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This invention relates to methods of desus 
phurizing metals and, more particularly, to re 
moving sulphur from carbonized metals, 
In electron discharge devices having a power 

rating of five watts or more, the anode or plate 
electrode is coated with a carbon film or layer 
to increase the dissipation of heat generated 
during the operation of the device. The elec 
tron Source of such a device may be of the oxide 
coated type which is very sensitive to poisonous 
matter evolved during operation, which ma 
terially reduces the efficiency of the device or 
completely destroys the activity of the oxide 
coating of the emitter. 
Analysis has shown that this poisoning action 

is caused by sulphur, metal sulphide and other 
Sulphurous compounds inherent in the metal 
of the electrodes, principally the nickel anode, 
due to manufacturing procedures, such as elec 
trolytic production of the metal. The carboniz 
ing treatment of the metal to form the carbon 
layer appears to increase the sulphur content 
by impurities in the carbonizing gas and the 
cumulative action of carbonizing reactions. 
Attempts to produce sulphur-free nickel by 

controlled procedure of both the nickel manu 
facture and the carbonizing treatment results 
in high cost, involved chemical technique and 
Small Output from a commercial standpoint, so 
that production is unsatisfactory with regard to 
reproducible specimens. Similar results are ob 
tained when the sulphur is removed from grade 
A nickel and the carbonizing treatment is con 
trolled to avoid sulphur, contamination. The 
sulphur content of grade A nickel is generally 
of the order of .005 per cent. The sulphur con 
tent of the carbon layer is often as high as 0.1 
per cent so that sulphur poisoning represents a 
Serious hazard to the efficiency and life of elec 
tronic discharge devices. 
An object of this invention is to eliminate 

poisoning of the sensitive oxide coating of emit 
ters in electron discharge devices. w 
Another object of the invention is to expel 

all dissociable sulphurous matter from carbon 
ized metal in an expeditious manner suitable 
for maSS production. 
A further object of the invention is to facili 

tate the treatment of carbonized metal without 
injury to the carbon coating. 
These and other objects of the invention are 

achieved in accordance with one aspect in which 
a carbonized electrode, such as an anode, is en 
closed in a vacuum chamber and heated to a 
high temperature for a definite period while in 
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troducing pure hydrogen gas at a low pressure. 
This arrangement forms an efficient static sys 
tem for the elimination of sulphur and sul 
phurous compounds from the metal and coating 
without injuring the coating as to adherence 
and composition. . 
In another aspect of the invention, the treat 

ment of the carbonized metal electrode is per 
formed in a flow system at atmospheric pressure 
in which the electrode is heated to a high tem 
perature in a mixture of a reducing gas and a 
hydrocarbon gas, such as hydrogen and methane, 
to facilitate the removal of sulphur compounds 
from the metal and coating. The proportion 
of hydrocarbon gas in the reducing mixture 
must be sufficiently great to prevent the removal 
of carbon from the carbonized electrode and not 
so great that additional carbonization occurs. 
In the case of hydrogen and methane, the pro 
portion of methane must at least be equal to 
that in the mixture in equilibrium with carbon 
at the temperature of treatment. This ar 
rangement permits mass production treatment 
of the electrodes to provide electrodes for dis 
charge devices in which the Sulphur content is 
reduced to a negligible value, for instance, .0001 
per cent. 
These methods of treatment will be more 

clearly understood from the following detailed 
description taken in connection with the ac 
companying drawing: - 

Fig. 1 shows one form of apparatus, partly in 
section and partly broken away, for the static 
System of treatment of the electrode; and 

Fig. 2 illustrates a flow system partly in Sec 
tion and partly diagrammatic for processing the 
electrode in accordance with this invention. 
The sulphur content of commercial nickel, 

while variable, is usually of the order of .005 
The preparation of the nickel by 

carbonizing to dissipate the heat during oper 
ation in an electron discharge device causes a 
Concentration of Sulphur compounds in the 
coating by the addition of impurities from the 
carbonizing gas and accumulative effects in the 
carbon precipitation whereby Sulphur and Sul 
phur compounds are occluded in the carbon 
layer So that the total sulphur content of the 
coating may attain a concentration as high as 
0.1 per cent. The complete removal of sulphur 
from the metal and from the carbonizing gas 
is a time consuming and expensive process even 
On a laboratory Scale. Assuming that a sul 
phur-free product could be economically pro 
duced, there is always the problem of prevents 
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ing sulphur contamination during fabrication 
and storage. 
In accordance with this invention all of the 

sulphur and sulphur products which readily 
form gases are completely removed and the car 
bonized nickel purified to such an extent that 
above 90 per cent of the total sulphur is re 
moved and the sulphur content reduced to as 
low as .0001 per cent. This minimum repre 
sents sulphur which is not removed from car 
bonized nickel at temperatures below 1050° C. 
and therefore would not be released in an elec 
tron discharge device to poison the active coat 
ing on the emitter. 
One method of desulphurizing the carbon coat 

ed electrode is shown in Fig. 1 in which a carbon 
ized tubular nickel anode 0 is supported by a 
hanger in a glass chamber 2 provided with 
an exhaust tabulation 3. The chamber is evac 
uated to a high degree to remove air, Water Wa 
por and other gases, and a supply of a reducing 
gas, such as purified hydrogen, is injected into 
the chamber at a pressure of from 12 to 15 cen 
timeters of mercury. When this static condition 
is secured, the electrode is heated inductively by 
a high frequency coil 4 which surrounds the 
chamber, and the electrode is heated to a tem 
perature of 950 to 1050° C. for approximately one 
hour to liberate all the dissociable sulphur and 
sulphur compounds in the metal and coating 
without removing or changing the carbon coat 
ing. The sulphur gases formed are removed by 
condensation in the usual liquid air trap to ef 
fectively prevent their recombination with the 
carbon coated eelctrode. The gas filling is with 
drawn from the chamber and the electrode is 
permitted to cool to room temperature after 
which the chamber may be opened and the elec 
trode removed for fabrication in a discharge de 
vice. The hydrogen combines with Sulphur and 
metal Sulphide to form hydrogen Sulphide and 
the hot carbon layer itself reacts with sulphur 
in the metal and the coating to form gaseous sul 
phur compounds, such as carbon disulphide and 
carbon Oxysulphide. 

Fig. 2 shows another method in accordance 
with this invention in which the carbonized met 
all electrode is desulphurized in a flow System at 
atmospheric pressure in which a reducing gas 
and a hydrocarbon gas, such as hydrogen and 
methane, respectively, in the ratio of an equi 
librium mixture is injected into a heating zone 
to eliminate sulphur and sulphur compounds 
from the metal and Carbon film to such an ex 
tent that only an immaterial residue remains, 
i. e., .0001 per cent. In this system a non po 
rous tubular chamber or furnace 5, such as a 
"Nichrome' tube, approximately 9 feet long and 
3% inches diameter, is provided with hand-op 
erated covers 6 and 7 at the ends thereof, and 
a section is surrounded by a heating coil 8 of 
"Nichrome' wire Wound on an aluminum oxide 
sleeve or core 9, the wire being Covered with an 
insulating cement, such as "Alundum' 20. The 
heating coil is surrounded by a heat retaining 
casing 2 to maintain a uniform temperature in 
the furnace. The heating Zone is approximately 
4 feet long and is followed by a cooling zone de 
termined by a spacing sleeve member 22 which 
approximates the diameter of the heating coil, 
the two being joined by multiple layers 23 of as 
bestos paper. A metallic jacket 24 is secured 
around the sleeve 22 and is provided with inlet 
and outlet ports for circulating a cooling fluid, 
such as Water, through the jacket. A feed pipe 
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2,314,816 
25 is connected to the exit end of the furnace 
5 for the injection of the gaseous medium into 

the furnace. The carbonized anode or electrode 
is deposited in a metallic carrier 26 and ad 
vanced through the furnace for the required 
treatment. 
The desulphurizing of carbonized nickel by hy 

drogen in a flow system at atmospheric pressure 
is not favorable due to the reaction of carbon 
with hydrogen in the formation of methane. The 
result is a complete removal of the carbon layer 
deposited on the nickel. However, when meth 
ane gas is mixed with hydrogen in the equilib 
rium ratio; usually from 2 to 10 per cent meth 
ane is Sufficient within a temperature range of 
900 to 1250 C., the amount decreasing with in 
crease in temperature, the carbon film is not de 
stroyed but the Sulphurous matter is removed 
from the nickel and the carbon coating. It is 
essential that the last traces of oxygen and wa 
ter vapor are removed from the hydrogen-meth 
ane mixture. As little as .001 per cent oxygen or 
water vapor will remove significant quantities of 
carbon from the carbonized electrode by the re 
action to form carbon monoxide. 
In accordance with this invention separate 

Sources of hydrogen and methane, such as tanks 
27 and 28, respectively, are provided adjacent the 
furnace and are connected to a mixing bottle 
29 through pipes 30 and 3 for collecting the 
proper mixture of gases to be Supplied to the 
furnace. Suitable valves 32 and 33 and pressure 
ameters 34 and 35 permit the control of the flow 
and volume of the gases in the system. The 
equilibrium mixture flows through an exit pipe 
36 connected to an oven 37 containing a cat 
alyst 38, Such as copper turnings, to convert oxy 
gen to water vapor and sulphur impurities to hy 
drogen sulphide by reaction with hydrogen. Hy 
drogen sulphide and water vapor are removed 
in successive tubes 39 and 40 containing sodium 
hydroxide and lead oxide and a desiccating sub 
stance, such as "dehydrite,' respectively which 
are partly embedded in Sandboxes 4 and 42 and 
the purified mixture flows through the supply 
pipe 25 which includes a valve 43 for closing this 
branch of the system. The hydrogen supply of 
gas may be injected directly into the furnace 
through the three-way valve 44 and by-pass pipe 
45 to flush the furnace before a treating period. 
During the processing of the electrode the gases 
are SWept out of the furnace due to the pressure 
of the gaseous mixture and the excess hydrogen 
is ignited at the end of the furnace. 
The gas mixture is Supplied to the furnace at 

the rate of eight liters per minute and the heat 
ing Zone of the furnace is raised to a tempera 
ture of 900' to 1050° C. The carrier 26 is ad 
Vanced into the heating zone and is permitted 
therein from one-half to one hour to effect the 
reaction processes between the sulphurous com 
pounds and the equilibrium hydrogen-methane 
mixture whereby sulphur, combined or uncom 
bined in the nickel or carbon layer, is combined 
With hydrogen to form hydrogen Sulphide and 
other reactions in the hot coating form carbon 
dioxide, carbon oxysulphide, carbon disulphide 
and other easily volatile gases which are removed 
from the carbon layer on the metal and swept 
Out of the furnace by the pressure flow of the de 
Sulphurizing gases. This treatment removes 90 
per cent of the Sulphur content of the metal and 
the coating so that the only remaining sulphur 
in the electrode is about .000 per cent, such 
an amount being negligible since the residue is 
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not likely to affect the active emitter coating of 
a discharge device because the temperature of 
operation will not dissociate this sulphur from 
the metal. 

After the carrier remains in the heating zone 
for the required duration of the treatment it is 
advanced into the cooling Zone surrounded by 
the water jacket 24 where it remains until the 
temperature is reduced to approximately room 
temperature. The furnace construction per 
mits the continuous treatment of carbonized 
nickel electrodes since the carriers may be ad 
vanced at spaced intervals in the furnace by the 
operation of the hand covers at the ends of the 
furnace. 
While two embodiments of the invention have 

been described it is, of course, understood that 
various other forms of the invention may be 
evolved without departing from the concept of 
the invention. Furthermore, various details of 
the structures may be modified as herein de 
scribed and such modifications are intended to 
be within the scope of the appended claims. 
What is claimed is: 
1. The method of desulphurizing carbon coat 

ed metal which comprises enclosing said metal 
in an enclosed evacuated container, heating said 
metal in a reducing atmosphere for an extended 
period to cause reaction between the sulphur 
compounds in the metal and carbon coating and 
the reducing media to selectively form sulphu 
ous gases without changing the character of the 
carbon coating, removing said gases from said 
container, and cooling said metal. 

2. The method of desulphurizing carbon coat 
ed metal which comprises enclosing said metal 
in a closed container free from Oxygen and water 
vapor, heating said metal in a reducing at 
mosphere under static conditions at low pres 
sure for an extended period to cause reaction 
between the sulphur compounds in the metal 
and carbon coating and the reducing media to 
selectively form sulphurous gases, removing said 
gases from said container, and cooling said 
metal with the carbon coating intact. 

3. The method of desulphurizing carbon coat 
ed metal which comprises enclosing said metal 
in a closed container free from oxygen and War 
ter vapor, heating said metal in hydrogen under 
static conditions at reduced pressure for an ex 
tended period to cause reaction between the Sul 
phur compounds in the metal and carbon coat 
ing and the hydrogen to selectively form sul 
phurous gases, removing said gases from said 
container, and cooling said metal with the car 
bon coating intact. 

4. The method of desulphurizing carbon coat 
ed metal which comprises enclosing said metal 
in a closed container free from oxygen and wa 
ter vapor, heating said metal in a hydrogen at 
mosphere under static conditions at reduced 
pressure for one hour at a temperature of 900 to 
1050° C. to cause reaction between the sulphur 
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compounds in the metal and carbon coating 
and the hydrogen atmosphere, to selectively 
form sulphurous gases, removing said gases 
from said container. and cooling said metal with 
the carbon coating intact. 

5. The method of desulphurizing carbon coated 
metal which comprises enclosing said metal in a 
closed container free from oxygen and water 
vapor, heating said metal in a hydrogen atmos 
phere within a pressure range of 10 to 12 cen 
timeters of mercury for an extended period to 
cause reaction between the sulphur compounds 
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in the metal and carbon coating and the hydro 
gen atmosphere to selectively form sulphurous 
gases, removing Said gases from said container, 
and Cooling said metal with the carbon coating 
intact. 

6. The method of desulphurizing a carbon 
coated electrode which comprises injecting a 
mixture of hydrogen and methane gases to a 
heating zone maintained substantially at a tem 
perature of 1000 C. in a continuous flow, the 
latter being in the range of from 2 to 10 per 
cent, causing a reaction between sulphurous 
Compounds in the electrode and carbon coating 
with the gaseous mixture under the high tem 
perature heating conditions in said zone, intro 
ducing said electrode to said heating zone at an 
elevated temperature for a prolonged interval, 
advancing the treated electrode to a cooling zone 
while subjected to the gaseous mixture, and 
finally removing the electrode when reduced to 
approximately room temperature. 

7. The method of desulphurizing a carbon coat 
ed electrode which comprises introducing said 
electrode to a heating Zone of a furnace, supply 
ing a mixture of hydrogen and methane for in 
jection into said furnace, regulating the mixture 
So that the methane concentration is sufficient 
for equilibrium between carbon, hydrogen and 
methane at the heating temperature of the fur 
nace, injecting the mixture into said furnace at 
the rate of approximately eight liters per min 
ute at atmospheric pressure, heating the elec 
trode at 1050 C. from one-half to one hour in 
said furnace to Selectively cause reaction between 
sulphurous compounds in the electrode and car 
bon coating, removing the evolved reaction gases, 
advancing Said electrode to a cooling zone in the 
same gas mixture, and finally removing said elec 
trode from the cooling Zone when reduced to 
room temperature. 

8. The method of treating a metal having a 
carbon coating thereon and containing reducible 
impurities to remove the reducible impurities 
while retaining the carbon coating which com 
prises, heating the metal to a temperature in the 
neighborhood of 1000 C. in an atmosphere con 
sisting of hydrogen and a gaseous hydrocarbon, 
the concentration of the gaseous hydrocarbon 
being maintained sufficiently high at said heat 
ing temperature to prevent substantial loss of 
carbon coating by reaction with hydrogen to 
form volatile hydrocarbon. 

9. The method of selectively desulphurizing 
carbon coated metal which comprises, introduc 
ing said metal into an enclosed vessel, heating 
said metal from 950 to 1050° C. in an atmosphere 
consisting of hydrogen and methane to cause re 
action between sulphur compounds in the metal 
and carbon coating to form sulphurous gases, se 
lectively removing said sulphurous gases from 
said vessel while maintaining methane concen 
tration sufficiently high to prevent substantial 
loss of carbon in the coating, and cooling said 
metal. 

10. The method of selectively desulphurizing 
carbon coated metal which comprises, surround 
ing said metal with an enveloping gaseous mix 
ture consisting of pure hydrogen and a hydrocar 
bon gas, the concentration of said hydrocarbon 
gas being at least that fixed by the equilibrium 
between carbon, hydrogen and the hydrocarbon 
gas at an elevated temperature of about 1000 
C., heating said metal to said elevated tempera 
ture in the gaseous mixture, and then cooling 
said metal to approximately room temperature. 



4. 
11. The method of selectively removing sul 

phur from a metal having a carbon coated Sur 
face in an atnaosphere consisting of a mixture of 
pure hydrogen and methane, the concentration 
of the methane being at least that fixed by the 
equilibrium between carbon, hydrogen and meth 
ane at the elevated temperature between 950 and 
1050 C., heating said metal to said elevated tem 
perature whereby sulphur compounds combine 
with hydrogen and carbon to form volatile Com 
pounds and the methane prevents loss of car 
bon on the surface of the metal by reaction be 
tween carbon and hydrogen. 

12. The method of selectively desulphurizing a 
carbon coated electrode which comprises, inject 
ing a mixture of purified hydrogen and a hydro 
carbon gas in a continuous flow to a heating Zone 
at an elevated temperature of approximately 
1000 C., the concentration of hydrocarbon gas 
being sufficient to prevent loss of carbon in the 
coating by reaction with hydrogen to create Wola 
tile hydrocarbon at Said temperature, introduc 
ing said electrode to said heating Zone for a pro 
longed period whereby reaction with Sulphurous 
compounds occurs in Said electrode and carbon 
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Coating to form sulphurous gases, removing said 
sulphurous gases, advancing the treated electrode 
to a cooling Zone in a similar hydrogen and hy 
dl carbon mixture, and removing said electrode 
when cooled to room temperature. 

13. The method of selectively desulphurizing 
a carbon coated electrode which comprises, in 
troducing a mixture of hydrogen and methane 
gases in a ratio Such that the methane concen 
tration is at least equal to the equilibrium meth 
ane concentration at an elevated temperature of 
approximately 1000' C. in a continuous flow for 
reaction with the Sulphurous compounds in said 
electrode and carbon coating to form volatile sul 
phurous gases which are swept from the reaction 
ZOne by the gas flow while net loss of carbon is 
prevented by the methane concentration, intro 
ducing said electrode to said heating zone at said 
elevated temperature for a prolonged interval, 
advancing the treated electrode to a cooling zone, 
and removing said electrode when reduced to ap 
proximately room temperature. m 
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