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(54)  POWDER  COATING  DEVICE  AND  METHOD 

(57)  A  powder  coating  device  capable  of  improving 
a  powder  paint  utilization  efficiency,  comprising  a  booth, 
a  powder  paint  fluidized  bed  formed  on  the  bottom  of 
the  booth  and  opened  upwards,  a  paint  spraying  means 
for  extracting  powder  paint  from  the  fluidized  bed  and 
spraying  it  into  the  booth  from  above  the  booth,  a  hold- 
ing  means  for  holding  an  unpainted  article  inside  the 
booth,  an  electrode  disposed  inside  the  booth  facing  the 
unpainted  article  held  by  the  holding  means,  a  power 
source  for  applying  a  high  voltage  between  the  elec- 
trode  and  the  unpainted  article  and  a  circulating  flow 
forming  means  for  forming  a  circulating  flow  of  powder 
paint  inside  the  booth. 

FIG.1 

Printed  by  Xerox  (UK)  Business  Services 
2.16.7/3.6 



1 EP  0  963  793  A1 2 

Description 

Technical  Field 

[0001  ]  The  present  invention  relates  to  a  powder  coat-  s 
ing  apparatus  and  a  method  therefor,  and  more  particu- 
larly,  to  an  apparatus  and  a  method  therefor  in  which  a 
powder  coating  is  performed  using  an  electrostatic  fluid- 
ized  dipping  method. 

10 
Background  Art 

[0002]  From  the  viewpoint  of  environmental  preserva- 
tion,  attention  is  paid  to  ecofriendly,  pollution-free  type 
powder  coating  that  uses  no  solvents.  One  of  such  pow-  15 
der  coating  methods  is  an  electrostatic  fluidized  dipping 
method.  In  the  electrostatic  fluidized  dipping  method,  a 
tank  for  storing  a  powder  coating  material  is  formed  at  a 
lower  portion  of  a  substantially  closed  booth,  and  air  is 
blown  into  the  storage  tank  to  thereby  cause  the  20 
charged  powder  coating  material  to  fly  up  within  the 
booth.  Then,  in  such  an  atmosphere,  an  electrically 
grounded  object  to  be  coated  is  introduced  above  the 
storage  tank,  and  the  powder  coating  material  is  caused 
to  adhere  onto  the  surface  of  the  object  to  be  coated  by  25 
an  electrostatic  force. 
[0003]  According  to  this  method,  coating  is  carried  out 
within  the  booth,  and  thus  powder  coating  can  be  per- 
formed  on  the  surface  of  the  object  to  be  coated  while 
preventing  the  splashing  and  adhesion  of  the  powder  30 
coating  material  onto  peripheral  equipment,  etc., 
arranged  outside  the  booth. 
[0004]  However,  since  the  fluctuation  of  particle  diam- 
eter  occurs  in  the  powder  coating  material,  finer  parti- 
cles  are  easily  blown  up  while  particles  having  larger  35 
sizes  are  hardly  to  be  blown  up.  Since  the  particles  of 
the  coating  material  are  thus  classified,  those  particles 
having  such  a  large  size  as  not  to  be  blown  up  from  the 
storage  tank  located  in  the  lower  portion  of  the  booth  to 
the  object  to  be  coated  do  not  contribute  to  the  forma-  40 
tion  of  a  film  on  the  surface  of  the  object  to  be  coated. 
Therefore,  there  was  a  problem  inherent  in  the  conven- 
tional  method  that  the  use  efficiency  of  the  coating 
material  was  lowered. 

45 
Disclosure  of  the  Invention 

[0005]  The  present  invention  has  been  made  to  over- 
come  the  aforementioned  problem  and  therefore  has  an 
object  to  provide  a  powder  coating  apparatus  and  a  so 
method  therefor  with  which  the  use  efficiency  of  a  pow- 
der  coating  material  can  be  improved. 
[0006]  A  powder  coating  apparatus  according  to  the 
present  invention  comprises:  a  booth;  a  fluidized  bed  of 
a  powder  coating  material  formed  on  the  bottom  of  the  55 
booth  and  having  an  opening  on  the  top  thereof;  coating 
material  blowing  means  for  introducing  the  powder  coat- 
ing  material  from  the  fluidized  bed  and  blowing  the  intro- 

duced  powder  coating  material  into  the  booth  from  an 
upper  portion  of  the  booth;  holding  means  for  holding  an 
object  to  be  coated  within  the  booth;  electrodes  pro- 
vided  within  the  booth  so  as  to  confront  the  object  to  be 
coated  held  by  the  holding  means;  a  power  supply  for 
applying  a  high  voltage  between  the  electrodes  and  the 
object  to  be  coated;  and  circulating  stream  forming 
means  for  forming  a  circulating  stream  of  the  powder 
coating  material  within  the  booth. 
[0007]  The  fluidized  bed  may  be  detachably  attached 
to  the  booth.  Further,  the  circulating  stream  forming 
means  may  have  ejectors  for  blowing  air  upward  from  a 
lower  portion  of  the  booth.  Still  further,  a  rectifying  unit 
for  rectifying  a  stream  of  the  powder  coating  material 
may  be  arranged  immediately  above  the  fluidized  bed. 
[0008]  The  powder  coating  apparatus  may  also  have 
such  a  structure  that  the  booth  has  openings  at  both 
ends  in  the  longitudinal  direction  thereof,  and  the  hold- 
ing  means  holds  the  object  to  be  coated  while  moving 
the  object  to  be  coated  in  the  longitudinal  direction  of 
the  booth  so  that  the  object  to  be  coated  is  allowed  to 
pass  through  the  booth  via  the  openings  at  both  ends, 
and  the  holding  means  electrically  grounds  the  object  to 
be  coated.  In  this  case,  the  powder  coating  apparatus 
may  further  comprise  sucking  means  for  sucking  air 
from  the  openings  at  both  ends  in  the  longitudinal  direc- 
tion  of  the  booth,  and  a  bag  filter  for  capturing  the  pow- 
der  coating  material  contained  in  the  air  sucked  by  the 
sucking  means. 
[0009]  A  powder  coating  method  according  to  the 
present  invention  comprises  the  steps  of:  fluidizing  a 
powder  coating  material  on  the  bottom  of  a  booth;  intro- 
ducing  the  fluidized  powder  coating  material  to  blow  the 
introduced  powder  coating  material  into  the  booth  from 
an  upper  portion  of  the  booth;  introducing  an  object  to 
be  coated  into  the  booth;  forming  an  electric  field  for 
inducing  the  powder  coating  material  around  the  object 
to  be  coated;  and  forming  a  circulating  stream  of  the 
powder  coating  material  within  the  booth. 
[001  0]  The  powder  coating  method  may  further  com- 
prise  the  step  of  passing  the  object  to  be  coated  through 
the  booth  by  moving  the  object  to  be  coated  in  the  lon- 
gitudinal  direction  of  the  booth.  In  this  case,  air  may  be 
sucked  from  an  entrance  and  an  exit  for  the  object  to  be 
coated  which  are  provided  at  both  ends  in  the  longitudi- 
nal  direction  of  the  booth  to  thereby  entrap  the  powder 
coating  material  contained  in  the  sucked  air. 

Brief  Description  of  the  Drawings 

[0011] 

FIGS.  1  to  3  are  a  front  view,  a  side  view  and  a  plan 
view  each  showing  a  powder  coating  apparatus 
according  to  an  embodiment  of  the  present  inven- 
tion; 
FIGS.  4  and  5  are  a  front  sectional  view  and  a  side 
sectional  view  each  showing  the  internal  structure 
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of  the  powder  coating  apparatus  shown  in  FIGS.  1 
to  3;  and 
FIG.  6  is  a  side  sectional  view  showing  the  internal 
structure  of  a  powder  coating  apparatus  according 
to  another  embodiment  of  the  present  invention. 

Best  Mode  for  carrying  out  the  Invention 

[001  2]  Embodiments  of  the  present  invention  will  now 
be  described  with  reference  to  the  accompanying  draw- 
ings. 
[001  3]  FIGS.  1  to  3  show  a  powder  coating  apparatus 
according  to  an  embodiment  of  the  present  invention.  A 
booth  1  has  its  lower  portion  shaped  like  an  inverted 
pyramid  with  its  sectional  area  reduced  downward,  and 
a  fluidized  bed  unit  2  for  fluidizing  a  powder  coating 
material  is  detachably  attached  to  the  bottom  of  the 
booth  1  .  The  fluidized  bed  unit  2  has  an  opening  on  the 
top  thereof  so  as  to  communicate  with  the  booth  1  ,  and 
is  divided  into  an  upper  chamber  and  a  lower  chamber 
with  a  porous  plate  3.  Compressed  air  is  supplied  to  the 
lower  chamber  through  an  air  introducing  port  4.  Four 
injector  attaching  ports  5  are  formed  on  a  side  wall  of 
the  upper  chamber. 
[0014]  A  conveyor  6  is  mounted  on  the  booth  1  so  as 
to  extend  in  the  longitudinal  direction  of  the  booth  1  .  The 
conveyor  6  transfers  an  object  to  be  coated  within  the 
booth  1  while  holding  the  object  thereon.  On  the  top  of 
the  booth  1  are  four  flanges  7,  which  are  arranged  so  as 
to  interpose  the  conveyor  6  therebetween  and  which 
correspond  to  the  injector  attaching  ports  5.  Openings  8 
serving  as  an  entrance  and  an  exit  for  the  object  to  be 
coated,  respectively,  are  formed  at  both  ends  in  the  lon- 
gitudinal  direction  of  the  booth  1.  The  width  of  each 
opening  8  can  be  adjusted  by  a  corresponding  pair  of 
sucking  hoods  1  1  that  is  arranged  so  as  to  be  movable 
horizontally  along  an  upper  rail  9  and  a  lower  rail  10. 
Each  sucking  hood  1  1  serves  to  suck  the  air  in  the  vicin- 
ity  of  the  openings  8. 
[0015]  A  pair  of  tubular  ejectors  12  is  arranged  at  a 
lower  portion  of  the  booth  1  so  as  to  extend  in  the  longi- 
tudinal  direction  of  the  booth  1.  Each  ejector  12  has  a 
plurality  of  upwardly  facing  air  blowing  nozzles  13.  Fur- 
ther,  a  pair  of  opposing  rectangular  electrode  plates  14 
is  suspended  from  the  top  of  the  booth  1  so  as  to  extend 
in  the  longitudinal  direction  of  the  booth  1  .  An  inspection 
window  15  is  provided  on  a  side  wall  of  the  booth  1  so 
as  to  be  opened  and  closed. 
[0016]  As  shown  in  FIGS.  4  and  5,  the  four  flanges  7 
arranged  on  the  top  of  the  booth  1  communicate  with 
downwardly  facing  coating  material  blowing  nozzles  16 
that  are  attached  to  the  ceiling  of  the  booth  1  ,  respec- 
tively.  While  the  respective  coating  material  blowing 
nozzles  16  may  have  the  function  of  scattering  the  pow- 
der  coating  material  into  the  booth  1,  they  may  also 
have  the  function  of  charging  the  powder  coating  mate- 
rial  by  means  of  frictional  electrification  or  internal 
corona  electrification.  Further,  injectors  1  7  are  attached 

to  the  four  injector  attaching  ports  5  of  the  fluidized  bed 
unit  2,  and  connected  to  the  corresponding  flanges  7  on 
the  top  of  the  booth  1  through  coating  material  hoses 
18,  respectively.  A  sucking  fan  20  is  connected  to  the 

5  sucking  hoods  1  1  at  both  ends  in  the  longitudinal  direc- 
tion  of  the  booth  1  through  a  bag  filter  19.  Further,  a 
high-voltage  power  supply  21  arranged  on  the  top  of  the 
booth  1  is  electrically  connected  to  the  respective  elec- 
trode  plates  14.  The  object  to  be  coated  A  is  held  within 

10  the  booth  1  while  suspended  by  hangers  22  that  can  be 
transferred  by  the  conveyor  6.  The  object  to  be  coated  A 
is  electrically  grounded  through  the  hangers  22  and  the 
conveyor  6.  Further,  a  rectifying  unit  23  is  arranged 
immediately  above  the  fluidized  bed  unit  2  within  the 

15  booth  1  .  The  unit  23  is  made  by  forming  a  plate  material 
into  a  rhomboidal  cross  section.  The  fluidized  bed  unit  2 
is  detachably  attached  to  the  bottom  of  the  booth  1 
through  attaching  pieces  24. 
[0017]  In  the  present  invention,  the  injectors  17,  the 

20  coating  material  hoses  18  and  the  coating  material 
blowing  nozzles  16  constitute  the  coating  material  blow- 
ing  means,  the  conveyor  6  and  the  hangers  22  consti- 
tute  the  holding  means,  and  the  sucking  hoods  1  1  ,  the 
bag  filter  19  and  the  sucking  fan  20  constitute  the  suck- 

25  ing  means. 
[0018]  Next,  the  operation  of  the  powder  coating 
apparatus  according  to  this  embodiment  will  be 
described.  First,  the  fluidized  bed  unit  2,  in  which  the 
powder  coating  material  is  contained  in  the  upper  cham- 

30  ber  formed  on  the  porous  plate  3,  is  attached  to  the  bot- 
tom  of  the  booth  1  through  the  attaching  pieces  24. 
Then,  compressed  air  is  supplied  to  the  lower  chamber 
of  the  fluidized  bed  unit  2  from  a  not  shown  compressed 
air  supply  unit  through  the  air  introducing  port  4.  The 

35  compressed  air  supplied  to  the  lower  chamber  is  purged 
via  the  porous  plate  3  into  the  upper  chamber  in  which 
the  powder  coating  material  is  contained,  thereby  fluid- 
izing  the  powder  coating  material.  When  compressed 
air  is  supplied  to  the  respective  injectors  17  from  a  not 

40  shown  compressed  air  supply  unit,  the  powder  coating 
material  being  fluidized  within  the  upper  chamber  of  the 
fluidized  bed  unit  2  is  introduced  into  the  coating  mate- 
rial  hoses  18,  so  that  the  powder  coating  material  is 
blown  into  the  booth  1  from  the  tour  coating  material 

45  blowing  nozzles  16.  Further,  compressed  air  is  supplied 
to  the  pair  of  ejectors  1  2  from  a  not  shown  compressed 
air  supply  unit  and  purged  upward  from  the  plurality  of 
air  blowing  nozzles  13,  so  that  a  circulating  stream  of 
the  powder  coating  material  is  formed  within  the  booth 

50  1. 
[001  9]  As  a  result,  the  powder  coating  material  blown 
into  the  booth  1  from  the  coating  material  blowing  noz- 
zles  16  circulates  within  the  booth  1  while  riding  on  the 
circulating  stream.  At  this  instance,  particles  of  the  pow- 

55  der  coating  material  that  have  failed  to  ride  on  the  circu- 
lating  stream  fall  down  by  their  own  weight,  and  thus 
returned  to  the  upper  chamber  of  the  fluidized  bed  unit 
2.  While  the  compressed  air  supplied  into  the  fluidized 
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bed  unit  2  from  the  air  introducing  port  4  is  blown  into 
the  booth  1  after  having  fluidized  the  powder  coating 
material,  the  compressed  air  has  its  flow  rectified  in  the 
direction  of  the  pair  of  ejectors  1  2  by  the  rectifying  unit 
23,  thereby  encouraging  the  formation  of  the  circulating 
stream. 
[0020]  By  driving  the  conveyor  6,  the  object  to  be 
coated  A  suspended  by  the  hangers  22  is  transferred 
into  the  booth  1  whose  atmosphere  is  as  described 
above,  and  a  predetermined  electric  field  is  produced 
between  the  electrode  plates  1  4  and  the  surface  of  the 
electrically  grounded  object  to  be  coated  A  by  causing 
the  high-voltage  power  supply  21  to  apply  a  potential 
from  -20  to  -50  kV.  Particles  of  the  powder  coating  mate- 
rial  floating  and  circulating  while  riding  on  the  circulating 
stream  within  the  booth  1  adhere  to  the  surface  of  the 
object  to  be  coated  A  by  receiving  an  electrostatic  force 
from  the  electric  field. 
[0021  ]  Further,  by  driving  the  sucking  fan  20,  the  air  in 
the  vicinity  of  the  openings  8  at  both  ends  in  the  longitu- 
dinal  direction  of  the  booth  1  is  sucked  into  the  bag  filter 
1  9  from  the  sucking  hoods  1  1  .  As  a  result,  the  particles 
of  the  powder  coating  material  floating  within  the  booth 
1  are  sucked  from  the  sucking  hoods  1  1  via  the  open- 
ings  8  and  then  entrapped  by  the  bag  filter  19  without 
being  scattered  outside  the  booth  1  .  Therefore,  periph- 
eral  equipment  and  the  like  outside  the  booth  1  can  be 
prevented  from  being  soiled  by  the  powder  coating 
material. 
[0022]  The  fluidized  bed  unit  2  is  detachably  attached 
to  the  bottom  of  the  booth  1  by  the  attaching  pieces  24. 
Therefore,  when  changing  the  coating  color,  a  user 
removes  the  fluidized  bed  unit  2  from  the  booth  1  ,  and 
cleans  the  booth  1  by  air  blowing  or  the  like.  And  there- 
after  the  user  attaches  a  new  fluidized  bed  unit  2,  which 
contains  a  powder  coating  material  whose  color  is  dif- 
ferent  and  with  which  the  user  wishes  to  coat  an  object, 
to  the  bottom  of  the  booth  1  .  Then,  next  coating  opera- 
tion  can  be  performed. 
[0023]  Note  that  suitable  wall  materials  for  the  booth  1 
are  plastic  materials  such  as  vinyl  chloride,  polyethyl- 
ene,  acryl  and  polycarbonate. 
[0024]  In  the  aforementioned  embodiment,  as  shown 
in  FIG.  5,  the  upwardly  facing  air  blowing  nozzles  13  are 
located  outside  and  below  the  pair  of  electrode  plates 
14  and  the  downwardly  facing  coating  material  blowing 
nozzles  16  are  located  inside  and  above  these  elec- 
trode  plates  1  4,  and  the  circulating  stream  of  the  coating 
material  is  formed  so  that  the  stream  comes  down  along 
the  surface  of  the  object  to  be  coated  A  and  rises  up 
outside  the  pair  of  electrode  plates  14.  However,  the 
present  invention  is  not  limited  to  this  embodiment.  For 
example,  it  may  be  so  arranged  as  shown  in  FIG.  6  that 
the  upwardly  facing  air  blowing  nozzles  13  are  located 
immediately  below  the  object  to  be  coated  A  that  is 
interposed  between  the  pair  of  electrode  plates  14,  and 
the  downwardly  facing  coating  material  blowing  nozzles 
1  6  are  located  outside  and  above  these  electrode  plates 

1  4,  and  a  circulating  stream  is  formed  so  that  the  stream 
rises  up  along  the  surface  of  the  object  to  be  coated  A 
and  comes  down  outside  the  pair  of  electrode  plates  1  4. 
[0025]  As  described  in  the  foregoing,  according  to  the 

5  present  invention,  a  fluidized  powder  coating  material  is 
blown  into  the  booth  from  the  top  of  the  booth,  and  a  cir- 
culating  stream  of  the  powder  coating  material  is  formed 
within  the  booth.  Therefore,  the  powder  coating  material 
does  not  become  classified,  thus  allowing  particles  of 

10  the  powder  coating  material  having  large  sizes  to  con- 
tribute  to  the  formation  of  a  film.  As  a  result,  the  use  effi- 
ciency  of  the  powder  coating  material  can  be  improved. 

Claims 
15 

1  .  A  powder  coating  apparatus  comprising: 

a  booth; 
a  fluidized  bed  of  a  powder  coating  material 

20  formed  on  the  bottom  of  said  booth  and  having 
an  opening  on  the  top  thereof; 
coating  material  blowing  means  for  introducing 
the  powder  coating  material  from  said  fluidized 
bed  and  blowing  the  introduced  powder  coating 

25  material  into  said  booth  from  an  upper  portion 
of  said  booth; 
holding  means  for  holding  an  object  to  be 
coated  within  said  booth; 
electrodes  provided  within  said  booth  so  as  to 

30  confront  the  object  to  be  coated  held  by  said 
holding  means; 
a  power  supply  for  applying  a  high  voltage 
between  said  electrodes  and  the  object  to  be 
coated;  and 

35  circulating  stream  forming  means  for  forming  a 
circulating  stream  of  the  powder  coating  mate- 
rial  within  said  booth. 

2.  A  powder  coating  apparatus  according  to  claim  1 
40  wherein  said  fluidized  bed  is  detachably  attached  to 

said  booth. 

3.  A  powder  coating  apparatus  according  to  claim  1  or 
2  wherein  said  circulating  stream  forming  means 

45  has  ejectors  for  blowing  air  upward  from  a  lower 
portion  of  said  booth. 

4.  A  powder  coating  apparatus  according  to  any  one 
of  claims  1  to  3  further  comprising  a  rectifying  unit, 

so  arranged  immediately  above  said  fluidized  bed,  for 
rectifying  a  stream  of  the  powder  coating  material. 

5.  A  powder  coating  apparatus  according  to  any  one 
of  claims  1  to  4  wherein  said  booth  has  openings  at 

55  both  ends  in  the  longitudinal  direction  thereof,  said 
holding  means  moving  the  object  to  be  coated  in 
the  longitudinal  direction  of  said  booth  while  holding 
the  object  to  be  coated  so  that  the  object  to  be 

4 
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coated  is  allowed  to  pass  through  said  booth  via  the 
openings  at  both  ends,  said  holding  means  electri- 
cally  grounding  the  object  to  be  coated. 

6.  A  powder  coating  apparatus  according  to  claim  5  s 
further  comprising: 

sucking  means  for  sucking  air  from  the  open- 
ings  at  both  ends  in  the  longitudinal  direction  of 
said  booth;  and  10 
a  bag  filter  for  entrapping  the  powder  coating 
material  contained  in  the  air  sucked  by  said 
sucking  means. 

7.  A  powder  coating  method  comprising  the  steps  of:  15 

fluidizing  powder  coating  material  on  the  bot- 
tom  of  a  booth; 
introducing  said  fluidized  powder  coating  mate- 
rial  to  blow  said  introduced  powder  coating  20 
material  into  said  booth  from  an  upper  portion 
of  said  booth; 
introducing  an  object  to  be  coated  into  said 
booth; 
producing  an  electric  field  for  inducing  said  25 
powder  coating  material  around  said  object  to 
be  coated;  and 
forming  a  circulating  stream  of  said  powder 
coating  material  within  said  booth. 

30 
8.  A  powder  coating  method  according  to  claim  7  fur- 

ther  comprising  a  step  of  passing  said  object  to  be 
coated  through  said  booth  by  moving  said  object  to 
be  coated  in  a  longitudinal  direction  of  said  booth. 

35 
9.  A  powder  coating  method  according  to  claim  8  fur- 

ther  comprising  a  step  of  sucking  air  from  an 
entrance  and  an  exit  for  said  object  to  be  coated 
which  are  provided  at  both  ends  in  the  longitudinal 
direction  of  said  booth  to  thereby  entrap  said  pow-  40 
der  coating  material  contained  in  said  sucked  air. 

45 

50 
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