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This invention relates to arc electrodes, more particu 
larly this invention relates to an improved non-con 
sumable electrode for use in electric arc processes such 
as cutting, welding and electric arc furnace processing of 
metals. 

Electrically conductive materials, such as tungsten, have 
been used for many years as high current electrodes in 
arc devices. The addition of emissive oxides, such as 
thoria, yttria and calcia, to the refractory electrode is 
also well known to increase the current carrying capacity. 
Such electrodes can be used in a substantially non-con 
sumable fashion up to current levels of thousands of am 
peres. This is true only in substantially inert gas atmos 
pheres, such as argon and helium. When chemically re 
active gases, such as oxygen, carbon dioxide or methane 
are used, the refractory metal electrodes are rapidly con 
sumed. 

Electrodes constructed of low melting point, high ther 
mally-conductive metals, such as copper, silver and alu 
minum, are known to be resistant to damage as an anode 
in many reactive gases. However, these low melting point 
materials cannot be used as cathodes at high current lev 
els without the use of special protecting means such as 
magnetic rotation of the arc. 
The present invention is involved with improving elec 

trodes so that they exhibit stable, high current operation 
under substantially any atmospheric conditions. Such 
electrodes are especially useful in various processes re 
quiring arc torches. For example, in welding and metal 
cutting, reactive gases such as oxygen can now be used 
with non-consumable electrodes. In coating and crystal 
growth applications where power is fed to the torch, the 
use of this electrode allows the powder to be fed through 
the torch past the electrode without using an auxiliary 
shielding gas for the cathode. 

Accordingly it is the main object of this invention to 
provide an electrode which exhibits stable operation un 
der substantially any atmospheric condition. 

It is another object to provide an electrode which will 
operate stably in reactive gas atmospheres. 
Yet another object is to provide an electrode which 

will exhibit stable operation at high currents in any at 
mospheric condition. 

Still another object is to provide an electrode having 
a high density insert of a highly electron emissive ma 
terial which will not be substantially eroded by vapori 
zation and ejection of such material for substantially long 
er periods of time. 
A further object is to provide an electrode for use in 

reactive gas atmospheres which includes an insert mate 
rial such as the metals zirconium and thorium. 

Still another object is to provide a method for Work 
ing materials with an electric are operating in a reactive 
gas atmosphere. 
Another object is to provide apparatus for carrying out 

a method for working materials in a reactive atmosphere. 
Other objects will become apparent from a considera 

tion of the following description and drawings wherein: 
FIGURE 1 is a cross-sectional view taken in elevation 

of the electrode of the invention; 
FIGURE 2 is a schematic of exemplary apparatus in 

which the electrode of the invention may be used; 
FIGURE 3 is a view looking in the direction 3—3 at 

the electrode shown in FIGURE 1; 
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FIGURES 4-6 are cross-sections of various modi?ca 

tions of the electrode shown in FIGURE 1. 
The objects of the invention are accomplished in gen 

eral by a non-consumable electrode which consists of 
an insert of a material which is a good electron emitter, 
or which becomes a good emitter upon reaction with a 
reactive gas, embedded in a holder of metal which is 
characterized by its high thermal conductivity. The hold 
er is cooled by a coolant such as water and the insert ma 
terial is always separated from said coolant by a mass 
of the high heat conducting metal holder such that the 
heat dissipation from the insert material to the cooling 
?uid is substantially improved. 
More speci?cally, a preferred embodiment of the elec 

trode according to the invention for use with reactive 
gases including oxygen and nitrogen consists of a water 
cooled copper holder having embedded therein an insert 
of zirconium. 

In addition a method for working materials is accom 
plished according to the invention by striking an electric 
arc from an electrode consisting of a ?uid-cooled high 
heat conductivity metal holder having metallurgically 
bonded thereto an insert of a metal such as zirconium, 
thorium, lanthanunrand strontium. The arc struck is 
maintained in an atmosphere of a reactive gas such as oxy 
gen, air, nitrogen, carbon monoxide, carbon dioxide, 
methane, etc. The resulting arc gas is applied to the ma 
terial to be worked. 
One typical apparatus for carrying out the method of 

the invention includes the combination of a ?uid-cooled 
metal electrode holder having a high heat conductivity 
and an insert of at least one metal taken from the class 
consisting of zirconium, thorium, lanthanum and stron 
tium, the insert being metallurgically bonded to the holder; 
with a gas directing nozzle; means for feeding a reactive 
gas to the inlet of the nozzle; and means for connecting 
the electrode to a source of power for drawing an are 
from the electrode to the work to be treated. 

Referring to the drawings vand particularly to FIGURE 
1, the electrode E of the invention consists of a metal 
vholder ‘1 having an insert 5. The metal used for such 
holder must have a high thermal conductivity. Examples 
of such metals are copper, silver, aluminum, brass, molyb 
denum tuns‘ten, columbium, tantalum, and steel as well 
as alloys containing major constituents of at least one of 
these metals. The holder ‘1 is provided with a cooling 
chamber 3 through ‘which cooling ?uid is circulated dur~ 
ing operation. A space is provided in the front face of 
the holder 1. The insert 5 of a highly emissive material iS 
position in the space provided. 

In practice, it has been found that various types of ma 
terials may be used as the insert material depending upon 
whether the torch is being operated in conjunction with 
a reactive or ‘an inert gas. Thus, it has been found that 
the materials of thoria, zirconia, ceria, y-ttria, tantalum 
oxide, magnesium oxide, lanthanum oxide, gadolinium 
oxide, calcium oxide, strontium oxide, a mixture of stron 
tiurn oxide and calcium oxide, and a barium oxide-stron 
tium oxide mixture can be used in current ranges greater 
than 200 amperes forv relatively long periods of time in 
an inert atmosphere. 

In reactive atmospheres, inserts made from materials 
which are themselves good emitters or which form good 
emitting materials upon reacting with such reactive atmos 
pheres have been found to be operative in current ranges 
greater than 200 amperes for relatively long periods of 
time. For example, materials such as thorium, zirconium, 
strontium and lanthanum or compounds of these materials, 
specially their oxides have been found to provide exem 
plary service. 

In addition, it has been found that zirconium will oper 
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ate successfully in other reactive ‘atmospheres such as 
carbon monoxide, carbon dioxide, methane, nitrogen or 
nitrogen-hydrogen mixtures. This is because the insert 
material will form a compound with the particular gas 
being used. Thus, when operating in an atmosphere of 
nitrogen, zirconium nitride will be formed which in itself 
is a good emitter. It should be understood that these 
materials and gases are listed by way of example only. 
A number of materials that can be used with varying 
gases will be shown hereinafter by way of example. 

It also has been found that additions of silver to powders 
of zirconium, lanthanum, thorium, or strontium increases 
the life of the electrode as compared to'powder inserts 
without silver. The silver apparently improves the heat 
transfer ‘from the insert without substantially increasing 
the Work function of the insert. The silver may be mixed 
with the powdered insert material as a powder itself, or 
it may be alloyed with the insert material. 
For purposes of this disclosure, the term “reactive gas” 

includes, for example, gases such as air, oxygen, nitrogen, 
carbon monoxide, carbon dioxide, methane, nitrogen 
hydrogen mixtures and other similar gases. , v 

The characteristics of the materials that can be used 
as an insert is that it must be a good electron emitter. 
Work function which is de?ned in the literature as a 
measure of the energy necessary to get the material to emit 
electrons, is a way of predicting if a material is a good 
emitter. A material is a good emitter if its work function 
is low. The lower the work function the less heat is 
necessary to get the material to emit which in turn dim 
inishes the heatdissipation problem. The problem of 
heat dissipation is critical and will be discussed in greater 
detail hereinafter. 

In discovering the inventive electrode combination sev 
eral critical features were found to be necessary to provide 
an electrode having a long operating life at high current 
levels. 
The most important criticality is that of heat dissipa 

tion. \It was found that water cooling of the holder was 
essential to prevent the are from attaching to the holder. 
Further, the insert must be sufficiently cooled to prevent 
excessive'vaporization but not cooled to the point where 
it becomes a poor emitter. Erosion of the insert, which 
is a prime reason for failure of the electrode, may occur 
by vaporization and rejection of molten drops fromsur 
face A (see ‘\FIG. 1). Therefore‘, good heat conduction 
from face A is important to minimize erosion. 
The resistance to heat transfer from face A of the insert 

to the cooling Water can be divided into four parts: (1) 
heat transfer ‘through the insert from face A to face B, 
(2) heat transfer across face B, (3) heat transfer through 
the holder to the face C, (4) heat transfer from face C 
to the cooling water. . _ - 

‘Heat dissipation has been improved in the present elec— 
trode by providing a circulating cooling ?uid through the 
holder to carry away the heat transferred across face C. 

\Further improvement in heat dissipation has been 
achieved across face ‘B by providing a metallurgical bond 
lbetween the insert material and the holder. For example, 
one type‘ bond which has provided for good heat dissipa 
tion between a zirconium insert and a cooper holder isv 
made as follows: ?rst a zirconium rod is cleaned in an 
acid solution (mixture of hydroiiuric and nitric acid) 
Then zinc chloride is melted and the zirconium immersed 
therein which results in the formation of zirconium chlo 
ride and free zinc which plates the zirconium. Next silver 
is melted and the insert is dipped therein, thus applying 
a silver coating. Then silver is melted into the cavity of 
the insert holder. The zirconium insert with the silver 
coating is inserted into the cavity. Heat is then applied 
until the silver ?ows around the insert. 
The ‘heat dissipation through the insert itself is increased 

by providing a high density material substantially free 
from air spaces and pores. ‘For the purposes of this dis-. 
closure the term “high density” is used to mean a density 
of about 90% of the theoretical density for the metals. 
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For the compounds of the metals the term is used to mean 
a density of about 80%. 
The preferred geometrical shape for the insert is a 

cylinder. It has been found that optimum operating 
conditions are achieved when the cylinder has a length 
of from about V16 inch to about 1/2 inch. If the insert 
becomes too short there Will be an insufficient amount of 
metal to stand up under the erosive effects of the arc. 
However, the solution to this problem is not simply in 
increasing the length of the insert since if the length be 
comes excessive and erosion does occur, the amount of 
erosion will become large enough that double arcing to 
the inner face of the electrode cavity for the insert will 
occur. A typical length of insert which is admirably 
suited to the invention is about 1/s inch. 
While the above geometry is preferable for most elec 

trode applications, ring or tubular shaped inserts or ir 
regular shaped inserts could also be employed as well as 
multiple inserts. FIGURES 4-6 illustrate insert arrange 
ments which have been used successfully. FIGURE 6 
shows an annular insert which has been successfully used. 
Under optimum conditions, the arc is operated from the 
entire annular insert surface. Multiple inserts are shown 
in FIGURES 4 and 5. \Vhen multiple inserts are used, 
the overall current carrying capacity of the electrode com 
bination is increased since each of the inserts can carry 
about the same current as an electrode combination of 
the type shown in FIGURE 1, having an insert of the 
same size. 

Regardless of which con?guration is being used, certain 
dimensional relationships for both the electrode insert and 
the electrode body must be maintained for stable arc op 
eration and good current carrying capacity of the elec 
trode. Thus it has been found that the distance from 
the insert to the cooling chamber should, be optimurnly 
chosen for best operating results. That is, for the con 
figuration shown in FIGURE 1, and using a 1/s inch long 
insert, the operation life of the insert was 1 hour when 
operating at 300 amperes with the cooling chamber locat 
ed % inch from the face A of the insert. Under the 
same conditions, with the cooling passage being L716 inch 
from the insert face, the life of the insert increased to 
about 3% hours. With the passage 1/2 inch from the 
face, the operating life was about 4- hours. When the 
distance was increased to 5/8 inch, however, the operat-' 
ing life dropped to ,2 hours. 

' Although the electrode according to the invention, may 
comprise many different combinations of holder and in 
sert material depending on the intended use, the fol 
lowing is a description of one of the most important ap 
plications of the invention electrode, namely oxygen cut 
ting of metals. 
FIGURE 2 is an illustration of typical apparatus in 

which the invention electrode can be used for cutting. 
For example, referring to FIGURE 2, the electrode E 
of the invention is threaded onto an electrode body '10. 
Positioned in the body it) is a tubular member 12 through 
which coolant is supplied to the Water chamber 14 in 
electrode holder 16. The circulating coolant leaves the 
torch through passage 18 and coolant outlet 29. A re 
active gas such as oxygen is suplied to torch body through 
gas inlet 22 and passed down through annular chamber 
24 to the are area. 
electrode and aids in constricting the arc. Such nozzle 
25 is cooled by supplying water to the nozzle through 
inlet 28 and then around passage 30 and out outlet 32. 

In most applications, the gas is introduced into the 
torch so as to impart an axial ?ow. Under such condi 
tions, the insert is preferably made ?ush with the face of 
the electrode holder. However, the gas may be intro 
duced into the torch in a manner such that a swirling or 
vortex ?ow is achieved. Under such a condition, it is 
preferred that the insert be recessed from the face of the 
holder for minimum electrode erosion. 

In operation, the arc is struck between insert 34 and 
anode 36. While the invention is primarily directed to an 

A nozzle 26 surrounds the inventivev 
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improved cathode structure for direct current operation, 
it should be understood that the invention is also useful 
for alternating current power. The oxygen gas passes 
around electrode combination 16—34 and out nozzle 26. 
The resulting high intensity are is useful for cutting metals. 

It is to be understood that the electrode of the inven 
tion may be used in a torch that operates either trans 
ferred or non-transferred. 
The insert materials which have been found to be most 

useful when operating in ambient atmosphere or other 
reactive gases are the metals lanthanum, strontium, zir 
conium, and thorium. 

It is postulated that the metal to be used as an insert 
when operating in a reactive gas atmosphere such as 
oxygen should be characterized by the fact that the com 
pound formed by the reaction with the gaseous atmos 
phere should have a high melting point, low work func 
tion, and high boiling point. 
The ideal electrode for cutting applications wherein a 

gas such as oxygen, nitrogen, or nitrogen-hydrogen mix 
tures is the arc gas, comprises a water-cooled copper hold 
er and a zirconium metal insert which is preferably metal 
lurgically bonded to the holder. 
The following are examples of the inventive electrode 

which have been useful in cutting with a reactive gas as 
the arc gas. 

EXAMPLE I 

Use 0]‘ metallurgically bonded insert cathode in oxidizing 
atmosphere 

Apparatus of the type shown in FIGURE 2 was used. 
The torch consisted of a 3%; in. dia., water-cooled copper 
electrode holder. A zirconium insert % inch in diameter 
was coated with zinc and silver brazed in a cavity in the 
tip of the electrode holder. The external face of the zir 
conium material was flush with the face of the electrode 
tip. This electrode was mounted inside a Water-cooled 
nozzle having a 3/1(; in. dia. outlet. The distance from 
the face of the insert to the cooling passages was 5716 inch. 
Oxygen gas at 95 c.f.h. was passed around the cathode 
and out through the nozzle while an arc of 300 amperes 
at 90-108 volts was maintained from the cathode through 
the nozzle to a water-cooled copper anode. The arc 
was very stable during a 71/2 hour operating period. 
A 1A inch diameter by 1/s inch long insert operating 

under conditions similar to Example I lasted for 31/2 
hours. A .180 inch diameter by 1%; inch long insert 
lasted 2% hours. Thus, it is postulated that operating 
life of the insert at relatively high currents can be in 
creased by increasing the diameter. 
insert operating at from l50-—5OO amperes at 90 volts 
under similar conditions but Without a metallurgical bond 
operated for only 17 minutes before appreciable erosion 
occurred. 

EXAMPLE II 

Zirconium insert cathode in N2—H2 mixture 

The apparatus of the type shown in FIGURE 2 was 
used. A 1A1, inch diameter by 1%; inch ‘long zirconium in O 

sert was used and the electrode holder was made of silver 
rather than copper. A 65% N2—35% H2 gas mixture by 
volume was passed around the cathode in the same man 
ner as in Example I at the rate of about 100 c.f.h. while 
the same type of are at 300 amperes and 115 volts was 
maintained for 1/2 hour. There was an electrode weight 
gain of .0026 gms., which is attributed to the formation of 
zirconium nitride. 1 

EXAMPLE III 

Zirconium insert cathode in carbon dioxide atmosphere 

The apparatus used was the same as in Example II ex 
cepting that the electrode holder was water-cooled copper. 
Carbon dioxide was passed around the cathode in the same 
manner at the rate of 85 c.f.h. while the same type of 

. . I" 

Also, a zirconium 
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arc at 300 amperes and 90-110 volts was maintained for 
twenty-?ve 6-minute periods. 

EXAMPLE IV 

Zirconium insert cathode in carbon monoxide atmosphere 

The apparatus used was of the type shown in FIG 
URE 1. The torch consisted of a .480 inch diameter 
water-cooled copper electrode With a .090 inch by 1%; 
inch long zirconium insert. An undetermined amount of 
carbon monoxide was passed around the cathode through 
a 5}’16 inch nozzle vwhile an arc of |l=50 amperes and 56 
volts was maintained between the cathode through the 
nozzle to a workpiece for a period of 5 minutes. There 
was very ‘little erosion of the insert. 

EXAMPLE V 

Thorium insert cathode in oxidizing atmosphere 

The apparatus used consisted of 0.480 inch diameter 
Water-cooled copper electrode having a 0.086 diameter 
by 1A1 inch insert thorium powder. Oxygen was passed 
around the cathode in the same manner as in Example I 
at the rate of 75 c.f.h. The cathode operated with no 
substantial erosion for 1 hour at 300 amperes and for 1 
hour and 10 minutes at 500 amperes. The voltage 
varied from 72 to 92 volts. 

In another application, the inventive electrode can be 
used without any nozzle whatsoever. In such case, the 
ambient atmosphere is the arc gas. In this case silver is 
the preferred electrode holder material. Whenever the 
electrode material surrounding the insert ‘becomes oxi 
dized, the oxide oan act as an electron emitter. Some of 
the arc current is thus transferred to the surrounding 
electrode area and the arc stability is impaired. Copper 
oxide is particularly bad in this respect. Silver oxide, on 
the other hand, is relatively unstable and decomposes at 
the arc temperatures. There is thus no emitter present 
on the silver surface to cause arcing similar to the copper 
oxide which forms on copper electrodes under similar 
conditions. 

EXAMPLE VI 

Silver-zirconia insert cathode 

The cathode consisted of a 0.7 in. dia. silver electrode. 
' A 0.086 in. dia. hole 1A; in. deep was drilled in the elec 

trode face and ?lled with stabilized zirconia. This cath 
ode was then operated in the open air with no nozzle 
and no gas ?ow introduced around the electrode. At an 
arc length of %—% in. from a water-cooled copper anode 
the arc was 32 volts and 115 amperes. There was no 
arcing from the silver. The cathode was operated about 
15 minutes in static air and the arc attachment at the 
zirconia cathode appeared to 'be quite stable. 
The folowing examples are illustrations of the various 

combinations of the insert ‘holder ‘and insert materials 
which can be used with various arc gases. The examples 
are intended to illustrate the breadth of the inventive con 
cept and are not intended to limit the invention. 

EXAMPLE VII 

Use of insert cathode in inert atmosphere 

The torch consisted of a ?/16 inch diameter water-cooled 
electrode holder having a .128 inch diameter zirconia in 
sert. The external face of the insert was ?ush with the 
electrode holder, its face being 5/16 inch from the cooling 
passage. The electrode was mounted in a % inch diame 
ter nozzle. Argon gas at the rate of 45 c.f.h was Passed 
around the cathode through the nozzle while an arc of 
200 amperes and 30 volts was maintained through the 
nozzle to a water-cooled anode. The insert ran for 
about 5 minutes ‘and then failed. Under the same con 
ditions, ‘but using a 1%; inch diameter holder, the insert 
operated for 6 minutes at 400 amperes without failure. 
Thus, it again appears that increasing the size of the 
electrode holder increases the operating life of the insert. 
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EXAMPLE VIII 

Use of zirconia insert cathode in oxidizing atmosphere 

The apparatus used was of the type shown in FIGURE 
2. The torch consisted of a 3%; inch diameter water 
cooled copper electrode holder having a 1%: inch diameter 
by 1/1 inch long, high density stabilized zirconia insert. 
The electrode was mounted in a 1%; ‘inch nozzle. Oxygen 
gas at the rate of 95 c.f.h. was passed around the cathode 
through the nozzle while an ‘arc of 300 amperes and 99 
to 106 volts was maintained between the insert cathode 
through the nozzle to a water-cooled nozzle anode. Un 
der these conditions the torch operated for 21/2 hours be 
fore failure of the cathode. 

EXAMPLE IX 

Use of zirconia insert cathode in methane 

v The apparatus used was of the type shown in FIGURE 
2. The torch consisted of a .480 inch water-cooled cop 
per electrode holder having a .086 inch diameter zirconia 
insert. The electrode was mounted in a 5716 inch nozzle. 
An estimated 60 c.f.h. of pure methane was passed around 
[the cathode through the nozzle while an arc of 200 am 
peres at 130 volts was maintained between the inert cath 
ode through the nozzle to a ‘water-cooled anode. The 
torch operated for 2 one-minute periods without damage. 

EXAMPLE X 

Yttrium oxide insert cathode 

. Apparatus of the type shown in FIGURE 2 was used. 
The electrode consisted of a 0.7 inch diameter copper 
electrode. A 0.086 inch dia. hole of 1/8 in. deep was 
drilled in the face of the copper electrode. This hole was 
?lled with yttrium oxide powder. Argon gas at 27 c.f.h. 
was passed around the cathode and out through a water 
cooled nozzle having a 3/16 inch diameter while an arc of 
47 volts and 110 amperes was maintained between the 
insert cathode and a workpiece. The are was maintained 
for 10 minutes with no visible torch damage. Operation A 
in argon gave a very stable arc over a gas flow rate range 
of 10—60 c.f.h. 

- EXAMPLE XI 

Magnesium oxide insert cathode 

' Apparatus of the type described in Example X above ’ 
was used with magnesium oxide powder as the cathode 
insert. Argon gas at 27 c.f.h. passed around the cathode 
and out through the nozzle while an arc of 52 volts and 
102 amperes was maintained for 5 minutes between the 
insert cathode and the workpiece. 

EXAMPLE XII 

Tantalum oxide insert cathode 

Apparatus of the type described in Example X above 
was used with tantalum oxide powder as the cathode insert. 
Argon gas at 27 c.f.h. passed around the cathode and out 
through the nozzle while an arc of 51 volts and 102 
amperes was maintained for 4 minutes between the insert 
cathode and the workpiece. 

EXAMPLE x111 
Strontium oxide insert cathode 

Apparatus of the type described in Example X was used 
with the exception that a powdered insert of strontium 
oxide 1%; inch in diameter was used. Argon at the rate of 
45 c.f.h. was passed around the cathode and through’ the 
nozzle while an arc of from 200 to 300 amperes at 62 volts 
was maintained between the cathode through the nozzle 
and a workpiece. The ‘torch operated for several minutes 
without damage. 

EXAMPLE XIV 
Calcium oxide-strontium oxide insert cathode 

All of the dimensions as well as the type of apparatus 
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was the same as in Example XIII. The insert consisted 
of a 50~50 mol percent mixture of calcium oxide and 
strontium oxide. Under the same gas ?ow the insert 
operated for several minutes without faliure at currents 
up to 350 amperes at 62 volts. 

EXAMPLE XV 

Strontium oxide insert cathode in reactive atmosphere 

Apparatus of the type described in Example XIII was 
used with the exception that the powdered strontium oxide 
insert was .125 inch in diameter. Oxygen at the rate of 
95 c.f.h. was passed around the cathode in the same 
manner while the same type of arc, at 300 amperes and 
100 volts was maintained. The insert operated for about 
25 minutes without failure. 

EXAMPLE XVI 

Tantalum carbide insert in‘ carbon dioxide atmosphere 

The apparatus was used the same as in Example IV 
excepting a solid tantalum carbide rod .144 inch in diam 
eter by 1/4 inch long was used as the insert. Carbon 
dioxide gas was passed around the cathode at an undeter 
mined rate while the same type of are at 300‘ amperes 
and 90 volts was maintained for 14 minutes without 
noticeable erosion of the cathode.‘ ’ 

EXAMPLE XVII 

Lanthanum oxide insert in oxidizing atmosphere 

The apparatus used was the same as in Example IV 
excepting the insert consisted of a .086 inch diameter x 3/16 
inch long powdered lanthanum oxide. Oxygen at the 
rate of 95 c.t.h. was passed around the cathode in the 
same manner. Also in the same manner, an arc of from 
200 to 250 amperes and 86-110 volts was maintained 
for about 5 minutes without erosion of the cathode. 

EXAMPLE XVIII 

Calcium oxide insert cathode 

The torch consisted of a 0.480 inch diameter water 
cooled copper electrode having a 0.086 diameter by 1%; inch 
powdered calcium oxide insert. Argon gas at the rate of 
4-5 c.f.h. was passed around the cathode through a 1%: inch 
nozzle while an arc of 500 amperes and 56 volts was 
maintained between the cathode through the nozzle to a 
workpiece for one hour. There was substantially no 
erosion of the cathode. 

EXAMPLE XIX 
Gadolinium oxide insert cathode 

This apparatus was the same as in Example XVII 
excepting the use of a 3/8 inch nozzle and a powdered 
gadolinium oxide insert 0.89 inch in diameter by 1A5 inch 
deep. Argon was fed to the torch at the rate of 45 c.f.h. 
The arc had a current of 150—250 amperes at from 
37-43 volts; After 24 minutes there was substantially 
no erosion at the cathode. 

EXAMPLE XX 

Lanthanum oxide insert in inert atmosphere 

All of the conditions were the same as in Example V 
excepting the insert material and the arc current and 
voltage. The insert was powdered lanthanum oxide. The 
are current varied from 150 to 300 amperes at from 32 
40 volts. There was substantially no erosion of the 
cathode after 13 minutes. 

EXAMPLE XXI 

Samarium oxide ‘insert cathode 

All of the conditions were the same as in Example V 
excepting the insert material and the arc current and 
voltage. The insert was powdered Samarium oxide. The 
are current varied from 200 to 300 amperes at from 43 
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to 47 volts. The cathode operated for 6 minutes without 
substantial erosion. 

EXAMPLE XXII 

Zirconium carbide insert cathode 

All of the conditions were the same as in Example V 
excepting the insert material and its length and the arc 
current and voltage. The insert was powdered zirconium 
carbide having a length of 1A inch. The are current 
varied from 300 to 400 amperes at from 48 to 54 volts. 
The cathode operated for 7 minutes without substantial 
erosion. Argon at the rate of 45 c.f.h. was passed 
through the torch. 

EXAMPLE XXIII 

Annular insert cathode 

The cathode consisted of a 0.7 in. dia. copper electrode 
having a water-cooled copper tip. A circular cavity 
0.124 in. I.D., 0.190 in. OD. and 0.060 in. deep was 
machined in the ?at face of the copper tip. The rela 
tively open torch nozzle had a diameter of about SA; in. 
Stabilized zirconia powder was packed into the annular 
insert cavity in the cathode face. Argon gas at 12 
c.f.h. was passed through the torch and an arc of 22 
volts and 200 amperes was maintained to a water-cooled 
copper workpiece. The torch was tested at currents as 
high as 380 amperes and the arc was observed to cover 
substantially the entire insert region. A magnetic ?eld 
might be used to aid in spinning the arc around the en- . 
tire insert region. 

EXAMPLE XXIV 

se of electrode with two inserts 

Two 0.086 in. holes 1A" deep were drilled in a ?at- - 
faced copper holder. The centers of the holes were 
"3&2" apart. Thus the holes were separated by about 
1/16” of solid copper. Both holes were packed with 
stabilized ZrO2 powder. The cathode was initially op 
erated in argon with a transferred are using a %" dia. 
nozzle. However, the point of arc attachment could 
not be observed so an open nozzle was used. (After 
operating with a %" nozzle, it was evident that at some 
time the arc had originated from both Zr02 inserts.) 
Operating at 120 amps with the open nozzle, the arc 
was attached to only one insert. As the current in 
creased to 150 amps, there was a faint flow from the 
other insert. With a further increase in current to 170 
amps, there was an are from both inserts that appeared 
of equal intensity. The arcs converged at a point ap 
proximately 1/16" below the face of the copper to form 
one arc column. 
Argon flow was 45 c.f.h. and the arc voltage was 

26 volts. 
EXAMPLE XXV 

Use of electrode with three inserts 

Three holes 0.086” dia. x 1A" deep were packed with 
ZrO2. The holes were equally spaced 1/1(;" apart in a 
?at-faced copper tip of about ‘1/2 in. dia. A glass nozzle 
was used so that the arcs could be easily observed. 
The cathode would emit from only one insert until the 

other has been conditioned by arcing. An arc was ob 
tained separately from each insert by using a carbon rod 
for short starting. The edge of the insert holder nearest 
to the insert from which an arc was desired was contacted 
and the arc would initiate from that insert. After all in 
serts had been conditioned, the cathode was withdrawn 
about %” up inside the %” dia. glass nozzle and the 
current was gradually increased while using an argon 
atmosphere. At about 250 amps there was an arc from 
two inserts. At 380 amps all three inserts were emitting. 
The voltage was 30 volts. A change in the shape of the 
arc column occurred when each additional arc started. 
The are column did not appear to be any larger than 
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with one arc. Upon decreasing the current, there were 3 
arcs down to 250 amps and 2 arcs at the lowest genera 
tor setting (110 amps). 
No loss of copper was observed. 
In addition to the use of an electron holder having 

a low melting point relative to the insert, the following 
example shows that a holder having a higher melting 
point relative to the insert can also be used. This indi 
cates that a wider variety of combination of materials 
can be used as well as less water cooling. 

EXAMPLE XXVI 

Use of higher melting point electrode holder 
A 1%; inch diameter by 3 inch long molybdenum rod, 

was used as the holder for a 50-50 mol percent mixture 
of CaO—SrO insert. The insert was .140 inch in diameter 
by 1/3 inch long. This combination was wedged into a 
14 inch diameter cavity in a second electrode made of 
copper and having a 1% inch diameter. This electrode 
was mounted in a glass nozzle having a diameter of % 
inch. Argon gas at the rate of 45 c.f.h. was passed 
around the cathode through the nozzle while an arc of 
from 180 to 250 amperes at from 2530 volts was main 
tained from the cathode through the nozzle to a work 
piece. Oxygen was then bled into the system and areas 
of oxidation of the molybdenum rod observed. There 
was no oxide observed within 1 inch of the copper holder 
and no oxide within 5/1(; inch of the end containing the 
insert. Molybdenum oxide vaporizes at around 800° C. 
while the oxide is formed at a much lower tempera 
ture. Therefore, for 5716 inch, the end of the molybdenum 
rod containing the insert was above about 800° C. while 
the remainder of the rod was relatively cool. An electrode 
combination such as described would be useful for cooled 
torches operating at high current. 

EXAMPLE XXVH 
Insert cathode with powder feed 

Apparatus of the type shown in FIGURE 1 was used. 
The torch consisted of a .480 inch diameter water-cooled 
electrode holder having a .086 inch diameter zirconia 
insert. An arc of from 120 to 150 amperes at 45 volts 
was maintained for several minutes between the insert 
cathode through a 3/16 inch nozzle, to an anode workpiece. 
Argon gas containing stainless steel powder was fed 
through the torch ‘at the rate of 20~60 c.f.h. There was 
no erosion of the cathode. 

EXAMPLE XXVIH 

Zirconium-silver insert 

In this example, apparatus of the type of FIGURE 2 
was used. A 3/16 inch diameter by 14; inch deep cavity 
was drilled into a 1% inch water-cooled copper holder. 
A mixture of 70 weight percent zirconium and 30 weight 
percent silver powder was then compacted into this cavity. 
Oxygen gas at the rate of 95 c.f.h. was passed around the 
electrode through a 14 inch nozzle while an arc of 500 
amperes at 88 volts was maintained from the electrode 
through the nozzle to an anode workpiece for 35 minutes 
without failure. 
A powdered zirconium insert of the same size will 

operate for about 5 minutes at 300 amperes before 
failure. 

EXAMPLE XXIX 

Use of insert in air 

In this extmple, apparatus of the type of FIGURE 2 
was used. A 1A by %; inch zirconium insert was brazed 
into a cavity formed in a 1% inch diameter water-cooled 
copper holder. Air at the rate of 100 c.f.h. was passed 
around the electrode through a 3/16 inch nozzle while an 
arc of 300 amperes at 105 volts was maintained from 
the electrode through the nozzle to an anode workpiece 
for about 7 hours without failure of the electrode. 
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What is claimed is: 
1. A non-consumable electrode capable of maintain 

ing a stable electrical arc in a reactive gas atmosphere 
comprising a ?uid cooled metal holder having a high heat 
conductivity and an insert of at least one metal taken 
from the class consisting of zirconium, thorium, lantha~ 
num and strontium, provided in said holder as the arc 
attaching portion of said electrode. 

2. Electrode according to claim 1 wherein said insert 
is metallurgically bonded to said ?uid cooled metal holder. 

3. A non-consumable electrode capable of maintain~ 
ing a stable electrical'arc at high current levels in a re 
active atmosphere comprising a ?uid cooled metal holder 
having a high heat conductivity and an insert of at least 
one oxide of the metals taken from the class consisting 
of zirconium, thorium, lanthanum, and strontium, pro 
vided in said holder as the arc attaching portion of said 
electrode. . 

4. A non-consumable electrode capable of maintain 
ing a stable electrical arc in an oxygen atmosphere com~ 
prising a ?uid cooled holder made from at least one 
metal taken from the class consisting of copper, silver, 
aluminum, brass, and steel; and an insert of at least one 
metal taken from the class consisting of zirconium, 
thorium, lanthanum and strontium, provided in said hold 
er as the arc attaching portion of said electrode. 

5. A non-consumable electrode capable of maintain 
ing a stable electrical arc in a nitrogen atmosphere com 
prising a ?uid cooled holder made from at least one metal 
taken from the class consisting of copper, silver, alumi 
num, brass, steel, molybdenum, columbium, tantalum, 
and tungsten and an insert of at least one metal taken 
from the class consisting of zirconium, thorium, lantha 
num and strontium, provided in said holder as the arc 
attaching portion of said electrode. 

6. A non-consumable electrode capable of maintain 
ing a stable electrifiaharciiii ani't'rogen-hydrogen atmos 
phere comprising a ?uid cooled holder made from at least 
one metal taken from the class consisting of copper, silver, 
aluminum, brass, steel, molybdenum, columbium, tanta 
lum, and tungsten and an insert of at least“ one metal 
taken from the class consisting of zirconium, thorium, 
lanthanum and strontium, provided in said holder as the 
arc attaching portion of said electrode. 

7. A non-consumable electrode‘capable of maintain 
ing a stablelelectrical arc in a carbon monoxide atmos 
phere comprising a ?uid cooled holder made from at 
least one metal taken from the class consisting of copper, 
silver, aluminum, brass, and steel and an. insert of at 
least one metal taken from the class consisting of zir 
conium, thorium, lanthanum, and strontium, provided in 
said holder as the arc attaching portion of said electrode. 

8. A non-consumable electrode capable of maintain 
ing a stable electrical arc in a carbon dioxide atmosphere 
comprising a ?uid cooled holder made from at least one 
metal taken from the class consisting of copper, silver, 
aluminum, brass, and steel, and an insert of at least one 
metal taken from the class consisting of zirconium, 
thorium, lanthanum, and strontium, provided in said 
holder as the arc attaching portion of said electrode. 

9. A non-consumable electrode capable of maintain 
ing a stable electrical arc in a methane atmosphere com 
prising a ?uid cooled holder made from at least one 
metal taken from the class consisting of copper, silver, 
aluminum, brass, and steel, and an insert of at least one 
metal taken from the class consisting of zirconium, 
thorium, lanthanum, and strontium, provided in said hold 
er as the arc attaching portion of said electrode. 

10. A non-consumable electrode capable of maintain 
ing a stable electrical arc in a reactive gas atmosphere 
comprising a water-cooled copper holder, and a zir~ 
conium insert metallurgically bonded to said copper 
holder, at the arcing end thereof and said zirconium in 
sert being the arc attaching portion of said electrode. 

11. A non-consumable electrode capable of maintain 
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ing a stable electrical arc in an oxygen gas atmosphere 
comprising a water—cooled copper holder, and a zirconium 
insert metallurgically bonded to said copper holder, at 
the arcing end thereof and said zirconium insert being 
the arc attaching portion of said electrode. 

12. A non-consumable electrode capable of maintain 
ing a stable electrical arc in a nitrogen gas atmosphere 
cornprisimr a water-cooled copper holder, and a zirconium 
insert metallurgically bonded to said copper holder, at 
the arcing end thereof and said zirconium insert being 
the arc attaching portion of said electrode. 

13. A non~consumable electrode capable of maintain 
ing a stable electrical arc in a nitrogen-hydrogen gas at 
mosphere comprising a water-cooled copper holder, and 
a zirconium insert metallurgically bonded to said copper 
holder, at the arcing end thereof and said zirconium in 
sert being the arc attaching portion of said electrode. 

Ill-t. A non-consumable electrode capable of maintain~ 
ing a stable electrical arc in a carbon monoxide gas at 
mosphere comprising a water-cooled copper holder, and 
a zirconium insert metallurgically bonded to said copper 
holder, at the arcing end thereof and said zirconium in 
sert being the arc attaching portion of said electrode. 

15. A non~consumable electrode capable of maintain 
ing a stable electrical arc in a carbon dioxide gas atmos 
phere comprising a Water-cooled copper holder, and a 
zirconium insert metallurgically bonded to said copper. 
holder, at the arcing end thereof and said zirconium in 
sert being the arc attaching portion of said electrode. 

. 16. A non-consumable electrode capable of maintain 
ing a stable electrical arc in a methane gas atmosphere 
comprising a water-cooled copper holder, and a zirconium 
insert metallurgically bonded to said copper holder, at 
the arcing end thereof and said zirconium insert being 
the arc attaching portion of said electrode. 

17. Electrode as defined in claiml wherein said insert 
is cylindrical in shape. _, 

18. Electrode as de?ned in claim 17 wherein said in 
sert has a length of from about 1,4,6 to about 1/3‘ inch. 

19. Electrode as de?ned in claim 17 wherein said insert 
has a length of about 1/8 inch. , . 

20. Electrode as de?ned in claim 1 wherein said insert 
is an annular ring. ' 

21. Electrode as de?ned in claim 1 wherein a plu 
rality of said inserts are metallurgically bonded to said 
copper holder. 

22. A non-consumable electrode capable of maintain 
ing a stable electrical arc in a reactive gas atmosphere 
comprising a ?uid cooled metal holder having a high heat 
conductivity and an insert consisting of silver mixed with 
at least one metal taken from the class consisting of zir 
conium, thorium, lanthanum, and strontium, provided as 
the arc attaching portion of said electrode. 

23. An arc torch comprising in combination a fluid 
cooled metal electrode holder having a high heat con 
ductivity and an insert of at least one metal taken from 
the class consisting of zirconium, thorium, lanthanum and 
strontium, said insert being metallurgically bonded to said 
holder and being the arc attaching portion of said elec 
trode; a gas directing nozzle spaced from and adjacent 
the tip of said electrode holder; means for feeding a re 
active gas around said electrode holder; and means for 
connecting said electrode holder to a source of power 
for drawing an arc from said insert to a workpiece which 
is also connected to said power source. 

24. A method for Working materials with an electric 
are which comprises striking an electric arc from an elec 
trode consisting of a ?uid-cooled high heat conductivity 
metal holder having an insert of at least one metal taken 
from the class consisting of zirconium, thorium, lantha 
num, and strontium, said insert being the arc attaching 
portion of said electrode; maintaining such are in a re 
active gas atmosphere so as to produce a hot arc gas and 
then directing the hot arc gas into contact with the mate 
rial to be worked. 
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25. Process according to claim 24 wherein the reactive 
gas is air. 

26. Process according to claim 24 wherein the reactive 
gas is oxygen. 

27. Process according to claim 24 wherein the reactive 
gas is nitrogen. 

28. Process according to claim 24 wherein the reactive 
gas is carbon dioxide. 

29. Process according to claim 24 wherein the reactive 
gas is nitrogen-hydrogen mixture. 

30. Process according to claim 24 wherein the reactive 
gas is carbon monoxide. 

31. A method for cutting metals which comprises con 
necting a workpiece to be cut and an electrode consist 
ing of a water-cooled high heat conductivity metal holder, 
having an insert of at least one metal taken from the 
class consisting of zirconium, thorium, lanthanum and 
strontium metallurgically bonded to said holder in cir 
cuit relationship; striking an are between said insert and 
said workpiece; feeding a reactive gas around said elec 
trode and into the region of said arc; applying the re 
sulting arc ef?uent against said workpiece; and cutting 
such metal workpiece with such are e?luent. 

32. Method according to claim 31 wherein said re 
active gas is oxygen. 

33. A method for working materials with an electric 
are which comprises striking an electric are from an elec 
trode consisting of a water-cooled copper holder having 
a zirconium insert, said insert being the arc attaching 
portion of said electrode; maintaining such are in an 
oxygen atmosphere so as to produce a hot arc gas and 
then directing such hot arc gas into contact with the 
material to be worked. 

34. A method for Working materials with an electric 
are which comprises striking an electric arc from an elec 
trode consisting of a Water-cooled copper holder having 
a zirconium insert, said insert being the arc attaching 
portion of said electrode; maintaining such are in a nitro 
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gen atmosphere so as to produce a hot arc gas and then 
directing such hot arc gas into contact with the mate 
rial to be worked. 

35. A method for working materials with an electric 
arc etiiuent which comprises connecting the material to 
be worked in circuit relationship with an electrode con 
sisting of a water-cooled high heat conductivity metal 
holder having metallurgically bonded thereto a high 
density insert of at least one metal taken from the class 
consisting of zirconium, thorium, lanthanum and stron 
tium; striking an arc between said insert and said mate 
rial to be worked; maintaining such arc in a reactive 
gaseous atmosphere; and applying the resulting arc et?u 
ent against said material. 
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