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©  Method  and  apparatus  for  generating  plasma  flame  jet. 

©  The  invention  relates  to  a  method  and  an  ap- 
paratus  for  generating  a  plasma  flame  jet.  An  ultra- 
high  velocity  and  temperature  plasma  jet  is  gen- 
erated  by  directly  converting  fuel  gas  into  a  plasma- 
forming  gas.  Also  various  temperatures  and  veloci- 
ties  of  a  plasma  are  provided  by  combining  electrical 

and  thermal  energies.  The  methodes  and  apparatus 
of  the  present  invention  can  be  utilized  in  thermo- 
treatment,  coating,  cutting,  welding  and  dehydrating, 
pulverizing  or  reducing  metals,  ceramics  or  the  like, 
and  as  a  plasma  furnace  or  the  like. 
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Technical  Field  to  which  the  Invention  relates 

The  present  invention  relates  to  an  improved 
method  and  apparatus  for  generating  an  ultra-high 
temperature  and  velocity  plasma  flame  jet. 

The  method  as  well  as  the  apparatus  of  the 
present  invention  effectively  heat-treats,  coats,  cuts 
or  welds  metals,  ceramics  or  the  like,  or  dehy- 
drates,  pulverizes  or  resolves  various  types  of 
waste  matters. 

Since  a  plasma  flame  formed  electrically  is 
capable  of  generating  an  ultra-high  temperature  of 
2.500  -  9.000  °  C,  it  can  provide  a  temperature  high 
enough  to  fuse  metal  or  ceramic  particles  which 
possess  a  high  fusing  point.  The  velocity  of  a 
conventional  gaseous  stream,  however,  is  not  very 
high,  being  merely  400  -  600  m/sec. 

Therefore,  particles  fed  in  the  gaseous  stream 
do  not  possess  a  velocity  sufficient  enough  to 
secure  coating  on  a  substrate  surface. 

Prior  Art 

U.  S.  Patent  No.  4,370,538  discloses  a  method 
and  apparatus  for  ultra-high  velocity  dual  stream 
metal  flame  spraying. 

The  method  and  apparatus  of  said  invention 
primarily  comprises  the  combination  of  a  primary 
jet  stream  generated  by  a  plasma  arc  of  an  inert 
gas  such  as  argon,  helium  or  nitrogen  and  a  secon- 
dary  stream  generated  by  combustion  of  the  mix- 
ture  of  air  and  fuel  within  an  internal  burner  under  a 
high  pressure.  The  high  velocity  gaseous  accelerat- 
ing  secondary  jet  stream  is  directed  as  a  converg- 
ing  annular  flow  about  and  into  the  primary  jet 
stream  of  high  temperature  bearing  melted  par- 
ticles  to  accelerate  the  particles  for  improved  im- 
pingement  coating  of  a  substrate  with  the  internal 
burner  operated  under  parameters  such  that  the 
secondary  jet  stream  is  at  sufficient  high  tempera- 
ture  to  prevent  solidification  of  the  particles  during 
transport  by  the  higher  molten  secondary  stream 
prior  to  impact  on  the  substrate  surface. 

As  set  forth  above,  the  process  that  a  plasma 
flame  is  first  formed,  particles  are  melted  in  the 
flame  and  then  the  particles  are  accelerated  by 
another  flame  is  already  known. 

Technical  problem 

The  problem  to  be  solved  by  the  present  in- 
vention  is  to  improve  a  method  and  an  apparatus 
for  generating  an  ultra-high  temperature  and  ve- 
locity  plasma  flame  jet. 

Solution  of  the  Technical  Problem 

The  above  problem  is  solved  by  the  features 

as  defined  by  claim  1  . 

Advantages  of  the  Invention 

5  The  method  as  well  as  the  apparatus  of  the 
present  invention  effectively  heat-treats,  coats,  cuts 
or  welds  metals,  ceramics  or  the  like,  or  dehy- 
drates,  pulverizes  or  resolves  various  types  of 
waste  matters. 

io  By  means  of  the  present  invention  an  effective 
as  well  as  efficient  method  and  apparatus  for  an 
ultra-high  velocity  and  temperature  plasma  flame 
jet  are  provided,  wherein,  different  from  the  above- 
identified  prior  art  invention,  fuel  gas,  instead  of 

75  said  inert  gas,  is  utilized  as  a  plasma-forming  gas 
to  form  a  plasma  flame  first  and  then  a  burning 
flame.  Thus,  a  burning  condition  in  the  process  of 
generating  a  plasma  flame  jet  is  obtained.  In  this 
way,  a  plasma  flame  jet  with  both  thermal  and 

20  inflational  energies  can  be  generated.  The  burning 
performed  under  a  high-temperature,  high-pressure 
condition  brings  about  gaseous  inflation  which  is  by 
far  greater  than  the  critical  inflation. 

This  inflational  energy  provides  an  ultra-high 
25  velocity  plasma  flame  jet.  Such  a  method  and 

apparatus  is  capable  of  forming  a  plasma  flame 
and  a  burning  flame  in  a  process  and  of  generating 
an  ultra-high  velocity  and  temperature  plasma 
flame  jet. 

30 
Brief  Description  of  the  Drawings 

Figs.  1  -  4  show  longitudinal  sectional  views  of 
apparatus  of  embodiments  of  the  present  inven- 

35  tion; 
Fig.  5  shows  a  longitudinal  sectional  view  of  an 
apparatus  using  a  method  of  the  present  inven- 
tion; 
Figs.  6  -  7  are  front  views  showing  the  supply 

40  nozzles  and  piece  of  the  apparatus  of  Fig.  5; 
Fig.  8  shows  a  longitudinal  sectional  view  of  the 
apparatus  in  Fig.  1  which  shows  the  forming  of  a 
plasma  flame; 
Fig.  9  is  a  flow  chart  showing  the  steps  for 

45  forming  a  plasma  flame. 
Wherein,  10  is  passage,  11  cathode,  12  anode, 

16  first  chamber,  17  liquid  or  gaseous  fuel  supply 
tube,  18  second  chamber,  19  oxygen  or  com- 
pressed  air  supply  tube,  and  20  is  discharging 

50  opening. 
Figs.  1  -  4  show  simplified  drawings  of  the 

apparatus  embodiments  of  the  present  invention. 
Fig.  1  shows  a  cylindrical  torch  body  and  a 

passage  10  within  the  body.  At  an  end  of  the 
55  passage  10  is  a  cathode  electrode  11  which  is 

made  of  conductive  material  such  as  tungsten. 
Around  the  cathode  1  1  like  constituting  part  of  the 
passage  10  is  a  cylindrical-shape  anode  12  which 

2 
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is  also  made  of  conductive  material.  There  exists 
an  insulating  piece  13  between  the  anode  12  and 
the  cathode  11.  Coolant  conduits  14  and  15  are 
employed  to  cool  the  anode  12  and  the  cathode 
11. 

The  end  part  of  the  passage  and  the  anode  12 
is  made  narrow.  A  gas  supply  tube  17  is  connected 
to  the  space  (first  chamber)  16  created  between 
said  end  part  and  the  cathode  11  to  introduce 
liquid  or  gaseous  fuel.  A  gas  supply  system  (not 
shown)  with  a  gas  meter  and  a  control  valve  is 
connected  to  said  gas  supply  tube  17. 

Ahead  of  said  end  part  of  the  passage  and  the 
anode  12  is  another  space  (second  chamber)  18 
facilitated  as  a  combustion  chamber  to  burn  fuel 
gas  plasma  formed  by  electrically  converting  liquid 
or  gaseous  fuel. 

The  second  chamber  18  is  so  made  that  oxy- 
gen  or  compressed  air  is  supplied  there  for  com- 
busting  fuel  gas  plasma,  and  one  of  the  oxygen  or 
compressed  air  supply  tubes  19  is  connected  with 
the  passage  part  10  between  the  first  cahmber  16 
and  the  second  chamber  18  and  the  other  is  con- 
nected  with  the  second  chamber  18.  A  supply 
system  (not  shown)  with  a  flow  meter  and  a  control 
valve  for  supplying  oxygen  or  compressed  air  is 
connected  to  said  supply  tubes  19.  The  combust- 
ing  condition  of  fuel  gas  plasma  in  the  second 
chamber  18  is  controlled  by  the  supply  of  oxygen 
or  compressed  air  from  said  supply  tubes  19.  Ei- 
ther  both  or  one  of  these  supply  tubes  can  be 
utilized  at  a  time. 

A  water  conduit  21  for  circulating  coolant  is 
facilitated  around  the  second  chamber  18.  The  end 
part  of  the  second  chamber  18  is  a  discharging 
opening  20  which  is  shaped  like  a  throat. 

In  the  apparatus  shown  in  Fig.  1  liquid  or 
gaseous  fuel  is  introduced  into  the  first  chamber  16 
from  the  supply  tube  17.  In  the  case  of  liquid  fuel, 
the  fuel  is  pressurized  with  nitrogen  gas  or  the  like 
or  by  a  compressor  and  sprayed  into  the  first 
chamber  16.  Said  gaseous  or  sprayed  liquid  fuel  is 
then  electrically  converted  into  plasma  by  a  plasma 
arc  created  by  the  voltage  between  the  cathode  1  1 
and  the  anode  12,  becoming  a  fuel  gas  plasma. 
The  fuel  gas  plasma  is  then  mixed  with  the  oxygen 
or  compressed  air  fed  through  the  supply  tubes 
(19).  The  mixing  proportion  depends  on  the  kind  of 
fuel  to  be  used.  It  is  possible  to  form  a  plasma 
flame  in  an  oxidized  atmosphere  or  a  deoxidized 
atmosphere  by  controlling  the  supply  of  oxygen  or 
compressed  air. 

When  oxygen  or  compressed  air  is  mixed  into 
the  fuel  gas  plasma,  combustion  takes  place  in  the 
second  chamber  18  ignited  by  the  extremely-high 
temperature  fuel  gas  plasma.  An  ultra-high  velocity 
and  temperature  plasma  flame  jet  is  thus  generated 
and  discharged  from  the  discharging  opening  20. 

The  method  and  apparatus  of  the  present  invention 
is  capable  of  generating  a  plasma  flame  jet  of,  in 
theory,  2.500  -  5.000  °  C,  400  -  4.000  m/sec. 

In  case  coating  is  to  be  performed  using  said 
5  plasma  flame  jet,  a  nozzle  (not  shown)  is  to  be 

installed  at  the  discharging  opening  20  and  a  coat- 
ing  material  is  fed  through  the  nozzle  into  the 
plasma  flame  jet. 

The  steps  of  forming  a  plasma  flame  in  the 
io  apparatus  of  Fig.  1  is  shown  in  Figs.  8  and  9.  That 

is: 
a  plasma  flame  is  formed  in  the  steps  of 

A)  introduction  of  fuel  gas; 
B)  forming  fuel  gas  plasma;  and 

is  C)  combustion. 
The  apparatus  shown  in  Fig.  2  is  primarily  the 

same  as  the  one  in  Fig.  1,  however,  the  second 
chamber  18  is  constituted  as  an  anode  12  which  is 
made  of  conductive  material.  In  this  case,  both 

20  electrical  conversion  and  combustion  are  per- 
formed  in  the  second  chamber  18  generating  an 
even  higher  temperature  plasma  flame  jet. 

The  apparatus  shown  in  Fig.  3  is  the  one 
applied  to  a  transfer  arc.  As  this  type  of  apparatus 

25  is  mainly  used  for  cutting  or  welding  metals,  it  is 
possible  to  utilize  only  the  fuel  gas  plasma. 

In  the  apparatus  shown  in  Figs.  1  ,  2  and  3,  one 
of  the  supply  tubes  19  for  supplying  oxygen  or 
compressed  air  is  connected  with  the  passage  part 

30  10  between  the  first  chamber  16  and  the  second 
chamber  18  and  the  other  is  connected  with  the 
second  chamber  18.  In  the  case  of  the  apparatus  in 
Fig.  3  an  apparatus  with  only  one  of  the  supply 
tubes  may  be  utilized. 

35  The  apparatus  shown  in  Fig.  4  possesses  the 
function  to  form  fuel  plasma  and  combust  it  at  the 
same  time.  The  apparatus  has  a  fuel  supply  tube 
17  and  oxygen  or  compressed  air  supply  tubes  19 
aligned  which  are  connected  with  the  same  cham- 

40  ber  22. 
The  apparatus  shown  in  Fig.  5  directly  dis- 

charges  a  fuel  gas  plasma  formed  by  electrical 
convertion  of  liquid  or  gaseous  fuel  and  supply 
nozzles  23  to  supply  oxygen  or  compressed  air 

45  into  the  fuel  gas  plasma  are  installed  at  the  dis- 
charging  opening  20.  The  supply  nozzles  23  may 
be  plurality  of  supply  nozzles  installed  around  the 
discharging  opening  20  as  shown  in  Fig.  6  or  a 
circular  supply  piece  around  the  discharing  open- 

so  ing  20  as  shown  in  Fig.  7.  The  apparatus  shown  in 
Fig.  5  is  the  one  to  burn  a  fuel  gas  plasma  in  the 
air  and  therefore  does  not  posses  a  combustion 
chamber  like  the  apparatus  of  Figs.  1  -  4. 

Accordingly  the  velocity  of  the  plasma  flame  jet 
55  generated  in  the  apparatus  in  Fig.  5  is  not  as  great 

as  that  of  the  apparatus  in  Figs.  1  -  4,  however,  it 
can  still  provide  a  faster  plasma  flame  jet  than  a 
conventional  one. 

3 
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The  apparatus  shown  in  the  above-mentioned 
figures  have  a  liquid  or  gaseous  supply  tube  17 
into  the  first  chamber,  however,  it  is  also  possible 
to  install  another  tube  into  the  second  chamber  in 
order  to  assist  combustion.  The  apparatus  of  the 
present  invention  include  not  only  the  apparatus 
described  above  but  also  any  combination  of  com- 
positions  of  such  apparatus. 

As  set  forth  above,  the  methods  and  apparatus 
of  the  present  invention  effectively  provide  an  ultra- 
high  velocity  and  temperature  plasma  jet  by  di- 
rectly  converting  fuel  gas  into  a  plasma-forming 
gas. 

The  method  of  the  present  invention  includes 
both  the  repeating  and  the  concurrent  processes  of 
the  following  of  electrical  conversion  into  plasma 
and  combustion:  electrically  converting  liquid  or 
gaseous  fuel  into  plasma,  forming  a  fuel  gas  plas- 
ma;  mixing  oxygen  or  compressed  air  into  the  fuel 
gas  plasma;  combusting  the  mixture;  and  elec- 
trically  converting  the  combusted  mixture. 

Electrically  converting  gaseous  fuel  into  plasma 
is  performed  by  reducing  said  gaseous  fuel  into 
molecules  and  ionizating  them.  In  the  case  of  liquid 
fuel,  the  liquid  fuel  is  first  converted  into  gaseous 
fuel  and  then  electrically  converted  into  plasma  by 
reducing  said  gaseous  fuel  into  molecules  and 
ionizating  them.  In  this  case,  the  conversion  of  said 
liquid  fuel  into  gaseous  fuel  is  assisted  by  the  heat 
generated  in  the  process  of  the  electrical  conver- 
sion. 

Gaseous  fuel  to  be  used  for  the  present  inven- 
tion  may  be  acetylen,  propane,  propylene,  butane, 
natural  gas,  coal  gas,  or  the  like.  Liquid  fuel  to  be 
used  may  be  gasoline,  kerosene,  gas  oil,  alcohol, 
oils  and  fats,  or  the  like.  Among  them,  acetylene  is 
capable  of  forming  a  plasma  flame  in  a  deoxidating 
atmosphere  as  it  completely  burns  at  a  high  tem- 
perature,  and  propylene  is  easier  to  handle  than 
other  hydrocarbonic  types  of  gaseous  fuel  as  it 
produces  a  higher  steam  pressure.  It  is  also  eco- 
nomical  to  utilize  propane  or  natal  gas  as  they  are 
inexpensive. 

An  apparatus  of  the  present  invention  com- 
prises: 
a  torch  body  with  electrodes  and  a  passage  for 
creating  a  plasma  arc; 
means  to  introduce  liquid  or  gaseous  fuel  into  said 
passage; 
means  to  mix  oxygen  or  compressed  air  into  said 
passage;  and 
a  combustion  chamber  in  which  the  mixture  of  fuel 
gas  plasma  of  either  liquid  or  gaseous  fuel  and 
oxygen  or  compressed  air  is  combused. 

The  methods  and  apparatus  of  the  present 
invention  also  provides  various  temperatures  and 
velocities  plasma  by  combining  electrical  and  ther- 
mal  energies. 

Therefore,  the  methods  and  apparatus  of  the 
present  invention  can  be  utilized  in  thermo-treat- 
ment,  coating,  cutting,  welding  and  dehydrating, 
pulverizing  and  reducing  metals,  ceramics  or  the 

5  like,  and  as  a  plasma  furnace  or  the  like. 

Claims 

1.  A  method  for  generating  a  plasma  flame  jet 
io  comprising  the  steps: 

introducing  liquid  or  gaseous  fuel  into  a  pas- 
sage  (10)  for  creating  a  plasma  arc; 
electrically  converting  said  liquid  or  gaseous 
fuel  into  plasma,  forming  fuel  gas  plasma; 

is  mixing  oxygen  or  compressed  air  into  said  fuel 
gas  plasma;  and 
igniting  said  mixture  of  fuel  gas  plasma  and 
oxygen  or  compressed  air. 

20  2.  An  apparatus  for  generating  a  plasma  flame  jet 
comprising: 
a  torch  body  with  electrodes  (11,12)  and  a 
passage  (10)  for  creating  a  plasma  arc; 
means  (17)  to  introduce  liquid  or  gaseous  fuel 

25  into  said  passage  (10); 
means  to  electrically  convert  said  fuel  into 
plasma,  forming  fuel  gas  plasma; 
means  (19)  to  introduce  oxygen  or  com- 
pressed  air  into  said  passage  and  mix  with 

30  said  fuel  gas  plasma;  and 
a  combustion  chamber  (18)  for  igniting  said 
mixture  of  fuel  gas  plasma  and  oxygen  or 
compressed  air. 

35  3.  The  apparatus  for  generating  a  plasma  flame 
jet  of  claim  2  wherein  a  plasma  arc  for  elec- 
trically  converting  said  liquid  or  gaseous  fuel 
into  plasma  is  created  in  said  combustion 
chamber  (18). 

40 
4.  An  apparatus  for  generating  a  plasma  flame 

jet,  comprising: 
a)  a  first  chamber  (16)  being  connected  to  a 
supply  tube  (17)  for  supplying  liquid  or  gas- 

45  eous  fuel  into  said  first  chamber  (16): 
b)  a  second  chamber  (18)  being  connected 
to  a  supply  tube  (19)  for  supplying  oxygen 
or  compressed  air  into  said  second  cham- 
ber  (18); 

50  c)  a  passage  (10)  between  said  first  cham- 
ber  (16)  and  said  second  chamber  (18); 
d)  a  cathode  (10)  and  an  anode  (12)  defin- 
ing  at  least  a  portion  of  the  inner  and  outer 
wall  of  at  least  one  of  said  chambers 

55  (16,18). 

5.  An  apparatus  according  to  claim  4,  character- 
ized  in  that  the  cathode  (11)  defines  a  portion 

4 
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of  the  inner  wall  of  said  first  chamber  (16), 
whereas  the  anode  (12)  defines  the  outer  wall 
of  said  first  chamber  (16). 

6.  An  apparatus  according  to  claim  4,  character-  5 
Ized  In  that  the  anode  (12)  defines  the  outer 
wall  of  said  first  chamber  (16)  as  well  as  the 
outer  wall  of  said  second  chamber  (18)  and 
said  passage  (10),  said  anode  (12)  being  sepa- 
rated  by  an  insulating  piece  (13)  into  two  dif-  10 
ferent  portions,  both  portions  being  connected 
to  the  same  electrical  potential. 

7.  An  apparatus  according  to  claim  4,  character- 
ized  In  that  a  conduit  (21)  for  circulating  cool-  is 
ant  is  facilitated  around  the  second  chamber 
(18). 

8.  An  apparatus  according  to  claim  4,  character- 
ized  In  that  the  second  chamber  (18)  includes  20 
an  outlet  (20)  for  the  plasma  flame  jet. 

9.  An  apparatus  according  to  claim  4,  character- 
ized  In  that  tow  supply  tubes  for  supplying 
oxygen  or  air  are  provided,  one  of  said  supply  25 
tubes  being  connected  to  the  passage  (10) 
between  said  first  chamber  (16)  and  said  sec- 
ond  chamber  (18),  whereas  the  other  of  said 
supply  tubes  is  connected  to  said  second 
chamber  (18).  30 

10.  An  apparatus  for  generating  a  plasma  flame 
jet,  comprising: 

a)  a  chamber  (22)  being  connected  to  a  fuel 
supply  tube  (17)  and  to  an  oxygen  or  com-  35 
pressed  air  supply  tube  (19); 
b)  a  cathode  (11)  being  arranged  within  said 
chamber  (22); 
c)  an  anode  defining  the  outer  wall  of  said 
chamber  (22);  40 
d)  an  outlet  (20)  for  the  plasma  flame  jet 
being  provided  at  one  end  of  said  chamber 
(22),  said  outlet  (20)  being  arranged  op- 
posite  to  said  cathode  (11). 

45 
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