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(567)  According tothe method for heat treating atleast
one metallic work piece according to the present inven-
tion said at least one metallic work piece is subjected to
a predetermined temperature time profile (1) in a furnace,
wherein at least intermittent a process gas is introduced
into the furnace atmosphere to define the composition of
said furnace atmosphere, wherein the introduction of the
process gas is controlled regarding at least one of the
following parameters: the volume of the process gas in-
troduced into the furnace and the composition of the proc-
ess gas in such a way that during at least one of the
following operations: heating up and cooling down the at
least one work piece while the temperature of the furnace
is within a predetermined critical temperature range in
which internal oxidation occurs within the metal of the
work piece being defined by a lower critical temperature
(TL) and an upper critical temperature (T )the furnace
atmosphere is low in oxygen whereas above said upper
critical temperature (Tj) the furnace atmosphere is de-
fined independently of the oxygen content in the furnace
atmosphere.

The method according to the present invention al-
lows heat treatment processes with a significantly re-

METHOD FOR HEAT TREATING METALLIC WORK PIECES

duced internal oxidation while allowing a broad choice of
process gases for temperatures above the upper critical
temperature (Ty)).
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Description

[0001] The method for heat treating metallic work piec-
es allows to perform a heat treatment of metallic work
pieces while avoiding internal oxidation having a rather
broad choice of process gases, in particular for use in
atmospheric furnaces.

[0002] Metallic work pieces are frequently subjected
to heat treatment processes, e. g. for annealing, carbu-
rizing and the like. In these processes internal oxidation
is unwanted. Methods for avoiding or reducing internal
oxidations are known e. g. from EP 0 662 525 A1 in which
a mixture of nitrogen and hydrogen is used as a process
gas while heating the work piece to the carburizing tem-
perature. Further, it is disclosed that even during carbu-
rizing the furnace atmosphere has to fulfill specific re-
quirements regarding its oxygen activity. This method
reduces the internal oxidation significantly, nevertheless,
it has the draw back that the possible choice of the proc-
ess gas for defining the furnace atmosphere is limited.
From prior art processes itis known to control the furnace
atmosphere regarding its carbon activity by using oxygen
sensors or lambda sensors to control the partial oxygen
pressure. In particular, for low partial oxygen pressures
these control mechanisms are limited.

[0003] Therefore,itis an object of the presentinvention
to propose a heat treatment process for metallic work
pieces overcoming at least in part the problems known
from prior art and in particular allowing the reduction of
internal oxidation while allowing a larger choice of proc-
ess gases compared to prior art.

[0004] This problem is solved by the features of the
independent claim. Dependent claims are directed to ad-
vantageous improvements.

[0005] According to the method for heat treating at
least one metallic work piece is subjected to a predeter-
mined temperature time profile in a furnace, wherein at
least intermittent a process gas is introduced into the
furnace atmosphere to define the composition of said
furnace atmosphere, wherein the introduction of the proc-
ess gas is controlled regarding at least one of the follow-
ing parameters: the volume of the process gas introduced
into the furnace and the composition of the process gas
in such a way that during at least one of the following
operations: heating up and cooling down the at least one
work piece while the temperature of the furnace is within
a predetermined critical temperature range in which in-
ternal oxidation occurs within the metal of the work piece
being defined by a lower critical temperature and an up-
per critical temperature the furnace atmosphere is low in
oxygen whereas above said upper critical temperature
the furnace atmosphere is defined independently of the
oxygen content in the furnace atmosphere.

[0006] The term subjection of at least one work piece
to a pre-determined temperature time profile is to be un-
derstood in such a way that the temperature of at least
one work piece is controlled over time. This can e. g. be
performed in batch furnaces by varying the temperature
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of the furnace over time following a predetermined cycle,
or in continuous furnaces having e. g. a plurality of zones
of different temperatures through which the at least one
metallic work piece is moved. Preferably, the furnace is
a batch furnace.

[0007] The term low in oxygen in the context of this
document is to be understood in such a way that the
furnace atmosphere has

- adew point of less than-10°C, in particular less than
-15°C, preferably - 20°C or less and/or

- an oxygen activity of less than 10-25 bar and/or

- acarbon monoxide (CO) content of less than 3 Vol.-
%.

[0008] For avoiding or reducing internal oxidation it is
important to have a furnace atmosphere without an ox-
ygen source understood as a source for atomic or ionic
oxygen during a critical temperature range in which in-
ternal oxidation occurs. Extensive experiments per-
formed by the applicants have revealed that there is a
specific temperature range which is critical for the gen-
eration of internal oxidation. The critical temperature
range is defined by a lower critical temperature and an
upper critical temperature. The values of these critical
temperatures depend on the alloying elements of the
metal of the work pieces. E. g. for manganese as alloying
element the lower critical temperature is about 700°C
whereas the upper critical temperature is about 900°C.
Outside the critical temperature range internal oxidation
is negligible. Nevertheless, even below the lower critical
temperature range the oxygen content of the furnace at-
mosphere has to be low as then surface oxidation can
occur which is usually undesired as well.

[0009] An oxygen source is of course gaseous oxygen
or humidity coming from airingress butalso water, where-
as another one can be carbon oxides like CO or CO,. An
oxygen source can be oxides on the surface of the at
least one work piece which are reduced during chemical
reactions with e. g. hydrogen.

[0010] Depending on the desired level of internal oxi-
dation to be reached it is sufficient to have a furnace
atmosphere low in oxygen either during heating the at
least one metallic work piece within the critical tempera-
ture range and/or during cooling down the at least one
metallic work piece within the critical temperature range.
Nevertheless, if a significantly low level of internal oxida-
tion is desired it is advantageously possible to have a
furnace atmosphere low in oxygen both during heating
and cooling.

[0011] Preferably, the method according to the present
invention is used for carburizing and/or hardening. The
work pieces are preferably made of steel, preferably
case-hardened steels and heat-treatable steels
(quenched and tempered steels), preferably high-alloy
case hardened steels. In particular, the method accord-
ing to the present invention is advantageously usable for
steels alloyed with titanium, manganese, silicon and/or
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chromium,.

[0012] The critical temperature range is the tempera-
ture range in which internal oxidation takes place. Sur-
prisingly, the depth of the internal oxidation in the final
work piece is mostly depending on the availability of ox-
ygen for promoting internal oxidation in a specific tem-
perature range only. Therefore, the present invention is
based on the application of a process gas allowing a low
oxygen furnace atmosphere as defined above in the crit-
ical temperature range while heating, whereas above this
critical temperature range a furnace atmosphere with a
higher oxygen partial pressure can be applied. This al-
lows above the critical temperature range to use e. g. an
endogas (comprising hydrogen, nitrogen and carbon
monoxide, optionally carbon dioxide and/or water) or a
gas mixture comprising carbon monoxide and hydrogen
as a process gas for controlling the furnace atmosphere
above the critical temperature range. It is essential to
reach an atmosphere low of oxygen as defined above
already at lower critical temperature range. Therefore,
frequently, the process gas below the lower critical tem-
perature and even directly after equipping the furnace
with the work piece is oxygen free. This influences the
furnace atmosphere in such a manner that when reach-
ing the lower critical temperature the furnace atmosphere
is low in oxygen as defined above. Above the upper crit-
ical temperature oxidation is neglible if the furnace at-
mosphere comprises e. g. endogas or a mixture of carbon
monoxide and hydrogen and, preferably, nitrogen and/or
argon. Influence on the formation of oxides have beside
the partial pressure of oxygen in the furnace atmosphere
the temperature and the enthalpy of formation of the re-
spective oxide which can be estimated according to the
Ellingham diagram.

[0013] Possible oxygen sources for atomic oxygen can
be impurities in the atmosphere, air ingress when work
pieces are placed in the furnace or are taken out of the
furnace. Further oxygen sources are leaks in the furnace
through which ambient air can enter the furnace and car-
bon monoxide, carbon dioxide, oxygen and water in the
furnace atmosphere.

[0014] The critical temperature range is defined as the
temperature range in which internal oxidation takes
place. The critical temperature range is preferably de-
fined depending on the alloying elements of the metal.
Experiments of the applicant have revealed that outside
this critical temperature range the tendency of usual al-
loying elements to form oxides is tolerable resulting in an
acceptable layer thickness of the respective layer having
internal oxides.

[0015] Due to the oxidation of an alloying element the
content of dissolved atoms of the alloying element close
to the surface of the work piece is reduced which results
in diffusion of the respective atoms from deeper regions
of the work piece to the surface region. Therefore, the
formation of internal oxides is strongly depending on the
chemical affinity of the respective alloying element to ox-
ygen and on the mean diffusion velocity or the respective
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diffusion coefficient of the alloying element. This condi-
tion is fulfilled e. g. for chromium, silicon, manganese and
titanium.

[0016] Internal oxidation is characterized due to this
effect in particular by an accumulation of manganese in
the precipitation of oxides and an accumulation of chro-
mium close to the surface. Due to the reduction of the
amount of unbound chromium and manganese the trans-
formation characteristics of the material is changed. The
critical quenching velocity is raised, the formation of per-
lite cannot be suppressed, therefore, as a result the sur-
face layer is not fulfilling the requirements regarding hard-
ness.

[0017] In particular, applicant has found in tests that if
manganese is one of the alloying elements the temper-
ature range in which internal oxidation occurs is about
700°C to 900°C. This is in particular advantageous for
the steel 16MnCr5.

[0018] According to an improvement below the lower
critical temperature the process gas is oxygen free, in
particular consisting of at least one inert gas, preferably
nitrogen and/or argon, in particular nitrogen.

[0019] Itis necessary to provide a furnace atmosphere
with low available oxygen levels already at rather low
temperatures, because it is necessary to reduce both the
oxygen being in the furnace atmosphere itself, e. g. due
to leakage of the furnace and the oxygen generated by
chemical reactions, e. g. by reducing oxides on the sur-
face of the metallic work piece. Therefore, it is frequently
necessary to change the furnace atmosphere already at
low temperatures to ensure that the atmosphere within
the critical temperature range is low of oxygen according
to the definition provided above following the present in-
vention. This can be done by introducing as a process
gas an oxygen free gas like e. g. nitrogen and/or argon,
in particular nitrogen.

[0020] According to an improvement for controlling
said furnace atmosphere low of oxygen at least for a tem-
perature within the critical temperature range the process
gas comprises at least one of the following gases:

- hydrogen (H,);

- nitrogen (N,);

- atleast one hydrocarbon; and
- methane (CHy).

[0021] Preferably, a mixture of hydrogen and nitrogen
is used to control the furnace atmosphere in the critical
temperature range. In particular, binary mixtures of hy-
drogen and nitrogen are used, preferably 30 Vol.-% [vol-
ume percent] to 50 Vol.-% hydrogen and 70 Vol.-% to 50
Vol.-% nitrogen, in particular 35 Vol.-% to 45 Vol.-% hy-
drogen and 65 Vol.-% to 55 Vol.-% nitrogen, in particular
40 Vol.-% hydrogen and 60 Vol.-% nitrogen.

[0022] The preferred range of 35 Vol.-% to 45 Vol.-%
hydrogen in nitrogen has been found to be advanta-
geous. The hydrogenin the process gasis used toreduce
the oxygen chemically bound in the oxides on the metallic
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work piece. The preferred hydrogen content ensures a
homogeneous carbon-profile of the work piece after the
treatment. A lower hydrogen content was found to create
inhomogeneous carbon profiles. A higher hydrogen con-
tent is possible but is usually undesirable from an eco-
nomical point of view.

[0023] If it is necessary to generate a carbon activity
in the furnace atmosphere at least one hydrocarbon can
be added to the process gas. This is advantageous in
particular when it is desired to carburize the work piece.
In this case it is possible to use a process gas including
at least one hydrocarbon to generate a carburizing at-
mosphere in the furnace at temperatures above the crit-
ical range.

[0024] For example, it is possible to add propane
(C3Hg) and/or methane (CH,) to have a carbon source
and create a carbon activity. The carbon activity can be
adjusted by the amount of hydrocarbon in the process
gas. Particular preferred is the adjustment of the carbon
activity by adding methane, particular preferred to a mix-
ture of hydrogen and nitrogen, as it has been found that
sootformationis reduced compared to situations in which
e. g. propane and/or acetylene have been added to a
respective mixture. Therefore, the use of methane as a
carbon source to present a carbon activity is advanta-
geous for the quality of the final product.

[0025] The term at least for a temperature within the
critical temperature range is to be understood in such a
manner thateven at temperatures below the lower critical
temperature such a gas mixture can be used as a process
gas.

[0026] According to an improvement for controlling
said furnace atmosphere for a temperature above the
upper critical temperature the process gas comprises at
least one of the following gases or gas mixtures:

- endogas;

- agas mixture of carbon monoxide and hydrogen;

- dissociated alcohol, in particular methanol;

- aninert gas like nitrogen (N,) and/or argon (Ar); and
- carbon monoxide (CO).

[0027] Anendogas is a gas mixture of hydrogen, nitro-
gen and carbon monoxide (CO). Optionally, carbon di-
oxide (CO,) and/or water (H,O) can be part of the en-
dogas as well. A second option is a gas mixture of carbon
monoxide and hydrogen. Both process gases contain ox-
ygen atoms in the form of CO which is available for re-
action with alloying elements in the metal which is par-
ticularly preferred steel. Above the critical temperature
range the risk for internal oxidation is significantly re-
duced allowing the use of oxygen-containing process
gases above the critical temperature range. The use of
these gases allows e. g. the use of the carbon in the
gases e. g. from the dissociated alcohol like in particular
methanol for carburizing of the metal.

[0028] The above-identified process gases used
above the upper critical temperature allow in particular
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to control the processes in the furnace and in particular
its furnace atmosphere using oxygen sensors and/or
lambda sensors.

[0029] As aprocess gas within the critical temperature
range it is possible to use at least in part a dry inert gas
like argon or nitrogen, preferably nitrogen, before chang-
ing to the afore-mentioned process gas, preferably a mix-
ture of nitrogen and/or argon and hydrogen. The change
of the process gas to said mixture of nitrogen and/or ar-
gon and hydrogen is preferably performed at a temper-
ature of 750 °C and above.

[0030] According to a preferred embodiment the upper
critical temperature is 900°C, whereas the lower critical
temperature is 700°C. This is particularly advantageous
if the relevant alloying element is manganese.

[0031] According to an improvement the process gas
is at least one inert gas which is introduced into the fur-
nace atmosphere after equipping the furnace with the at
least one work piece for a predetermined time or until a
predetermined purge temperature is reached.

[0032] This allows the purging with an inert gas like
nitrogen and/or argon to reduce the oxygen levels in the
furnace atmosphere which usually increases significantly
after equipping the furnace with the at least one work
piece as there is air ingress including humidity if the fur-
nace is open and/or air is adhered to the work piece. The
purging action with at least one inert gas allows a quick
reduction of the oxygen level in the furnace atmosphere.
[0033] According to a further improvement the work
piece is carburized at a carburizing temperature above
the upper critical temperature while a carburizing atmos-
phere is maintained in the furnace for a carburizing time.
[0034] During this carburizing step it is possible to con-
trol the furnace atmosphere based on the signal of at
least one oxygen sensor and/orlambda sensor. The tem-
perature at which the carburizing atmosphere is created
in the furnace is depending on the metal quality, alloying
elements and the desired time of carburizing Usually,
said temperature is at 900 °C or above limited by unde-
sired changes in the material structure of the metal of the
work piece.

[0035] The furnace atmosphere during carburizing
(carburizing atmosphere) comprises particularly one of
the following gas mixtures:

- endogas; and
- a mixture of nitrogen and dissociated methanol,

with an optional addendum of a hydrocarbon.

[0036] The carburizing atmosphere during carburizing
provides carbon for the carburizing processii. e. includes
carbon sources and has a significant carbon activity.
Usually, the carbon activity is between 0,8 to 1,1 % car-
bon. The duration of the carburizing time, the carburizing
temperature and the contents of the furnace atmosphere
during carburizing are preferably determined based upon
the metal of the work piece, in particular depending on
the alloying elements in the metal, the surface of the at
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least one work piece and/or the desired carbon (profile)
to be reached by the carburizing process.

[0037] According to an improvement the at least one
metallic work piece is quenched after carburizing after
the furnace temperature has been lowered to ahardening
temperature.

[0038] According to an improvement the at least one
work piece is made of one of the following materials:

- steel;

- acase-hardened steel;
- a heat-treatable steel;

- aquenched steel; and
- atempered steel.

[0039] Inaparticular preferred embodimentthe atleast
one work piece is made of high-alloy case hardened
steel. The method according to the invention is preferably
usable with steels having titanium, chromium, silicon
and/or manganese as alloying elements.

[0040] In the following, an exemplary schematic tem-
perature time profile for a heat treatment including a car-
burizing step according to the present invention is dis-
cussed with reference to the sole Fig. 1 although the in-
vention is not limited to the embodiment shown.

[0041] In Fig. 1 a schematic temperature time profile
1 for a method for heat treating at least one metallic work
piece according to an embodiment of the present inven-
tion in a batch furnace is depicted. In the temperature
time profile 1 the temperature T is drafted against the
time t both in arbitrary units. Both axes are not to scale
but merely schematic.

[0042] Prior to equipping the furnace with the work
pieces the furnace is purged with nitrogen until a dew
point of -15°C is reached. Depending on the type of fur-
nace the temperature of the furnace is either room tem-
perature or a temperature significantly above room tem-
perature, i. e. above 800°C or the like. Even in the latter
case the furnace temperature will significantly drop due
to the introduction of the comparatively cold work pieces
having a large thermal capacity. Therefore, in the follow-
ing a low temperature (room temperature) is depicted
when starting the process but it is understood that this
could be a higher temperature as well.

[0043] Starting ata furnace temperature equal to room
temperature Ty or laboratory conditions (e. g. 20 °C) a
furnace is provided with one or more metallic work pieces
in afirst step of equipping 10. During this step 10 of equip-
ping the furnace is open and in fluid communication with
the ambient atmosphere. To limit the ingress of ambient
air the furnace can be further purged with an oxygen free
gas, e. g. with nitrogen and/or argon during the step 10
of equipping. This can improve the safety of the process
as the furnace is further inertized and a reaction with
burnable gases can be avoided. The surfaces of the work
pieces that are to be hardened have to be accessible for
the atmosphere inside the furnace to allow a reaction of
atoms or molecules in furnace atmosphere with atoms
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or molecules within the work pieces.

[0044] Depending on the kind of furnace it is possible
that the temperature of the furnace is not the ambient
temperature as assumed above but is at a certain tem-
perature level, e. g. in the range of 860° C. Usually by
opening the furnace and introducing the work pieces hav-
ing ambient temperature the temperature within the fur-
nace drops significantly below 700° C. Further, the in-
gress of atomic oxygen sources cannot be avoided even
by purging with at least one inert gas as e. g. the surface
of the work piece comprises oxides acting as oxygen
sources as well as gaseous oxygen bound to the surface
by adhesion or the like.

[0045] After equipping 10 the furnace is heated up to
a furnace temperature equal to a upper critical temper-
ature Ty, of a critical temperature range being critical for
internal oxidationin a step of heating 20. The lower critical
temperature T, for internal oxidation is in this example
with manganese as the predominant alloying element
700°C and is in general determined depending on the
metallic material of the work pieces to be heat treated.
Different concentrations ¢y, of alloying elements that are
dissolved in the lattice or between grains of the raw ma-
terial contribute to an increased or decreased lower limit
temperature T| . The current furnace temperature is mon-
itored via one or more temperature sensors allowing an
exact process control. Already during said primary heat-
ing 20 a process gas low of oxygen has to be fed to the
furnace, as even if there is no internal oxidation surface
oxidation could occur which is undesired as well.
[0046] In atemperature range from room temperature
Tr up to the lower critical temperature T, inner oxidation
of the surface areas of the work pieces is limited , even
if there is Oxygen (O,) or Carbon Dioxide (CO,) or any
other possible oxygen source available inside the furnace
whereas surface oxidation can occur nonetheless.
[0047] By introducing process gas low of oxygen the
furnace atmosphere inside the furnace is replaced by the
process gas and all possible oxygen donators in the at-
mosphere are removed. By adding hydrogen of at most
5Vol.-% to the furnace atmosphere while reaching a tem-
perature of 400°C in the furnace the oxides on the surface
of the furnace and/or the at least one work piece are
reduced. At temperatures of 750°C and above it is pos-
sible toincrease the hydrogen contentin the process gas.
[0048] Whenincreasing the furnace temperature start-
ing from 700°C no inner oxidation can occur, as there
are no sources for oxygen atoms that could adhere and
dissolve in the surface areas of the work pieces.

[0049] In a step of protective gas feeding 40 a process
gas is fed into the furnace while the furnace temperature
is further increased to a diffusion treatment temperature
Tp- The process gas comprises hydrogen and nitrogen,
preferably between 35 to 45 Vol.-% hydrogen in nitrogen.
By the hydrogen being part of the furnace atmosphere
the oxides on the surface of the furnace and/or the at
least one work piece are reduced generating water in the
atmosphere. This water vapor is then purged by the proc-
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ess gas entering the furnace, thereby reducing the dew
point of the furnace atmosphere. Optionally, methane
(CH,4) may be additionally fed to the furnace in order to
act as a further carbon (C) donator. In contrast to higher
carbohydrates like propane (C5Hg), methane (CH,) is not
creating carbon black (soot) at high furnace tempera-
tures. Therefore, no additional cleaning step has to be
performed afterwards. Depending on the raw material
used for the work pieces the diffusion treatment temper-
ature Tp is in the range from 900 °C to 950 °C. Similar
as the lower limit temperature T, the diffusion treatment
temperature Ty is increased or decreased depending on
different concentrations cy, of alloying elements in the
raw material.

[0050] Once the diffusion treatment temperature Tp is
reached the furnace atmosphere is changed by changing
the composition of the process gas to a carburizing at-
mosphere. The process gas is fed to the furnace in a step
of feeding process gas 50. This process gas is an en-
dogas consisting of a mixture of 20% carbon monoxide
(CO), 40% hydrogen (H,) and 40% nitrogen (N,). The
carbon monoxide (CO) acts as a carbon donator or car-
bon source. The respective carbon atoms adhere at the
surfaces of the work pieces and diffuse into the work
pieces.

[0051] In a step of diffusion treatment 60 the furnace
temperature is kept constant at the diffusion treatment
temperature T (or carburizing temperature) in order to
yield reproducible results. During a diffusion treatment
time tp of the diffusion treatment 60 the surface areas of
the work pieces are carburized. Thereby carbon (C) at-
oms originating from the carbon monoxide (CO) adhered
to the surface of the work pieces, and, subsequently,
diffuse into the at least one work piece. In the surface
areas the carbon (C) atoms dissolve in the lattice of the
raw material and are deposited at interstitials of the lattice
(hexagonal spaces in the face-centered cubic austenite
lattice).

[0052] Thelongerthe diffusion treatmenttime ty is cho-
sen, the deeper the carbon (C) atoms can diffuse into
the work pieces during carburization. The diffusion treat-
ment time ty is commonly in the range of 3 h to more
than 8 h. The furnace atmosphere can be changed again
by changing the process gas entering the furnace at a
later stage of the diffusion treatment 60. Depending on
the total diffusion treatment time tp a process gas con-
sisting of a mixture of nitrogen (N,), and methanol
(CH30H) can be introduced into the furnace about 1 h
to 2 h before the end of the total diffusion treatment time
to.

[0053] After the carburization in diffusion treatment
step 60 the furnace is provided with a process gas com-
prising only nitrogen and/orargon and hydrogenin a cool-
ing step 70, while the furnace temperature is reduced to
a lower hardening temperature T. The temperature Ty
is about 840 to 880 °C for a hardening step 80.1t is pos-
sible to add an amount of a source of carbon e. g. by
adding a hydrocarbon or the like to the furnace atmos-
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phere during the diffusion treatment step 60.

[0054] Finally, a step of quenching 90 is applied. In
order to produce a martensitic lattice that yields high
hardness, the work pieces are rapidly quenched in oil
from the lower temperature T, of 840 to 880°C to a
quenched temperature T, which is between 20 °C and
200 °C depending on the raw material and the desired
grain structure. Due to the rapid cooling the carbon (C)
atoms have no time to diffuse out of their interstitials and
to build carbon grains at grain boundaries of the iron ma-
trix. Instead the carbon (C) atoms are squeezed in the
smaller interstitials of the ferrite lattice (body-centered
cubic) that is thereby deformed into the martensitic lattice
(body-centered tetragonal lattice).

[0055] The mechanical properties may be further
adapted to the intended purpose of the work pieces by
additional processes like tempering, etc. Thereby, the
high stiffness may for example be reduced and the tough-
ness further increased.

[0056] The method according to the present invention
allows heat treatment processes with a significantly re-
duced internal oxidation while allowing a broad choice of
process gases for temperatures above the upper critical
temperature T ;.

Reference Numerals

[0057]

1 temperature time profile
10  equipping

20  heating

40 protective gas feeding
50 process gas feeding
60 diffusion treatment

70  cooling

80 hardeing

90 quenching

t time

ty  diffusion treatment time

T temperature

Tp  diffusion treatment temperature
Ty  hardening temperature

T_  lower critical temperature

Tr  room temperature

Tq quenched temperature

Ty  upper critical temperature

Claims

1. Method for heat treating at least one metallic work
piece by subjecting the at least one work piece to a
predetermined temperature time profile (1) in a fur-
nace, wherein at least intermittent a process gas is
introduced into the furnace atmosphere to define the
composition of said furnace atmosphere, wherein
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the introduction of the process gas is controlled re-
garding at least one of the following parameters: the
volume of the process gas introduced into the fur-
nace and the composition of the process gas in such
a way that during at least one of the following oper-
ations: heating up and cooling down the at least one
work piece while the temperature of the furnace is
within a predetermined critical temperature range in
which internal oxidation occurs within the metal of
the work piece being defined by a lower critical tem-
perature (T, ) and an upper critical temperature (T ;)
the furnace atmosphere is low in oxygen whereas
above said upper critical temperature (T)) the fur-
nace atmosphere is defined independently of the ox-
ygen content in the furnace atmosphere.

Method according to claim 1, wherein below the low-
er critical temperature (T, ) the process gas is oxygen
free.

Method according to one of the preceding claims,
wherein for controlling said furnace atmosphere low
of oxygen at least for a temperature within the critical
temperature range the process gas comprises at
least one of the following gases:

- hydrogen (H,);

- nitrogen (Ny);

- at least one hydrocarbon; and
- methane (CHy).

Method according to one of the preceding claims,
wherein for controlling said furnace atmosphere for
a temperature above the upper critical temperature
(Ty) the process gas comprises at least one of the
following gases or gas mixtures:

- endogas;

- a gas mixture of carbon monoxide (CO) and
hydrogen (H,);

- dissociated alcohol, in particular methanol
(CH30H);

- an inert gas; and

- carbon monoxide (CO).

Method according to one of the preceding claims,
wherein the upper critical temperature (T ,)is 900°C.

Method according to one of the preceding claims,
wherein the lower critical temperature (T ) is 700°C.

Method according to one of the preceding claims
wherein the process gas is at least one inert gas
whichisintroduced into the furnace atmosphere after
equipping the furnace with the at least one work
piece for a predetermined time or until a predeter-
mined purge temperature is reached.
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10.

1.

Method according to one of the preceding claims,
wherein the work piece is carburized at a carburizing
temperature above the upper critical temperature
(Ty) while a carburizing atmosphere is maintained
in the furnace for a carburizing time.

Method according to claim 8, wherein the carburizing
atmosphere comprises at least one of the following

a) an endogas or
b) a mixture of nitrogen (N,) and methanol
(CH30H) and at least one hydrocarbon.

Method according to one of the preceding claims 8
or 9, wherein the at least one metallic work piece is
quenched after the carburizing after the furnace tem-
perature has been lowered to a hardening temper-
ature (TH).

Method according to one of the preceding claims,
whereas the at least one work piece is made of one
of the following materials:

- steel;

- a case-hardened steel;
- a heat-treatable steel;

- a quenched steel; and
- a tempered steel.
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