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HARD PARTICLES FOR INCORPORATION IN SINTERED ALLOY AND
WEAR-RESISTANT IRON-BASED SINTERED ALLOY AND PRODUCTION
METHOD THEREOF

BACKGROUND OF THE INVENTION

. Field of the Invention

[0001] The‘ invention relates to hard particles suitable for incorporation in sintered
alloys. “The invention parficularly relates to hard particles suitable for increasing the wear
resistance of sintered alloys, to a wear-resistant iron-based sintered alloy that contains the

hard particles, and to a method of producing this sintered alloy.

2. Description of Related Art

[0002] Sintered alloys haVing_a ferrous matrix aré conyentionally used in, for
example, valve éeats. Hard particles’can be incorporated into sintered alloys>in order to
further raise the wear resistance of the sintered alloy. The hard particles are ,generally‘v_
incorporated into sintered alloys as follows. A powder of the hard particles is mixed into
a'powder having a 10W-a110y steel or stainless steel composition to obtain a mixed powder.
“A green compact is formed with this mixed powder. The greéh compact is subsequently |
sintered to make the sintered alloy.

[0003] 'Japanese Patent Application Publication No. 2001-181807 (JP‘
2001-181807 A) describes hard particles that contaih? expressed'as m‘ass%,. Mo: 20 to 60%,
C: 0.2 to 3%, Ni: 5 to 40%, Mn: ‘1 to 15%, arid Cr: 0.1 to 10% with the balance being Fe
and unavoidable impurities. If is also stated hete that, for example, Co may be added to
these hard parﬁcles. | o

[0004]  Using these hard particles, the adherence between the hard‘particles and
the.f'errous matrix that is the base rﬁaterial can be improved when a ferrous-matrix sintered
éllby is produced. In addition, adhesive wear can be inhibited because an oxidation film

is formed from the Mo at the hard particles.
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[0005] = The amount of Mo in solid solution in the hard particles can be raised by
‘the addition of Ni to the hard particles described‘ in'JP 2001-181807 A. This functions to
" improve the oxidation characteristics of the added Mo and can thereby improve the wear
resistance. In addition, Co has a low stacking fault energy and due to this the addition 6f
Co to the hard particles can raise the hardness of the hard particles and improve the wear
- resistance. However, the moldability into the green compact éan be i.mpéired when fhe
hardness of the hard particles has Been raised prior to compaction ny the addition of _Co;
-Furthermore, this Ni and Co are more expenswe than other elements, resulting in h1gh raw
material costs for hard particles to Wthh Ni and/or Co has been added.

[0006] Con51dermg these points, for example, ferromolybdenum (Fe-Mo-Si) hard
particlesv have a low cost because they do not contain cobalt or nickel. In the case of
ferromolybdenum (Fe-Mo-Si) hard particles, the hard particles themselves have a high
hardness due to the incorporation of Si. However, an Si oxidation film is formed when
ferromolybdenum is compacted with an iron~bésed powder as the matrix.and sintered.
The formation of the Si oxidation film may cause that solid-éolution diffusion between the
hard particles and the ferrous matrix during sintering is hindered as a consequenée. The
adhesive strehgth of the hard particles for the ferrous matrix may then be lowered and the
wear résistance of the sintered‘ alloy may be lowered. In addition, because oxidation of
the Mo is inhibited by the oxidation of the Si, the formation of an oxidation film of Mo at
the vhard particle is impeded. ~ As a result, adhesive wear may ultimately be promoted due

to exposure of the iron due to rupture of the Si oxidation film during sliding.

SUMMARY OF THE INVENTION
[0007]  The invention provides hard particles for incorporation in sintered alloys,
that canyinexpensiv'ely increase the wéar resistance of the sintered alloy provided by the
sintering of the green compact while raising the 'moldability into the green coinpact prior to
sintering.  The invention further prdvidgs a wear-resistan‘g iron-based sintered alloy that
contains the hard particles and a method of producing this sintered alloy.

[0008] It is desirable to raise the amount of C in solid solution in order, without



WO 2014/076530 PCT/IB2013/002414

3

using Co, to raise the hardness of the hard particles incorporated in a sintered alloy.
However, when the amount of C in solid solution is raised during production of the hard
particles, a carbide is then formed with the Mo and the production of Mo oxide may bie
inhibited as a result. Furthermore, the moldébility during compaction is impaired when
the hardness of the hard particles ié téo high prior to co‘mpaction, and as a consequence the
mechénical strength of the obtained sintered alloy may ultimately decline.
| [0009] | A first aspect of the invention relates to hard particles for incorporation in

sintered alloys. The hard particles ihcorporated as a starting material in the sintered alloy
consist of 20 to 60 mass% Mo, 3 to 15 mass% Mn, and the balance consisting of Fe and
unavoidable ‘impuriﬁe’s.‘ o T |

[0010] Because the hard particles do _hot contain C and do not contain Co, the
hérd particles of the invention are softer than conventional hard particles for incorporation
in sintered alloys. As a consequence, the ‘density of the molding is raised during
compaction and the area of contact with the iron-based powder that is the mafrix starting
material is increased, and as a result the diffusion of iron from the ferrous matrix into the
hard particles is increased. The adherence of the hard particles to the ferrous matrix is
thereby increased and the mechanical strength of the sintered alloy can then be increased.

[0011] The Mo. p}esenf in the hard particles forms an Mo carbide, resulting in an
increase in the hardness of the hard particles and‘ in the wear resistance. Moreover, since
the Mo carbide and the Mo in solid solution in the hard particles form an Mo oxidation
fﬂm, the Mo is effective for raising the solid lubricity. When the amount of Mo is less '
than the lower limit value indicated above, the solid lubricity due to the Mo oxidation film
at the hard particles is inadequate and adhesive wear of the sintered alloy is promoted.
When the upper limit value indicated above is exceeded, the adherence with the ferrous
matrix upon sintering declines. This results in a decline in the mechaﬁicafstrength of the
sintered alloy. |

[0012]  During sintering, the Mn present in the hard particles efficiently diffuses
from thehar{d particles into the matrix of the sintered alloy and as a consequence is

effective for improving the adherence between the hard pérticles and the matrix. The Mn
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also brings about an increase in the austenite in the matrix.

[0013] - When the Mn content is much lower than the lower limit value indicatéd
above, little diffusion into‘ the matrix occurs and the adherence between the hard particles
and the matrix is reduced. = The density of the sintered alloy declines when the Mn content
is much higher than the upper limit value indicated above.

- [0014] A se‘rcond aspect of the invention relates to hard particles for incorporation
in sintered alléys ’fhe hard particles incorporate‘d‘ as a starting material in the sintered alloy
consist of 20 to 60 mass% Mo, 3 to 15 mass% Mn, more than 0.01 to 0.5 mass% C, and the

balance consisting of Fe and unavoidable impurities.

[0015] The production of a carbide by the C and‘ Mo is inhibited in thé hard
particles due to the limitation of the amount of C addition to not more than 0.5 mass%.
As a consequence, the am‘ouf_xf of Mo in solid solution in the hard particle can be incfeased
even in the absence of the addition of Ni. |

[0016]  The formation of a carbide between Mo and C readily occurs when the
amount of C addition exceeds 0.5 mass%. As a resuit, the hard particles become harder
and the compactability is then impaired _and the adherence with the ferrous matrix is
reduced.. The mechanical strength of the sintered alloy may decline as a consequence.

[0017] A third aspect relates to a wear-resistant iron-based sintered alloy provided

by mlxmg, a powder composed of the above hard particles with an iron-based powder that
becomes the matrix, so as to dlsperse the hard particles, and smtermg The sintered alloy
. contains 15 to 60 mass% hard particles.

' [0018]  According to the third aspect, both the mechanical strength of thé sintered
alloy and its wear resiétance can be improved because the sintered alloy contains 15 to 60 |
mass% hard particles with réference to the sintered alloy. |

[0019] When the hard particle content here is less than 15 mass% with reference
to the sintered alloy, the effect on the wear resistance due to the hard particles may not be
safisfactorily manifested due to an inadequate hard particlecéntent. The proportion of the
ferrous matrix is reduced when, on the otﬁer hand, the hard'particle content exceeds 60

mass% with reference to the sintered alloy. As a result, it may not be possible to retain
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the hard particles in the sintered alloy at an adequate adhesive strength. As a
consequence, the hard particles may escape from the sintered alloy in an environment
where weaf is genefated, e.g., a contact/sliding environment, and wear of the sintered ‘alloy
may then be promoted. |

[0020] A forth aspect relates to a méthod of producing a wearfresi'stant iron—bésed
sintered alloy that uses the above-described hard particles fof incorporation in sintered
alloys. In the method according to the forth aspect for producing a sintéréd alloy, a mixed
‘powc.ier,is produced by niixin.g‘a'n ir(;n—based powder that becomes the matrix with 0.2 to 2
mass% graphite powder and 15 to 60 mass% of a powder composed of the abové-described
hard particles.  This mixed powder is compacted and subséquently sintered .whil’e‘
diffusing a carbpn (C) in the graphit‘e ﬁowder into the hard particles.

| [0021]  The wear resistance of thé sintered alloy and its m‘e_chanical strength are
'incre_ase_d by having the hard particle powder content be 15 to 60 mass% in accordance
'with this production method. In addition, the hardnéés of the hard particles can be raised
because the C in the graphite powder diffuses into the hard particles.

[0022] A valve seat may bé formed using the thusly structured sintered alloy. A .
mixed wear mode of adhesive wear dﬁririg contact, as described above, and abrasive wear
‘during sliding may occur in a high-temperature environment. Even in such a case, the
hardness of fhe‘ hard particles can be raised for the valve séat without impairing the already -
existing solid lubricity of the hard particies. As a r_esuit, the wear resistance of the valve
seat can be even mofe substantially improved over that heretofore available.

10023] ,l The invenﬁon can inexpensively increase the weaf resistance of the
sintered alloy, provided by tfle sintering of the green compact while raising the moldability

into the green compact prior to sintering.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]  Features, advantages, and technical and industrial significance of
exemplary embodiments of the inv_enti(_)n will be described below with reference to the

accompanying drawings, in which like numerals denote like eleménts, and wherein: .
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FIG. 1 is a table for describing the hard particles according to Examples 1 fo 7 and
Comparative Examples 1 to 6; ' " |
FIG. 2 is a téble for describing the sintered alloys accofding to Examples 8 to 25 and
Comparative Examples 7 to 17; and |
| FIG 3 is a -diagram for describing the Wear test in the examples and comparative

examples.

DETAILED DESCRIPTION OF EMBODIMENTS

[0025]  The hard particles of this e.mb.'odiment are hard particles for. incorporation
in a sintered alloy, that are incorporated as a starting material in a sintered alloy. The hard
particles of this embodiment have a higher hardness than the matrix of the sintered alloy.
The hard pérticles are composed of 20 to 60 mass% Mo and 3 to 15 mass% Mn with the
balance béing Fe and unavoidable impurities. ‘

| [0026] These hard particles can be prdduced by an atomization process in whicfl a
melt with the composition indicated a’b‘ove is atomized. In anbther method for producing
the hard particles, a solid provided by the solidification of the melt is ‘converted into the
powder by mechanical pulverization. A gas atomization process. or a water atomization
process may be selected for the atomization process. Production of the hard particles by.
the gas atomization process provides, inter alia, an excellent sintering behavior because
round hard particles are obtained, and the gas atomization process is therefore more
preferred. \ | |

[0027] ~ The lower and upper limits for the composition of the hard particles can be

changed to suitable values. These suitable values can be determined in conformity to the
reasons for the éomposition limitations described in the following, as well as in conformity
to the hardness, solid lubricity, adherence; and cost and the importance of the various
propei’ties- of the target part or structure.

~[0028] >First, considering the Mo in the composition of the hard particles,xdue to
the formation of Mo carbide the hardhess of the hard particles is increased and the wear

resistance is increased. Moreover, the Mo carbide and the Mo in solid solution in the
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hard partieles form an Mo oxidation film and as a consequencethe' Mo ‘is effective for
improving the solid lubricity. | _ _

- [0029]  When the ‘Mo content is less than 20 mass%, the hard particles have a high
initial oxidation temperature and the production of Mo oxide is inhibited. " The Wear
resistance of the sintered metal ultimately declines as a result. When, oﬁ the other hand,
the Mo content exceeds 60 mass%, the adherence between the hard particles and the
ferrous matrix when sintering o_ccurs‘ is diminished. A more preferred Mo content for the
hard paﬁicle 1S 22 to 55 maes%. |

- [0030]  The Mn in the composition of the hard particles efficiently diffuses during -
sintering from the hard particles to the matrix of the sintered alloy and as a cohsequence is
effective for impro?iﬁg the adheren.ce' between the hard particles and the matrix. The Mn
is also thought to be' effective for ihcreasing the austenite in the matrix.

[0031] When the Mn content is less than 20 mass%, little -Mn diffuses into the
matrix and the adherence between the hard particles and the mafrix declines as a result.
The density of the sintered alloy declines when the Mn corﬁeht is much higher than the
upper limit indicated abvove.'. A more preferred Mn content for the .hard particles is 3 to 12
-mass%. | |

[0032] The C in the composition of the 'hard particles forms an Mo carbide‘by
bonding with Mo and is therefore effective for raising the hardness of the hard particles
and the vx.'ear resistance. - However, due to the limitation on the amount of C addit-ion, the
hard particles in this embodiment are softer than conventional hard particles.v Asa result,
the density of the molding from compaction can be increased and ;[he area of c'ontact_ with
the iron-based powder that is the mafrix st_arting material is increased, and as a
consequence the diffusion ‘of iron from the ferrous matrix into the hard particles is
increased. This functions to raise the mechanical strength of the'sintefed alloy.

o [0033] - Moreover, fhe limitation on the addition of C to the hé‘rd particles makes it
possible to inhibit the preduction of Mo carbide while increasing the amount of Mo in
solid solution without incorporating,\for example, Ni. The formation of an Mo oxidation

film is facilitated as a conséquence. The wear resistance of the obtained sintered alloy
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[0034]  Here, when C is incorporated in the hard lparticle_é, preferably not more
than 0.5 mass% C is inCOrporated; The hardness of the hard particles can be increased by
the addition of C to the hard particles. The production of a carbide of Mo and C is

supbressed by limiting the C added to the hard paﬁicles‘ to not more than 0.5 mass%. The
| amount of Mo in solid solution in the hard particles cah be raised even without thé addition
ofNi | | |

[0035] The gvefage parthiclei diameter of the hard particles can be selected as

appropriate in conformity to, inter alia, the type and appiication of the iron-based sintered |
alloy. For example, the average particle diameter of the hai‘d particles caﬁ be 20 to 250
pm. | |

[0036]  The hard particles are mixed with the iron-based powder so as to disperse
the powder composed of the hard particles fér incorporation in a sintered alloy in the
iron-based powder thét y'forms the matrix. The hard particle content at this time is mdpe
preferably 10 to 60 mass% with reference to the mixed powder as a whole. |

[0037] Through their dispersion in the matrix of the sintered alloy, the hard
particles constitufe a hard phase that raises the wear resistance of the sintered alloy. The
wear resistance of the sintered alloy will not be satisfactory when the proportion of hard
particles with reference to the sintered alloy is less than 10 mass%. .W‘hen the proportion
of the hard particles with Vreference to the sintered alloy exceeds 60 mass%, the sintered
alloy exhibits an increased aggressiveﬁess for an opposing part or structure, and in addition
retention of the hard particles in the sintered alloy is impaired. | .

[0038]  The mixed powder contains 15 to 60 mass% powder composed of the hard
particles and 0.2 to 2 mass% graphite powder 'arid, for the balance of the powder, contéins
“an iron-based powder (for example, a pure iron powder or a low-alloy steel powder) that |
becomes the mattix of the wear-resistant iron-based sintered alloy. The low-alloy steel
powder is, for example, an Fe-C-based powder. This low-alloy steél powder is composed,
for example, of 0.2 to 5 mass% C with the balance being Fe and unavoidable impurities,

where 100 mass%o is the low-alloy steel powder.
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[0039]  The mixed powder is molded into a green compact. As has been
indicated above, the hard particles of this embodiment are softer than conventional hard
particles. As a cohsequence; the hard particles of this embodiment provide an increased
density for the molding produced by compaction and can bring about an increase in the
contact area with the iron—based powder that is the matrix starting material. ’

[0040]  This green compact is sintered. At this point, the diffiision of iron from
the ferrous matrix into the hard particles is increased. In addition, because the carbon
addition to the hard particles is more' limited than for conventional hard particles, the
carbon in the graphite powder diffuses into the hard particles ahd the hard particles then
undergo an increase in their hardness. ' \‘

A[0041] . A sintering temperature of about IOSO‘to 1250°C and particularly about
1100 to 1150°C can be used. The smterlng time at these sintering temperatures can be 30
minutes to 120 minutes and more preferably 45 to 90 minutes. A nonoxrdlzmg .
atmosphere, for example, an inert gas atmosphere can be used as the sintering atmosphere.
* A nitrogen atmosphere an argon gas atmosphere, or a vacuum atmosphere can be used for
the nonoxidizing atmosphere. | .

[0042]  In addition, the matrix of the iron-based sintered alloy yielded by sintering
preferably contains a pearlite—c'ontaimngr structure in order to ensure its hardness. The
pearlite-containing structure may be a pearlite strueture, a pearlite-austenite mixed
strueture, a pearhte-ferrite mixed structure, or a pearlite-cementite mixed structure. The
content of low-hardness ferrite is preferably low in order to ensure the ’wear resistance.
' Thehardness of the matripr can be about Hv 120 to 300. The hardness of the matrix can
be adjusted through for example the composmon of the matrix, the heat treatment
condltrons and the amount of addition of the carbon powder. This composrtlon and
hardness are not limited to the numerical value ranges indicated above as long as the
adherence between the hard particles and matrix is not diminished and as long as the wear
resistanee is not lowered. The method described above can provide a sintered alloy
composed of about 6 to 25 mass% Mo, about 1 to 5 mass% Mn, and not more than 2

mass% C, with the balance being iron and unavoidable impurities.
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7 [0043] The valve seat of the exhaust valve of an internal combustion engine is

formed by the aforementioned sintered alloy in this embodiment. The Vélve seat of the .

exhaust valve of an internal combustion engine is used in a high-temperature atmosphere.

As a consequence, the wear 6ccurr’ing at the valve seat is a combination of adhesive wear

when the Vélve and valve seat are in contact and ébfésive wear due to sliding between the

valve seat and the valve. Even in such a case the hardness of the hard particles can be -
~ increased without impairing the solid lubricity of the hard particles. The wear resistance
of the valve seat can as a result be further improv_ed over that conventionally available.
[0044] Examples that speciﬁcally execute the invention are described in the
.following fogether with comparative examples; “ |
(Examples 1 to 7) - _
[004_51 Powders composed of hard particles were prepared by the method
described in the following. The hafd particles are composed of 20 to 60 mass% Mo, 3 to

15 massv% Mn, and 0 to 0.5 mass% C, with the balance being Fe and unavoidable
impurities. An alloy powder was produced by carrying out a gas atomization process

~using an inert gas (nitrogen gas) on a melt having -the composition shown in FIG. 1.
Classification of the alloy powder into the 45 um to 180 pm range then produced a-powder
of the hard particles. |

(Comparative Exampie 1)

[0046] A powder compésed of hard particles was produced as in Examples 1 tb 7.
The difference between Comparative Example 1 and\Examples 1to 7 is that 1.5 mass% C
was added in the former case in order tb_be outside the range of 0 to 0.5 mass% C. |

‘(Comparativé Examples 2 and'3) | |

[0047] Powders composed of hard particles were produced as in Examples 1 to 7.

-. The differences between Comparative Examples 2 and 3 and Examples 1 to 7 were that 15
mass% Mo was added 1n Comparative Example 2 and 70 mass% Mo was added in
Comparative Example 3, in order in each case to be outside the range of 20 to 60 mass%
Mo. |

- (Comparative Example 4) .
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[0048] A powder composed of hard particles was produced as in Examples 1 to 7.
The differences betWeeﬁ Comparative Example 4 and Examples 1 to \7 were that in the
former case 1.5 mass% C was added in order to Be .outsi‘de the range of 0 to 0.5 mass% C
and 12 mass% Ni was also added.
(Comparative Example 5)
| [0049] | A powder composed of hard particles was produced as in Examples 1 to 7.
‘The differences between Comparative Exémple 5 and-Examples 1 to 7 were as follows: |
alloy lumps were préduced that contained 63 mass% Mo, in order to be outside the range
of 20 to 60 mass% Mo, and that addi_tionally contained 1.1 mass¥% Si; also, production was
carried out by pulverization.of the alloy lumps. Conventional ferrorﬁolybdenum hard
particles are produced by the production method of Comparative Exémple 5.
(Comparative Exampie 6) |
[0050] A powder composed of hard particles was prod_uced és in Examples 1 to 7.
The difference between Comparative Example 6 and Examples‘l‘to 7 was that the hard
particles were produced based on the production conditions given for Comparative
Example 6 in FIG. 1.
< Measurement of the initial oxidation temperature >
"~ [0051]  The hard particle powders accofding to Examples 1 to 7 énd Comparative
- Examples 1 to 6 were heated in the atmosphere in order to bring about oxidation and the
température at which the weight gain accompanying ox_idation exhibited a shafp onset was -
fneasured; This temperature at which the weight gain exhibited a sharp onset was taken
to be the temperature at which oxidation started. These results are given in FIG. 1. |
< Hardness testing > »
| [0052] The hardness of the hard partiéles according to Examples 1 to 7 and
Comparative Examples 1 t0‘6 was measured using a micro Vickers hardness tester and a
measurement load of 0.98 N (0.1 kgf). These results are given in FIG. 1.
[Result 1] :
[0053] As shown in FIG. 1, an‘ oxidation film is more readily formed by the Mo

~ with the hard particles according to Examples 1 to 7 than with the hard particles according
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“to Comparative Example 1. The reason for this is thought to be the absence of C addition
or the addition of only a small amount of C. |

[0054] In addition, the hard particles according to Exarﬁples 1 to 7 have a lower
hardness than the hard parﬁcles of Comparative Examples 1 and 4. The reason for this is
thdught_to be that the formation of Mo carbide in the hard pélrticles is imped;d due to the
absence of C addition or the addition of only a srﬁall amount of C. _

[6055] Silicon is added to the hard paxfti'clés acc_ordihg to Comparative Exarriple 5

‘and Co is added to the hard particles according to Corhparative Example 6. This is -
'thought toy haye provided the hard particles according to Comparative Examples 5 and 6
with a higher hardness than the hard particles according to ‘E‘xamplés 1 to 7. Based on
this, the,hérd particles according to EXamples 1 td 7 are considered to have a higher
moldability dﬁring compaction than the hard particles accordiﬁg to Comparativé Examples.
[ and 3 to 6. \

| [0056]  In addition, thé hard partiéles according to Examples-1 to 7 have a lower
initial oxidation temperature than the hard particles of Comparative Example 6 and thus |
have an increased oxidizability. The reasons for this are the increased‘ amount of Mo,

* which has a low initial oxidation témpefature (approximately 340°C for a particle size of
80 to 200 .mesh), and the reduced amount of Cr, which has a high initial oxidation
temperature (approximétely 500°C for a particle size of 145 mesh). :

[6057] The hard particles according to Comparativé Example 2 have a lower Mo
content than in Examples 1 to 7, and as a consequence the formation of an Mo oxidation

-film is impeded. The wear resisténce of the sintered alloy ends up being reduced as a
consequence (refer to Cof_rlparati‘ve Examble 9 below).

(Examples 8 to 19)

[0058] A mixed powder was prepared by mixing the following: 15 to 60 mass%
of a powder composed of the hard particles according to Example 2 as described above and
0.2 to 2 mass% graphite powder with the balance being a pure iron powder that will form
the matrix. Specifically, the powder composed of the hard particles, the graphite powder, .

and the pure iron powder were mixed in the proportions shown in FIG. 2 using a mixer to-
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prepare a mixed powder scrvi'ng as a mixed starting material.

[0059]  The mixed powder blended as described above was introduced into a mold
and was compressed at a compression force of 78.4 x 1 Q7»Pa (8 tonf/cmz)'to form a
ring-shaped green compact (test specimen). The green compact was sintered for 60
minutes in an inert atmosphere (nitrogen gas atmosphefe) at 1120°C to form a sintered
alloy (valve seat) corresponding to the test specimen. | |

(Exgmples 20 to 25)

[0060}  Sintered alloys (;/alve seats) Were fabricated proéeeding‘as in Examples 8
to 19. Examples 20 to 25 differed from Examples 8 to 19 mainly on two points.
Exafnpfes 20 to 25 used the hard particles according to Eiamples 1l and 3 to 7. In
.Examples 20 to 25, the sintered alloys were fabricated by mixing the powder composed of
the hard particles, the graphité powder, and the pure iron powder in the broportions shown
in FIG. 2 followed by sintering.

(C_omﬁarative Example 7)

[0061] A sintered alloy (valve seat) was fabﬁcated proceeding as in Examples 8
to 19. Comparative Example 7 differed from Examples 8 to 19 in that it used a powder
composed of therhard particles of Comparative Example 1 (hard particles to which 1.5
mass% C had been added, so as to be outside the range of 0 to 0.5 mass% C) as the hard
particles. |

(Cofnparative Example 8)

[0062] A siﬁtered alloy (valve seat) was fabricated proceeding as in Exaniples 8
to 19. Comparative Example 8 differed from vExamples 8 to 19 in that it used a powder
composed of the hard particles of Comparative Example 3 (hard particles to which 70
mass% Mo had been added, so as to be outside the range of 20 to 60 mass% M(-)). as the
hard particles.

‘(Comparative Example 9)

[0063] - A sintered alloy (valVe seat) was fabricated proceeding as in Examples 8

- to 19.  Comparative Example 9 differeAd from Examples 8 to 19 in that‘ it used a powder

composed of the hard particles of Comparativ‘e Example 2 (hard particies to which 15
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‘mass% Mo had been added, so as to be outside the range of 20 to 60. fnass% Mo) as the
hard particles.. | |

(éomparativé Example 10)

[0064] A sintered alloy (valve seat) was fabricated proceeding as in Examples 8
to 19. The difference from E’xar‘nplles 8 to 19 resided in the use of a powder composéd of
| hérd particles that contained 40 mass% Mo, 0 mass% Mn, and 1.5 mass% C (hard particles
prepared to be outside the range of 3 to 15 mass% Mn) as the hard particles. - Comparativé
Example 10 corresponds to the hard particles shown in the previously described JP

2001-181807 A. | . |
| (Comparative Examples 11 and 12)
- [0065] Sintered alloys y(valve seats) were fabrjcated proceeding as in Examples 8
to 19. The difference from Examples 8 to 19 is that the brqportion of the hard particle
. powder relative to the mixed powder Was set outside 1‘5 to 60 mass% as yshown in FIG. 2.
The proportion of the hard particle powder was 65 mass% in Comparative Example 11,
Awhile'the proportion of ‘the hard particle poWder was 10 mass% in Cémparative Example
12. | .

(Compafative Exémples 13 and 14)

[0066] Sintered all'ofs (valve seats) were fabricated proceeding as in Examples 8
-t0 19. The difference from Examples 8 ‘to 19'is'that the proportion of the graphite powder:

relative to the mixed powder was set outside 0.2 to 2 mass% as shown in FIG. 2. The
propdrtion of the graphite poWder was 0 mass% in Comparative Example 13, while the
pproportion of the graphite powder was 3 mass% in Comparative Example 14. |

(Comparative Examples 15 to 17) | |

[0067]  Sintered alloys (valve seats) were fabricaﬁed proceeding as in Examples 8
to 19. Comparative Exampleé 15 to 17 differed from Examp_leé 8 to 19 by their use of fhe
hard particles according to Comparativ%: Examples 4 tc; 6.

< Tensile testing > | | :

’[0068] Test pieces of the sintered alloys according to Examples 8 to 25 and

Comparative Examples 7 to 17 were fabricated. The tensile strength was measured by
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carrying out tensile testing (20°C‘ condition) on the test pieces in accordance with JIS Z
2241.. These results are given in FIG. 2. |
< Wear test >
| [0069] The wear resistance was evaluated byv carrying out wear testing on the -
sintered alloys _accbrding to Examples 8, 14, 15, aﬁd 20 and Comparative Examples 7, 9,.
and 12 to 17 using a test device in FIG. 3. In this wear test, as shown in FIG. 3, a propane
gas bﬁrner 10 was used as a heat source and a propane gas combustion atmosphere was
established for a Sliding region between a ring-shaped valve seat 12 composed of the
. sintered alloy fabricated as described above and a valve face 14 of a valve 13." The valve
- face 14 had been subjected to a soft‘nitriding treatment to SUH 11. The temperature of
the valve seat 12 was confrolled tc; 250°C, and a load of 176 N (18 kgf) Was applied by a
épring 16 when the valve seat 12 was in contact with t‘he valve face 14. The ;/alve seat 12
~and the valve face 14 weré brought into contact at a raté of 2000 times/minute, and the
wear test was run fér 8 hours. | The results are shown in FIG. 2.
< Hardness test > | |
[0070] | The hardness of the hard particles for the sintered alloys accordiﬁg to
Examples 15 to 1.7, and 25 and Comparative Examples 7, 13, 16, and 17 was measured
using a micro Vickers hardness tester at a measurement load of 0.98 N (0.1kgf).. These
results are given in FIG. 2. B
[Result 2: The amount of addition for each ¢lement] |
- [0071] . The sintéred alloys according to Examples 8 to 25 exhibited higher tensile
- strengths than the sintered alloys according to Comparative Examples 7 and §, which used
hard particles to which large amountsv of Mo or C had been added. The reason for this is
presumed to be that the moldability of .'the greén compact was improved because the hard
particles (har.d‘particles,aécording to Examples 1 to 7) used in the sintered alldys according
to Examples 8 to 25 were softer than the.hard paljticlevs (hard particles according to
~ Comparative Examples 1 and 3) used in the sintered alloys according to Comparative
Examples 7 and 8.

[0072] = The sintered alloy according to Comparative Example 15, which used the



WO 2014/076530 PCT/IB2013/002414

16
hard particles according to Comparative Example 4, had a higher tensile strength than in
Comparative Example 7, which lacked the Ni provided by diff_usion into the matrix of Ni
present in the hard particles.  The sintered alloy accor'ding to Example 16,
notwithstanding its lack of Ni, had almost the same tensile strength as in Comparative
Example 15 . |

[0073] The hard particles according to. Example 2 were useel‘ in the sintered alloys
according to Examples 15 to. 17. The hardness of the hard particles according to Example
2 is higher after sintering. The reason for this is thought to be thét, due to the lvim'itation
‘on the C content _fof the hard particles according to Exémple 2, the carbon from the
graphite powder more easily undergoes solid-solution diffusion into the hard particles
during sinteriné. On the other hand, the hardness of the hard particles is reduced
post-sintering in the case of Comparative Example 7, which used the hard particles of
Comparative Example 1. The reason for this is thought to-be that the 'aforementioned'
phenomenon was almost entirely absent due to the larger C content in the hard particles.
according to Comparatlve Example 1 than in the hard particles accordmg to Examples 1 to
7. .

[0074] The hard particles according to Comparative Example 2 were used in the
sintereci alloy according to Comparative Example 9. The hard particles in -Comparative
- Example 9 had.a lower Mo content than the hard particles of Examples 1 to 7. _This 1s
thought to have resulted in the larger abrasive wear for the sintered alloy according to
Comparative Enample 9 in cornoarison to the sintered alloys according to Examples 1 to 7.

[0075] ~ Based on these results, when C is added to the hard pamcles its content is
preferably not more than 0.5 mass% and more preferably is not more than 0. 4 mass%o.
Moreover, the content of the Mo in the hard particles is preferably 20 to 60 mass% and is
more preferably 22 to 55 mass%.

[0076] Hafd particles not containing Mn were used in the sintered alloy according
to Comparative Example 10. Elemental analysis was performed on the sintered alloys
according to Example 15»and Comparative Example 10. "The diffnsion, of Mn into the

ferrous matrix of the sintered alloy of Example 15 was seen, while the diffusion of Mn into
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the ferrous matrix of the sintered alloy of Comparative Example 10 was not observed.
-Based on these results, it is thought that the tens’ile strength of the sintered alloy is raiséd
because the adhesive strength of the hard .particles for the ferrous matrix could be raised by
the diffusion of the Mn present in the hard particles into .the ferrous matrix during
sintering. _

[Result 3: The proportion of the hard particle péwder]

- [0077)  The pfoportion of the hard particles in the sintered alloy of Comparative
Example. 11'is larger than in Examples 8 to 25. Asa consequence, contacf between the
hard particles_ is increased during compaction and the sinterability between the hard
particles and the iron particles forming the matrix is reduced. This is thought to result in
the reduction in the tensile strength of the sintered alloy éccording to benparative
Example 11.  On the other hand, the proﬁonion of the hard particles for the sintered ‘allby
of Comparative Example 12 is smaller than in Exémples 8 to 25. It can be presumed that
this resulted in an inadequate developmenf of the effect due to the hard. particles on the
wear'res-istance. Giveﬁ the preceding, the proportion of ’the .hard particle powder with -
reference to the mixed powder preferably ranges from 15 to 60 mass% and more préferably |
rangés from 20 to 55 mass%.

[Result 4: The proportion of the graphite powder]

[0078] The sintered alloy according to Compafative Example 13 has an increased
amount of ferrite in the ferrous matrix because the proportjon of graphite powder in this
case is less than in Examples 8 to 25. In the case of the sintered alloy of Comparative
Example 14, the proportion of graphité powder is larger than in Examples 8 to'2'5 and the
C in the hard particles undergoes an increase and some melting occurs. In either case this | _
is thought to have resulted in the decline in the tensile strength of the sintered alloy in
Comparative Examples 13 and 14. Given the preceding, the proportion of the graphite
powder is'reglard'ed as preferably ranging from 0.2 to 2 mass% and more preferably
ranging from 0.5 to 2 mass%.

[Result 5].

[0079]  The sintered alloys according to Comparative Exafnples 16 and 17 contain
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Si and as a consequence have a lower tensile strength than the sintered glloys of Examples
8 to 25.  The adherence of the hard particles is thought to be lower for the sintered alldys
of Comparative Examples .16 and 17 because their hard particleé are‘ha‘rder than for the
sintered alloys according to Examples 8 to 25. It is 'thou‘ght that this resulted in the iarger
amounts of wear for the sintered alloys according to Comparatwe Examples 16 and 17 than
for the sintered alloys of Examples 8, 14, 15 and 20.

[0080] Embodiments of the 1nvent10n have been particularly described in the
p:;eceding; however, the invention is not limited to or by these embodiments.  Various
design variatibns can be carried out. | |

[0081] | " The sintered alloy of the embodiments is well suited for use as the
wastegate valve of a turbocharger or in the valve train (for example, the valve seat or valve
guide) of a compressed hatural gas- or liquefied pétroleum gas-fueled engine, Whic_h are

used in high-temperature environments.
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CLAIMS:

» 1. A hard particle for incorporation in a sintered alloy, consisting.of:
: 20 to 60 mass% Mo;
3 to 15 mass% Mn; and
| the balance consisting of Fe and unavoidable impurities.
2. A hard particle for incorporation in a sintered alloy, consisting of:
| ' ‘20 to 60 mass% Mo;
3 to 15 mass% Mn;
more than 0.01 to 0.5 mass% C; and

the balance consisting of Fe and unavoidable impurities.

3. A wear-resistant iron-based sintered alloy obtained by:
obtaining a mixed powder by mixing, into an iron-based powder thét becomes a
' matrix, a powder composed of the hard particles according to claim 1 or 2 so that the hard
particles are dispersed; and | |
sintering the mixed powder,
wherein the wear-resistant iron-based sintered alloy comprises 15 to 60 mass% of the

hard particles with reference to the wear-resistant iron-based sintered alloy. -

4. A method of producing a Wear—fesistant iron-based sintered alloy, compri;sing:.
obtaining a mixed powder in which an iron-based powdér that becomesl a matrix is
-mixed with 0.2 to 2 mass% graphite pdwder, and 15vt0 60 mass% powder composed of the
‘hard particles according to clairﬁ 1 or 2; |
. compacting the mixed powder; and -
sintering the compacted mixed powder while diffusing a carbon of the graphite

powder into the hard particles.
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MIXING RESULTS OF
HARD PARTICLE | PROPORTIONS IN i
COMPONENTS INDIVIDUAL
: POWDER FOR
(MASS™e)  |5INTERING (MASS%) TESTS
" COMPONENTS | & | (wE
Mo|Mn|Ni|Colcr{ C Si| W | L OF THE = =
o| & SINTERED | = e
=l 2| w ARTICLE B =S8
< IS) = Flex ﬂgi:
a (T Yilz=za
[m) = o. = IO ao
| 2|5 2 55|22
+ £ |0 = E+-
EXAMPLE 8 [40] 6 20 | 79 | 1 |Fe8Mo-1.2MniC | 425]0.12
EXAMPLE 9 40] 6 20 | 785 | 15 |Fe-8Mo-1.2Mn-15C | 460
EXAMPLE 10]40] 6 20 | 78 | 2 |Fe8Mo-1.2Mn2C | 440
EXAMPLE 11]40] 6 30 | 69 | 1 |Fe-12Mo-1.8Mn-1C_| 289
EXAMPLE 12 [40] 6 30 | 685 | 1.5 |Fe-12Mo-1.8Mn-1.5C] 354
EXAMPLE 1340] 6 30 | 68 | 2 |Fe-12Mo-1.8Mn-2C | 340
EXAMPLE 14 [40] 6 40 | 595 | 05 |Fe-16Mo2.4Mn-0.5C| 200 | 0.1
EXAMPLE 15]40] 6 20 | 59 | 1 |Fe-16Mo2.4Mn-1C | 230(0.08] 890
EXAMPLE 16]40] 6 20 | 585 | 15 |Fe-16Mo-2.4Mn-1.5C| 262 820
EXAMPLE 17 [40( 6 20 | 58 | 2 |Fe-16Mo2.4Mn-2C | 250 620
EXAMPLE 18 [40] 6 55 | 445 | 0.5 |Fe22Mo-3.3Mn-0.5C| 185
EXAMPLE 19]40] 6 55 | 44 | 1 |Fe22Mo3.3Mn-1C | 200
EXAMPLE 20]22] 6 20 | 585 | 1.5 |Fe-8.8Mo-2.4Mn-150] 350|015
EXAMPLE 2155 6 20 | 585 | 15 |Fe-22Mo-2.4Mn-1.5C| 210
EXAMPLE 22 [40( 3 40 | 585 | 15 |Fe-16Mo-2.4Mn-15C| 250
EXAMPLE 234012 40 | 585 | 15 |Fe-16Mo-4.8Mn-1.5C| 265
EXAMPLE 24140] 6 04] | 40 | 585 | 1.5 |Fe-16Mo2.4Mn1.7C| 245
EXAMPLE 25 |40] 6 002 | 40 | 585 | 1.5 |Fe-16Mo-2.4Mn-1.5C| 262 823
COMPARATIVE
PARATIVE 401 6 150 | 40 | 594 | 06 [Fe-16Mo-2.4Mn-1.2C| 170{0.15| 960
COMPARATIVE 70| 6 40 | 59 | 1 |Fe-28Mo-2.4Mn-1C | 150
COMPRRATIVE 15 6 40 | 59 | 1 |Fe-BMo-24Mn-1C | 400| 02
COMP AR EL40 15\ | 40 | 59 | 1 |Fe-16Mo-1C 120
COMPARATVEl40| 6 65 | 34 | 1 [Fe26Mo-2.7Mn-1C | 90
M N WEl40] 6 10 | 89 | 1 |Fe-dMo-0.6Mn-1C | 4500.25
O R 140 6 40 | 60 | 0 |Fe-16Mo-24Mn {125 0.2 {930
COMPARATIVEL10| 6 40 | 57 | 3 |Fe-16Mo-2.4Mn-3C | 180
PARAT T6Vod BN~
N e\ Flaol 6 12| | {15] | 40 | 594 | 06 [pGIOMOAON- o6y | o
COMPARATIVE 63 11| 40 | 594 | 06 85 | 0.3 1050
COUPREATIElo8]  lo3j60| 90.072 40 | 594 | 06 160 0.8 850
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