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The present invention relates to an improved method of
decarburizing ferrous materials and more particularly to
such a method whereby the carbon content is reduced to
a specific low level without an excessive time requirement.
- The mechanical and magnetic properties of iron, iron-
silicon alloys, and other ferrous materials are improved
by removing the last traces of carbon, for example, by
reducing the carbon to below 0.002 weight percent. Low
carbon steels and iron-silicon alloys are presently decar-
burized by heating in hydrogen, in mixtures of hydrogen
and water vapor and other similar decarburizing gases.

Maximum efficiency is sought by heating the material in

a decarburizing atmosphere at the maximum temperature
to which the specific alloy may be heated without aus-
tenite formation.

. In the case of an ordinary low carbon sheet steel con-
taining 0.05 weight percent carbon, the optimum tempera-
ture is approximately 725° C. In a 3% percent silicon-
iron sheet containing 0.05 weight percent carbon the opti-
mum temperature may be about 775° C. Above these
temperatures, austenite forms in these materials and be-
cause carbon is much more soluble in austenite than in
ferrite, much of the carbon tends to segregate in the
austenite where it diffuses very slowly. Thus, the rate of
ecarburization is slowed down. In view of austenite
rmation, it is present practice to carry out the entire
ecarburization at a single temperature,

Iron and its alloys may exist in two allotropic modifica-
tions: the body-centered-cubic crystalline form (ferrite)
_ and the face-centered-cubic crystalline form (austenite),
or, in alloys, as a mixture of the two. The constitution
of a given alloy is a function of its composition and the
temperature. In general, austenite exists at high tempera-
tures and the ferrite at low temperatures. The rate of
diffusion of carbon is much greater in the ferrite or lower
temperature form. It would be desirable to shorten the
time period for decarburization of ferrous material to
specific low carbon conients. Secondly, it would be ad-
vantageous to reduce the carbon content of ferrous mate-
rials below the present commercial practice limits of
0.002 weight percent carbon without an excessive time
requirement,

It is an object of my invention to provide an improved
method of decarburizing ferrous materials.

It is another object of my invention to provide an im-
proved method of decarburizing ferrous materials in which
present process time is shortened.

It is a further object of my invention to provide an
improved method of decarburizing ferrous materials in
which the carbon content is reduced below 0.002 weight
percent without an excessive time requirement.

In carrying out my invention in one form, a method of
decarburizing a ferrous material containing carbon up to
0.05 weight percent comprises heating the material in a
decarburizing atmosphere to an initial temperature below
any austenite formation to reduce the carbon content
thereof at this temperature and as the carbon content is
reduced to below the maximum solubility limit of carbon
in ferrite, raising the temperature of the material to at
lease one additional higher temperature below any aus-
tenite formation to reduce further the carbon content,

These and various other objects, features and advantages
of the invention will be better understood from the follow-
ing description.
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In iron-carbon alloys, iron-silicon-carbon alloys, and
other ferrous materials the temperature at which' austenite
forms first on heating is a function of the carbon content
of the specific alloy. In iron-carbon alloys with a carbon
content above approximately 0.05 weight percent, aus-
tenite forms at all temperatures above about 725° C.
If the carbon content is reduced to about 0.01 weight
percent, austenite does not form on heating until about
825° C. As the carbon content is reduced further and
approaches zero percent, then the temperature at which
austenite forms first on heating approaches 910° C,, the
temperature of the ferrite to austenite phase transforma-
tion in pure iron.

I discovered that decarburization of ferrous material
should be commenced at an initial temperature . below
austenite formation and as the carbon content of the
material is reduced, the material should be heated to sub-
sequently higher temperatures below austenite formation
and maintained at each of these higher tmeperatures to
reduce the carbon content to a specific low value. The
rate at which the temperature of decarburization is raised
will be governed by the maximum carbon content at the
center of thickness of the material being decarburized, and
the phase diagram of the particular material. I found it
possible by this method to reduce the carbon content to a
specific low value in shorter time or to reduce the carbon
content below the level of 0.002 weight percent which is
now practicable without a prohibitive increase in the time
of decarburization. This method of decarburizing might
also be practiced by passing a thin strip or wire continu-
ously through a furnace having a gradient in témperature
with the material entering at the low temperature end
and being removed from the high temperature end.

For example, in present practice an.iron-carbon alloy
of 0.040 inch in thickness gontaining 0.05 weight percent
of carbon is decarburized in a mixture of hydrogen and
Wwater vapor at a single temperature of 725° C. for a period
of seventy-six minutes, This decarburization treatment
reduces the carbon content of the iron-carbon alloy from
approximately 0.05 weight percent of carbon to 0.001
weight percent. Similarly, if a 3% percent silicon-iron
sheet containing 0.05 weight percent of carbon is decar-
burized in a mixture of hydrogen and water vapor at a
single temperature of 725° C. for seventy-six minutes,
the carbon content is reduced to 0.001 weight percent.

Ope method of decarburizing a ferrous material in
accordance with my invention is to employ an iron-carbon
alloy of 0.040 inch in thickness containing 0.05 weight
percent of carbon. The alloy is heated in a furnace con-
taining a decarburizing atmosphere of a mixture of hy-
drogen and water vapor at an initial temperature of 725°
C., which is below austenite formation, for a period of
16 minutes after which time the carbon content at the
center of thickness is reduced to approximately €.025
weight percent. The temperature is then raised to 825° C.
and maintained at this temperature for an additional
period of 6 minutes to reduce the carbon content to
0.0125 weight percent, Finally, the temperature is raised
to 880° C. for a period of 8 minutes to reduce the carbon
content of the alloy to 0.001 weight percent. The decar-
burization is accomplished within a period of thirty min-
utes. The upper temperature limit is set by the alpha to
gamma phase transformation at 910° C S

Another example of my method of decarburizing ferrous*
materials is to employ a 3%4 percent silicon-iron sheet con-
taining 0.05 weight percent of carbon. The alloy is heated
in a furnace containing a mixture of hydrogen and water
vapor at an initial temperature of 725° C. for a period of
16 minutes after which the carbon content is approxi-
mately 0.025 weight percent. The temperature is then
raised to 1100° C. and maintained at this temperature for
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a period of 3 minutes to reduce the carbon content to
0.001 weight percent. The total decarburizing time is 19
minutes. In the case of 314 percent silicon iron no upper
temperature limit exists after the carbon content is reduced
below 0.03 weight percent.

It will be noted in my above first example that the pres-
ent method of decarburizing a ferrous material reduced

the carbon content of an iron-carbon alloy from 0.05 .

weight percent to 0.001 weight percent within-a period of
30 minutes. Thus, it is possible to reduce the carbon
content to a specific low value of 0.001 weight percent
which has not been practicable in present practice with-
out a prohibitive increase in the time of decarburization
to 76 minutes. My second example discloses the decar-
burization of a 3% percent silicon-iron sheet from a car-
bon content of 0.05 weight percent to 0.601 weight percent
within a period of .19 minutes. Thus, it will be seen that
the present invention may be employed to shorten the
time in present decarburization practice which would re-
quire 76 minutes.

While other modifications of this invention and varia-
tions of method which may be employed within the scope
of the invention have not been described, the invention is
intended to include such that may be embraced within
the following claims.

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. A method of decarburizing a ferrous material con-
taining carbon up to 0.05 weight percent which comprises
heating said material in a decarburizing atmosphere to an
initial temperature below any austenite formation to re-
duce the carbon content thereof at this temperature, and
as the carbon content is reduced to below the maximum
solubility limit of carbon in ferrite, raising the tempera-
ture of said material to at least one additional higher
temperature below any austenite formation to reduce
further the carbon content.

2. A method of decarburizing a ferrous material con-
taining carbon up to 0.05 weight percent which comprises
heating said material in a decarburizing atmosphere to at
least two higher temperatures below any austenite forma-
tion to reduce the carbon content thereof at each of these
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temperatures, the heating at the first of s'a'id higher tem-

“peratures reducing the carbon content to below the

magimum solubility limit of carbon in ferrite, each sub- ‘
sequent heating at a higher temperature taking place as
the carbon content is reduced by the previous heating.
3. A method of decarburizing a ferrous material con-
taining carbon up to 0.05 weight percent which comprises
heating said material in a decarburizing atmosphere to.
an initial temperature below any austenite formation to
reduce the carbon content thereof at this temperature,
and as the carbon content is reduced to below the maxi-
mum solubility limit of carbon in ferrite, raising the =
temperature. of said material to subsequently higher tem-
peratuires below any austenite formation to reduce further
the carbon content at each of the subsequently higher
temperatures, each such heating at a subsequently higher.’
temperature taking place as the carbon content is reduced
by the previous heating. S
4. A method of decarburizing a ferrous material ‘con-
taining carbon up to 0.05 weight percent which comprises.
heating said material in a decarburizing atmosphere to a
series of progressively higher temperatures below. any.
austenite formation to reduce the carbon content thereof -
at each of the progressively higher temperatures, the
heating at the first of said series of subsequently higher
temperatures reducing the carbon content to below the
maximum solubility limit of carbon in ferrite, and each
subsequent heating at a higher temperature taking place
as the carbon content is reduced by the previous heating.
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