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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates generally to powder met-
allurgy, and more particularly to iron-based powder metal
articles for wear resistant applications, such as automo-
tive valve guides.

2. Description of the Prior Art

[0002] Powder metal valve guides and other high tem-
perature wear resistant articles are often formed from
iron-based powder metal mixtures. Typically, the articles
are formed by admixing various powder additives with
an elemental iron powder, and then sintering the mixture
at temperatures greater than 1000°C.
[0003] Lubricity of the powder metal article is often en-
hanced by admixing solid lubricants, such as molybde-
num disulphide, with the elemental iron powder. Although
admixed molybdenum disulphide is an excellent solid lu-
bricant, it tends to undergo undesirable growth during
the sintering process when present in amounts large
enough to provide sufficient lubricity. The distortion as-
sociated with the molybdenum disulphide is detrimental
to the manufacture of low cost, high precision, net shape
articles, such as valve guides and valve seat inserts.
Thus, high levels of molybdenum disulphide are typically
avoided in powder metal applications.
[0004] Free graphite is another solid lubricant used in
powder metal mixtures. Fine graphite particles, such as
particles having a U.S. standard sieve designation of
about 200 mesh or finer, are preferred over coarse graph-
ite particles because they are easier to process and pro-
vide superior mechanical properties in the sintered arti-
cle. However, the fine graphite particles will readily dif-
fuse into elemental iron powders during sintering, and
are thus unavailable to function as solid lubricant in the
sintered article. For example, if a powder mixture includ-
ing 1.0 wt% admixed fine graphite powder is sintered at
a temperature above 1000°C, nearly all of the admixed
graphite will readily diffuse into the elemental iron matrix
during sintering and no significant levels of free graphite
will remain in the final sintered article. In order to retain
a useful level of free graphite in the final sintered article,
it is necessary use admixed graphite having a particle
size coarser than 200 mesh, so that the particle size limits
diffusion of the admixed graphite into the elemental iron
powder during sintering. However, the admixed graphite
having a particle size coarser than 200 mesh often leads
to processing difficulties and less desirable mechanical
properties of the sintered article. U.S. Pat. No. 5 462 573
A discloses an iron-based powder metal mixture for valve
seat inserts comprising alloyed iron powder, carbon pow-
der, and elemental iron powder.
[0005] U.S. Pat. No. 5,507,257 discloses an iron-

based powder metal mixture for valve guide applications
including an elemental iron powder matrix, admixed
coarse graphite (200 to 30 mesh), admixed fine graphite
(finer than 200 mesh), and admixed ferro-phosphorous
or admixed copper-phosphorous powder. As alluded to
above, the admixed fine graphite is more reactive than
the admixed coarse graphite and readily diffuses into the
iron powder matrix during sintering. The admixed coarse
graphite is less reactive due to the larger particle size
and is specifically incorporated so that a significant level
of free graphite is retained in the sintered article. How-
ever, as stated above, the admixed coarse graphite is
prone to processing difficulties, such as undesirable pow-
der segregation.
[0006] The sintered article of the ’257 patent includes
carbides when the mixture includes admixed molybde-
num powder, hard Fe-C-P dispersions in the iron matrix,
and free graphite due to the admixed coarse graphite.
The admixed phosphorous powders promote sintering
through formation of a transient liquid phase and have a
stabilizing effect on the alpha-iron phase during sintering.
The low carbon solubility in the alpha-iron phase pro-
motes the beneficial presence of the free graphite in the
sintered article. However, the admixed phosphorous is
detrimental in that the partial liquid phase sintering can
cause dimensional change upon solidification to such a
degree that the tolerances of the sintered articles for net-
shape applications may be adversely affected. Hard
phosphorous compounds and cementite form at the grain
boundaries as a result of the partial liquid phase sintering.
The hard phosphorous compounds and cementite have
a detrimental effect on the machinability and net-shape
stabilization of the powder metal articles. Thus, the ad-
dition of phosphorous in iron-based powder metal appli-
cations is typically undesirable.
[0007] U.S. Patent No. 6,632,263 also discloses an
iron-based powder metal mixture for valve guide appli-
cations. The mixture includes an elemental iron powder
matrix, admixed coarse graphite (325 to 100 mesh), ad-
mixed fine graphite (finer than 325 mesh), admixed mo-
lybdenum disulfide, and admixed copper. Like the mix-
ture of the ’257 patent, the admixed fine graphite of the
’263 patent is more reactive and readily diffuses into the
iron powder matrix during sintering, while the admixed
coarse graphite is specifically incorporated to retain a
significant level of free graphite in the final sintered article.
Again, the admixed coarse graphite is prone to undesir-
able powder segregation during processing, and the
coarse graphite particles may not retain desirable me-
chanical properties at high temperatures. US 6,632,263
also discloses an iron-based sintered powder metal mix-
ture for valve guides, EP 1,619,263 discloses a sintered
valve guide formed of a sintered alloy and US 5,108,493
discloses a steel powder composition useful in the pro-
duction of sintered parts.
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SUMMARY OF THE INVENTION AND ADVANTAGES

[0008] The powder metal material comprises pre-al-
loyed iron-based powder and admixed graphite present
in an amount of 0.25 to 1.50% by weight of the powder
metal material. The iron-based powder includes pre-al-
loyed carbon present in an amount of 0.25 to 1.50 % by
weight of the pre-alloyed iron-based powder. The sin-
tered powder metal article comprises the pre-alloyed
iron- based powder including the carbon present in an
amount of 0.25 to 1.50 % by weight of the pre-alloyed
iron-based powder. The sintered powder metal article
includes the admixed free graphite in an amount of 0.05
to 1.50% by weight of the sintered article. The sintered
article has a combined carbon content, which includes
the carbon of the pre-alloyed iron-based powder and the
admixed free graphite, in an amount of 1.0 to 2.0% by
weight of the sintered article.
[0009] The method of forming the starting powder met-
al material includes pre-alloying the iron-based powder
with carbon in an amount sufficient to retain at least 50%
of the admixed graphite as free graphite after sintering
the powder metal mixture. The sintered powder metal
article is formed by obtaining a powder metal mixture of
pre-alloyed iron-based powder including carbon present
in an amount of 0.25 to 1 .50% by weight of the pre-
alloyed iron-based powder, admixing graphite powder in
an amount of 0.25 to 1.50% by weight of the powder
metal mixture, and compacting and sintering the powder
metal mixture under conditions which retain at least 50%
by weight of the admixed graphite as free graphite in the
sintered article.
[0010] Pre-alloying the iron-based powder with carbon
saturates the iron-based powder with carbon prior to sin-
tering, which prevents the admixed graphite from alloying
with the iron-based powder during the sintering process.
Thus, at least 50% of the admixed graphite remains as
stable free graphite in the sintered article. Unlike the pow-
der metal materials of the prior art, admixed graphite in-
cluding fine particles, having a U.S. standard sieve des-
ignation finer than 200 mesh in an amount greater than
90% by weight of the admixed graphite, is retained as
stable free graphite in the sintered article. Coarse graph-
ite powders are not necessary to retain a significant
amount of stable free graphite in the sintered article.
[0011] The sintered powder metal article includes
enough free graphite to provide excellent lubrication,
wear resistance, and other mechanical properties suita-
ble for high wear, high temperature applications, such as
automotive valve guides. The powder metal material is
easy to process using standard powder handling tech-
niques, provides good machinability, and excellent ther-
mal stability. Processing difficulties associated with
coarse graphite particles are avoided because the ad-
mixed fine graphite particles do not segregate from the
mixture or cause carbon voids in the sintered article. The
fine graphite particles maintain excellent mechanical
properties at high temperatures. The powder metal ma-

terial provides excellent dimensional stability for net-
shape, high temperature, high wear applications, such
as automotive valve guides.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Other advantages of the present invention will
be readily appreciated, as the same becomes better un-
derstood by reference to the following detailed descrip-
tion when considered in connection with the accompa-
nying drawings wherein:

Figure 1 is a photomicrograph of an exemplary iron-
based powder metal material, prepared according
to Example 1, with the graphite particles identified;
Figure 2 is a photomicrograph of a comparative iron-
based powder metal material, prepared according
to Comparative Example 2, with the graphite parti-
cles identified;
Figure 3 is a photomicrograph of a comparative iron-
based powder metal material, prepared according
to Comparative Example 3, with the graphite parti-
cles identified;
Figure 4 is a longitudinal cross sectional view of a
typical internal combustion engine including a valve
guide formed of the exemplary iron-based powder
metal material of Example 1;
Figure 5 is a bar graph comparing wear test results
of valve guides of Example 5 to wear test results of
prior art valve guides; and
Figure 6 is a bar graph comparing wear test results
of valve stems reciprocating in the valve guides of
Example 5 to valve stems reciprocating in the prior
art valve guides.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Referring initially to Figure 1, a wear resistant
iron-based powder metal material is shown. The powder
metal material comprises pre-alloyed iron-based powder
including carbon, admixed graphite, admixed molybde-
num disulfide, and admixed copper. The powder metal
material can include additional pre-alloyed elements and
impurities. The powder metal material is typically com-
pacted and sintered to form a sintered article having a
predetermined net shape and including a substantial
amount of free graphite. The sintered article has a com-
bined carbon content, which includes the carbon of the
pre-alloyed iron-based powder and the admixed free
graphite, in an amount of about 1.0 to about 2.0% by
weight of the sintered article. The powder metal material
is suitable for demanding wear surface applications, such
as valve guides and valve seat inserts of internal com-
bustion engines.
[0014] The pre-alloyed iron-based powder including
the carbon forms the base of the powder metal material.
The carbon is present in an amount of 0.25 to 1.50% by
weight, and typically 0.7 to 1.1% by weight, of the pre-
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alloyed iron-based powder prior to sintering. After sinter-
ing, the carbon is present in an amount of about 0.25 to
about 1.50% by weight of the pre-alloyed iron-based
powder, depending on the sintering conditions. By pre-
alloying the iron-based powder with carbon, the iron-
based powder is saturated with carbon prior to sintering,
which limits alloying of the admixed graphite powder with
the iron-based powder during sintering. As a result, the
sintered article includes a substantial amount of stable
free graphite. The iron-based powder is pre-alloyed with
carbon in an amount sufficient to retain at least 50% of
the admixed graphite as free graphite after sintering the
powder metal material. Pre-alloying the iron-based pow-
der with carbon in an amount less than 0.25% by weight
of the iron-based powder does not adequately saturate
the iron-based powder and prevent the admixed graphite
from alloying with the iron-based powder during the sin-
tering. Typically, the pre-alloyed iron-based powder is
fully saturated with carbon in an amount of 1.20 wt% of
the pre-alloyed iron-based powder, so a greater amount
of carbon is unnecessary, unless carbon loss occurs due
to oxygen content, furnace conditions, or various other
factors.
[0015] The pre-alloyed iron-based powder includes a
predominately pearlitic structure. The pearlitic structure
allows the powder metal material to be easily compacted
and sintered using standard powder metallurgy tech-
niques. The iron of the pre-alloyed iron-based powder
typically has a U.S. standard sieve designation of about
100 mesh. The iron-based powder can include additional
alloys to increase the wear resistance or improve other
mechanical properties. Molybdenum, nickel, chromium,
and manganese, are among the many elements that can
improve such properties. Each of these additional alloys
are pre-alloyed in the iron-based powder in an amount
up to about 3.0% by weight of the pre-alloyed iron-based
powder. The iron-based powder can also include small
amounts of other additives and impurities.
[0016] The admixed graphite of the starting powder
metal material is present in an amount of 0.25 to 1.50%
by weight of the powder metal material. The admixed
graphite includes fine particles having a U.S. standard
sieve designation finer than 200 mesh, which is equiva-
lent to a particle size of 75 microns or less. These fine
particles are present in an amount greater than 90.0%
by weight of the admixed graphite. The remaining 10.0%
of the graphite has a U.S. standard sieve designation
finer than about 100 mesh, which is equivalent to a par-
ticle size of about 125 microns or less. As stated above,
pre-alloying the iron-based powder with carbon saturates
the iron-based powder with carbon prior to sintering and
prevents the admixed graphite from alloying with the iron-
based powder during the sintering process. Thus, a sig-
nificant amount of the admixed graphite particles remain
as free stable graphite in the sintered powder metal ar-
ticle. At least 50% of the admixed graphite remains as
free graphite, unalloyed with the iron-based powder, after
sintering. If the pre-alloyed iron-based powder is not fully

saturated with carbon, a small amount of the admixed
graphite may alloy with the iron powder during sintering,
and thus the amount of free graphite present in the sin-
tered article may be slightly less than the amount of ad-
mixed graphite present in the starting powder metal ma-
terial. In the sintered powder metal article, the free graph-
ite is typically present an amount of about 0.05 to about
1.50% by weight of the sintered article.
[0017] The free graphite present in the sintered article
serves as an excellent solid lubricant. The free graphite
also provides excellent wear resistance, strength, and
hardness. Processing difficulties associated with coarse
graphite particles used in the prior art are avoided be-
cause at least 90 wt% of the admixed graphite is 200
mesh or finer. The fine graphite particles are also superior
to the coarse graphite particles in maintaining desirable
mechanical properties at high temperatures. Thus, the
powder metal material including the admixed graphite
having a particle size of 200 mesh or finer is particularly
suited to high temperature, high wear applications, such
as automotive valve guides. As stated above, the sin-
tered article has a combined carbon content, including
the carbon of the pre-alloyed iron-based powder and the
admixed free graphite, in an amount of about 1.0 to about
2.0% by weight of the sintered article.
[0018] The powder metal material may include the ad-
mixed molybdenum disulfide in an amount of 0.1 to 4.0%
by weight of the powder metal material prior to sintering,
and less than 4.0% by weight after sintering. The admixed
molybdenum disulfide typically has a particle size of
about 325 mesh. The admixed molybdenum disulfide al-
so functions as a solid lubricant, and the combination of
the free graphite and the admixed molybdenum disulfide
provides an especially effective solid lubricant in the sin-
tered article. Admixing the molybdenum disulfide in an
amount greater than about 4.0% by weight can cause
undesirable growth and distortion of the compacted pow-
der metal mixture during the sintering process. Admixing
the molybdenum disulfide in an amount less than about
0.1% by weight may not provide a significant improve-
ment in lubricity of the sintered powder metal article.
[0019] The powder metal material may include the ad-
mixed copper in an amount of 1.0 to 5.0% by weight of
the powder metal material prior to sintering, and less than
5.0% by weight after sintering. The admixed copper typ-
ically has a particle size of about 100 mesh. During sin-
tering, the admixed copper alloys with the pre-alloyed
iron-based powder to provide improved strength and oth-
er desired mechanical properties. Admixing the copper
in an amount greater than about 5.0% by weight can lead
to an embrittled microstructure, while admixing the cop-
per in an amount less than about 1.0% by weight may
not provide a significant improvement in the mechanical
properties.
[0020] Prior to sintering, the powder metal material al-
so may include admixed organic wax, such as ethylene
bis-stearamide (EBS), present in an amount of about
0.25 to about 1.50% by weight of the powder metal ma-
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terial, and typically about 0.75 wt%. The EBS wax acts
as a fugitive compaction lubricant and lubricates the com-
paction tooling during the compaction process. However,
the EBS wax is subsequently lost during the sintering
process, and is undetectable in the sintered article.
[0021] The starting powder metal material and sintered
powder metal article may be both formed without phos-
phorous. Due to the effectiveness of the pre-alloyed iron-
based powder and admixed graphite, phosphorous is not
needed to promote or retain free graphite in the sintered
powder metal article, as it was in the prior art. Thus, the
processing difficulties, distortion of the sintered article,
and other undesirable effects associated with phospho-
rous are avoided.
[0022] The sintered powder metal article may have a
density of about 6.40 to about 7.10 g/cm3, tested using
the ASTM B328 method. The sintered article typically
includes a Transverse Rupture Strength (TRS) of about
614 MPa, tested using the ASTM B528 method, and a
hardness of about 79 to about 83 according to the Rock-
well Hardness B (HRB) scale of hardness measurement,
tested using the ASTM E18 method. However, the TRS
and hardness of the sintered article changes, and can
be higher or lower than the disclosed values, depending
on the amount of alloys, additives, and density of the
sintered article.
[0023] The sintered powder metal article is used in typ-
ical internal combustion engines. Such engines typically
include a cylinder head 20 formed with an exhaust or
intake passage 22 and a valve passage 24 with a recip-
rocating valve 26 disposed therein, as shown in Figure
4. A valve guide 28 formed of the powder metal material
is disposed in the valve passage 24 and functions as a
bearing for the reciprocating valve 26. A stem 30 of the
valve 26 typically reciprocates at very high speeds in a
bore 32 of the valve guide 28. In addition, the valve guide
28 includes a stem seal 34 located at the top of the valve
guide 28 to limit the ingress of engine oil down the valve
guide bore 32. The valve guide 28 is subject to high tem-
peratures as a result of its proximity to the combustion
chamber 36, high speed contact due to the reciprocating
valve 26, and marginal lubrication due to the stem seal
34. The powder metal material provides high strength,
wear resistance, and lubricity in such harsh conditions.
The powder metal material can also be used in other
engine components subject to harsh conditions, such as
a valve seat insert 38.
[0024] As alluded to above, a method of forming the
powder metal material includes obtaining a powder metal
mixture of pre-alloyed iron-based powder and admixed
graphite powder. The powder metal mixture can be
formed by pre-alloying carbon in the iron-based powder
in an amount sufficient to retain at least 50% of the ad-
mixed graphite as free graphite after sintering the powder
metal mixture, typically about 0.25 to about 1.50 % by
weight of the pre-alloyed iron-based powder. The method
can also include pre-alloying the iron-based powder with
at least one of molybdenum, nickel, chromium, and man-

ganese. Next, the method includes admixing the graph-
ite, copper, and molybdenum disulfide in the powder met-
al mixture. The method also includes admixing organic
wax, such as ethylene bis-stearamide (EBS), in the pow-
der metal mixture.
[0025] The method includes mixing the powder metal
mixture, comprising the pre-alloyed iron-based powder
including carbon, admixed graphite, admixed copper, ad-
mixed molybdenum disulfide, admixed EBS wax, and
other additives if present. Typically, the mixing occurs in
a Y-cone type mixer or a ploughshare mixer, but other
mixers can be used. The mixing typically occurs for about
30 minutes, but the mixing can occur for a longer or short-
er period of time, depending on the process conditions
and components of the mixture. The method next in-
cludes compacting the powder metal mixture and press-
ing the mixture to a predetermined density. The density
of the pressed powder metal material is about 6.40 to
about 7.10 g/cm3. Next, the method includes sintering
the powder metal mixture in a conventional mesh belt
furnace. The sintering typically occurs at a temperature
of about 1030 to about 1150° C. The sintering also typi-
cally occurs in an atmosphere of about 10% hydrogen
and about 90% nitrogen, or in an atmosphere of disso-
ciated ammonia, however the sintering can occur in other
atmospheres.

The Specific Embodiments

[0026] The following examples are given as particular
embodiments of the invention and to demonstrate the
practice and advantages thereof. The examples are giv-
en by way of illustration and are not intended to limit the
specification or the claims in any manner.

Example 1

[0027] In a first example, an exemplary sintered pow-
der metal article was prepared from a starting powder
metal material including:

1.0 wt% graphite powder, 90.0 wt% having a particle
size finer than 200 mesh;
1.0 wt% molybdenum disulfide;
3.0 wt% copper;
94.25 wt% iron-based powder containing 0.94 wt%
pre-alloyed carbon; and
0.75 wt% ethylene bis-stearamide (EBS) based or-
ganic wax.

[0028] The powder metal material was mixed in a Y-
cone type mixer for about 30 minutes. The powder mix-
ture was then compacted and pressed into standard TRS
test bars having a density of about 6.70 g/cm3. The test
bars were sintered in a conventional mesh belt furnace
up to 1040° C in a 10% hydrogen, 90% nitrogen atmos-
phere. The sintered powder metal article had a trans-
verse rupture strength of 614 MPa, and an average hard-
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ness of 83 on the HRB scale. The microstructure of the
sintered powder metal article is shown in Figure 1.

Comparative Example 2

[0029] In a second example, the sintered powder metal
TRS test bars of Example 1 were compared to standard
TRS test bars prepared according to U.S. Patent No.
5,507,257, to demonstrate improvements in mechanical
properties of the sintered article of Example 1. The test
bars prepared according to the ’257 patent were pro-
duced solely for comparative purposes, with the sole in-
tention of showing the improvements achieved by the
sintered article of Example 1.
[0030] The sintered powder metal article was prepared
according to the ’257 patent from a starting powder metal
material including:

1.0 wt% fine graphite powder, 100.0 wt% having a
particle size finer than 200 mesh;
1.0 wt% coarse graphite powder, 100.0 wt% having
a particle size of about 200 to about 30 mesh;
3.0 wt% copper;
0.30 wt% phosphorous;
0.75 wt% ethylene bis-stearamide (EBS) based or-
ganic wax; and
the balance being standard elemental iron powder.

[0031] The coarse graphite powder was carefully
sieved to have the particle size of about 200 to about 30
mesh. The starting powder metal material was then
mixed in a Y-cone type mixer for about 30 minutes. The
powder mixture was then compacted and pressed into
standard TRS test bars having a density of about 6.70
g/cm3. The test bars were sintered in a conventional
mesh belt furnace up to 1040° C in a 10% hydrogen, 90%
nitrogen atmosphere. The sintered powder metal article
had a transverse rupture strength of 440 MPa, and an
average hardness of 75 on the HRB scale, so it can be
seen that the mechanical properties were significantly
lower than the sintered article of Example 1. The micro-
structure of the sintered powder metal material prepared
according to the ’257 patent is shown in Figure 2.

Comparative Example 3

[0032] In a third example, the sintered powder metal
TRS bars of Example 1 were compared to standard TRS
test bars prepared according to U.S. Patent No.
6,632,263, to further demonstrate improvements in the
mechanical properties of the sintered article of Example
1. The test bars prepared according to the ’263 patent
were produced solely for comparative purposes, with the
sole intention of showing the improvement achieved by
the sintered article of Example 1.
[0033] A sintered powder metal article was prepared
according to the ’263 patent from a starting powder metal
material including:

1.0 wt% fine graphite powder, 100.0 wt% having a
particle size finer than 325 mesh;
1.0 wt% coarse graphite powder, 100.0 wt% having
a particle size of about 325 to about 100 mesh;
3.0 wt% copper;
1.0 wt% molybdenum disulfide;
0.75 wt% ethylene bis-stearamide (EBS) based or-
ganic wax; and
the balance being standard elemental iron powder.

[0034] The coarse graphite powder was carefully
sieved to have the particle size of about 325 to about 100
mesh. The powder metal material was mixed in a Y-cone
type mixer for about 30 minutes. The powder mixture was
then compacted and pressed into standard TRS test bars
having a density of about 6.70 g/cm3. The test bars were
then sintered in a conventional mesh belt furnace up to
1040° C in a 10% hydrogen, 90% nitrogen atmosphere.
The sintered powder metal article had a transverse rup-
ture strength of 617 MPa, about equal to the sintered
article of Example 1, but an average hardness of 75 on
the HRB scale, significantly lower than the sintered article
of Example 1. The microstructure of the sintered material
prepared according to the ’263 patent is shown in Figure
3.

Example 4

[0035] In a fourth example, an exemplary sintered pow-
der metal article was prepared from a starting powder
metal material including:

1.0 wt% graphite powder, 90.0 wt% having a particle
size finer than 200 mesh;
1.0 wt% molybdenum disulfide;
4.0 wt% copper;
93.25 wt% iron-based powder containing 0.94 wt%
pre-alloyed carbon; and
0.75 wt% ethylene bis-stearamide (EBS) based or-
ganic wax.

[0036] The powder metal material was mixed in a Y-
cone type mixer for about 30 minutes. The powder mix-
ture was then compacted and pressed into long hollow
cylinders, having an outside diameter of 15.2 mm, an
inside diameter of 4.5 mm, a length of 55 mm, and a
density of 6.65 g/cm3, which represents the size of a typ-
ical automotive valve guide. The articles were then sin-
tered in a conventional mesh belt furnace up to 1055° C
in a 10% hydrogen, 90% nitrogen atmosphere. The long
cylindrical articles were sintered in the same manner as
the much smaller TRS test bars of Example 1. There was
no significant distortion or size change of the cylindrical
articles during sintering. The sintered powder metal arti-
cles had an average hardness of 80 on the HRB scale.
The lower hardness values of the sintered long cylindrical
articles, compared to the TRS test bars of Example 1,
reflects the lower density of the sintered cylindrical arti-
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cles.

Example 5

[0037] In a fifth example, an exemplary sintered pow-
der metal article was prepared from a starting powder
metal material including:

1.0 wt% graphite powder, 90.0 wt% having a particle
size finer than 200 mesh;
1.0 wt% molybdenum disulfide;
4.0 wt% copper;
93.25 wt% iron-based powder containing 1.01 wt%
pre-alloyed carbon; and
0.75 wt% ethylene bis-stearamide (EBS) based or-
ganic wax.

[0038] The powder metal material was mixed in a Y-
cone type mixer for about 30 minutes. The powder mix-
ture was then compacted and pressed into long hollow
cylinders, having an outside diameter of 15.2 mm, an
inside diameter of 4.5 mm, a length of 60 mm, and a
density of 6.60 g/cm3, which represents the size of a typ-
ical automotive valve guide. The articles were then sin-
tered in a conventional mesh belt furnace up to 1055° C
in a 10% hydrogen, 90% nitrogen atmosphere. The cy-
lindrical particles were sintered in the same manner as
the much smaller TRS test bars of Example 1 and the
cylindrical articles of Example 4. There was no significant
distortion or size change of the articles during sintering.
The sintered powder metal articles had an average hard-
ness of 77 on the HRB scale. The lower hardness of the
sintered articles of Example 5, compared to the sintered
articles of Examples 1 and 4, reflects the lower density
of the articles.
[0039] The sintered articles of Example 5 were tested
in a Federal-Mogul Valve Guide Bench Rig Wear test
machine and compared to existing industry standard ma-
terials, PMF-11 and PMF-10. The wear test incorporated
heat and side loading into a reciprocating valve stroke
action to run a desired valve stem against the internal
diameter (I.D.) of the sintered long cylindrical article for
a specified duration. The depth of wear into the I.D. of
the cylindrical article was measured after testing, and
results are shown in Figure 5. The depth of wear on the
valve stem outside diameter (O.D.) was also measured
after testing, and results are shown in Figure 6. The test
results show less wear with the powder metal article of
Example 5 than with the industry standard materials,
PMF-11 and PMF-10.

Example 6

[0040] The sintered powder metal articles were also
tested in a 2 liter, E85 fueled engine. The sintered powder
metal articles were prepared according to Example 5 and
then machined into automotive valve guides having an
O.D. of about 11 mm, an I.D. of about 5 mm, and a length

of about 40 mm. The valve guides were installed in a
cylinder head of the 2 liter engine, and the engine ran for
a total test time of 300 hours. The wear of each valve
guide was determined by comparing the I.D. before and
after testing.

Comparative Example 7

[0041] In a seventh example, the performance of the
valve guides of Example 6 were compared to the per-
formance of existing standard commercial valve guides
(grade PMF-11) in the same 2 liter engine. The standard
valve guides were manufactured to the same dimensions
as the valve guides of Example 6. The valve guides of
both Examples 6 and 7 performed acceptably in the 2
liter engine. There was no significant statistical difference
between the valve guides of Example 6 and the standard
commercial valve guides of Example 7.

Claims

1. A powder metal material comprising:

pre-alloyed iron-based powder including a pre-
dominately pearlitic structure,
admixed graphite present in an amount of 0.25
to 1.50% by weight of said powder metal mate-
rial, said admixed graphite consisting of parti-
cles having a U.S. standard sieve designation
finer than 200 mesh (∼0.075mm) present in an
amount greater than 90.0% by weight of said
admixed graphite; and
said pre-alloyed iron-based powder including
carbon present in an amount of 0.25 to 1.50%
by weight of said pre-alloyed iron-based powder
such that upon sintering of the powder metal ma-
terial at least 50% of the admixed graphite is
retainable as free graphite.

2. A powder metal material as in claim 1, wherein said
carbon of said pre-alloyed iron-based powder is
present in an amount less than 1.1% by weight of
said pre-alloyed iron-based powder.

3. A powder metal material as in claim 1, wherein said
carbon of said pre-alloyed iron-based powder is
present in an amount greater than 0.7% by weight
of said pre-alloyed iron-based powder.

4. A powder metal material as in any one of the pre-
ceding claims, wherein said powder metal material
is free of phosphorous.

5. A powder metal material as in any one of the pre-
ceding claims including admixed molybdenum di-
sulfide present in an amount of 0.1 to 4.0% by weight
of said powder metal material.
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6. A powder metal material as in any one of the pre-
ceding claims including admixed copper present in
an amount of 1.0 to 5.0% by weight of said powder
meal material.

7. A powder metal material as in any one of the pre-
ceding claims, wherein said pre-alloyed iron-based
powder includes at least one of intentionally added
molybdenum, nickel, chromium, and manganese
each present in an amount up to 3.0% by weight of
said pre-alloyed iron-based powder.

8. A powder metal material as in any one of the pre-
ceding claims including intentionally added admixed
organic wax present in an amount of 0.25 to 1.5%
by weight of said powder metal material.

9. A method of forming a powder metal material com-
prising the steps of:

obtaining a powder metal mixture of pre-alloyed
iron-based powder and admixed graphite pow-
der, admixed graphite present in an amount of
0.25 to 1.50% by weight of said powder metal
material, said admixed graphite consists of par-
ticles having a U.S. standard sieve designation
finer than 200 mesh (∼0.075mm) present in an
amount greater than 90.0% by weight of said
admixed graphite;
wherein the pre-alloyed iron-based powder in-
cludes a predominately pearlitic structure, and
pre-alloying the iron-based powder with carbon
in an amount of 0.25 to 1.50% by weight of said
pre-alloyed iron-based powder to retain at least
50% of the admixed graphite as free graphite
after sintering the powder metal mixture.

10. A method as set forth in claim 9 including admixing
molybdenum disulfide and copper into the powder
metal mixture.

11. A method of forming a sintered powder metal article
comprising the steps as set forth in claim 9 and the
further steps of pressing the powder metal mixture
to a density of 6.40 to 7.10 g/cm3, and sintering the
powder metal mixture.

12. A sintered powder metal article obtainable from a
method as set forth in claim 11.

13. A sintered powder metal article as set forth in claim
12, wherein said article comprises a valve guide.

Patentansprüche

1. Pulvermetall-Material, umfassend:

vorlegiertes Pulver auf Eisenbasis, das eine
überwiegend perlitische Struktur beinhaltet,
beigemischter Graphit, der in einer Menge von
0,25 bis 1,50 Gew.-% des pulverförmigen Me-
tallmaterials vorhanden ist, wobei der beige-
mischte Graphit aus Partikeln mit einer US-
Standardsiebbezeichnung feiner als 200 mesh
(∼0,075 mm) besteht, die in einer Menge von
mehr als 90,0 Gew.-% des beigemischten Gra-
phits vorhanden sind; und
wobei das vorlegierte Pulver auf Eisenbasis
Kohlenstoff beinhaltet, der in einer Menge von
0,25 bis 1,50 Gew.-% des vorlegierten Pulvers
auf Eisenbasis vorhanden ist, sodass beim Sin-
tern des Pulvermetall-Materials mindestens 50
% des beigemischten Graphits als freier Graphit
zurückgehalten werden kann.

2. Pulvermetall-Material nach Anspruch 1, wobei der
Kohlenstoff des vorlegierten Pulvers auf Eisenbasis
in einer Menge von weniger als 1,1 Gew.-% des vor-
legierten Pulvers auf Eisenbasis vorhanden ist.

3. Pulvermetall-Material nach Anspruch 1, wobei der
Kohlenstoff des vorlegierten Pulvers auf Eisenbasis
in einer Menge von mehr als 0,7 Gew.-% des vorle-
gierten Pulvers auf Eisenbasis vorhanden ist.

4. Pulvermetall-Material nach einem der vorherigen
Ansprüche, wobei das Pulvermetall-Material frei von
Phosphor ist.

5. Pulvermetall-Material nach einem der vorherigen
Ansprüche, das beigemischtes Molybdändisulfid be-
inhaltet, das in einer Menge von 0,1 bis 4,0 Gew.-%
des Pulvermetall-Materials vorhanden ist.

6. Pulvermetall-Material nach einem der vorherigen
Ansprüche, das beigemischtes Kupfer beinhaltet,
das in einer Menge von 1,0 bis 5,0 Gew.-% des Pul-
vermetall-Materials vorhanden ist.

7. Pulvermetall-Material nach einem der vorherigen
Ansprüche, wobei das vorlegierte Pulver auf Eisen-
basis mindestens eines von absichtlich hinzugefüg-
tem Molybdän, Nickel, Chrom und Mangan beinhal-
tet, das jeweils in einer Menge von bis zu 3,0 Gew.-
% des vorlegierten Pulvers auf Eisenbasis vorhan-
den ist.

8. Pulvermetall-Material nach einem der vorherigen
Ansprüche, das absichtlich hinzugefügtes beige-
mischtes organisches Wachs beinhaltet, das in einer
Menge von 0,25 bis 1,5 Gew.-% des Pulvermetall-
Materials vorhanden ist.

9. Verfahren zum Bilden eines Pulvermetall-Materials,
umfassend die folgenden Schritte:
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Erlangen eines Pulvermetall-Gemischs aus vor-
legiertem Pulver auf Eisenbasis und
beigemischtem Graphitpulver, beigemischtem
Graphit, der in einer Menge von 0,25 bis 1,50
Gew.-% des Pulvermetall-Materials vorhanden
ist, wobei der beigemischte Graphit aus Parti-
keln besteht, die eine US-Standardsiebbezeich-
nung feiner als 200 mesh (∼0,075 mm) aufweist,
der in einer Menge von mehr als 90,0 Gew.-%
des beigemischten Graphits vorhanden ist;
wobei das vorlegierte Pulver auf Eisenbasis ei-
ne überwiegend perlitische Struktur beinhaltet,
und
Vorlegieren des Pulvers auf Eisenbasis mit Koh-
lenstoff in einer Menge von 0,25 bis 1,50 Gew.-
% des vorlegierte Pulvers auf Eisenbasis bein-
haltet, um nach Sintern des Pulvermetall-Ge-
mischs mindestens 50 % des beigemischten
Graphits als freien Graphit zurückzuhalten.

10. Verfahren, wie es in Anspruch 9 dargelegt ist, um-
fassend ein Beimischen von Molybdändisulfid und
Kupfer in das Pulvermetall-Gemisch.

11. Verfahren zum Bilden eines gesinterten Pulverme-
tallgegenstands, umfassend die Schritte, wie sie in
Anspruch 9 dargelegt sind, und die weiteren Schritte
des Pressens des Pulvermetall-Gemischs auf eine
Dichte von 6,40 bis 7,10 g/cm3, und Sintern des Pul-
vermetall-Gemischs.

12. Gesinterter Pulvermetallgegenstand, der gemäß ei-
nem Verfahren wie dargelegt in Anspruch 11 erlangt
werden kann.

13. Gesinterter Pulvermetallgegenstand wie es in An-
spruch 12 dargelegt ist, wobei der Gegenstand eine
Ventilführung umfasst.

Revendications

1. Matériau de métal en poudre comprenant :

une poudre à base de fer pré-alliée incluant une
structure principalement perlitique, du graphite
incorporé en mélange présent dans une quan-
tité de 0,25 à 1,50 % en poids dudit matériau de
métal en poudre, ledit graphite incorporé en mé-
lange constitué par des particules ayant une dé-
signation de tamisage selon les normes améri-
caines plus fine que 200 mesh (∼0,075 mm) pré-
sent dans une quantité supérieure à 90,0 % en
poids dudit graphite incorporé en mélange ;
et ladite poudre à base de fer pré-alliée incluant
du carbone présent dans une quantité de 0,25
à 1,50 % en poids de ladite poudre à base de
fer pré-alliée de sorte que lors du frittage du ma-

tériau de métal en poudre au moins 50 % du
graphite incorporé en mélange peut être retenu
comme du graphite libre.

2. Matériau de métal en poudre selon la revendication
1, dans lequel ledit carbone de ladite poudre à base
de fer pré-alliée est présent dans une quantité infé-
rieure à 1,1 % en poids de ladite poudre à base de
fer pré-alliée.

3. Matériau de métal en poudre selon la revendication
1, dans lequel ledit carbone de ladite poudre à base
de fer pré-alliée est présent dans une quantité su-
périeure à 0,7 % en poids de ladite poudre à base
de fer pré-alliée.

4. Matériau de métal en poudre selon l’une quelconque
des revendications précédentes, dans lequel ledit
matériau de métal en poudre est exempt de phos-
phore.

5. Matériau de métal en poudre selon l’une quelconque
des revendications précédentes incluant du disulfu-
re de molybdène incorporé en mélange présent dans
une quantité de 0,1 à 4,0 % en poids dudit matériau
de métal en poudre.

6. Matériau de métal en poudre selon l’une quelconque
des revendications précédentes incluant du cuivre
incorporé en mélange dans une quantité de 1,0 à
5,0 % en poids dudit matériau de métal en poudre.

7. Matériau de métal en poudre selon l’une quelconque
des revendications précédentes, dans lequel ladite
poudre à base de fer pré-alliée inclut au moins un
élément ajouté intentionnellement parmi le molyb-
dène, le nickel, le chrome, et le manganèse, chacun
présent dans une quantité allant jusqu’à 3,0 % en
poids de ladite poudre à base de fer pré-alliée.

8. Matériau de métal en poudre selon l’une quelconque
des revendications précédentes incluant de la cire
organique incorporée en mélange ajoutée intention-
nellement dans une quantité de 0,25 à 1,5 % en poids
dudit matériau de métal en poudre.

9. Procédé de formation d’un matériau de métal en
poudre comprenant les étapes : d’obtention d’un
mélange de métal en poudre d’une poudre à base
de fer pré-alliée et d’une poudre de graphite incor-
porée en mélange, le graphite incorporé en mélange
présent dans une quantité de 0,25 à 1,50 % en poids
dudit matériau de métal en poudre, ledit graphite in-
corporé en mélange constitué par des particules
ayant une désignation de tamisage selon les normes
américaines plus fine que 200 mesh (∼0,075 mm)
présent dans une quantité supérieure à 90,0 % en
poids dudit graphite incorporé en mélange ; dans le-
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quel la poudre à base de fer pré-alliée inclut une
structure principalement perlitique, et de pré-alliage
de la poudre à base de fer avec du carbone dans
une quantité de 0,25 à 1,50 % en poids de ladite
poudre à base de fer pré-alliée pour retenir au moins
50 % du graphite incorporé en mélange comme du
graphite libre après le frittage du mélange de métal
en poudre.

10. Procédé selon la revendication 9 incluant l’incorpo-
ration en mélange de disulfure de molybdène et de
cuivre dans le mélange de métal en poudre.

11. Procédé de formation d’un article de métal en poudre
fritté comprenant les étapes selon la revendication
9 et les étapes supplémentaires de compression du
mélange de métal en poudre jusqu’à une densité de
6,40 à 7,10 g/cm3, et le frittage du mélange de métal
en poudre.

12. Article de métal en poudre fritté pouvant être obtenu
à partir d’un procédé selon la revendication 11.

13. Article de métal en poudre fritté selon la revendica-
tion 12, ledit article comprenant un guide de soupa-
pe.
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