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Gas carburizing.

Carrier gases formed by the reaction of rich mixtures of
hydrocarbon and air and heretofore considered unsuitable for
gas carburizing can be used for gas carburizing if introduced
into the heat treamtment chamber (4) at or below a specified
flow rate. This flow rate is inversely proportional to the

amount of CO, and H20 present in the carrier gas and can be 7-
increased by, for example, removing H20 from the gas. The 1 10
invention has particular commercial value since it enables } \i I \ 90
exothermic gas generators (8) to be used for providing carrier %
gas for gas carburizing with excellent control of the carbon L 8
potential by monitoring the reacted furnace atmosphere and 2 4 -
= Making hydrocarbon additions in the usual way. Three forms - - Exo
< of apparatus are also described which may be used for pro- b generafor
ducing suitable carrier gases in the heat treatment chamber el” i
o) (4) itself. ¢ T
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This invention relates to a method of gas carburizing.

Traditionally gas carburizing has been carried out
using endothermic gas as a carrier gas together with hydro-
carbon additions. Various suggestions have been made as to
alternative carrier gases which might be used but many of
these have been very difficult to control without the use of
very sensitive control equipment due to the high proportion
of nitrogen in the final reacted atmosphere.

Heretofore, atmospheres based on exothermic gas have
been regarded as "not suitable for -- hardening of carbon or
alloy steels" (Metals Handbook page 71 column 1) although
stripped and dried exothermic gas has been described as
offering "a moderate range of control" (Metals Handbook page
94 column 2). '

We haﬁe now discovered that an extensive spectrum of
gases formed by the reaction of a rich mixture of hydrocarbon
selected from the group consisting of natural gas, methane,
butane, propane, and mixtures thereof together with air or
oxygen enriched air are suitable as carrier gases for gas
carburizing provided that they are metered to the heat treat-
ment chamber at a rate determined by the equation:

2
R} 90V3
D
Where

\ is the free (i.e. unloaded) internal volume of
the heat treatment chamber in cubic feet;

R is the flowrate of carrier gas into the heat
treatment chamber in standard cubic feet per
hour; and

D is the percentage of CO, and H,O (by volume)
entering the heat treatment chamber in the
carrier gas (i.e. excluding any hydrocarbon
additions) (e.g. for 6% C02 and 1% HZO D=7)

From this equation it is clear that exothermic gas can
be used for gas carburizing if the flow rate through the heat

treatment chamber is reduced sufficiently. However, because
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of the dangers of explosion associated with the ingress of
air into the heat treatment chamber there is a practical
lower limit for R which varies from furnace to furnace.

In addition it is desirable to be able to control the
carbon potential of the atmosphere (formed by adding hydro-
carbon additions to the the carrier gas) accurately and we
have found that this can be readily achieved by using the
same procedures as used in endothermic gas practice, i.e. by
monitoring the concentration of water or carbon dioxide or
oxygen in the reacted furnace atmosphere and controlling the
hydrocarbon additions in response to such concentrations.

Qur discovery is of some significance since
endothermic gas generators can now be replaced by more
economic exothermic generators or by apparatus described
hereinaf ter which can produce an atmosphere which is somewhat
richer in hydrogen and carbén monoxide than that produced by
exothermic generators.

In many installations we have found that the maximum
value of R is too low for safe furnace operation if rich
exothermic gas is to be used as a carrier gas for gas carbur-
izing and in order to deal with this problem we remove at
least part of the water vapour from the gas thereby
increasing the maximum value of R.

If carrier gas flowrates greater than R are employed
hydrocarbon additions reduce the concentration of carbon
dioxide and water in the furnace atmosphere and nominally
raise the carbon potential of the atmosphere. However, the
ability of such atmospheres to provide carbon to the work is
strictly limited and, in many cases, shallow and irregular
cases are the best that can be obtained even after prolonged
exposure to such atmospheres.

In all our work so far we have found that practical
considerations have made it very difficult to work at flow
rates less than 0.4R max. This is because it is important to
adequately pressurize the heat treatment chamber to inhibit
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the ingress of ambient air.  Thus the lower 1limit of R
appears to be determined by practical considerations.

According to the present invention we therefore
provide a method of gas carburizing using a carrier gas
enriched with a hydrocarbon addition in a heat treatment
chamber at or above 690°C, wherein said carrier gas is formed
by the partial or complete reaction of a rich mixture of a
hydrocarbon selected from the group consisting of natural
gas, methane, butane, propane and mixtures thereof together
with air or oxygen~enriched air, characterized in that the
volumetric ratio of said hydrocarbon to oxygen used to
produce said carrier gas (discounting any hydrocarbon whiéh
does not react) is: |

1. when the hydrocarbon is methane or natural
gas, between 0.8:1; and 1.5:1

2. when the hydrocarbon is butane, between
3.6:1 and 5:1; and
3. when the hydrocarbon' is propane between

1.8:1 and 3:1.
and said carrier gas is introduced into said heat treatment
chamber at a rate determined by the equation

2
R } 90vV?3
D
Where

\ is the free internal volume of the heat treat-
ment chamber in cubic feet;

R is the flowrate of carrier gas into the heat
treatment chamber in standard cubic feet per
hour; and

D is the percentage of CO, and H,O0 (by volume)

entering the heat trea%ment c%amber in the
carrier gas (i.e. excluding any hydrocarbon
addition) '

The present invention is applicable to both batch and
semi-continuous carburizing furnaces. '

Preferably D is between 2.5 and 10 and more preferably
between 3 and 7.
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If an exothermic gas generator is used the exothermic
gas is preferably dried before being introduced into the heat
treatment chamber as carrier gas.

In one embodiment of the invention, said carrier gas
is prepared by indirectly heating said air or oxygen-enriched
air in said heat treatment chamber, mixing said heated air or
oxygen enriched air with said hydrocarbon, reacting said
mixture in a chamber within said heat treatment chamber and
using the hot gas to preheat said air or oxygen-enriched air.

In another embodiment of the invention the carrier gas
is prepared by premixing air or oxygen enriched air with said
hydrocarbon, preheating said mixture, reacting said mixture
in a chamber within but separate and distinct from said heat
treatment cﬁamber, and using the hot gas to preheat said
mixture.

Advantageously the gas emerging from said chamber (in
either embodiment) is at least partially dried before being
introduced into said heat treatment chamber.

" Advantageously said drying is carried out by withdraw-
ing said gas from said chamber to a location outside the heat
treatment chamber, cooling said gas to condense at least part
of the water vapour therein, separating said condensed water
from said gas and introducing the gas into the heat treatment
chamber.

Advantageously the hydrocarbon is natural gas or
methane and said ratio of hydrocarbon to oxygen is between
1.0:1 and 1.35:1.

When the hydrocarbon is propane the ratio of hydro-
carbon to oxygen is preferably between 2:1 and 2.6:1.

The present invention also provides an apparatus for
producing a carrier gas for use in a method in accordance
with the present invention, which apparatus comprises means
mountable in said heat treatment chamber for heating air or
oxygen enriched air, a chamber, and means for mixing said
heated air or oxygen enriched air with a hydrocarbon selected
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from the group consisting of natural gas, methane, butane,
propane and mixtures thereof in said chamber wherein said
mixture can react and means for using the hot gas produced by
said reaction to heat said air and/or oxygen enriched air.

The present invention further provides an apparatus
for producing a carrier gas for use in a method in accordance
with the present invention, which apparatus comprises an
inner tube Induntable in said heat treatment chamber for
conveying a mixture of air or oxygen enriched air and
hydrocarbon into the confines of said heat treatment chaﬁber,
a chamber downstream of said inner tube in which said mixture
can combust, and an outer tube for directing the hot gas
produced by said combustion along the outside of said inner
tube to, in use, heat said mixture as it flows through said
inner tube.

Preferably the apparatus includes means to dry the
reacted mixture.

Advantageously, the means comprises means to cool said
gas to condense water therefrom, and means to separate the
remaining gas from said water.
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For a better understanding of the invention and to
show how the same may be carried iﬂto effect reference will
now be made, by way of example, to the accompanying drawings,
in which:

Figure 1 shows a sealed quench furnace
carburizing on dried exothermic gas with hydro-
.carbon addition;

Figure 2 shows the same furnace being used
to carburize on a mixture of carrier gas supplied
by one embodiment of an apparatus in accordance
with the present invention enriched with hydro-
carbon addition;

Figure 3 shows a modification of the appar-
atus shown in Figure 2; and

Figure 4 shows another embodiment of appar-
atus in accordance with the present invention.

Referring to Figure 1, there is shown a sealed quench
furnace which is generally identified by reference numeral 1.
The furnace 1 comprises a vestibule 2, a quench tank 3 and a
heat treatment chamber 4 which is provided with a fan 5 and
radient tubes 6 which maintain the heat treatment chamber 4
at approximately 925°¢ during carburizing.

A carrier gas comprising (by volume)

H2 11%
10) 8%
CO2 6.5%
H20 0.6%
N, 73.9%

was supplied to to the heat treatment chamber 4 through pipe
7. The carrier gas was synthesised by the reaction of 1
volume of natural gas and 6% volumes air in an exothermic gas
generator 8 and was subsequently dried to a dew point of 0°c
using a refrigerator 90. Hydrocarbon addition was added from
a pipe 10.
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As the heat treatment chamber 4 had an internal volume

V = 4.1 £t3, then:

R jg 90. (4.1 l)3 = 32.5 scfh
(6.5+0.6)

The following results were obtained:
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Referring now to Figure 2 instead of using exothermic
gas generator 8, the carrier gas was formed by using an
apparatus which is generally identified by reference numeral
11. The apparatus 11 comprises an outer annular passageway
12 and an inner annular passageway 13 which are separated by
a wall 14. 1In use air is preheated by the hot gases in the
heat treatment chamber as it flows from pipe 15 through outer
annular passageway 1l and is then further heated as it flows
along inner annular passageway 13- until it reaches holes 16
arranged circumjacent the outlet of a pipe 17 carryingrhydro—
carbon. The preheated air or oxygen enriched air reacts with
the hydrocarbon in chamber 18 to produce the carrier gas.
Using this technique, it is possible to use a richer mixture
of hydrocarbon to air than in an exothermic generator because
of the preheating and this in turn leads to the formation of
less H20 and'COZ.

In this particular embodiment the following results

were obtained on two different furnaces:
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It will be noted that in the second example, because
the combustion of natural gas with air forms a higher
percentage of water than when propane is burnt the value of
RMAX is too low to enable adequate pressurization of the
furnace. Therefore in this case nitrogen was also added as a
bulking agent. | 7 7

Referring now to Figure 3, instead of introducing gas
from chamber 18 directly into the heat treatment chamber 4 it
is led from the chamber 18 through pipe 19 where it passes
some of its heat to the gas in the heat treatment chamber.
The gas is then cooled in coil 20 in which water vapour
condenses. The water is then separated from the gas in phase
separator 21 and the drier gas is returned to the heat treat-
ment chamber 22. (The coil 20 could of course be replaced
with a dessicant or molecular,sieve'although care should be
taken to ensure that sufficient CO, remains to facilitate
control). This embodiment was used to increase the value of
RMAX in the British Furnace referred to above. In particular
the dried carrier gas had' an a-nalysirs of 17% H,, 11% CO,
413 CO, and 2.3% H,0 (Dew Point 20°C) thereby raising RMAX to
203 scfth. The nitrogen addition then became redundant and
using a flow rate of 150 scfh almost identical metallurgical
results were obtained. ' ' o

Referring now to Figure 4, apparatus 11 can be
replaced with an apparatus which is generally identified by
reference numeral 40. The apparatus 40,compriées an inner
tube 41 which conveys premixed air or oxygen enriched air and
hydrocarbon to a chamber 42 where they combust. The hot gas
produced is directed along the outside of the inner tube 41
by an outer tube 43 and leaves via a pipe 44 from which it can
either be fed directly into the heat treatment chamber or
dried and fed to the heat treatment chamber as desired.

Various modifications can be made to the process
described, for example the hydrocarbon additive could be made
to the carrier gas in pipe 7 instead of through pipe 10.
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CLAIMS

1. A method of gas carburizing using a carrier gas
enriched with a hydrocarbon‘®addition in a heat treatment
chamber at or above 690°C, wherein said carrier gas is formed
by the partial or complete reaction of a rich mixture of a
hydrocarbon selected from the group consisting of natural
gas, methane, butane, propane and mixtures thereof together
with air or oxygen-enriched air, characterized in that the
volumetric ratio of said hydrocarbon to oxygen used to
produce said carrier gas (discounting any hydrocarbon which
does not react) is:

1. when the hydrocarbon is methane or natural

gas, between 0.8:1; and 1.5:1

2. when the hydrocarbon is butane, between

3.6:1 and 5:1; and

3. when the hydrocarbon is propane between

1.8:1 and 3:1.

and said carrier gas is introduced into said heat treatment
chamber at a rate determined by the equation
2

RN 90v?
D
Where

\Y is the free internal volume of the heat treat-
ment chamber in cubic feet;

R is the flowrate of carrier gas into the heat
treatment chamber in standard cubic feet per
hour; and

D is the percentage of CO, + H,O0 (by volume)
entering the heat treatmient Chamber in the
carrier gas (i.e. excluding hydrocarbon
additions.

2. A method according to Claim 1, characterized in that D
is between 2.5 and 10.
3. A method according to Claim 2, characterized in that D

is between 3 and 7.
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4. A method according tOVClaim l, 2 or 3, characterized
in that said carrier gas is formed by reacting said air or
oxygen enriched air and hydrocarbon in an exothermic gener-
ator and drying the gas leaving said exothermic generator.
5. A method according to Claim 1, 2 or 3, characterized
in that said carrier gas is prepared by indirectly heating
said air or oxygen-enriched air in ' said heat treatment
chamber, mixing said heated air or oxygen enriched air with
said hydrocarbon, réacting éaid mixture in a chamber within
said heat treatment chamber and using the hot gas to preheat
said air or oxygen—enriched air. ) '

6. A method according to Claim 1, 2 or 3, characterized
in that said carrier gas is prepared'by bremixing air or
oxygen enriched air with said hydrocarbdn) preheating said
mixture, reacting said mixture in a chamber within but separ-
ate and distinct from said heat treatment chambér and using
the hot gas to preheat said mixture. .

7. A method according to Claim 5 or 6, characterized in
that the gas emerging from said chamber is at least partially
dried before being introduced into said heat treatment
chamber. , ,

8. A method according to Claim 7, characterized in that
said said dryihg is carried out by withdréwing said gas from
said chamber to a 1location outside the heat treatment
chamber, cooling said gas to'condense at least part of the
water vapour therein, separating said condensed water from
said gas and introducing the gas into the heat treatment
chamber. ,

9. A method according to any preceding Claim, character-
ized in that said hydroéarbon is natural gas or methane and
said ratio of carrier gas to oxygen is between 1.0:1 and
1.35:1. .

10. A method according to any one of Claims 1 to 8,
characterized in that said hydrocarbon is propane and the
ratio of said hydrocarbon to oxygen is between 2:1 and 2.6:1.
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11. An apparatus for producing a carrier gas for use in a
method according to Claim 1, characterized in that said
apparatus comprises means mountable in said heat treatment
chamber for heating air or oxygen enriched air, a chamber,
and means for mixing said heated air or oxygen enriched air
with a hydrocarbon selected from the group consisting of
natural gas, methane, butane, propane and mixtures thereof in
said chamber wherein said mixture can react and means for
using the hot gas produced by said reaction to heat said air
and/or oxygen enriched air.

12. An apparatus for producing a carrier gas for use in a
method according to Claim 1, characterized in that it comp-
rises an inner tube mountable in said heat treatment chamber
for conveying a mixture of air or oxygen enriched air and
hydrocarbon into the confines of said heat treatment chamber,
a chamber downstream of said inner tube in which said mixture
can combust, and an outer tube for directing the hot gas
produced by said combustion along the outside of said inner
tube to, in use, heat said mixture as it flows through said
inner tube. '

13. An apparatus as claimed in Claim 11 or 12, character-
ized in that it includes means to dry the reacted mixture.
14. An apparatus as claimed in Claim 13, wherein said
means comprises means to cool said gas to condense water
therefrom, and means to separate the remaining gas from said
water.

For the Applicants

(/TQ%JOW Jézﬁ&a

Brian Lutas
CHARTERED PATENT AGENT
EUROPEAN PATENT ATTORNEY
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