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This invention relates to a method‘ of carbu 
' rizing metal, the present application being a con 
tinuation in part of my application Ser. No. 
537,873, ?led May 16, 1931. 

5 The present invention has for its object to pro 
vide a comercially practical continuous carburiz 
ing process wherein a hydrocarbon gas or vapor 
may be succefssfullyrused and withal to provide 
a process which among other advantages shall 
give (1) control of the carbon content of the case 
produced, (2) uniformity‘ of results, (3) rapidity 
of carburization, (4) excellence of diffusion be 
tween. case and core, (5) simplicity of control of 
the process as a whole, and (6) cleanliness of 
operation. 
In prior carburizing processes making use of 

a hydrocarbon gas, the precipitation of carbon on 
the work has been considered objectional and 
many schemes have been proposed for overcom 

20 ing the objection. In my process, however', the 
precipitation of carbon on the work during a 
certain stage of the operation is one of the essen 
tial steps of the process. However, notwith 
standing the fact that I so conduct the opera 
tion as to secure deposition of carbon on the work, 
the work before emerging from the heat-treating 
or carburizing chamber is in a clean condition 
and in fact is almost as bright and clean. as 
before it was carburized. This cleanliness of the 
work following carburizing is something new and 
quite revolutionary in the art of carburizing and 
quite apart from other advantages of the process 
has distinctive merit. 
Among the various steps of my process, one 

of the important steps is that of passing the 
work to be carburized and~the carburizing gas 
in the same direction through successive heat 
zones maintained at different temperatures, the 
?rst zone being the low temperature zone for 
reasons presently appearing. 
The carburizing medium which I employ is a 

gaseous mixture of a hydrocarbon and a diluent 
containing an oxidizing agent which latter is 

. preferably carbon dioxide although not neces 
45 sarily exclusively so. 

The temperature of the low temperature zone 
is such as will cause decomposition of the hydro 
carbon with the liberation of soot ‘(amorphous 
carbon) in the presence of a catalyst, such tem 
perature being less than carburizing temperature 
and ranging between 1200 and 1500 deg. F. The 
catalyst in the present invention is the metal to 
be carburized. During the passage of the work or 
metal through said low temperature zone, it re 
ceives a deposit of soot (amorphous carbon) re 
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sulting from the cracking or decomposition of the 
major portion of the hydrocarbon passing through ‘ 
said zone. . 

The temperature of the high temperature zone 
is the usual carburizing temperature which ranges 
between 1550 and 1800 deg. F. Following the 
deposition of carbon on the work in the low 
temperature zone, the work with its deposit of 
carbon passes into the high temperature zone. 
In the high temperature zone, the deposited car 
bon on the work is completely oxidized with the 
formation of carbon monoxide with resultant 
carburization of the metal. The next step is that 
of carbide diffusion and such diffusion is accom 
plished by retaining the work in said high tem- 7o 
perature zone for the required period, it being 
understood that the high temperature zone is of 
such length that following oxidation of the car 
bon on the work, the work must still move a 
substantial distance .before reaching the outlet 
end of said zone. As soon as the work emerges 
from the high temperature zone, it ‘may be di 
rectly quenched or otherwise heat-treated, the 
cleanliness of the work facilitating further heat= 
treatment. I 
In order that the process may be e?lciently 

conducted, it is essential that the precipitation 
of carbon in the low temperature zone occur on 
the work itself and not on the walls of the mu?le. 
To this end, the said low temperature zone or 85 
portion of the mu?ie is made of a non-catalytic 
material. So called “calorized” alloy, that is, 
iron or steel with a surface‘ of aluminum oxide 
is such a non-catalytic material and may be used. 
A chrome-iron alloy devoid of nickel also an- 90 
swers the purpose. 

While the high temperature portion of the 
mu?ie may be made of the same material as the 
low temperature portion thereof, namely, a non- ' 
catalytic material, nevertheless it is preferred to 95 
make said high temperature portion of a mate 
rial which is more-resistant to carburization, a 
suitable material for that purpose being chrome¢ 

' nickel-iron alloy. ,3 
From what has been stated, it will be readily I 

appreciated that from the standpoint of chem 
ical reaction the high temperature zone may be 
considered as comprising two main reaction zones, 
namely, a carburizing zone and a diffusion zone. 

80 

The order of the zones of the heating chamber as 105 
a whole, in the order of their occurrence, are (1) 
a zone of carbon precipitation, (2) a carburlz 
ing zone and (3) a diffusion zone where the car 
bides in the surface layer of the work diffuse 
inwardly towards the core of the work. no 
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2 
The relative proportions of hydrocarbon and 

diluent in the carburizing medium will be so con 
trolled as to (l) insure the desired amount of 
carbon deposition on the work while it is within 
the low temperature zone; (2) insure the proper 
amount of oxidizing agent necessary to oxidize 
said carbon in the high temperature zone, and 
(3) insure an atmosphere that will not have any 
decarburizing e?ect on the work following oxi 
dation of said carbon and while carbide di?usion 
is taking place. . 
The hydrocarbon constituent of said carburiz~ 

ing medium may be any of the well known hydro~ 
carbon gases such as manufactured city gas, nat- 
ural gas, methane, ethane, propane, butane, acet 
ylene or other saturated or unsaturated hydro 
carbons having the property of decomposing with 
the liberation of soot when heated under proper 
conditions in the presence of a catalyst such as 
iron or steel. While I prefer to use hydrocarbon 
gas as such, nevertheless it is within the scope 
of the invention to vaporize liquid hydrocarbons 
and utilize the vapors in the same way that the 
hydrocarbon gas is used. 
The diluent for the hydrocarbon is preferably 

dehydrated or partially dehydrated gaseous prod= 
nets of combustion (hereinafter also termed “?ue 
gas”) whereof carbon dioxide constitutes say 
from 8 to 15%. The carbon dioxide constitutes 
the oxidizing agent for oxidizing the carbon on 
the work in the high temperature zone. While 
relatively minute quantities of water vapor and 
oxygen in the diluent are not harmful and may 
in fact be desirable, nevertheless it is preferred 
from the standpoint of better control of the oxi 
dizing agent to dehydrate the ?ue gas. From the 
standpoint of uniformity of composition of the 
?ue gas, it preferred to generate it by burning 
a mixture of air and gas in proportions for com 
plete combustion of the gas. 
The amount of carbon deposition on the work 

in the low tmperature zone can be increased or 
decreased by increasing or decreasing, respective 
ly, the ratio between the diluent and the hydro 
carbon. In ‘other words, the greater the per~ 
centage of hydrocarbon in said medium the great 
er will be the amount of carbon deposition in a 
given time. The amount of carbon deposition 
can also be varied by varying the rate of how of 
said carburizing medium through the mu?ie. 

‘Until the work passes into the high tempera 
ture zone the oxidizing agent will have no appre= 
ciable oxidizing effect on the deposited carbon. 
It may, however, have some slight oxidizing effect 
on the work itself, but such oxidation is consid 
ered to be bene?cial in theolater reactions at 
higher temperatures. 
As previously stated, the carburizing gas is 

caused to ?ow through the muiiie from the low 
to the high temperature zone, it being remem 
bered that the work is also caused, to move from 
the low to the high temperature zone. 
The time required to completely oxidize said 

carbon on the work in the high temperature zone 
will, of course, depend upon the kind and amount 
of oxidizing agent in said diluent. Since the 
relative percentages of nitrogen and oxidizing 
agent in the diluent have no effect on the rate of 
carbon deposition in the low temperature zone 
(such rate being controlled by the relative per 
centages of hydrocarbon andidiluent), the rate 
of oxidation of said carbon on the work in the 
high temperature zone may be controlled by in 
creasing the percentage of oxidizing agent in. the 
diluent as by increasing its carbon dioxide con== 

31,932,032 
tent or by adding water. vapor or oxygen or both. 
When said diluent is due gas the composition of 
the latter may be readily controlled by varying 
the degree of dehydration or by burning the iuel 
from which the hue gas is produced with an ex-» 
cess of air. I 

As already stated the ?nal step in the process 
after the deposited carbon has been oxidized with 
resultant carburization of the work is the di?us~= 
ing of the carbide into the work. This is e?ected 
by allowing the work to remain in the high tem= 
perature zone for an appropriate period in an at= 
mosphere which is non-decarburizing. In the 
present invention decarburization is e?ectively 
prevented by the presence of hydrocarbon gas in 
the high temperature zone, it being understood 
that some of the hydrocarbon introduced into the 
mu?ie does not decompose in the time available. 
As is well known to those skilled in the art, there 
is a de?nite amount of hydrocarbon gas required 
by each carbide concentration in the steel to to 
a “neutra ” so-called atmosphere around the 
steel to prevent decarburization. Thus at a tem 
perature of 1700° F., a steel containing l8/l00% 
carbon will be at equilibrium in a hydrogen at 
mosphere with about 25/ 100% natural gas; if the 
steel contains 59/ 100% carbon the equilibrium 
ratio is 85/100% natural gas while if the steel 
contains 95/l00% carbon the ratio is 1%% nat~ 
ural gas. Ratios higher than these will add care 
Icon to the steel while a lower ratio will remove 
carbon. The exact ratio is a?ected by the tem 
perature of the operation and the type of hydro 
carbon in the atmosphere and is lowered as the 
temperature is raised. It is a simple matter in no 
the present invention to maintain the necessary 
hydrocarbon gas in‘ the high temmrature zone to 
oifset any decarburizing e?ect, it being merely 
necessary to increase the ratio between the hy 
drocarbon and the oxidizing agent in the car- 115 
burizing medium admitted to the muilie. 
While it is preferred to utilize ?ue gas as a 

combined diluent and oxidizing agent, neverthe» 
less it is within the scope of‘ the invention to 
prepare the diluent by g nitrogen and car- 12¢) 
bon dioxide or other oxidizing agent from sepa 
rate sources of supply. ' 
An important feature of the present invention 

is the manner in which any established condition 
dependent upon the characteristics of the car= 125 
burizing mixture may be controlled and main 
tained. The effluent gases from the high temper 
ature zone contain combustible constituents. By 
burning a constant amount of these gases in 
the open air in any suitable manner and utilizing 13¢}; 
a thermocouple to indicate the temperature, a 
constant temperature will indicate an unvarying 
condition. Other things being equal, a variation 
in temperature will indicate a change in the ratio 
of hydrocarbon to diluentin the mixture. If the 135 
temperature falls, it is an indication that more 
hydrocarbon is required to maintain the required 
condition in the heat treating chamber and vice 
versa. By proper instrumentalities operable by 
the temperature variations, the proportion of 14@ 
hydrocarbon gas and diluent in said mixture 
may be controlled. 
While the maintenance of any particular pres~ 

sure within the mu?ie is not essential to the sue 
cessful operation of the process, nevertheless it M5 
has been found that the rate of reaction is in= 
creased as the pressure is increased, and conse= 
quently it is within the scope of the invention 
to maintain such pressure within the muffle as 
may be desired. It , of course, be derstood 15d 
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that in any event some pressure above atmos 
pheric will be maintained to exclude the entry 
of air into the mui'?e as through the charging 
and discharging ends thereof. 
In ‘practical operation the muiile may be pro 

vided with a vestibule at each end to prevent 
the entry of air into the muiiie proper during I 
charging and discharging of the mu?ie. The 
means for conveying the work through the muf-' 
?e may take various forms depending upon the 
character of the work to be carburized. For 

. the .purpose of heating the muille in a manner 
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to maintain saidlwtemperature zones, the mume 
may be surrounded by a combustion chamber 
which may be divided by a partition to form two 
chambers corresponding to the high and low 
temperature zones, respectively, each combus 
tion chamber being .independently ?red and con 
trolled.’ 
As an indication of the relative lengths of the 

low and high temperature zones of the muiile 
it may be stated that in one commercial instal- ' 
lation the low temperature portion of the muille 
is approximately six feet in length and the high 
temperature zone fourteen feet. In this instal 
lation, a case depth of 40/ 1000 inches was ob 
tained by holding the work at a carburizing tem 
perature of 1650 deg. F. for a period of three 
hours._ Of said case about 10/1000 inches was 
hypereutectoidal. The steel used for carburizing 
was S. A. E. 1020, namely .20% carbon steel. To 
obtain said case it was found necessary to use as 
the carburizing medium approximately seventy 
?ve cubic feet per hour of natural gas and 
seventy ?ve cubic feet per hour of ?ue gas con 
taining twelve per cent carbon dioxide. With 
a furnace containing a muiiie twenty feet long, 
exclusive of vestibules at both ends, the mu?le 
being twenty seven inches wide by fourteen 
inches high, the production of carburized steel 
was found to be four hundred ?fty pounds per 
hour. This rate of production is more than 
twice that possible with a furnace of the same 
length using solid carburizing medium. 
What I claim as new is: 
1. In the art of carburizing metal with a car 

burizing gas, the steps comprising passing the 
gas and the metal in the same direction through 
successive heat zones in a single chamber, the 
?rst of said zones being maintained at a lower 
temperature than the succeeding zone and being 
less active as a catalyst than steel in assisting 
in the thermal decomposition of a hydrocarbon 
gas with the liberation of soot, the said succeed 
ing zone being maintained at carburizing tem 
perature. . 

2. In the art of carburizing metal with acar 
burizing gas, the steps comprising passing the, 
gas and the metal in the same direction through 
successive heat zones in a single chamber, the 
?rst of said zones being maintained at a. lower 

3 
temperature than the succeeding zone and being 
less active as a catalyst than steel in 
inthe thermal decomposition of a hydrocarbon 
gas with the liberation of soot, the said succeed 
ing zone being maintained at carburizing temper 
ature and the said carburizing gas comprising 
a hydrocarbon, an inert diluent and a gas that 
will oxidize carbon. 

3. In the art of carburizing metal with a car 
burizing gas, the steps comprising passing the 
gas and the metal in the same direction through 
successive heat zones in a single chamber, the 
?rst of said zones being maintained at a lower 
temperature than the succeeding zone and being 
less active as a catalyst than steel in assisting 
'in the thermal decomposition ofa hydrocarbon 
gas with the liberation of soot, the said succeed 
ing zone being maintained at carburizing tem 
perature and the said carburizing gas comprising 
a hydrocarbon and flue gas. 

4. In the art of carburizing metal, the steps 
comprising ?rst coating the metal with soot, 
then heating the metal to carburizing tempera 
ture and while the metal is at carburizing‘ tem 
perature subjecting it to the combined action of 
a gas comprising a gas that will oxidize the soot 
and a hydrocarbon gas that has previously been 
subjected to thermal decomposition with the lib 
eration of carbon. ' 

5. The method of carburizing metal , which 
comprises ?rst coating the metal with soot while 
it is coming up to carburizing temperature, such 

. coating'being formed by thermally decomposing 
in the presence of the metal a hydrocarbon gas, 
and thereafter subjecting the metal while at car 
burizing temperature to the combined action of 
the gases remaining after the thermal decompo 
sition of the hydrocarbon gas and a gas that 
will oxidize the soot. 

6. The method of carburizing metal which 
comprises ?rst coating the metal with soot while 
it is coming up to carburizing temperature, such 
coating being formed by thermally decomposing 
in the presence of the metal-a hydrocarbon gas 
diluted with ?ue gas, and thereafter subjecting 
the metal while at carburizing temperature to 
the action of the gases remaining after the ther 
mal decomposition of the hydrocarbon gas. 

7. The method 'of carburizing metal which 
comprises ?rst coating the metal with soot while 
it is coming up to carburizing temperature, such 
coating being formed by thermally decomposing 
a hydrocarbon gas in the presence of the metal 
and in an environment that is less active as a 
catalyst than steel in assisting in such decompo 
sition, and thereafter subjecting the metal while 
at carburizing temperature to the combined ac 
tion of the gases remaining after the thermal 
decomposition of the hydrocarbon gas and a gas 
that will oxidize the soot. ‘ 

ROYSEL J. COWAN. 
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