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(54) METHOD OF AND APPARATUS FOR OXIDATIVE POST-PROCESSING OF A NITRIDED OR

NITROCARBURIZED ARTICLE

(67)  The invention relates to a method (200) of oxi-
dative post-processing of a nitrided or nitrocarburized ar-
ticle (125), comprising providing (210) the article (125)
in a furnace (120), preparing (230) a fluid mixture con-
taining at least water and one or more of carbon dioxide

and nitrogen, providing (230) the fluid mixture in and/or
to the furnace (120), and heating (220, 240) the furnace
(120) to a temperature level, particularly in the range of
400 °C to 600 °C. Further, the invention provides an ap-
paratus (100) for carrying out the method (200).
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Description

[0001] The present invention relates to a method of
oxidative post-processing of a nitrided or nitrocarburized
article (or workpiece or another object) and to an appa-
ratus for carrying out such a method

Background of the invention

[0002] Nitrocarburizing and nitriding of steel or other
iron based metal objects produces a hard and smooth
surface on the treated objects. Post-treatment oxidation
of the surface can further enhance corrosion resistance
and the visual appearance of the object’s surface.

Disclosure of the invention

[0003] The presentinvention proposes a method of ox-
idative post-processing of a nitrided or nitrocarburized
article and an apparatus for carrying out the same with
the features of the independent claims. Advantageous
embodiments are subject-matter of the dependent claims
and the description herein below.

[0004] The invention makes use of water vapor as an
oxidant and uses otherwise gases which are generally
present at heat treatment facilities as further oxidizing
agents and/or dilutants for the water vapor. Thereby, the
oxidative post-treatment can be carried outin a controlled
manner with high precision with less expected furnace
wear and maintenance resulting in improved furnace life-
time.

[0005] A method according to the invention comprises
providing the article in a furnace, preparing a fluid mixture
containing at least water and one or more of carbon di-
oxide and nitrogen, controlling the water content of the
fluid mixture, providing the fluid mixture to the furnace,
and heating the furnace, preferably to a temperature level
in the range of 400 °C to 600 °C. Under these process
conditions, water vapor as well as carbon dioxide serve
as oxidizing agents with respect to the nitrided or nitro-
carburized surface, respectively.

[0006] Thediluting effectofthe admixed gas minimizes
the negative effects a moist furnace could have on sub-
sequent processes and abolishes or at least reduces the
need for drying steps between subsequent processes.
[0007] As mentioned, nitrocaburizing and nitriding are
processes used to harden iron based metal objects. Typ-
ical examples of objects or articles, to which such proc-
esses are applied, include, without limitation, gun or rifle
barrels and slides, bearings, drills, spindles, gears, dies,
hydraulic pistons and other parts which during use gen-
erally come into dynamic contact with other similarly hard
surfaces and are therefore prone to friction induced wear.
[0008] US 2007/0251605 A1 proposes a process for
producing highly corrosion-resistant articles made of
steel by subjecting the surface of a nitride steel article to
an oxidizing heat treatment. The heat treatment atmos-
phere contains for example air and steam at a volume

10

15

20

25

30

35

40

45

50

55

ratio of 50:50. However, such an oxidizing process is
hard to control since the air has an undefined water con-
tent.

[0009] Therefore, the invention proposes to control the
water content and in particular the dew point of the fluid
mixture before it is introduced into the furnace. The dew
pointdepends on the moisture content of the gases which
are blended to produce the fluid mixture and it is inde-
pendent of the temperature contrary to the relative hu-
midity which is temperature dependent.

[0010] By the inventive control of the water content or
dew point prior to introducing the fluid mixture into the
furnace it is possible to achieve well-defined oxidizing
conditions in the furnace. The degree of oxidation is a
result of the moisture inside the furnace which is control-
led by means of the dew point measurement and of the
furnace temperature.

[0011] Advantageously, the fluid mixture is prepared
such that a dew point of the mixture under a pressure in
the range of 1 - 50 Pa gauge (above atmospheric pres-
sure) that is present in the furnace during heating is in
the range of 0 °C to 50 °C, preferably in the range of 10
°C to 30 °C. Under such conditions, the furnace is left
dry enough directly after the treatment of the articles,
which results in faster conditioning and shorter overall
production cycle duration.

[0012] Preferably, preparing the fluid mixture compris-
es flowing/ducting a gas containing one or more of carbon
dioxide and nitrogen through a vessel containing liquid
water at a temperature level in the range of 20 to 100°C,
preferably between 20 and 50 °C. Gas flow rates and
water temperatures are adjusted and preferably control-
led with respect to the respective furnace and process in
question. This is a very cost-effective and highly control-
lable method of providing vapor in predefined quantities.
Particularly, control parameters like mass flow rate of the
gas, dispersion of the gas within the water vessel and
water temperature can be easily controlled and have a
significant effect on the resulting composition and dew
point of the fluid mixture.

[0013] The furnace is preferably keptin a heated state
for a period of time chosen such that a thickness of an
oxide layer afforded by the method on the article reaches
or exceeds 1 pm but does not exceed 3 pm. Heat treat-
ment duration is a major factor influencing the quality of
the final product, thereby enabling precise control by ad-
justing this duration.

[0014] In another aspect, the invention proposes an
apparatus for carrying out all the steps discussed in re-
lation to the proposed method. The apparatus, therefore,
profits from the same advantages as the method.
[0015] Such an apparatus comprises a furnace config-
ured to accommodate at least one nitrided or nitrocarbu-
rized article and to be heated to a temperature level pref-
erably in the range of 400 to 600 °C, a fluid mixture pro-
viding device, configured to provide a fluid mixture con-
taining at least water and one or more of carbon dioxide
and nitrogen to the furnace and means for determining
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the water content or dew point of the fluid mixture before
it is provided to the furnace. The apparatus preferably
comprises means connecting the fluid mixture providing
device to the furnace to transport the fluid mixture into
the furnace while the furnace is heated.

[0016] Preferably, the apparatus further comprises
means for carrying out a method as set out above. For
example, such means can comprise a water vessel
equipped with piping to introduce a gas stream below the
surface of water within the vessel in order to enrich in-
troduced gas in water content. The water vessel may
also be provided with a heating device to controllably
heat water contained within the vessel to a desired tem-
perature. Further, the apparatus comprises a device to
measure water content within the fluid mixture. For ex-
ample such devices may include one or more of a dew
point measuring device, a partial water vapor pressure
measuring device, a hygrometer, or another suitable in-
strument.

[0017] The furnace may be provided with any suitable
type of heater, including but not limited to a burner, an
electric heater based on resistive heating, a heat ex-
changer or combinations thereof. Preferably, an inner
wall of the furnace comprises a moisture resistant mate-
rial, such as (non-porous) ceramics, stainless steel, tita-
nium or similarly suitable materials. Brick and/or fiber in-
sulated furnaces are optional but generally less suited
where moist processes are combined with drier process-
es. For such cases the invention offers a small but con-
trollable process window.

[0018] Further advantages and embodiments of the in-
vention will be discussed in connection with the append-
ed drawings and the description thereof.

[0019] It is to be understood that the features men-
tioned and discussed herein are not only useable in the
combinations explicitly mentioned, but can also be used
in different combinations thereof or alone, without depart-
ing from the scope of the present invention as defined in
the appended claims.

[0020] Theinvention is described in further detail here-
in below with reference to an exemplary embodiment that
is illustrated schematically in the drawings.

Description of the drawings
[0021]

Figure 1 shows an advantageous embodiment of an
apparatus according to the invention in the form of
a simplified block diagram.

Figure 2 shows an advantageous embodiment of a
method according to the invention in a schematic
flow diagram.

Figure 3 schematically shows alternative advanta-
geous embodiments of an apparatus according to
the invention.
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[0022] In Figure 1, an advantageous embodiment of
an apparatus according to the invention is illustrated in
the form of a simplified block diagram and collectively
referred to with 100.

[0023] The apparatus 100, in the depicted example,
comprises a water vessel 110, which is provided with
water via a pump 114. A gas stream comprising carbon
dioxide and/or nitrogen is introduced into the water vessel
110, particularly making use of the gas pressure origi-
nating from a source of supply 112 (e.g. tank with vapor-
izer, bundle or similar, gas regulators for keeping the
pressure stable). The introduction is effected on a geo-
detic level which is sub-surface with respect to the water
in the vessel 110, such that the introduced gas forms
bubbles within the water in the vessel 110 in order to
increase a contact surface area between the gas and the
water to enhance water uptake into the gas.

[0024] One or more pipes 10 connect the water vessel
110 to a furnace 120 of the apparatus 100. A sensor 116
is arranged in fluid contact with the one or more pipes 10
and monitors a composition of a gas water mixture run-
ning through the pipe(s) 10. The sensor 116 may, for
example, comprise a dew point measuring device, such
that the water content in the mixture running through
pipe(s) 10 is determined.

[0025] The furnace 120 comprises a heater and is con-
figured to accommodate at least one article 125 to be
treated. One or more exhaust pipes 20 lead from the
furnace to an external atmosphere. The exhaust pipe(s)
20 may be equipped with pilot flames, filters, condensers,
washers or other after-treatment devices, e.g. to comply
with environmental protection regulations, and/or heat
exchangers in order to recuperate excessive heat at least
partially from exhaust gases leaving the furnace 120.
[0026] InFigure 3, alternative embodiments of such an
apparatus 100 are shown. Like reference signs are used
for like components and not necessarily all of them are
repeatedly discussed, for reasons of conciseness. Com-
pared to the apparatus 100 as depicted in Figure 1, here,
two different alternatives for preparing the fluid mixture
are illustrated. One alternative, corresponding to a prep-
aration as described in relation to Figure 1, is illustrated
with solid lines for the connection of the different compo-
nents.

[0027] The apparatus 100 as illustrated in Figure 3
comprises a water supply unit 101, a nitrogen supply unit
102 and a carbon dioxide supply unit 103. In some em-
bodiments, only one of nitrogen 102 and carbon dioxide
103 supply units may be present. The supply units 102,
103 for supplying gas(es) may be provided in the form
of conventional gas cylinders, storage tanks or devices
for producing such gas(es), e.g. air separation units, gas
generators or other suitable devices. In the first alterna-
tive, the media from supply units 101, 102 and 103 are
transported to the water vessel 110, which may be con-
trolled regarding temperature by a control unit 130,
which, in this embodiment, also includes the sensor 116
for determining the water content of the fluid mixture 10
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before its introduction into the furnace 120. In addition,
the water content or dew point of the atmosphere inside
the furnace may also be determined (117). The proce-
dure for preparing the fluid mixture according to this em-
bodiment has already been described in detail in con-
nection with Figure 1.

[0028] The media from supply units 101, 102 and 103
are directly supplied to the furnace 120 and injected
thereto. In such a case, the water content of the atmos-
phere in the furnace 120 may be controlled by adjusting
regulating valves in a flow path between the individual
supply units 101, 102, 103 and the furnace 120. These
regulating valves may, for example, be controlled by the
control unit 130, particularly electronically, pneumatical-
ly, hydraulically orin any other suitable manner, including
a combination of the mentioned possibilities. The media
from supply units 101, 102 and 103 are united or mixed
upstream of the furnace 120 to prepare the fluid mixture
which is then introduced into the furnace 120. Sensor
116 is used to determine the water content of the fluid
mixture 10. Further, an additional sensor 117 may be
arranged inside the furnace 120 or downstream thereof,
in order to analyze the actual composition of the atmos-
phere within the furnace 120 and/or to verify the result
of the dew point measurement of sensor 116.

[0029] Independent ofthe specific design of apparatus
100, a desired water content of the furnace atmosphere
for oxidative post treatment may be in the range of 2.5%
to 10% by volume in a cold state, i.e. in wet conditions.
During operation of the furnace, therefore, the water con-
tent may dramatically increase regarding volume, since
at elevated temperatures, all the water contained within
the atmosphere in furnace 120 is in gaseous or vapor
state. For more precisely reproducible results, the water
content is therefore expressed as dew point of the fur-
nace atmosphere lying preferably in the range of 10 °C
to 30 °C. The dew point can either be determined by
simultaneous measurement of relative humidity and tem-
perature, capacity thin-film polymer sensor or directly,
for example, using a reflectivity of a periodically cooled
mirror. The determined dew point may be used to adjust
the water content in the furnace atmosphere to a desired
specification, as described above.

[0030] In Figure 2, an advantageous embodiment of a
method according to the invention is illustrated in a sche-
matic flow diagram and generally referred to as 200.
[0031] References regarding components of an appa-
ratus refer to the apparatus 100 described above in con-
nection with figures 1 and 3.

[0032] In afirst step 210 of the method 200, an article
125 to be oxidatively post-treated is placed in the furnace
120. The furnace may then be heated to a desired treat-
ment temperature level in a heating step 220.

[0033] It may be possible, in some embodiments, that
the furnace 120 is used not only for the oxidative post-
treatment, but also for the previously performed nitridi-
zation or nitrocarburization treatment of the article 125.
In such cases, one or both of steps 210 and 220 may be
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omitted, as the article 125 may already be in the furnace
120 and the furnace may already have the desired tem-
perature or a higher (or lower) temperature, so that, for
example, only cooling down, or heating up, to the desired
temperature may be required, instead of the described
steps 210, 220.

[0034] In a step 230, a fluid mixture comprising water
and a gas, particularly nitrogen and/or carbon dioxide, is
provided. In the exemplary embodiment of an apparatus
100, depicted in figure 1, the composition of such a mix-
ture may be regulated by adjusting a gas flow rate and/or
a temperature of water within the vessel 110. Therefore,
e.g. a pressure of the gas may be set or adjusted to a
desired value by controlling the gas regulator or com-
pressor 112. It may also be advantageous to provide for
a control mechanism for bubble size and/or amount, for
example by providing several sets of perforated gas
pipes inside the vessel 110, such that each set of pipes
may be individually fed with the gas. By feeding more
sets of pipes, more and potentially smaller bubbles may
be formed, whereas feeding gas to fewer (sets of) pipes
may result in larger and/or fewer bubbles. The more bub-
bles are formed in step 230 and the smaller the formed
bubbles are, the larger the relative amount of water that
is taken up by the gas. A similar observation will hold for
the water temperature: the higher the temperature, the
higher the saturation pressure, leading to increasing rel-
ative amounts of water in the mixture with increasing wa-
ter temperature within the vessel 110.

[0035] Preferably, the wateramountis adjusted orreg-
ulated according to an actual composition of the mixture
as determined by the sensor 116. Step 230 may therefore
include measuring the momentary composition and ad-
justing the mentioned influencing parameters like, for ex-
ample, pressure and/or temperature and/or bubble size
and number.

[0036] The so prepared fluid mixture, in which water
may be present in vapor and/or liquid form, particularly
in the form of mist droplets, is then transported to the
furnace 120 via pipe(s) 10.

[0037] In a step 240, the furnace 120 is kept at the
desired processing temperature level for a predefined
period of time, which may be chosen according to a re-
quired layer thickness of an oxide layer produced by the
method 200. In some embodiments, a temperature pro-
gram may be followed, i.e. one or more predefined tem-
perature ramps may be provided and the temperature of
the furnace 120 may be adjusted to follow the one or
more temperature ramps.

[0038] A step 250 may follow for cooling down or
quenching the article 125 and removing it from the con-
trolled atmosphere within the furnace 120.

[0039] The method 200 may then return to step 210 to
go through a subsequent treatment cycle for one or more
other articles 125.

[0040] It should be noted, that the steps described
above are not necessarily performed in the order men-
tioned or in the form of distinct steps altogether. Some
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of these steps may, by way of example, be performed in
a different, e.g. reversed, order or simultaneously. Some
steps may be performed combined as an integrated step
or even be omitted without departing from the scope of
the present invention. The stepwise description of the
method 200 was chosen for readability and illustration
purposes only and is in no way to be understood in a
limiting manner.

Claims

1. Method (200) of oxidative post-processing of a ni-
trided or nitrocarburized article (125), comprising

providing (210) the article (125) in a furnace
(120),

preparing (230) a fluid mixture containing at
least water and one or more of carbon dioxide
and nitrogen,

controlling the water content, and in particular
the dew point, of the fluid mixture and
providing (230) the fluid mixture to the furnace
(120), and

heating (220, 240) the furnace (120) to a prede-
termined temperature.

2. Method (200) according to claim 1, wherein the pre-
determined temperature is in the range of 400 °C to
600 °C, particularly 450 °C to 580 °C.

3. Method (200) according to claim 1 or 2, wherein the
fluid mixture is prepared such that a dew point of the
mixture under a pressure that is present in the fur-
nace (120) during heating (220, 240) is in the range
of 0 °C to 50 °C, preferably in the range of 10 °C to
30 °C.

4. Method (200) according to any one of claims 1 to 3,
wherein preparing (230) the fluid mixture comprises
flowing a gas containing one or more of carbon di-
oxide and nitrogen through a vessel (110) containing
liquid water at a temperature level in the range of 20
to 100 °C, preferably between 20 and 50 °C.

5. Method (200) according to any one of the preceding
claims, wherein the furnace (120) is keptin a heated
state (240) for a period of time chosen such that a
thickness of an oxide layer on the article (125), af-
forded by the method (200), reaches or exceeds 1
wm, but does not exceed 3 pm.

6. Apparatus (100) for oxidative post-processing of a
nitrided or nitrocarburized article (125), comprising

- afurnace (120) configured to accommodate at
least one nitrided or nitrocarburized article (125)
and to be heated to a predetermined tempera-
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ture,

- a fluid mixture providing device (110) config-
ured to provide a fluid mixture containing at least
water and one or more of carbon dioxide and
nitrogen,

- means for determining the water content of the
fluid mixture and

- means for providing the fluid mixture to the fur-
nace (120).

Apparatus (100) according to claim 6, further com-
prising means (10) connecting the fluid mixture pro-
viding device (110) to the furnace (120) to transport
the fluid mixture into the furnace (120) while the fur-
nace (120) is heated.

Apparatus (100) according to any of claims 6 or 7,
wherein the fluid mixture providing device comprises
a water vessel and at least one of a carbon dioxide
supply and a nitrogen supply connected to said water
vessel.

Apparatus (100) according to one of claims 6 to 8,
further comprisingmeans (112, 114, 116) configured
to carry outamethod (200) according to any of claims
1 through 5.
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