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(54) VALVE FOR INTERNAL COMBUSTION ENGINES

(57)  The present invention relates to a valve (1) for
internal combustion engines wherein at least one region
of the valve (1) comprises a nitrided layer (10) formed by
a solid solution of nitrogen provided within the metallic
matrix of the substrate (8) of the valve (1), the nitrided

layer (10) being obtained by means of a heat treatment
with diffusion of nitrogen, the nitrided layer (10) being
provided with high hardness, conferring excellent wear
resistance, in addition to high corrosion resistance, com-
bining different properties in the valve (1).
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Description

[0001] The presentinvention relates to a valve for use
in internal combustion engines wherein at least one re-
gion of the valve comprises a nitrided layer formed by up
to 10 % by weight of nitrogen in solid solution provided
in the metallic matrix of the valve, conferring excellent
wear resistance, in addition to high corrosion resistance.

Description of the State of the Art

[0002] The valves for use in internal combustion en-
gines are high precision components submitted to high
thermal and mechanical stresses. They are housed in
the head(s) of the engine for the purpose of undertaking
different tasks, such as perfectly and sealing areas of
flow, controlling the exchange of gases, and sealing the
cylinders from the exterior, in addition to dissipating the
heatabsorbed from the gases resulting from combustion,
transferring it to a valve seat ring and to a valve guide.
[0003] The valves are divided into inlet, controlling the
intake of gaseous mixture into the cylinder of the engine,
and exhaust, permitting the escape of the gases following
the explosion. There is a generic difference between inlet
and exhaust valves such that the inlet valves, cooled by
the unburntgases, need to resist high mechanical stress-
es, particularly in the contact thereof with the valve seat.
[0004] The exhaust valves, in addition to great me-
chanical demands, also need to resist high thermal
stresses and chemical corrosion. Furthermore, they work
under temperatures ranging around 800 °C, opening and
closing approximately 70 times per second, and are sub-
jected to an average of 300 million load alternations.
[0005] By virtue of the different stresses whereto a
valve is subjected, the constructional configuration there-
of is, in general, very similar. Consequently, as may be
observed in figure 1, a valve is constituted by a head in
disc form comprising a seating region and a neck region
acting as transitional region to the stem, whilst at the
extremity of the stem opposite to the head the tip of the
valve is located. Moreover, in the region of the stem, ad-
jacent to the tip of the valve, one or more neckings may
be observed forming the grooves of the valve. Each re-
gion of the valve is submitted to different working condi-
tions, being stressed as a consequence in a different
manner.

[0006] In summary, the valves must be resistant to
three different types of stress, mechanical, thermal and
chemical. In relation to the mechanical strength, the
valves must present resistance to impacts in the seating
region and in the region of the tip. In terms of wear re-
sistance, the principal parts affected are the seating re-
gion, the stem and the tip of the valve. In turn, resistance
to pressure must be a characteristic of the face of the
head. Finally fatigue strength is necessary by virtue of
the constant alternation between the tensile and com-
pression stresses.

[0007] The requirement for thermal resistance arises
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from the temperature of combustion, from the high tem-
peratures of the exhaust gases and from the fatigue
caused by the alternation between high and low temper-
atures. Furthermore, chemical resistance is necessary
to prevent the facility of corrosion in the corrosive envi-
ronment of the gases, humidity and working tempera-
tures to which the valve is subject.

[0008] Current engines are, increasingly, stressed un-
der extreme conditions, whether at high temperatures
and/or speeds, the objective being to increase the fuel
efficiency thereof and deliver greater power. As a con-
sequence of these new stresses, the components of the
engines, in particular the valves, present successive
modifications, always with the objective of increasing the
working life of these elements.

[0009] Inthis manner, having the objective of overcom-
ing the demanding working conditions whereto the valves
are subjected, itis very common that the valves are mon-
ometallic of special alloys, bimetallic, or that they be pro-
vided with inserts.

[0010] The monometallic valves are constructed of a
single material and are applied in parts experiencing
moderate demand. On the other hand, the bimetallic
valves are applied in situations of greater demand, a spe-
cific material being applied for each part of the valve.
Naturally, these valves have a higher cost by virtue of
the manufacturing process thereof, presenting limitations
and, consequently, not being justifiable for a great pro-
portion of the applications.

[0011] Up to the present time, among the most com-
mon solutions of coating engine valves in the state of the
art is nitridation, conferring high hardness upon the sur-
face of the valve by virtue of the formation of hard phases
of nitrides/carbides, with the consequent increase of the
wear strength thereof.

[0012] However, nitridation also presents a great dis-
advantage in the sense that it diminishes the corrosion
resistance of the valves. There exist two principal mech-
anisms inherent to the nitridation responsible for render-
ing the valves susceptible to corrosion:

[0013] Depassivation: all the stainless steels, principal
material of manufacture of the valves, comprise a film of
oxide (Cry,03), "passive" and rich in chromium, formed
naturally upon the surface of the steel. In spite of the film
having an insignificant thickness (from 1 to 5 nanome-
tres), itis extremely adherent and chemically stable. The
process of nitridation ruptures the passive film in order
to render possible the diffusion of the nitrogen into the
structure. This rupture of the passive film signifies that
the steel loses its anticorrosive properties, in this manner
diminishing the corrosion resistance of the material.
[0014] Chromium depletion: the process of nitridation
causes the depletion of the chromium of the solid solution
comprised within the matrix of the steel, by virtue of the
formation and precipitation of chromium nitrides. The
chromium nitrides "rob" the chromium from the metallic
matrix causing the diminution of the corrosion resistance
of the nitrided surface, and may render the use of the
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steel unviable in many applications.

[0015] Inthisrespect, in spite of the nitridation process
conferring high wear resistance on the valve, this also
drastically lowers the corrosion resistance of the stain-
less steels, leaving the valves susceptible to corrosion
in acidic environments.

[0016] Whilst diverse attempts exist which endeavour
to minimise the wear to which the valves are subject, the
solutions of the state of the art do not offer an engine
valve achieving, concomitantly, a superior performance
in the matter of wear resistance and corrosionresistance.
[0017] It is consequently necessary to obtain a valve
for internal combustion engines receiving a heat treat-
ment with diffusion of nitrogen in solid solution provided
in the metallic matrix of the valve, conferring excellent
wear strength and high corrosion resistance.

Objects of the Invention

[0018] A first object of the present invention is the pro-
vision of a valve for use in internal combustion engines
receiving a heat treatment with diffusion of nitrogen in
solid solution provided in a metallic matrix.

[0019] The presentinvention furthermore has as object
the provision of a valve provided with a nitrided layer
comprising between 3 and 50 micrometres, having a
hardness exceeding 900 HV in at least one region of the
valve.

[0020] Finally, the present invention has as object the
provision of a valve presenting excellent wear resistance
in general, in addition to high corrosion resistance, com-
bining different properties in the valve.

Brief Description of the Invention

[0021] The objects of the present invention are
achieved by a valve for internal combustion engines pro-
vided with a ferrous body or substrate comprising chro-
mium, such that atleast one region of the valve comprises
anitrided layer formed by up to 10 % by weight of nitrogen
in solid solution provided in the metallic matrix of the sub-
strate of the valve, the nitrided layer presenting a gradual
transition of the percentage by weight of nitrogen, where-
in the outermost portion of the nitrided layer presents 10
% by weight of nitrogen decreasing gradually until reach-
ing the substrate of the valve, the nitrided layer compris-
ing a thickness of between 3 and 50 micrometres and
hardness exceeding 900 HV.

[0022] Theobjectsarefurthermore achieved by avalve
comprising a nitrided layer provided upon all the surfaces
thereof, being preferentially an inlet valve.

Brief Description of the Figures

[0023] The present invention will, hereinafter, be de-
scribed in greater detail on the basis of an example of
embodiment represented in the figures. The figures
show:
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Figure 1: schematic lateral view of a valve with all
the parts constituting it;

Figure 2: schematic drawing and photograph of the
nitrided layer provided upon the valve of the present
invention;

Figure 3: photographs showing the difference in
depth of corrosion between a valve of the state of
the art and of the present invention in a first corrosion
test;

Figure 4: graphic representation of the difference in
depth of corrosion between valves of the state of the
art and of the present invention for the first corrosion
test;

Figure 5: photographs showing the difference in
depth of corrosion between a valve of the state of
the art and of the present invention in a second cor-
rosion test; and

Figure 6: graphic representation of the difference in
depth of corrosion between valves of the state of the
art and of the present invention for the second cor-
rosion test.

Detailed Description of the Figures

[0024] The present invention relates to a valve 1 for
internal combustion engines wherein at least one region
of the valve 1 comprises a nitrided layer 10 formed by a
solid solution of nitrogen provided in the metallic matrix
of the substrate 8 of the valve 1, the nitrided layer 10
being obtained by means of a heat treatment with diffu-
sion of nitrogen, comprising high hardness, conferring
upon the valve 1 excellent wear resistance in addition to
high corrosion resistance, combining different properties
in the valve 1.

[0025] As aforementioned, the valves 1 for use in in-
ternal combustion engines are components of high pre-
cision, housed in the head of the engine, responsible for
different tasks and subjected to high thermal and me-
chanical stresses.

[0026] By virtue of these different loads and stresses
to which the valve 1 is submitted, the constructional con-
figurationthereofis, in general, very similar. Consequent-
ly, as may be observed infigure 1, a valve 1 is constituted
of a head 2 in the form of a disc comprising a seating
region 3 and a neck region 4 acting as region of transition
tothe stem 5, whilst at the extremity of the stem 5 opposite
to the head 2 there is located the tip 6 of the valve 1.
Moreover, in the region of the stem 5, adjacent to the tip
6 of the valve 1, one or more neckings may be observed
forming the grooves 7 of the valve 1.

[0027] Amongthe materials utilised in the manufacture
of the valves 1 for internal combustion engines are, pref-
erentially, the austenitic and martensitic stainless steels
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characterised by presenting excellent properties of cor-
rosion resistance, having however low surface hardness
and, consequently, low wear resistance.

[0028] In this respect, the processes of hardening by
nitridation are commonly applied, increasing the surface
hardness, however significantly prejudicing the corrosion
resistance of the material by virtue of the intense precip-
itation of nitrides and carbides which impoverish the ma-
trix of chromium.

[0029] The process of nitridation consists, basically, in
the addition of nitrogen, in the atomic form thereof, upon
the surface of a metal, usually steel. The nitrogen tends
to occupy the interstices of the crystalline structure, mi-
grating by diffusion into the interior of the metal. Tradi-
tionally, the processes of nitridation applied to stainless
steels utilise temperatures in the band between 500 °C
and 600 °C in salt baths or are carried out under a re-
ductive nitriding atmosphere obtained from the dissoci-
ation of ammonia gas.

[0030] Differing from the valves traditionally obtained
through nitridation processes, the valve 1 of the present
invention comprises a nitrided layer 10 formed by solid
solution having a very high concentration of nitrogen pro-
vided within the metallic matrix of the valve 1, without the
formation of the aforementioned undesirable nitrides.
Figure 2 presents the structure of the nitrided layer 10 of
the valve 1 of the present invention. The metallographic
test carried out revealed a nitrided layer of 8 micrometres
devoid of the presence of nitrides.

[0031] The heattreatment utilised comprises low-tem-
perature diffusion of the nitrogen, providing the hardening
of the surface together with a method of depassivation
which does not destroy the film of chromium oxide. In
figure 2 the film of oxide 11 formed upon the nitrided layer
10 may be observed. In this manner there is formed upon
the surface a new phase, a supersaturated and metast-
able solid solution of high hardness without the diminu-
tion of the corrosion resistance inherent to the stainless
steels. The heat treatment with diffusion of nitrogen caus-
es a modification to the surfaces of the valve 1, trans-
forming the structure of the substrate 8.

[0032] The nitrided layer 10 presents a gradual transi-
tion, or a gradient, of percentage by weight of nitrogen
contained in solid solution, comprising up to 10 % by
weight of nitrogen in an outermost portion of the nitrided
layer 10 and decreasing gradually until reaching the sub-
strate 8 of the valve 1. In the same manner, the nitrided
layer 10 presents a gradient of hardness comprising a
hardness of up to 2000 HV in the outermost portion of
the nitrided layer and gradually decreasing. Preferential-
ly, the nitrided layer 10 comprises a hardness exceeding
900 HV.

[0033] In this sense, the present invention presents a
valve 1 for internal combustion engines, particularly a
valve 1 provided with a ferrous body wherein atleast one
region of the valve 1 comprises a nitrided layer 10, having
the objective, principally, of increasing the wear resist-
ance thereof together with increased corrosion resist-
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ance.
[0034] The valve 1 which is the object of the present
invention has as innovation the fact that received upon
at least one of the parts thereof is a nitrided layer 10
comprising nitrogen in a solid solution provided within
the metallic matrix of the material. The nitrided layer 10
is provided upon the totality of the ferrous body or sub-
strate 8 of the valve 1, provided with high hardness, not
revealed by any document of the prior art, and confers
upon the valve 1 excellent wear resistance in addition to
high corrosion resistance.

[0035] Moreover, according to the preferential embod-
iment, the nitrided layer 10 is provided with a thickness
of between 3 and 50 micrometres, preferentially provided
with a thickness of between 3 and 35 micrometres, being
obtained by a heat treatment rendering possible the ad-
dition of nitrogen in solid solution, in this manner there
being obtained a nitrided layer 10 of high hardness, with-
out prejudicing the anticorrosive properties inherent to
stainless steels.

[0036] Ina preferable embodiment, the heat treatment
for diffusion of nitrogen is realised at a temperature of
less than 450 °C, having a period of duration of the proc-
ess of 3 to 20 hours. The nitrided layer 10 is obtained by
the reaction of the atmosphere rich in nitrogen with the
metallic matrix of the substrate 8, preventing the forma-
tion of nitrides.

[0037] Figures 3 to 6 present results of corrosion tests
realised upon the valve 1 of the present invention. Two
types of corrosion test were carried out, the first test being
conducted by the Moneypenny Strauss method wherein
the test piece of the valve 1 is immersed in a solution of
pentahydrated copper and sulphuric acid (CuSOy,.
5H,0). The results of the first corrosion test are present-
ed in figures 3 and 4 wherein there are compared three
possibilities of materials for the valves applied in internal
combustion engines:

1) State of the Art 1: stainless steel, austenitic or
martensitic, without any surface hardness treatment;
2) State of the Art 2: stainless steel, austenitic or
martensitic, submitted to a conventional process of
hardening by nitridation;

3) Present Invention: stainless steel, austenitic or
martensitic, subjected to the process of hardening
by nitridation utilised in the present invention.

[0038] Figure 3 presents two photographs showing the
depth of intergranular corrosion following the implemen-
tation of the first test. As may be observed, the valve
having conventional nitridation (state of the art) presents
intergranular corrosion of up to 500 micrometres whilst
the valve of the present invention presents corrosion of
less than 300 micrometres. The areas of corrosion are
represented by the whitish bands apparent in the photo-
graphs.

[0039] Figure 4 represents graphically the results of
the first corrosion test carried out. It may be observed
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that the valve not subjected to any process of hardening
(state of the art 1) presents very low levels of corrosion,
having a corrosion depth of 100 micrometres. Itis impor-
tantthatit be recalled that those valves without heat treat-
ment present high corrosionresistance, butlow hardness
and wear resistance. The valve subjected to the conven-
tional process of nitridation presented high corrosion,
having a depth of 500 micrometres. In contrast, the valve
of the present invention, presenting a hardness exceed-
ing 900 HV and high wear resistance, also presented
high corrosion resistance, having a depth of less than
300 micrometres. Consequently, the valve of the present
invention presents a depth of corrosion at least 40 % less
than that presented by the valve subjected to the con-
ventional nitridation.

[0040] Figure 5 presents two photographs showing the
depth of corrosion following the implementation of a sec-
ond corrosion test using method VDA 230-214 for me-
tallic materials applied upon components subjected to
the exhaust gases of the engine. It may be observed that
the valve having conventional nitridation (state of the art)
presents a visible band of corrosion having a depth ex-
ceeding 20 micrometres. In contrast, the valve of the
present invention presents a minimal band of corrosion
having a depth of less than 3 micrometres. These values
of depth of corrosion are represented graphicallyin figure
6.

[0041] Itis important that it be noted that the results of
the second corrosion test carried out show that the valve
1 of the present invention presents a depth of corrosion
85 % less than the valve of the state of the art.

[0042] Consequently, both the corrosion tests carried
out clearly demonstrate an improvement in the corrosion
resistance of the valves of the present invention in rela-
tion to the valves subjected to the conventional nitrida-
tion.

[0043] In summary, the valve 1 which is the object of
the present invention presents a series of advantages
and benefits in relation to the valves presently known,
these being:

I. Nitrided layer having high hardness, exceeding
900 HV, up to 2000 HV;

Il. Excellentwear resistance in combination with high
corrosion resistance;

Ill. Maintenance of the passive film of oxide 11 of the
material by virtue of the low temperature of diffusion
of nitrogen in the solid solution into the metallic matrix
of the substrate 8 of valve 1.

[0044] An example of a preferred embodiment having
been described, it shall be understood that the scope of
the presentinvention covers other possible variations be-
ing limited solely by the content of the appended claims,
therein included the possible equivalents.
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Claims

1. Valve for internal combustion engines provided with
aferrous body or substrate (8) comprising chromium,
characterised in that atleast one region of the valve
(1) comprises a nitrided layer (10) formed by up to
10 % by weight of nitrogen in a solid solution provided
within the metallic matrix of the substrate (8) of the
valve (1).

2. Valve according to Claim 1, characterised in that
the nitrided layer (10) presents a gradual transition
of the percentage by weight of nitrogen, wherein the
outermost portion of the nitrided layer (10) presents
10 % by weight of nitrogen decreasing gradually until
reaching the substrate (8) of the valve (1).

3. Valve according to Claim 1, characterised in that
it comprises a film of oxide (11) upon the nitrided
layer (10).

4. Valve according to Claim 1, characterised in that
the nitrided layer (10) comprises a thickness varying
between 3 micrometres and 50 micrometres.

5. Valve according to Claim 1, characterised in that
the nitrided layer (10) comprises a surface hardness
exceeding 900 HV.

6. Valve according to Claim 1, characterised in that
the nitrided layer (10) is provided upon all the sur-
faces of the valve (1).

7. Valve according to Claim 1, characterised in that
it is an inlet valve (1).
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