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PLASMA-SPRAY BURNER AND PROCESS FOR 
OPERATING THE SAME 

BACKGROUND OF THE INVENTION 

The present invention relates generally to burners 
and more particularly to plasma-spray burners and a 
process for operating the same in which an arc exists 
between a cathode and a nozzle, serving as the anode 
and through which. flows the operational gas, the are 
serving to generate the plasma jet in the form of parti 
cles to be sprayed. 
Plasma-spray burners, that is, plasma-burners for the 

deposition of surface layers, particularly with respect to 
substances having high melting points and which are 
generally difficult to deposit, are of course known, such 
as for example, as disclosed in ZEITSCl-IRIFT FUER 
WIRTSCI-IAFTLICHE FERTIGUNG 64 - 1969, Heft 
6, 277-282; TECHNICA 1968 No. 19, Pages 
1671-1720. Such burners most often involve DC 
plasma burners provided with a tungsten cathode and 
a copper nozzle acting as anode, the plasma jet being 
generated by means of an inert gas and wherein the 
burner is operated under a power of several tens of kw. 
The substance to be sprayed is introduced into the 
plasma jet in the form of particles ranging in size from 
10 to 100 microns. These particles may be suspended 
within a gas stream and thus be mixed with the plasma 
jet, or they may be introduced as a result of melting 
wires of the substance to be deposited. The particles 
are heated within the plasma jet, preferably to .a tem 
perature where they will be plastic or liquid and are ac 
celerated by the rapid plasma ?ow. If the particles then 
impinge upon the substrate to be coated, a strongly ad 
herent and hermetic layer will be formed. 
The‘ known plasma-spray burners however suffer 

from several drawbacks, one of which is the fact that 
only particles with speeds ranging from about 100-300 
m/sec can be accelerated. Therefore, the sprayed-on 
layers will often not be of the desired thickness or at 
tain the desired adhesive properties. Furthermore, the 
operation of known plasma-spray burners is substan 
tially uneconomical due to the fact that a large part of 
the ordinarily expensive operational gas, which is inef 
fective with respect to the spraying process, will often 
?ow out, in a cooling fashion, between the arc and the 
nozzle wall. Finally, oxidizing and corrosive gases, 
which would of course be desirable ‘with respect to the 
cost factor, may not be used due to the fact that the 
tungsten cathode would burn in an oxidizing medium 
at high temperature. I 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
‘to provide an improved plasma-spray burner and a 
method of operating the same. 
Another object of the present invention is to provide 

an improved plasma-spray burner which is capable of 
coating an article with a layer having a desired, uniform 
thickness and which exhibits desirable adhesive proper 
ties. 

Still another object of the present invention is to pro 
vide an improved plasma-spray burner which exhibits 
a low percentage loss of the operational gas and spray 
substance. 
Yet another object of the present invention is to pro 

vide an improved plasma-spray burner which is eco 
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2 
nomical to operate due to the fact that cheap gases, in 
cluding corrosive gases, may be utilized without jeopar 
dizing the structural integrity of the apparatus. 
The foregoing objectives are achieved according to 

this invention through the provision of aplasma~spray 
burner in which operational gas is subjected to a pres 
sure of 2 atmospheres prior to its entry into the nozzle, 
utilizing an arc-burning current of at least 1,000 am 
peres within the system of the invention to attain the 
type of plasma-spray process initially indicated, and by 
synchronously pulsing the gas flow through the nozzle 
with the arc-burning current. Preferably, the gas flow 
through the nozzle and the arc-burning current will be 
substantially zero between the pulses. In addition, the 
pressure of the operational gas prior to its entry into the 
nozzle is very high, for instance 20 atmospheres, and 
the value of the burning current shall also be as high as 
possible, such as for example, 20 kamp. 
These measures rest upon the assumptions, con 

?rmed by measurements and theory, that speeds of sev 
eral 1,000 m/sec may be achieved in plasma jets pro 
vided that large arc-currents and gas pressures are pres 
ent. Such high current and pressure values however 
load the nozzle and the cathode, in particular, within 
conventional burners that considerable expenditures 
are required for cooling, rendering such operations un 
feasible and highly uneconomical. The high degrees of 
pressure and current may only be applied when making 
use of synchronous pulses of pressure and current, 
since for such pulse-like loading of the nozzle and cath 
ode, followed by freedom from such loading, the ex 
penditures for cooling will not exceed conventional 
bounds. 
High speeds of the plasma jet thus being imparted to 

the particles to be sprayed, an extraordinarily adhesive . 
and hermetic surface layer will be achieved. The cath 
ode will be loaded only minimally and therefore oxidiz 
ing gases, if compatible with the material to be sprayed, 
such as air, which is most economical, may be used. As 
regards the selection of the operational gas and the sub 
stance to be sprayed, there no longer remain practical 
restrictions as set by the burner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various other objects, features and attendant advan 
tages'of the present invention will be more fully appre 
ciated as the same becomes better understood from the 
following detailed description when considered in con 
nection with the accompanying drawings, wherein: 
FIG. 1 is a schematic embodiment of a burner con 

structed according to the present invention; and 
FIG. 2 is a graph showing the time-variation of the 

position of the cathode, the current and the ignition 
pulse of the burner of FIG. 1. I 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT , 

Referring now to the drawings, and more particularly 
to FIG. 1 thereof, the burner of the present invention 
includes a cylindrical cathode which is capable of being 
shifted in an axial direction and which is preferably 
made of tungsten, and a Laval nozzle 2, which is prefer 
ably made' of copper and which is located downstream 
of cathode l. The nozzle is surrounded by a dish 3, 
which may be made of brass, and which is configured 
so as to provide an annular channel 4 in which a cool 
ant may circulate for cooling nozzle 2. The coolant, 
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which may be water, is fed to and removed from chan 
nel 4, along a path indicated by the arrows shown, 
through radially extending passages. 
An insulator 5 is mounted upon the top of nozzle 2 

and is provided with a radial inlet 6 which serves to 
admit the operational gas under high pressure such as 
for example, 20 atm., together with the particulate 
spraying substance, both substances being further 
transmitted to a combustion chamber. At the upper 
portion of insulator 5 there is provided an axial bore 7 
in conjunction with which there is mounted an O-ring 
type seal, through which passes the displaceable cath 
ode 1. 
A spring 9, disposed about the upper portion of cath 

ode 1 and between a flanged portion of cathode l and 
a stop 8, serves to bias the cathode 1 toward the inlet 
of nozzle 2 and seal the latter unless cathode 1 is raised 
by means of a fulcrummed lever 10 pivotally connected 
to the upper portion of cathode 1 and actuated by 
means of a cam 11. A D. C. power source 12 is also 
provided and the current may be switched on or off by 
means of a thyristor adjustment component 13 which 
is also synchronously controlled with lever 10 by means 
of cam 11, the position of the components shown in the 
drawing illustrating the ON mode of operation. In this 
mode, an are thus exists between cathode l and nozzle 
2, which serves as the anode, causing the operational 
gas located above the nozzle inlet to flow out of the 
nozzle 2 as a luminous plasma jet 14 at supersonic 
speed. Plasma jet 14 then impacts upon a substrate 15 
so that the latter will be coated by means of the spray 
particles which were introduced into the operational 
gas via inlet 6. 
The burner of FIG. 1 is of course shown in schematic 

form, various parts thereof obviously lending them 
selves to different modifications. As a rule, for exam 
ple, the cathode 1 will be provided with coolant means 
in addition to the coolant provided for anode 2. In addi 
tion, the displacement mechanism for cathode 1 may 
not be, as shown in the embodiment, the cam-lever 
mechanism 10 and 11, but on the contray, such may be 
in the form of an electro-magnet for cathode 1, which 
will render the burner easier to operate. 
The burner as shown is operated such that a high 

pressure, for example, preferably 20 atm. and at least 
2 atm., exists within the combustion chamber and that 
the current intensity when switched to the ON mode 
amounts to several kamp., such as for example, prefer 
ably 20 kamp, and at least 1 kamp. An arc will then 
exist when the relative position between the cathode 
and the anode is as shown, the potential therebetween 
being of the order of 1 kv., and the plasma jet 14 will 
exit from nozzle 2 with a speed of several l,000 m/sec. 
It is important that the nozzle intake have a small radius 
of curvature, preferably less than 15 mm., so as to as 
sure‘ are stability. 
The cam-lever mechanism 10 and 11 will of course 

be moved longitudinally up and down in order to 
achieve pulsing of the gas stream, cathode 1 thus being 
moved up and down in accordance with the movement 
of lever 10, whereby the nozzle inlet will be opened and 
closed in a pulse-like manner. Referring to FIG. 2, the 
path S(t) of cathode 1, plotted as a function of time t, 
is shown. Once cathode 1 has been moved so as to open 
the nozzle inlet, a high potential pulse will be applied 
to the cathode and anode by means of a known device, 
not shown, and the arc will be ignited. This pulse will 
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4 
initiate a current l(t), which is a function of time, via 
the thyristor control component 13, and the arc ignited 
between cathode l and anode 2 is immediately pro 
pelled into nozzle 2 by means of the intense gas stream. 
The ignition pulse Z(t), which is also a function of time, 
for thyristor control component 13, and the pertinent 
synchronous high potential pulses are of course deter 
mined by the position of cam 11. 
While the powder to be sprayed upon substrate 15 

may be added to the gas within the high pressure com 
partment via inlet 6, such may alternatively be admit 
ted to the plasma jet at any location within the nozzle 
2. 

In order to prevent the loss of any operational gas, 
one must attempt to fill the nozzle with the arc to an ex 

tent which is as great as possible, and in such case, no 
cooling gas will be wasted between the arc and nozzle. 
This is feasible if the arc current strength is maintained 
at a value’approxirriating 20' kamp/cm‘2 at the 555m 
est nozzle cross-section, such magnitude being ob 
tained from an empirical estimate. In connection with 
the last-mentioned mode of operation, thermal loading 
of the nozzle 2 is so large that the pulse duration Tl 
should not exceed 5-10 msec. Subsequently, one must 
observe a pulse interval T2 of, for example, 100 msec. 
until there is suf?cient cooling by means of the coolant. 

In addition to the use of economical operational gas, 
such as for example, air, other clear gases, such as for 
example, argon and the like, may also be used. This will 
be appropriate if the spray substance is made of a sub 
stance which is not compatible with oxidizing gases, 
such as is in the case of copper. By means of the burner, 
one may thus coat steel with tungsten carbide, copper 
with A1203, or brass with‘tungstenfMai'kedly cor 
rosive gases may also be used, the burner not being 
jeopardized due to the operation under conditions 
exhibiting pulse-like heating. The losses as regards the 
operational gas and spray substance are appreciably 
less for the burner of the present invention than they 
are for conventional plasma spray burners. 
Obviously, many modi?cations and variations of the 

present invention are possible in light of the above 
teachings. It is to be understood therefore that within 
the scope of the appended claims the present invention 
may be practiced otherwise than as speci?cally de 
scribed herein. 
What is claimed as new and desired to be secured by 

letters patent of the United States is: 
1. A process for operating a plasma-spray burner in 

which an arc exists between a cathode and a nozzle act 

ing as anode and transmitting an operational gas, the 
are serving to generate the plasma jet containing the 
material to be sprayed in particulate form, comprising 

. the steps of: 

subjecting the operational gas to a pressure exceed 
ing two atmospheres prior to entering said nozzle; 

providing an arc-buming current which exceeds one 
thousand amperes; and pulsing said gas ?ow 
through said nozzle and synchronously pulsing said 
arc-buming current through said nozzle. 

2. A process as set forth in claim 1, wherein said gas 
?ow through said nozzle and said arc-buming current 
will be substantially zero between said pulses. 

3. A proces as set forth in claim 1, wherein said pres 
sure impressed upon said operational gas will be equal 
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to or greater than 2 atm. and less than or equal to 20 
atm. and said arc-burning current will be equal to or 
greater than 1 kamp'and'less than or equal to i0 kamp 
during a pulse. ' 

4. A process as set forth in claim 2, wherein for an 
operational pressure of 20 atm. and an arc-burning cur 
rent of 20 kamp., said pulse duration encompassing 
said gas ?ow and are discharge is less than 10 msec and 
said duration of time wherein there is no gas ?ow and 
are discharge is greater than 100 msec. 
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6 
5. A process as set forth in claim 1, wherein said op 

erational gas being utilized is air when spraying said 
materials which are insensitive to oxidation. ' 

6. A process as set forth in claim 1, wherein said ma 
terial to be sprayed is in particulate form, said particles 
ranging in size from ll) to 100 microns,’ and is added to 
said operational gas prior to said entrance of said gas 
into said nozzle. 
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