  between  the  cylindrical  surface 

25  of  the  section  103  and  the  core  101  is  sufficiently  small  for  charge  to  leak  through  the  bulk  of  the  sheathing 
material  to  the  core  rather  than  to  flow  via  the  cylindrical  and  end  surfaces  of  the  section  103.  Accordingly, 
in  the  embodiment  of  Figure  7  it  is  not  necessary  to  provide  insulating  material  between  the  threads  on  the 
upper  end  of  the  core  101  and  the  subsidiary  recess  in  the  stem  93. 

Figure  8  shows  an  embodiment  of  the  invention  which  corresponds  to  the  embodiment  of  Figure  7 
so  except  for  the  provision  of  a  second  electrode  element  105.  The  element  105  is  generally  circular  and  is 

disposed  radially  outwardly  of  the  orifice  87.  As  shown  in  Figure  8,  the  element  105  has  a  core  107  of  brass 
wire  and  a  sheath  109  of  "semi-insulating"  material.  The  sheath  109  is  fitted  into  an  annular  recess  in  a 
lower  end  of  a  skirt  1  1  1  on  the  polypropylene  holder  91  .  The  core  1  07  is  electrically  connected  to  the  same 
conductor  95  as  the  electrode  97. 

35  The  straight  or  circular  edge  or  slot  of  a  sprayhead  may  be  formed  with  a  series  of  teeth.  In  this  case 
one  ligament  is  formed  at  each  tooth,  as  shown  in  Figure  9,  unless  the  teeth  are  too  close  together,  when 
some  teeth  will  not  have  ligaments,  or  too  far  apart,  when  some  teeth  may  have  more  than  one  ligament. 
Alternatively,  liquid  may  be  atomised  at  a  series  of  mutually  spaced  holes  or  points. 

It  is  found  that  in  certain  sprayheads,  for  example  certain  sprayheads  having  linear  atomising  edges  or 
40  slots,  there  are  benefits  in  terms  of  increased  flow-rates  and/or  smaller  droplets  and  of  reliability  to  be 

obtained  by  providing  a  "semi-insulating"  sheath  to  the  electrodes  of  sprayheads  which  have  a  potential  of 
the  order  of  1  to  20  KV  applied  to  the  sprayhead  and  an  adjacent  electrode  at  earth  potential. 

The  method  employed  to  measure  the  volume  resistivity  of  materials  suitable  for  use  as  the  sheath  1  1 
depends  upon  whether  the  material  is  available  in  sheet  or  tubular  form. 

45  For  materials  available  in  sheet  form,  such  as  melamine,  BS  2782:  Part  2:  1978:  Method  202A  was 
used. 

In  carrying  out  this  method,  a  disc  was  cut  from  a  melamine  sheet  and  mercury  electrodes  applied  to 
each  surface  of  the  disc.  On  one  surface  of  the  disc  there  was  a  circular  measurement  electrode  of  5  cms 
diameter  and  a  guard  ring  electrode,  concentric  with  the  measurement  electrode,  of  7  cms  internal 

50  diameter.  On  an  opposite  surface  of  the  disc  there  was  a  base  electrode  which  covered  the  entire  surface  of 
the  disc. 

A  positive  terminal  of  a  Brandenberg  Model  2475R  power  supply  was  connected  to  the  base  electrode 
and  a  negative  terminal  of  the  supply  was  connected  to  the  measurement  electrode  and  to  the  guard  ring 
electrode.  To  measure  the  applied  voltage  a  Thurlby  1503-HA  multimeter  was  connected  between  the 

55  positive  and  negative  terminals  of  the  supply.  Current  flowing  between  the  measurement  and  base 
electrodes  was  measured  by  means  of  a  Keithley  Model  617  electrometer  connected  between  the 
measurement  electrode  and  the  junction  between  the  connections  to  the  negative  terminal  of  the  supply 
and  the  guard  ring  electrode.  The  power  supply  provided  approximately  500  volts  and  the  input  voltage 
burden  of  the  electrometer  was  less  than  1  mV,  and  no  account  was  taken  of  the  ammeter  in  computing 

60  resistivity. 
With  this  arrangement  of  the  volume  resistivity,  p,  of  the  material  is  given  by: 

55 

65 
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n  (2.5)zx500 
p=- 

ixt 

5  where  i  is  the  measured  current  flow  and  t  is  the  thickness  of  the  disc. 
For  material  available  in  the  form  of  tubes,  a  cylindrical  measurement  electrode  and  two  cylindrical 

guard  electrodes  are  provided  on  an  outer  surface  of  the  tube  and  a  base  electrode  is  provided  inside  the 
tube. 

The  measurement  electrode  had  an  axial  length  of  10  cms  and  was  disposed  between  the  two  guard 
10  electrodes.  Each  guard  electrode  was  spaced  from  an  adjacent  end  of  the  measurement  electrode  by  a 

distance  of  1  cm. 
The  measurement  and  guard  electrodes  were  each  formed  of  a  metallised  melinex  film  which 

extended  from  a  film  clamp  to  a  first  guide  roller  adjacent  the  tube,  around  the  surface  of  the  tube  to  a 
second  guide  roller,  adjacent  the  first,  and  finally  from  the  second  guide  roller  to  a  film  tensioning  spring. 

15  To  a  close  approximation  the  film  contacted  the  tube  around  the  whole  of  its  circumference.  The  electrical 
contact  resistance  between  the  film  and  the  tube  was  low  compared  with  the  volume  resistivity  of  the  tube 
material. 

The  base  electrode  was  formed  of  iron  particles  of  80  to  450  |i  dimensions  which  were  packed  within 
the  interior  of  the  tube.  An  insulating  plug  was  provided  at  each  end  of  the  tube. 

20  A  power  supply  and  measuring  instruments  of  the  kind  described  above  were  employed. 
As  mentioned  above,  a  "specific  resistance"  R  was  defined  as  the  resistance  across  the  wall  of  a 

section  of  the  tube  which  is  1  cm  in  length.  The  units  were  ohm  cms  and  the  wail  resistance  of  a  section  of 
tube  having  an  axial  length  of  L  cms  was  obtained  by  dividing  the  specific  resistance  by  L.  Thus,  the  specific 
resistance  when  measured  using  the  above-described  electrode  configuration  was  given  by:  — 

25 
500X10 

R=  ohm  cms 
i 

30  where  i  is  the  measured  current  flow. 
The  resistivity  of  the  material  is  then:  — 

2  n  R 
P= 

35  In  (ro/ri) 

where  ro  is  the  outer  radius  of  the  tube  and  ri  is  the  inner  radius  of  the  tube. 
The  results  of  measurements  on  various  materials,  quoted  both  as  a  specific  resistance  and  as  a 

volume  resistivity,  were  as  follows:  — 
40 

45 

50 
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Sample  Specific  resistance  Volume  resistivity 

1.  Soda  glass  tube 
id=5.9  mm  1.9X1012  Qcm  4.6x1  013  Qcm 

s  od=7.6  mm 

2.  Alumina  tube 
id=3.4  mm  *1.7x1015  Qcm  *1.3x1015  Qcm 
od=8.0  mm 

w 
3.  Concrete  tube 

id=1.7  mm  2.4X1O10  Qcm  1.0x1011  Qcm 
od=7.5  mm 

15  4.  Anglo-American  vulcanised 
fibre  tube 
id=4.1  mm  **3.6x1012  Qcm  2.5x1013  Qcm 
od=10.0  mm 

20  5.  Attwater  tube 
id=3.9  mm  **1.2x1012  Qcm  8.4x1012  Qcm 
od=9.6"mm 

6.  Tufnol  tube 
25  id=3.2  mm  **1.0x1012  Qcm  9.4X1012  Qcm 

od=6.4  mm 

7.  Melamine  disc  ***1.1x1011  Qcm  6.2x10"  Qcm 

30  *The  voltage  used  to  measure  resistivity  of  the  alumina  was  1000  V. 
**Phenol/formaldehyde  paper  tubes.. 

***Specific  resistance  for  melamine  was  calculated  from  the  resistivity  for  a  tube  of  od=6  mm, 
id=2  mm. 

35  It  will  be  appreciated  that  a  tube  having  a  specific  resistance  R  within  the  range  5x1010  to 
5x1012  ohm  cms,  referred  to  above,  can  be  obtained  by  having  a  thin-walled  tube  of  relatively  high  volume 
resistivity  or  a  thick-walled  tube  of  relatively  low  volume  resistivity. 

The  materials  1,  4,  5,  6  and  7  have  a  specific  resistance  and  volume  resistivity  sufficiently  low  to  allow 
charge  leakage  from  the  surface  through  the  material  to  the  conducting  core  of  an  electrode  but  sufficiently 

40  high  to  suppress  sparking. 
In  the  case  of  material  3,  the  specific  resistance  and  volume  resistivity  are  low.  There  is  therefore 

excellent  charge  leakage.  However,  there  is  insufficient  suppression  of  sparking  with  the  result  that 
spraying  occurs  only  intermittently. 

The  material  2  has  a  high  specific  resistance  and  volume  resistivity  and  there  is  insufficient  charge 
45  leakage  and  a  field  strength  which  is  too  low  for  efficient  spraying. 

In  the  result,  the  materials  1,  4,  5,  6  and  7  are  suitable  for  use  as  sheathing  materials  for  electrodes  in 
apparatus  according  to  the  invention.  The  materials  2  and  3  are  unsuitable  for  such  use. 

It  will  be  appreciated  that  the  apparatus  described  above  is  suitable  for  spraying  materials  other  than 
agricultural  chemicals.  For  example,  the  apparatus  is  suitable  for  spraying  paints  of  appropriate  volume 

so  resistivity  i.e.  106  to  1011  ohm  cms,  particularly  for  spraying  paints  on  to  cars. 
The  apparatus  can  also  be  used  for  coating  surface  with  oils,  polymer  solutions,  solutions  of  release 

agents  and  solutions  of  corrosion  inhibitors,  again  subject  to  appropriate  volume  resistivity. 

55  Claims 

1.  Electrostatic  spraying  apparatus  comprising,  an  electrostatic  sprayhead,  means  (V1)  for  applying  a 
first  electrical  potential  to  liquid  which  emerges  from  the  sprayhead,  an  electrode  (7)  mounted  adjacent  to 
the  sprayhead,  and  means  (V2)  for  applying  a  second  electrical  potential  to  the  electrode  (7)  such  that  an 

60  intense  electrical  field  is  developed  between  the  emerging  liquid  and  the  electrode  (7),  the  intensity  of  the 
field  being  sufficient  to  cause  atomisation  of  the  emerging  liquid,  the  electrode  (7)  comprising  a  core  (9)  of 
conducting  or  semiconducting  material  contained  in  a  sheath  (1  1  ),  characterised  in  that  the  sheath  (11)  has 
a  specific  resistance  of  5x1010  to  5x1012ohmcm. 

2.  Electrostatic  spraying  apparatus  as  claimed  in  claim  1,  further  comprising  insulating  means  so 
65  arranged  that  the  resistance  to  a  flow  of  the  said  charge  across  the  surface  of  the  sheathing  material  (11)  to 
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the  said  conducting  or  semi-conducting  core  (7)  is  greater  than  the  resistance  to  a  flow  of  the  said  charge 
through  the  sheathing  material  (11)  to  the  conducting  or  semiconducting  core. 

3.  Electrostatic  spraying  apparatus  as  claimed  in  claim  2,  wherein  the  means  for  applying  the  second 
electrical  potential  includes  an  electrical  conductor  which  is  electrically  connected  to  the  conducting  or 

5  semi-conducting  core  (7)  and  has  a  cover  of  insulating  material,  and  the  insulating  means  is  provided 
between  engaging  parts  of  the  sheathing  material  (11)  and  the  cover. 

4.  Electrostatic  spraying  apparatus  as  claimed  in  claim  3,  wherein  the  sheathing  material  comprises  a 
tubular  section  formed  with  an  internal  thread,  the  cover  of  the  electrical  conductor  is  formed  with  an 
external  thread,  the  cover  is  threadably  engaged  with  the  tubular  section  of  the  insulating  material,  and  the 

ro  insulating  means  is  provided  between  threadably  engaging  parts  of  the  said  cover  and  the  said  tubular 
section. 

5.  Electrostatic  spraying  apparatus  as  claimed  in  any  one  of  the  preceding  claims,  wherein  the  volume 
resistivity  of  the  sheathing  material  is  between  5x1011  and  5x1013ohmcm. 

6.  Electrostatic  spraying  apparatus  as  claimed  in  any  one  of  the  preceding  claims,  wherein  the 
15  dielectric  strength  of  the  sheathing  material  (11)  is  greater  than  15kV/mm. 

7.  Electrostatic  spraying  apparatus  as  claimed  in  claim  6,  wherein  the  thickness  of  the  sheathing 
material  (11)  is  0.75  to  5.0  mm. 

8.  Electrostatic  spraying  apparatus  as  claimed  in  any  one  of  the  preceding  claims,  wherein  the 
sheathing  material  (11)  is  soda  glass,  phenol  formaldehyde  impregnated  paper  or  a  melamine 

20  formaldehyde  condensation  polymer. 
9.  Electrostatic  spraying  apparatus  as  claimed  in  any  one  of  the  preceding  claims,  wherein  the 

sprayhead  includes  a  channel  (13)  through  which  liquid  flows  to  an  orifice  (5),  at  least  one  side  wall  (1,3)  of 
the  channel  which  is  contacted  by  the  emerging  liquid  is  formed  of  conducting  or  semiconducting  material, 
and  means  are  provided  for  electrically  connecting  the  or  each  conducting  or  semiconducting  side  wall  of 

25  the  channel  to  the  said  means  (V1)  for  applying  the  first  electrical  potential  to  the  emerging  liquid. 
10.  Electrostatic  spraying  apparatus  as  claimed  in  any  one  of  claims  1  to  8,  wherein  the  sprayhead 

includes  a  channel  (13)  through  which  liquid  flows  to  an  orifice  (5),  the  or  each  side  wall  (41,  43)  of  the 
channel  which  is  contacted  by  the  emerging  liquid  is  formed  of  an  insulating  material,  a  further  electrode 
(53)  is  provided  adjacent  to  to  the  orifice  (5)  so  that,  in  use,  the  further  electrode  (53)  is  contacted  by  liquid 

30  flowing  through  the  sprayhead,  and  means  are  provided  for  electrically  connecting  the  further  electrode  to 
the  means  (V1)  for  applying  the  first  electrical  potential  to  the  emerging  liquid. 

11.  Electrostatic  spraying  apparatus  as  claimed  in  any  one  of  the  preceding  claims,  wherein  the 
sprayhead  includes  two  mutually  spaced,  parallel  arranged  plates  (1,  3)  between  which  there  is  a  channel 
for  liquid  to  flow  to  a  generally  linear  orifice  (5),  and  the  electrode  (7)  comprises  at  least  one  electrode 

35  element  which  extends  parallel  or  substantially  parallel  with  the  linear  orifice. 
12.  Electrostatic  spraying  apparatus  as  claimed  in  claim  11,  wherein  the  orifice  (5)  is  formed  at  adjacent 

edges  of  respective  plates  (27,  29). 
13.  Electrostatic  spraying  apparatus  as  claimed  in  claim  12,  wherein  the  orifice  is  formed  at  an  edge  of  a 

first  of  the  plates  (3)  and  an  adjacent  part  of  a  second  plate  (1),  the  second  plate  (1)  having  an  edge  which  is 
40  generally  parallel  with  but  is  located  a  short  distance  downstream  of  the  said  edge  of  the  first  plate  (3). 

14.  Electrostatic  spraying  apparatus  as  claimed  in  any  one  of  claims  1  to  11,  wherein  the  sprayhead 
includes  an  orifice  (87)  of  generally  circular  section  and  the  electrode  is  generally  circular. 

15.  Electrostatic  spraying  apparatus  as  claimed  in  any  one  of  claims  1  to  11,  wherein  the  sprayhead 
includes  an  orifice  (87)  of  generally  annular  section  and  the  electrode  comprises  a  generally  ring-shaped 

45  electrode  element  (105)  and/or  a  generally  disc-shaped  electrode  element  (97). 
16.  Electrostatic  spraying  apparatus  as  claimed  in  any  one  of  claims  10  to  15,  wherein  the  sprayhead  is 

formed,  adjacent  the  orifice  with  a  series  of  teeth. 
17.  Electrostatic  spraying  apparatus  as  claimed  in  any  one  of  the  preceding  claims,  wherein  the  second 

electrical  potential  (V2)  has  the  same  polarity  as  the  first  electrical  potential  (V1  )  and  is  intermediate  the  first 
so  electrical  potential  (V1)  and  the  potential  of  a  target  sprayed  by  the  apparatus,  the  second  potential  (V2) 

being  sufficiently  different  from  the  first  potential  (V1)  for  the  liquid  to  be  atomised  but  sufficiently  close  to 
the  first  potential  (V1  )  for  charged  droplets  of  the  liquid  to  be  repelled  away  from  the  sprayhead  and 
towards  the  target. 

18.  Electrostatic  spraying  apparatus  as  claimed  in  claim  17,  wherein,  for  spraying  a  target  at  zero 
55  potential,  the  first  potential  is  between  25  kV  and  50  kV,  and  the  second  potential  is  between  10  kV  and 

40  kV. 

Patentanspruche 

60  1  .  Elektrostatische  Spruhvorrichtung  mit  einem  elektrostatischen  Spruhkopf,  mit  einer  Einrichtung  (V1  ) 
zum  Aniegen  eines  ersten  elektrischen  Potentials  an  eine  Flussigkeit,  die  aus  dem  Spruhkopf  austritt,  mit 
einer  Elektrode  (7),  die  in  der  Nachbarschaft  des  Spriihkopfs  angeordnet  ist,  und  mit  einer  Einrichtung  (V2) 
zum  Aniegen  eines  zweiten  elektrischen  Potentials  an  die  Elektrode  (7),  so  dalS  ein  intensives  elektrisches 
Feld  zwischen  der  austretenden  Flussigkeit  und  der  Elektrode  (7)  entsteht,  wobei  die  Intensitat  des  Feldes 

65  ausreicht,  eine  Atomisierung  der  austretenden  Flussigkeit  zu  verursachen,  und  wobei  die  Elektrode  (7) 

8 
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einen  Kern  aus  leitendem  oder  halbleitendem  Material,  das  sich  in  einer  Hulle  (11)  befindet,  aufweist, 
dadurch  gekennzeichnet,  dalS  die  Hulle  (11)  einen  speziellen  Widerstand  von  5x1010  bis  5x10  Ohm  cm 
a u f w e i s t . . .  

2.  Elektrostatische  Spriihvorrichtung  nach  Anspruch  1,  welche  weiterhin  eine  Isolationsemrichtung 
5  aufweist,  die  so  angeordnet  ist,  dalS  der  Widerstand  gegen  einen  FlulS  der  genannten  Ladung  quer  uber  die 

Oberflache  des  Hullenmaterials  (13)  zum  genannten  leitefiden  oder  halbleitenden  Kern  (7)  groSer  ist  als  der 
Widerstand  gegen  einen  FluG  der  genannten  Ladung  durch  das  Hullenmaterial  (11)  zum  leitenden  oder 
halbleitenden  Kern  (7). 

3.  Elektrostatische  Spruhvorrichtung  nach  Anspruch  2,  bei  welcher  die  Einnchtung  zum  Anlegen  des 
w  zweiten  elektrischen  Potentials  einen  elektrischen  Leiter  aufweist,  der  elektrisch  mit  dem  leitenden  oder 

halbleitenden  Kern  (7)  verbunden  ist  und  eine  Umhiillung  aus  isolierendem  Material  besitzt,  und  bei 
welcher  die  Isolationseinrichtung  zwischen  einander  beruhrenden  Teilen  des  Hullenmaterials  (11)  und  der 
Umhiillung  vorgesehen  i s t . . .  

4.  Elektrostatische  Spruhvorrichtung  nach  Anspruch  3,  bei  welcher  das  Hullenmaterial  einen 
15  rohrffirmigen  Abschnitt  mit  einem  Innengewinde  besitzt,  die  Umhullung  des  elektrischen  Leiters  mit  einem 

AuSengewinde  versehen  ist,  die  Umhullung  mit  dem  rohrformigen  Abschnitt  des  Isolationsmaterials 
verschraubt  ist  und  die  Isolationseinrichtung  zwischen  den  ineinandergeschraubten  Teilen  der  Umhullung 
und  des  genannten  rohrformigen  Abschnitts  vorgesehen  ist. 

5.  Elektrostatische  Spruhvorrichtung  nach  einem  der  vorhergehenden  Anspruche,  bei  welcher  der 
20  spezifischen  Volumenwiderstand  des  Hullenmaterials  zwischen  5x1011  und  5x1013Ohmcm  liegt. 

6.  Elektrostatische  Spruhvorrichtung  nach  einem  der  vorhergehenden  Anspruche,  bei  welcher  die 
Durchschlagfestigkeit  des  Hullenmaterials  (11)  grofSer  als"15kV/mm  ist. 

7.  Elektrostatische  Spruhvorrichtung  nach  Anspruch  6,  bei  welcher  die  Dicke  des  Hullenmaterials  (11) 
0,75  bis  5,0  mm  betragt. 

25  8.  Elektrostatische  Spruhvorrichtung  nach  einem  der  vorhergehenden  Anspruche,  bei  welcher  das 
Hullenmaterial  (11)  aus  Sodaglas,  mit  Phenol-Formaldehyd  impragniertem  Papier  oder  einem  Melamin/ 
Formaldehyd-Kondensationspolymer  besteht. 

9.  Elektrostatische  Spruhvorrichtung  nach  einem  der  vorhergehenden  Anspruche,  bei  welcher  der 
Spriihkopf  einen  Kanal  (13)  aufweist,  durch  welchen  Flussigkeit  zu  einer  Offnung  (5)  fliefct,  wobei 

30  mindestens  eine  Seitenwand  (1,  3)  des  Kanals,  die  durch  die  austretende  Flussigkeit  beruhrt  wird,  aus 
leitendem  oder  halbleitendem  Material  hergestellt  ist  und  wobei  Einrichtungen  vorgesehen  sind,  urn  die 
oder  jede  leitende  oder  halbleitende  Seitenwand  des  Kanals  elektrisch  mit  der  genannten  Einrichtung  (V1) 
zum  Alegen  des  ersten  elektrischen  Potentials  an  die  austretende  Flussigkeit  zu  verbinden. 

10.  Elektrostatische  Spruhvorrichtung  nach  einem  der  Anspruche  1  bis  8,  bei  welcher  der  Spruhkopf 
35  einen  Kanal  (13)  aufweist,  durch  welchen  Flussigkeit  zu  einer  Offnung  (5)  flielSt,  wobei  die  oder  jede 

Seitenwand  (41,  43)  des  Kanals,  die  durch  die  ausflielSende  Flussigkeit  beruhrt  wird,  aus  isolierendem 
Material  besteht,  wobei  eine  weitere  Elektrode  (53)  in  der  Nachbarschaft  der  Offnung  (5)  vorgesehen  ist,  so 
dalS  beim  Gebrauch  die  weitere  Elektrode  (53)  durch  die  Flussigkeit,  die  durch  den  Spruhkopf  fliefct,  beruhrt 
wird,  und  wobei  eine  Einrichtung  vorgesehen  ist,  urn  die  weitere  Elektrode  mit  der  Einrichtung  (V1)  zum 

40  Anlegen  des  ersten  elektrischen  Potentials  an  die  austretende  Flussigkeit  elektrisch  zu  verbinden. 
11.  Elektrostatische  Spruhvorrichtung  nach  einem  der  vorhergehenden  Anspruche,  bei  welcher  der 

Spruhkopf  zwei  im  Abstand  voneinander  angeordnete  parallele  Platten  (1  ,  3)  aufweist,  zwischen  denen  sich 
ein  Kanal  befindet,  durch  den  Flussigkeit  zu  einer  in  etwa  linearen  Offnung  (5)  flieSt,  wobei  die  Elektrode  (7) 
mindestens  ein  Elektrodenelement  aufweist,  das  sich  parallel  oder  im  wesentlichen  parallel  zur  linearen 

45  Offnung  erstreckt. 
12.  Elektrostatische  Spruhvorrichtung  nach  Anspruch  11,  bei  welcher  die  Offnung  (5)  an  benachbarten 

Kanten  der  einzelnen  Platten  (27,  29)  ausgebildet  ist. 
13.  Elektrostatische  Spruhvorrichtung  nach  Anspruch  12,  bei  welcher  die  Offnung  an  einer  Kante  der 

ersten  Platte  (3)  und  einem  benachbarten  Teil  der  zweiten  Platte  (1)  ausgebildet  ist,  wobei  die  zweite  Platte 
so  (1)  eine  Kante  aufweist,  die  im  allgemeinen  parallel  zur,  aber  eine  kurze  Strecke  stromabwarts  der 

genannten  Kante  der  ersten  Platte  (3)  angeordnet  ist. 
14.  Elektrostatische  Spruhvorrichtung  nach  einem  der  Anspruche  1  bis  11,  bei  welcher  der  Spruhkopf 

eine  Offnung  (87)  mit  im  allgemeinen  kreisfdrmigen  Querschnitt  aufweist  und  die  Elektrode  im  allgemeinen 
kreisformig  i s t . .  

55  15.  Elektrostatische  Spruhvorrichtung  nach  einem  der  Anspruche  1  bis  11,  bei  welcher  der  Spruhkopf 
eine  Offnung  (87)  mit  im  allgemeinen  kreisformigem  Querschnitt  aufweist  und  die  Elektrode  ein  im 
allgemeinen  ringfdrmiges  Elektrodenelement  (105)  und/oder  ein  im  allgemeinen  scheibenformiges 
Elektrodenelement  (97)  aufweist. 

16.  Elektrostatische  Spruhvorrichtung  nach  einem  der  Anspruche  10  bis  15,  bei  welcher  der  Spruhkopf 
60  in  der  Nachbarschaft  der  Offnung  mit  einer  Reihe  von  Zahnen  ausgebildet  ist. 

17.  Elektrostatische  Spruhvorrichtung  nach  einem  der  vorhergehenden  Anspruche,  bei  welcher  das 
zweite  elektrische  Potential  (V2)  die  gleiche  Polaritat  wie  das  erste  elektrische  Potential  (V1)  aufweist  und 
zwischen  dem  ersten  elektrischen  Potential  (V1)  und  dem  Potential  des  durch  die  Vorrichtung  bespriihten 

65  Ziels  liegt,  wobei  das  zweite  Potential  (V2)  vom  ersten  Potential  (V1)  ausreichend  verschieden  ist,  dalS  die 
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Fliissigkeit  atomisiert  wird,  aber  ausreichend  nahe  am  ersten  Potential  (V1)  liegt,  dalS  geladene  Tropfchen 
der  Fliissigkeit  vom  Spruhkopf  abgestoBen  und  gegen  das  Ziel  gerichtet  werden. 

18.  Elektrostatische  Spruhvorrichtung  nach  Anspruch  17,  bei  welcher  bei  einem  Ziel  mit  dem  Potential 
von  null  das  erste  Potential  zwischen  25  kV  und  50  kV  und  das  zweite  Potential  zwischen  10  kV  und  40  kV 

5  liegt. 

Revendications 

1.  Appareil  de  pulverisation  electrostatique  comprenant  une  tete  de  pulverisation  electrostatique,  des 
to  moyens  (V1)  destines  a  appliquer  un  premier  potentiel  electrique  a  un  liquide  qui  emerge  de  la  tete  de 

pulverisation,  une  electrode  (7)  montee  a  proximite  immediate  de  la  tete  de  pulverisation  et  des  moyens 
(V2)  destines  a  appliquer  un  second  potential  electrique  a  I'electrode  (7)  afin  qu'un  champ  electrique 
intense  soit  developpe  entre  le  liquide  emergeant  et  I'electrode  (7),  I'intensite  du  champ  etant  suffisante 
pour  provoquer  une  atomisation  du  liquide  emergeant,  I'electrode  (7)  comprenant  une  ame  (9)  en  matiere 

75  conductrice  ou  semi-conductrice  contenue  dans  une  gaine  (11),  caracterise  en  ce  que  la  gaine  (1  1  )  possede 
une  resistance  specifique  de  5x1010  a  5x1012ohmscm. 

2.  Appareil  de  pulverisation  electrostatique  selon  la  revendication  1,  comprenant  en  outre  des  moyens 
isolants  agences  de  maniere  que  la  resistance  a  un  ecoulement  de  ladite  charge  sur  la  surface  de  la  matiere 
de  gainage  (11)  vers  iadite  ame  conductrice  ou  semi-conductrice  (7)  soit  superieure  a  la  resistance  a  un 

20  ecoulement  de  ladite  charge  a  travers  la  matiere  de  gainage  (11)  vers  I'ame  conductrice  ou  semi- 
conductrice  (7). 

3.  Appareil  de  pulverisation  electrostatique  selon  la  revendication  2,  dans  lequel  les  moyens  destines  a 
appliquer  le  second  potentiel  electrique  comprennent  un  conducteur  electrique  qui  est  connecte 
electriquement  a  I'ame  conductrice  ou  semi-conductrice  (7)  et  qui  comporte  un  revetement  de  matiere 

25  isolante,  et  les  moyens  isolants  sont  prevus  entre  des  parties  en  contact  de  la  matiere  de  gainage  (11)  et  du 
revetement. 

4.  Appareil  de  pulverisation  electrostatique  selon  la  revendication  3,  dans  lequel  la  matiere  de  gainage 
comprend  un  troncon  tubulaire  presentant  un  filet  interieur,  le  revetement  du  conducteur  electrique 
presente  un  filet  exterieur,  le  revetement  est  enclenche  par  vissage  avec  le  trongon  tubulaire  de  la  matiere 

30  isolante,  et  les  moyens  isolants  sont  prevus  entre  des  parties  enclenchees  par  vissage  dudit  revetement  et 
dudit  troncon  tubulaire. 

5.  Appareil  de  pulverisation  electrostatique  suivant  I'une  quelconque  des  revendications  precedentes, 
dans  lequel  la  resistivite  transversale  de  la  matiere  de  gainage  est  comprise  entre  5x1011  et 
5x1013ohmscm. 

35  6.  Appareil  de  pulverisation  electrostatique  selon  I'une  quelconque  des  revendications  precedentes, 
dans  lequei  la  rigidite  dielectrique  de  la  matiere  de  gainage  (11)  est  superieure  a  15kV/mm. 

7.  Appareil  de  pulverisation  electrostatique  selon  la  revendication  6,  dans  lequel  I'epaisseur  de  la 
matiere  de  gainage  (11)  est  de  0,75  a  5,0  mm. 

8.  Appareil  de  pulverisation  electrostatique  selon  I'une  quelconque  des  revendications  precedentes, 
40  dans  lequel  la  matiere  de  gainage  (11)  est  du  verre  a  base  de  soude,  du  papier  impregne  de 

phenolformaldehyde  ou  un  polymere  de  condensation  de  melamine-formaldehyde. 
9.  Appareil  de  pulverisation  electrostatique  selon  I'une  quelconque  des  revendications  precedentes, 

dans  lequel  la  tete  de  pulverisation  presente  un  canal  (13)  par  lequel  un  liquide  s'ecoule  vers  un  orifice  (5), 
au  moins  une  paroi  laterale  (1,  3)  du  canal  qui  est  touchee  par  le  liquide  emergeant  est  formee  d'une 

45  matiere  conductrice  ou  semi-conductrice,  et  des  moyens  sont  prevus  pour  connecter  electriquement  la  ou 
chaque  paroi  laterale  conductrice  ou  semi-conductrice  du  canal  auxdits  moyens  (V1)  destines  a  appliquer  ie 
premier  potentiel  electrique  au  liquide  emergeant. 

10.  Appareil  de  pulverisation  electrostatique  seion  I'une  quelconque  des  revendications  1  a  8,  dans 
lequel  la  tete  de  pulverisation  presente  un  canal  (13)  par  lequel  un  liquide  s'ecoule  vers  un  orifice  (5),  la  ou 

so  chaque  paroi  laterale  (41,  43)  du  canal  qui  est  touchee  par  le  liquide  emergeant  est  formee  d'une  matiere 
isolante,  une  autre  electrode  (53)  est  prevue  a  proximite  immediate  de  I'orifice  (5)  de  maniere  que,  lors  de 
I'utilisation,  I'autre  electrode  (53)  soit  touchee  par  le  liquide  s'ecoulant  a  travers  la  tete  de  pulverisation,  et 
des  moyens  sont  prevus  pour  connecter  electriquement  I'autre  electrode  aux  moyens  (V1)  destines  a 
appliquer  le  premier  potentiel  electrique  au  liquide  emergeant. 

55  11.  Appareil  de  pulverisation  electrostatique  selon  I'une  queiconque  des  revendications  precedentes, 
dans  lequel  la  tete  de  pulverisation  comprend  deux  plaques  (1,  3)  agencees  paralleiement,  espacees 
mutuellement,  entre  lesquelles  se  trouve  un  canal  permettant  a  un  liquide  de  s'ecouler  vers  un  orifice 
globalement  inerte  (5),  et  I'electrode  (7)  comprend  au  moins  un  element  d'electrode  qui  s'etend 
paralleiement  ou  a  peu  pres  paralleiement  a  I'orifice  lineaire. 

so  12.  Appareil  de  pulverisation  electrostatique  selon  la  revendication  11,  dans  lequel  I'orifice  (5)  est 
forme  a  des  bords  adjacents  de  plaques  respectives  (27,  29). 

13.  Appareil  de  pulverisation  electrostatique  selon  la  revendication  12,  dans  lequel  I'orifice  est  forme  a 
un  bord  d'une  premiere  des  plaques  (3)  et  a  une  partie  adjacente  d'une  seconde  plaque  (1),  la  seconde 
plaque  (1)  ayant  un  bord  qui  est  globalement  parallele  audit  bord  de  la  premiere  plaque  (3),  mais  a  peut  de 

65  distance  en  aval. 
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14.  Appareil  de  pulverisation  electrostatique  selon  I'une  quelconque  des  revendications  1  a  11,  dans 
lequel  la  tete  de  pulverisation  presente  un  orifice  (87)  de  section  globalement  circulaire  et  I'electrode  est 
globalement  circulaire. 

15.  Appareil  de  pulverisation  electrostatique  selon  I'une  quelconque  des  revendications  1  a  11,  dans 
5  lequel  la  tete  de  pulverisation  presente  un  orifice  (87)  de  section  globalement  annulaire  et  I'electrode 

comprend  un  element  d'electrode  (105)  globalement  en  forme  d'anneau  et/ou  un  element  d'electrode  (97) 
globalement  en  forme  de  disque. 

16.  Appareil  de  pulverisation  electrostatique  selon  I'une  quelconque  des  revendications  10  a  15,  dans 
lequel  la  tete  de  pulverisation  comporte,  a  proximite  immediate  de  I'orifice,  une  serie  de  dents. 

w  17.  Appareil  de  pulverisation  electrostatique  selon  I'une  quelconque  des  revendications  precedentes, 
dans  lequei  le  second  potentiel  electrique  (V2)  possede  la  meme  polarite  que  le  premier  potentiel  electrique 
(V1)  et  est  intermediate  entre  le  premier  potentiel  electrique  (V1)  et  le  potentiel  d'une  cible  sur  laquelle 
I'appareil  pulverise,  le  second  potentiel  (V2)  etant  suffisamment  differente  du  premier  potentiel  (V1)  pour 
que  le  liquide  soit  atomise,  mais  etant  suffisamment  proche  du  premier  potentiel  (V1)  pour  que  des 

is  gouttelettes  chargees  formees  par  le  liquide  soient  repoussees  a  I'ecart  de  la  tete  de  pulverisation  et  en 
direction  de  la  cible. 

18.  Appareil  de  pulverisation  electrostatique  selon  la  revendication  17,  dans  lequel,  pour  pulveriser  sur- 
une  cible  a  un  potentiel  0,  le  premier  potentiel  est  compris  entre  25  kV  et  50  kV  et  le  second  potentiel  est 
compris  entre  10kV  et  40  kV. 
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