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Description

[0001] The invention concerns a method for producing
a machined cast iron or grey cast iron surface, in partic-
ular on a brake disc, with increased wear and corrosion
resistance, according to the generic portion of claim 1.
Moreover, the invention concerns a particular use of a
specifically tuned water jet process according to the ge-
neric portion of claim 7 and a special brake disc according
to the generic portion of claim 8.

Technical background

[0002] The modification of the surface condition of cast
iron components, such as brake discs for example, can
combine the advantageous properties of cast iron as a
core material, like "castability", affordability, good thermal
conduction, sufficient stability at high temperatures with
the advanced properties of the coating, such as improv-
ing the corrosion and wear resistance of the component.
[0003] Actual technical requirements of the brake disc
market, above the already well known ones, are to pro-
vide a component with a durable corrosion resistance
while reducing the particulate emissions to the environ-
ment which are the inevitable consequence of the braking
process and the wear of the base material forming the
brake disc. This is because the main source of particulate
emissions in an electric car is no longer the engine but
is produced by the brakes instead.
[0004] One of the state-of-the art solutions for improv-
ing the wear resistance of brake discs is a product known
as the so-called "iDisc™". The iDisc™ is a brake disc of
a well-known German automotive supplier. The friction
surfaces of this iDisc™ are coated (normally spray coat-
ed) by a tungsten carbide-based layer as a top-coat on
the braking surface.
[0005] However, this solution is quite expensive and
does not provide fully satisfying corrosion resistance, at
least not in the long term.
[0006] This is primarily due to the high thermal load
imposed to the brake disc during the braking process,
where the different thermal expansion coefficients of the
materials used, such as cast iron and the top coating,
cause cracks in the coating. These cracks are the starting
point of a corrosion, which develops as an "under-corro-
sion" of the base material finally causing the delamination
of the coating.
[0007] In order to overcome the issue of delamination
of coatings applied by a thermal spray process onto the
friction surfaces of brake discs made from cast iron or
cast aluminum, DE 10 2014 004616 A1 describes that
the friction surfaces are roughened prior to coating pref-
erably by using a mechanical method, for instance by
sand blasting, highpressure water jet or by using a cutting
tool preferably creating undercuts. The roughening meth-
od applied leads to a better mechanical bonding between
the coating and the substrate and thus to increased ad-
hesion of the coating. In DE 10 2014 004616 A1 it is also

disclosed that an intermediate layer, in particular a Ni-
based alloy, can be applied in between the base material
of the brake disc and the anti-wear layer as an adhesion
or anti-corrosion layer. One of the drawbacks of the meth-
od disclosed in DE 10 2014 004616 A1 is that the so
roughened surface leads to a rougher surface after
spraying, requiring post-treatment of the sprayed sur-
face. Another drawback is that graphite inclusions
present in the cavities opened by the roughening are still
present in the cavities after the roughening process.
These graphite inclusions are deemed to serve as start-
ing points for corrosion.
[0008] Alternative solutions such as surface modifica-
tion processes (instead of providing coating) include ni-
triding, carbonitriding or carbonitriding plus oxidation of
the substrate by diffusion of nitrogen (N) and/or carbon
(C) and/or oxygen (O) into the base material. Such proc-
esses are called for example gas nitrocarburizing (GNC),
ferritic nitrocarburizing (FNC) or just nitriding processes.
These processes provide the same or even improved
properties of the substrate material by increasing its wear
and corrosion resistance. The advantage of the said
processes do not lead to a deposition of areal coating
layer which could be prone to delamination.
[0009] For that reason, the said processes of nitriding,
carbonitriding or carbonitriding and oxidation are a matter
of choice for improving not only the wear but also the
corrosion resistance of brake discs.
[0010] Due to the significantly different driving cycles
of modern electric vehicles, there is an increasing de-
mand to improve the corrosion resistance. In a modern
electric vehicle, regardless of whether it is a hybrid or
fully electric vehicle, the brake disc is braked dry much
less often in city traffic under humid conditions than in a
vehicle with a classic internal combustion engine. This
is because most of the braking power of an electric ve-
hicle is provided by recuperation, i.e. by means of the
electric motor itself, with no or little use of the brakes.
[0011] US 2011/297495 A1 describes that graphite
flakes embedded in the cast iron at the friction surface
may be initiation sites for corrosion of the cast iron, lead-
ing to undesirably rapid wear of the friction surface. In
order to increase the useful life of a nitrocarburized rota-
tional member of vehicle brake, US 2011/297495 A1 pro-
poses that prior to nitrocarburizing the friction surface,
graphite flakes may be removed by mechanical process-
es as for example sand blasting, grit blasting, grinding
and combinations thereof. Using mechanical processes
as described cause deposit of solid materials in the cav-
ities from which the graphite flakes have been removed
or on the friction surface prior to coating. This contami-
nation with residues of sand or grit requires on one hand
an additional cleaning process to be added prior to coat-
ing and on the other hand leads to risks of local delami-
nation of the coating or increased wear during operation
if the cleaning process does not remove all residues.
[0012] US 2014/0360820 A1 discloses that graphite
can be removed from a disc rotor formed of graphite-
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containing cast iron, for use in e.g. a disc brake of a ve-
hicle, using a chemical cleaning treatment through mol-
ten-salt immersion prior to laminating a nitride layer and
an oxynitride layer on the surface through a gas nitrocar-
burizing treatment. In this case, the chemical cleaning
treatment through molten-salt immersion may lead to de-
posits of ash and/or cleaning agent in the cavities.
[0013] This shows that the graphite removal methods
disclosed in US 2011/297495 A1 and US 2014/0360820
A1 cause deposit of solid blasting material or ash in the
cavities. If these deposits are dislodged during braking,
the small crevices created in the coated surface act as
initiation sites for corrosion.
[0014] The above said shows that the demand for
brake discs with improved corrosion resistance cannot
be sufficiently satisfied by the said processes of nitriding,
carbonitriding or carbonitriding plus oxidation, even if pri-
or art methods of removing graphite are performed before
applying the coating processes mentioned.
[0015] However corrosion inhibiting paints or "coat-
ings", such as UV paint, Zn or Zn/Al paints can perform
well in these new conditions (example, 120h in standard
DIN EN ISO 9227 salt spray test) but are easily abraded
within a couple of braking procedures, and therefore offer
no corrosion-free braking surface.

Object of the invention

[0016] It is an object of the invention to provide a cast
iron surface and especially a grey cast iron surface, in
particular a part of brake disc, with a further improved
corrosion resistance.

Inventive solution

[0017] According to the present invention, this objec-
tive is met by the following method for producing a ma-
chined cast iron or grey cast iron surface in particular for
a brake disc, with increased wear and corrosion resist-
ance:
The inventors have detected that a particular water jet
treatment of the said cast or grey cast iron surface - usu-
ally according to the so-called, per se already known fluid
jet process - is able to drastically improve the corrosion
resistance if a special adjustment of the water jet treat-
ment is chosen. According to the invention the water jet
is adjusted so that it completely or at least partially cleans
out (if partially = reduces) the graphite inclusion being
present in the cavities of the basic cast metal structure
that have been opened by the machining. That means
the graphite does not reach or emerge any longer at the
surface. Typically, the said graphite inclusion is present
in the shape of graphite lamellae or graphite balls.
[0018] Hereinafter a diffusion layer is applied by nitro-
carburizing and an oxide layer is applied on the diffusion
layer, both as formerly known in the state of the art The
key of success that the inventors have realized is the
following:

The graphite inclusion being present in the cavities of the
basic cast metal structure that have been opened by the
machining fuels corrosion as long as it extends directly
into the area where the diffusion zone, created by nitro-
carburizing and the subjacent, unaffected basic cast ma-
terial meet.
[0019] Although more detailed investigations are still
pending, it is assumed that an unfavourable electrochem-
ical constellation occurs in this triple contact zone, which
promotes rapid corrosion - in the broadest sense in the
manner of a local electrical element.
[0020] The inventors have discovered that corrosion
starts much more slowly when the cut cavities of the cast-
ing surface no longer contain graphite or contain so little
graphite that the graphite level (the border of the graphite
"bulk") in the respective cavity, viewed in the direction of
the component core, is well further below than the diffu-
sion layer created by carbonitriding.
[0021] The feature "well further below" can at least be
regarded as being sufficiently fulfilled if, predominantly
or essentially, the complete number of cavities, or at least
the upper fourth, or better the upper third of the cavities
is essentially freed from its native graphite load. The prac-
tice shows that in this case the presence of graphite is
kept distant enough from the diffusion layer and surface
which decisively reduce the corrosion process by delay-
ing and slowing down the beginning of corrosion process.
[0022] Two technical effects are used here.
[0023] In the case of larger cavities, i.e. the ones with
relatively large gap widths, sufficient removal of the
graphite originally contained there leads also to the for-
mation of a diffusion layer during nitrocarburizing within
the cavity. The said diffusion layer extends down the side
walls of the cavity in the direction of its bottom. This
means that the side walls of the cavity also receive cor-
rosion a protection as far as the diffusion layer extends
downwards.
[0024] The inventors have found that the corrosion can
be significantly delayed if the diffusion layer can be al-
lowed to reach deep enough into the cavity. They have
gotten aware, that it is important that the diffusion layer
reaches into an area below the depth at which diffusion
occurs starting from the outer surface of the brake disc
surrounding the cavity, for example starting from the ac-
tual friction surface of the disc brake. This is only possible
if and insofar the cavity is no longer filled with graphite.
[0025] For smaller cavities, i.e. those with relatively
narrow gap widths, another effect is added. In the course
of nitrocarburizing, there is, as already mentioned, a dif-
fusion of material also into the surfaces that form the side
walls of the cavity. This causes the material in the diffu-
sion zone to expand in volume to a certain extent. As a
result, like all cavities, cavities with narrow gap widths
become narrower. In the case of cavities that are inher-
ently narrow, however, this has the effect that they almost
close up and thus decisively impede or slow down the
penetration of liquid which cause the starting of the cor-
rosion process.
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[0026] These two mechanisms thus lead to a decisive
delay in corrosion. However, this can only be achieved
if the cavities are sufficiently and deeper freed from the
graphite initially present in them. Superficial removal of
the graphite from the cavities does not help here, since
the corrosion would then spread very quickly from these
cavities into the surrounding environment, where its de-
structive work begins.
[0027] The pulsed waterjet process per se is already
state of the art. The pulsed waterjet is known from
EP2741862B.
[0028] What was not known by now is that the pulsed
water jet process is - with suitable parameter settings -
a tool that allows a highly effective and selective graphite
removal out of the cavities which have been cut by ma-
chining or sand blasting in a cast iron surface, essentially
without any detrimental influence to the surrounding ba-
sic cast metal structure. Moreover it was not known or
expected by now that a more than insignificant graphite
removal out of the open cavities improves corrosion re-
sistance drastically.
[0029] At this stage the inventive process, as far as it
is applied to brake discs, can be summarized by some-
what other words:
At first a casting and preferably a fine turning of the cast
iron brake disc takes place first, in the specific case la-
mellar cast iron (also called grey crat iron) is preferably
used.
[0030] This provides the right dimensions and geom-
etry of the finished product.
[0031] Then a pulsed waterjet processing takes place,
with particular regards to corrosion relevant surfaces. At
this point it is important to understand, that the cavities
containing the graphite can not only be cut or opened by
machining or turning but by sand blasting, too. So it can
be useful treat braking surfaces, inner circumference and
outer circumference or ventilation channels with the wa-
ter jet. This will dramatically reduce the amount of graph-
ite lamellae emerging till the surface and therefore boost
the further nitrocarburizing performances.
[0032] Gas and/or plasma nitrocarburizing with post-
oxidation this will provide the increased mechanical and
corrosion performances.
[0033] Finishing of the brake disc can be undertaken
hereinafter: marking and/or labelling, balancing, dimen-
sional and quality control.
[0034] It is not possible to teach a general parameter
set ready for starting the pulsed waterjet process how-
ever the nature of the cast metal iron surface to be treated
may be. How the parameter sets have to be tuned in
order to produce the inventive effect in regard to the in-
dividual cast surface has to be individually found out by
making some simple application tests and subsequent
analysing of the test result. This lies in the nature of
things.
[0035] The main parameters to be tuned include the
frequency of the pulse, which ranges from 10 kHz to 50
kHz, preferably at about 20 kHz, pressure of the water

jet, between 550 and 800 bar, preferably between 600
and 700 bar with preferred distance of 30-70 mm to the
surface, speed between 500 and 1200 mm/s and an off-
set between 2 and 10 mm.
[0036] In the specific case for surface activation prior
the gas nitrocarburizing process, it has been found that
some specific parameters are more relevant such as the
nozzle diameter, typically < or ≤ 3mm and angle, from 0
to 45° opening play an important role, directly affecting
the overall water flow which affects the effectiveness of
the treatment. The pulsed waterjet process has the goal
- and is tuned accordingly - to ideally not erode any pearl-
ite and/or alfa ferrite metal grain, but only to erode the
graphite being natively present in the cavities, also called
"carbon agglomerates" (in the form of lamellae and/or
globuli and/or mixed vermicular).
[0037] The process has to leave the surface as smooth
as possible, ideally not or essentially not affecting the
roughness (Ra and Rz) with exception to the spaces left
empty from graphite.
[0038] A low roughness is needed to give the required
friction coefficient (as state of the artsolutions), in fact the
right tribology is delivered as a combination of adhesion
and abrasion, and requires a high surface contact without
micro-peaks (high roughness) that would negatively af-
fect the adhesion-component of the friction.
[0039] Furthermore, an adhesive phenomenon is pre-
ferred in the case of coating layers, prolonging the
lifespan of the product.
[0040] An abrasive layer provided by an ultra-hard pad
material would only downgrade the wear of both compo-
nents (disc and pads), not providing effective improve-
ments from the state of the art-condition.
[0041] The mentioned empty spaces left from the
graphite will be partially closes during the gas and/or plas-
ma nitriding and/or carbonitriding (for example, IONIT G
Ox), smoothening even more the surface.
[0042] For nitrocarburizing and subsequent oxidizing
the process well described in EP0753599B1 is preferably
used. The process taught here is called IONIT OX.
[0043] This patent has the goal of infiltrating N and C
atoms in the surface, plus adding a post-oxidation, re-
sulting in (seen in direction from free surface to core)

a an oxide layer (Fe3O4) which provides a higher
corrosion resistance,

a a white layer composed by Gamma’ and Epsilon
Fe-N grains, with good corrosion resistance and very
good hardness (HV 5 300-450, compared to Cast
Iron which is in the typical range of 200 HV5),

a and a diffusion layer with an hardness of at least
50 HV5 points higher than the core material.

[0044] The Gamma and Epsilon nitrides, whose micro-
structure is wider than the Alfa ferrite, will result in a small
growth of superficial volume, therefore helping in sealing
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the empty spaces left from the graphite, as described
above.

Optional possibilities to further improve the

[0045] It is preferred that said cast surface undergoes
a plasma cleaning before nitrocarburizing starts. That
way the growth of the diffusion layer effected by the ni-
trocarburization is most effective and free of defects.
[0046] Ideally in that the diffusion layer produced by
nitrocarburization is subjected to a plasma treatment,
preferably in the form of plasma activation, before the
oxide layer is produced. Such a sputter cleaning of the
gas-nitrided surface optimizes the crystallization condi-
tions to achieve an adherent and finely structured Fe3O4
oxide layer. A compensation of the N and C losses during
cooling is also achieved. ε nitrides result from this.
[0047] It is highly preferred to assist the water jet treat-
ment by ultrasound. The superposition of the additional,
pulsating energy of the sound waves in the ultrasonic
range makes it much easier to loosen the graphite, which
is embedded in the now cut cavities. This leads to a sig-
nificantly deeper reaching removal of the graphite from
the cavities.
[0048] The reason for this is that cavitation bubbles are
formed when ultrasound is superimposed on the mouth
or nozzle from which the water jet is ejected. These cav-
itation bubbles are thrown with the water jet against the
surface of the brake disc. They implode there. This is
accompanied by the well-known destructive effect of cav-
itation.
[0049] However, this destructive effect is not noticea-
ble on the surrounding surface of the base metal, espe-
cially when the water jet is applied at an angle. This is
because the water jet does not act long enough to dam-
age the base metal. The situation is different with graph-
ite. The graphite accumulations are very quickly shat-
tered by the imploding cavitation bubbles and can then
be discharged by the water jet.
[0050] It is highly preferred that that the water jet is
directed / blasted along a non-rectangular angle to the
surface to be treated. With other words: The water jet is
not shot in the direction of the normal (not fully and pref-
erably not essentially in direction of the normal) to surface
to be treated.
[0051] If, for example, a friction surface is to be treated,
then the main direction of the water jet is placed at an
angle to the friction surface so that the water jet hits the
friction surface - at least predominantly or even substan-
tially with this angle. An ideal angle amounts to approx-
imately 45° better at least 50° up to around 60° - instead
of 90° +/tolerance.
[0052] That way a more powerful water jet can be used
which, if it frontally hit the surface of the brake disc, i. e.
along the normal line erected on the surface to be treated,
would develop so much kinetic impact that the surface
quality and in particular the roughness of the metallic
base material of the brake surface would be detrimentally

affected.
[0053] The more powerful water jet can clear the cav-
ities more effectively even if it is applied with a blast angle,
as described.
[0054] Further possibilities how to modify the inven-
tion, further hints in regard to how the inventions works
and which positive technical effects it produces are dis-
closed by the following description of the preferred em-
bodiment

Description of the preferred embodiment

[0055] In the preferred embodiment the iron-based
component to which the invention is applied is a cast iron
brake disc being.
[0056] The brake disc is initially finely mechanically
turned in order to reach the adequate Disc Thickness
Variation (DTV), planarity and Lateral Runout (LRO) as
known from the state-of-the-art. These primary mechan-
ical finishing methods allow to reduce the chatter and
judder of the brake disc during operation which are
amongst the main cause of brake disc failures.
[0057] Afterwards it is treated with pulsed waterjet
technology as explained in greater detail above, in par-
ticular in the area of its braking surfaces or other surfaces
that are machined after casting.
[0058] Starting from the above-mentioned wider pa-
rameter ranges the following preferred values for the de-
termining parameters used here, in this particular case,
have been chosen as follows:
A pressure around 550 to 650 bar, a distance between
water jet nozzle and target surface of the brake disc of
at least around 30 mm, a nozzle with a circular opening
having a nominal diameter of around 1,6 mm to 2,2 mm,
extending outside from there with a cone angle of around
20°.
[0059] The above-mentioned parameters must be ad-
justed by tests according to the individual base material
characteristics, i. e. in orientation to cast iron composi-
tion, hardness, grain distribution and overall brake disc
geometry. The tests have been finished as soon as "mi-
croscopic" pictures showed that the cut cavities are suf-
ficiently cleared from graphite according to what the in-
vention teaches - while the other measurements have
proven that there is not yet a worsening or more than an
irrelevant worsening of the structure (roughness) of the
surrounding surface.
[0060] At this point it has to be mentioned that the over-
all expected roughness should be - in particular for a for
a brake disc - Ra<5 mm, preferably Ra<3 mm and Rz<12
mm, preferably Rz<10 mm.
[0061] Figure 1 shows what happens by the application
of the inventive teaching. For this purpose, Fig. 1 shows
a grey cast iron surface (1) in three sections A, B, C:
On the far left (A), one sees the original raw state of the
substrate (1) with the graphite lamellae (11) cut (opened)
due to prior machining of the surface which may prefer-
ably be understood as a friction surface of a brake disc.
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The graphite lamellae (10) which are deeper in the sub-
strate remain unchanged by the machining process.
[0062] The middle section (B) shows a slightly but still
insufficient thermal decarburization or (for the purpose
of the invention) an insufficient cleaning with a soft, non-
dangerous water jet. i. e. a water jet not strong enough
to potentially impair the base metal surface surrounding
the opened cavities (23), even if not properly directed to
the surface, and not strong enough to provide a deeper
clearing (24) of the cavities from the graphite (21) in it. If
one would only do this before the nitrocarburization proc-
ess, then the corrosive protection would be insufficient.
This is because under the heat load of the first emergency
braking (at the latest) the graphite filling the open cavities
would be burned out. Then the "naked" side walls of the
cavity which have not been nitrocarburized, lied open
and quickly began to corrode, in an area very close to
the friction surface of the brake disc.
[0063] On the right section (C) the lamellas are fully
(32) or partially removed (31) by the application of the
inventive process. The side walls of the cavities (33) lie
free after removal of the graphite along more than 1/4 or
better 1/3 of the depth of the cavities (34). Due to that
these lying free sidewalls of a bigger/broader cavity (as
shown on the right-hand side) can be provided with a
protective diffusion layer extending down along the cav-
ity. Additionally, or alternatively a slimmer cavity, having
a narrow access only, will be additionally closed (33) due
to material expansion by diffusion, so that it becomes
difficult for humidity to intrude.
[0064] The table presented in Figure 4 proves for the
expert who is familiar with the values commonly used for
comparison, as they are always the relevant ones, the
extremely beneficial effect of the invention in terms of
corrosion behavior and other important parameters.
[0065] The far-left column (A) contains the data of a
solution that has been - for investigation purposes - prac-
ticed by the applicant so far, but which is not in accord-
ance with the invention. In this solution, the grey cast iron
brake disc has been already cleaned with a pulsating
water jet. However, in the past, in view of the dogma that
the surrounding surface must not be negatively affected,
the parameters of the water jet have not yet been adjust-
ed in such a way that the water jet was sufficiently sharp
to remove a significant amount of graphite from the cav-
ities. These discs withstood the familiar water salt spray
test for about 10 hours until visible corrosion appeared
on the surface.
[0066] In the column to the right (B) are the data of the
solution according to the invention.
[0067] Within the scope of this solution, the grey cast
iron brake disc is subjected to a special treatment with a
pulsating water jet adjusted according to the invention.
The water jet is so sharp that there is a risk that the surface
of the brake disc will be undesirably negatively affected
if it is not applied with appropriate care. The water jet has
cleared most of the cut cavities to more than a quarter
of their depth. Thus, the effect described above in the

introduction could occur in the cavities. As a result, the
endurance of the brake disc in the standard water salt
spray test has improved dramatically. Visible corrosion
only occurred after 300 hours and more.
[0068] If one moves to the right in the table according
to Figure 4 (CAST IRON, not painted), the next thing
found is a description of a normal grey cast iron disc, as
has been the state of the art for decades.
[0069] If one continues in the table according to figure
4 to the right (CAST IRON, painted), then one finds there
the description of a normal grey cast iron disk, which is
equipped however here now with a modern, sprayed pro-
tective lacquer finish on zinc basis. As one can see, such
a protective coating can achieve quite a lot from the cor-
rosion point of view. But the decisive disadvantage is that
the protective coating on the actual friction surfaces is
very quickly worn away during daily braking action.
[0070] In the last column of the table in Figure 4 (FNC),
one will find the description of a gray cast iron disc, where
the later oxidation, according to the invention, after nitro-
carburizing was omitted.
[0071] Figure 2A to 2D show a brake disc figure 2 A)
and a cross section figure 2 B) of this disc with open
plates after coating with ION IT OX. The figure shows in
figure 2 C) partially interrupted lamellas after thermal
treatment and subsequent IONIT OX coating. The figure
in section figure 2 D) shows interrupted lamellas and la-
mella-free areas after water jet treatment and subse-
quent IONIT OX treatment.
[0072] IONIT OX is the diffusion layer created by nitro-
carburization followed by plasma treatment and oxide
coating, as taught by the above-mentioned patent.
[0073] Figures 3A to 3D show the results and sub-
strates after an exposition of 48 hours in a salt spray
environment: Figure 3 A) IONIT OX without pretreatment,
figure 3 B) thermal pretreatment prior IONIT OX, figure
3 C) water jet pretreatment before IONIT OX and figure
3 D) shows the same substrate as in figure 3 C), namely
water jet pretreatment prior IONIT OX after 240 hours of
salt spray test and which remains visually still predomi-
nantly free of corrosion.
[0074] Figure 5 shows the typical configuration for the
water jet activation process prior applying the IONIT OX
process according to the present invention. This includes
the substrate to be processed, illustrated by a brake disc
(1), the water jet gun (2) and the nozzle (3). Here the
water jet gun (2) is placed at a certain nozzle-substrate
distance (d) with respect to the surface of the brake disc
and tilted at a certain angle, so that the axis of water jet
gun and the plane of the surface of the brake disc forms
the angle (a). The water jet is represented by (4) in the
figure. During the surface activation by the water jet, the
brake disc is rotated at a certain rotating speed (v) at the
same time as the water jet gun in two axis which are in
a plane that is parallel to the surface of the brake disc.
This allows to process the whole surface of the brake
disc.
[0075] After pulsed waterjet process for lamellae ero-
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sion, the brake disc is going through a heat treatment
process at temperatures of approximately 500°C to
590°C, preferably between 570°C to 580°C and is sub-
sequently subjected to a nitrocarburization process in a
controlled atmosphere, usually at a pressure close to the
atmospheric pressure of about 1030 mbar, and exposed
to gases such as ammonia, nitrogen and carbon dioxide.
The respective gas flows are adapted depending on the
cast iron base material and weight of the brake disc com-
ponent. The nitrocarburization process is favorable for
iron-based material as it forms a harder material of Fe-
NC over the whole exposed surfaces of the component.
[0076] The component afterwards is cooled down at a
lower temperature of about 500°C where it can optionally
go through a plasma activation process at work pres-
sures below 2 mbar, preferably between 1 to 2 mbar or
directly through the additional optional oxidation process.
The optional plasma activation process is described
more in detail elsewhere US567941 1Awhereas the
whole process including the latter process of additional
oxidation is better known as gas nitrocarburization and
oxidation or GNC OX.
[0077] The optional plasma activation allows an addi-
tional cleaning of the surface by sputtering and also sput-
ter-ions produced during this process create lattice de-
fects on the surface which contribute to a final denser
oxide layer after the oxidation process. The resulting ni-
trocarburizing layer or diffusion zone are at least 15 mm
thick and the oxide layer at least 2 mm. The additional
optional thin oxide layer of magnetite (Fe3O4) is a con-
tinuous and a closed layer which is produced over the
whole component surface, allowing an improved corro-
sion resistant of the component.

Claims

1. A method for producing a machined cast iron or grey
cast iron surface, in particular on a brake disc, with
increased wear and corrosion resistance, charac-
terized in that said surface is subjected to a pulsed
water jet treatment - usually according to the so-
called fluid jet process, which is adjusted so that it
completely clears at least the upper fourth, prefera-
bly the upper third of the cavities opened by the ma-
chining, which contain a graphite inclusion surround-
ed by the basic structure, so that the level of the
graphite inclusion lies below the outer surface of the
basic structure surrounding the cavity, whereupon a
diffusion layer is applied by nitrocarburizing and an
oxide layer is applied on the diffusion layer.

2. The method of manufacturing - preferably a brake
disc - according to claim 1, characterized in that a
plasma cleaning of said cast surface is carried out
before nitrocarburizing

3. The method of manufacturing - preferably a brake

disc - according to claim 1 or 2, characterised in
that the diffusion layer produced by nitrocarburiza-
tion is subjected to a plasma treatment, preferably
in the form of plasma activation, before the oxide
layer is produced.

4. The method of manufacturing - preferably a brake
disc - according to any one of the preceding claims,
characterised in that the pulsed water jet treatment
is assisted by ultrasound.

5. The method of manufacturing - preferably a brake
disc - according to any one of the preceding claims,
characterized in that the pulsed water jet is directed
/ blasted along a non-rectangular angle to the sur-
face to be treated.

6. The method according to any one of the foregoing
claims, wherein the process of carbonitriding and
preferably also that of oxidation is controlled inter
alia or substantially by one or more of the following
parameters: heating time, holding time, the temper-
ature during the carbonitriding phase, the subse-
quent cooling time and the temperature reached af-
ter the cooling time has elapsed, as well as the sub-
sequent oxidation time and the temperature held or
driven during this time.

7. The use of an accordingly pulsed water jet process
for fully clearing at least the upper fourth, preferably
the upper third of the cavities opened by the machin-
ing of a cast iron or grey iron surface, in particular
on a brake disc, which contain a graphite inclusion
surrounded by the basic structure, so that the level
of the graphite inclusion lies below the outer surface
of the basic structure surrounding the cavity, in order
to prepare the cast iron or grey cast iron surface, in
particular on a brake disc for nitrocarburization any,
maybe subsequent oxidation.

8. A cast iron or grey cast iron surface, in particular on
a brake disc, obtainable by the method of any of
claims 1 to 6, having cavities opened by the prior
machining and originally filled with graphite, char-
acterized in that at least the upper fourth, preferably
the upper third of the cavities are fully cleared from
the graphite that was in it in a manner that does not
cause deposit of a solid blasting material or ash with-
in the cavities and that the cast iron or grey iron sur-
face, in particular on the brake disc, is nitrocarbu-
rized and, preferably oxidised.

Patentansprüche

1. Ein Verfahren zur Herstellung einer bearbeiteten
Gusseisen- oder Graugussoberfläche, insbesonde-
re an einer Bremsscheibe, mit erhöhter Verschleiß-
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und Korrosionsbeständigkeit, dadurch gekenn-
zeichnet, dass besagte Oberfläche einer gepulsten
Wasserstrahlbehandlung unterzogen wird - übli-
cherweise nach dem sogenannten Fluidstrahlver-
fahren, das so eingestellt ist, dass es mindestens
das obere Viertel, vorzugsweise das obere Drittel
der durch die Bearbeitung geöffneten Hohlräume
vollständig freilegt, die einen Graphiteinschluss um-
geben von der Grundstruktur enthalten, so dass das
Niveau des Graphiteinschlusses unter der äußeren
Oberfläche der die Vertiefung umgebenden Grund-
struktur liegt, woraufhin eine Diffusionsschicht durch
Nitrocarburieren aufgetragen und eine Oxidschicht
auf die Diffusionsschicht aufgetragen wird.

2. Das Herstellungsverfahren - vorzugsweise einer
Bremsscheibe - gemäß Anspruch 1, gekennzeich-
net durch eine Plasma-Reinigung besagter Gusso-
berfläche vor dem Nitrocarburieren.

3. Das Herstellungsverfahren - vorzugsweise einer
Bremsscheibe - gemäß Anspruch 1 oder 2, gekenn-
zeichnet dadurch, dass die durch Nitrocarburie-
rung erzeugte Diffusionsschicht einer Plasmabe-
handlung unterzogen wird, vorzugsweise in Form ei-
ner Plasmaaktivierung, bevor die Oxidschicht er-
zeugt wird.

4. Das Herstellungsverfahren - vorzugsweise einer
Bremsscheibe - gemäß einem der vorhergehenden
Ansprüche, gekennzeichnet dadurch, dass die ge-
pulste Wasserstrahlbehandlung durch Ultraschall
unterstützt wird.

5. Das Herstellungsverfahren - vorzugsweise einer
Bremsscheibe - gemäß einem der vorhergehenden
Ansprüche, gekennzeichnet dadurch, dass der
gepulste Wasserstrahl entlang eines vom rechten
Winkel abweichenden Winkels zur zu behandelnden
Oberfläche gerichtet wird.

6. Das Verfahren gemäß einem der vorstehenden An-
sprüche, bei dem der Prozess des Carbonitrierens
und vorzugsweise auch der Oxidation unter ande-
rem oder im Wesentlichen durch einen oder mehrere
der folgenden Parameter gesteuert wird: Aufheiz-
zeit, Haltezeit, Temperatur während der Carbonit-
rierphase, die nachfolgende Abkühlzeit und die er-
reichte Temperatur nach Ablauf der Abkühlzeit so-
wie die nachfolgende Oxidationszeit und die wäh-
rend dieser Zeit gehaltene oder gesteuerte Tempe-
ratur.

7. Die Verwendung eines entsprechenden gepulsten
Wasserstrahlverfahrens zur vollständigen Freile-
gung von mindestens dem oberen Viertel, vorzugs-
weise dem oberen Drittel der durch die Bearbeitung
einer Gusseisen- oder Graugussoberfläche, insbe-

sondere an einer Bremsscheibe, geöffneten Hohl-
räume, die einen Graphiteinschluss umgeben von
der Grundstruktur enthalten, so dass das Niveau des
Graphiteinschlusses unter der äußeren Oberfläche
der die Vertiefung umgebenden Grundstruktur liegt,
um die Gusseisen- oder Graugussoberfläche, ins-
besondere an einer Bremsscheibe, für eine eventu-
elle nachfolgende Oxidation zu Nitrocarburieren,
vorzubereiten.

8. Eine Gusseisen- oder Graugussoberfläche, insbe-
sondere an einer Bremsscheibe, die gemäß dem
Verfahren einer der Ansprüche 1 bis 6 hergestellt
wird, wobei Hohlräume, die durch die vorherige Be-
arbeitung geöffnet und ursprünglich mit Graphit ge-
füllt wurden, gekennzeichnet sind dadurch, dass
mindestens das obere Viertel, vorzugsweise das
obere Drittel der Hohlräume vollständig von dem da-
rin enthaltenen Graphit befreit sind, ohne dass es zu
Ablagerungen von festem Strahlmaterial oder Asche
in den Hohlräumen kommt und dass die Gusseisen-
oder Graugussoberfläche, insbesondere an der
Bremsscheibe, nitrocarburiert und vorzugsweise
oxidiert wird.

Revendications

1. Un procédé de production d’une surface en fonte
usinée ou en fonte grise, en particulier sur un disque
de frein, présentant une résistance à l’usure et à la
corrosion accrue, caractérisé en ce que ladite sur-
face est soumise à un traitement par jet d’eau pulsé
- généralement selon le processus de jet de fluide,
qui est réglé de manière à nettoyer complètement
au moins le quart supérieur, de préférence le tiers
supérieur des cavités ouvertes par l’usinage, conte-
nant une inclusion de graphite entourée par la struc-
ture de base, de sorte que le niveau de l’inclusion
de graphite se situe en dessous de la surface exté-
rieure de la structure de base entourant la cavité,
après quoi une couche de diffusion est appliquée
par nitruration et une couche d’oxyde est appliquée
sur la couche de diffusion.

2. Le procédé de fabrication - de préférence un disque
de frein - selon la revendication 1, caractérisé en
ce qu’un nettoyage plasma de ladite surface en fon-
te est effectué avant la nitruration.

3. Le procédé de fabrication - de préférence un disque
de frein - selon la revendication 1 ou 2, caractérisé
en ce que la couche de diffusion produite par la ni-
truration est soumise à un traitement plasma, de pré-
férence sous forme d’activation plasma, avant que
la couche d’oxyde ne soit produite.

4. Le procédé de fabrication - de préférence un disque
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de frein - selon l’une quelconque des revendications
précédentes, caractérisé en ce que le traitement
par jet d’eau pulsé est assisté par ultrasons.

5. Le procédé de fabrication - de préférence un disque
de frein - selon l’une quelconque des revendications
précédentes, caractérisé en ce que le jet d’eau pul-
sé est dirigé / soufflé le long d’un angle non rectan-
gulaire par rapport à la surface à traiter.

6. Le procédé selon l’une quelconque des revendica-
tions précédentes, dans lequel le processus de car-
bonitruration et de préférence également celui de
l’oxydation est contrôlé notamment ou principale-
ment par un ou plusieurs des paramètres suivants :
le temps de chauffage, le temps de maintien, la tem-
pérature pendant la phase de carbonitruration, le
temps de refroidissement subséquent et la tempé-
rature atteinte après l’écoulement du temps de re-
froidissement, ainsi que le temps d’oxydation sub-
séquent et la température maintenue ou atteinte
pendant cette période.

7. L’utilisation d’un processus de jet d’eau pulsé en
conséquence pour nettoyer complètement au moins
le quart supérieur, de préférence le tiers supérieur
des cavités ouvertes par l’usinage d’une surface en
fonte ou en fonte grise, en particulier sur un disque
de frein, qui contiennent une inclusion de graphite
entourée par la structure de base, de sorte que le
niveau de l’inclusion de graphite se situe en dessous
de la surface extérieure de la structure de base en-
tourant la cavité, afin de préparer la surface en fonte
ou en fonte grise, en particulier sur un disque de frein
pour la nitruration éventuelle, voire l’oxydation sub-
séquente.

8. Une surface en fonte ou en fonte grise, en particulier
sur un disque de frein, pouvant être obtenue par le
procédé de l’une quelconque des revendications 1
à 6 ayant des cavités ouvertes par l’usinage préala-
ble et initialement remplies de graphite, caractéri-
sée en ce qu’au moins le quart supérieur, de préfé-
rence le tiers supérieur des cavités sont entièrement
dégagés du graphite qui s’y trouvait d’une manière
qui ne provoque pas le dépôt d’un matériau de sa-
blage solide ou de cendres à l’intérieur des cavités
et que la surface en fonte ou en fonte grise, en par-
ticulier sur le disque de frein, est nitrurée et, de pré-
férence, oxydée.
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