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continuous metallic matrix and which 1is capable of

imparting, to the sintered products, a low coefficient of
friction allied to high mechanical strength and high
20 hardness of the sintered piece or product. The invention
refers to said metallurgical composition for forming the
self-lubricating composite product (pieces), by
sintering, from said composition, as well as to the
specific alternative techniques or processes for
25 obtaining said pieces or products by powder metallurgy.

Background of the Invention

In mechanical engineering, there is an increasing search
to obtain materials for applications which require
properties, such as high mechanical strength and high
30 wear strength allied to a low coefficient of friction.
Nowadays, wear and corrosion problems jointly represent
losses from 2% to 5% of World GDP; about 35% of the whole
mechanical energy produced in the planet is lost due to
lubrication deficiency and is converted in heat by
35 friction. Apart from the energy loss, the generated heat
impairs the performance of the mechanical system due to

heating. Thus, maintaining a low coefficient of friction



The manner being used to reduce wear and friction between surfaces in
relati ve novenent is to nmaintain these surfaces separated, interleaving a
| ubricating |ayer therebetween. Anong possible lubricating ways, the 10
hydrodynam c (fluid lubricants) is the nost used. In the hydrodynam c

| ubrication there is formed an oil fil“m which separates conpletely the
surfaces in relative novenent. However, it should be pointed out that the
use of fluid lubricants is usually problematic, as in 15 applications at
very high or very |low tenperatures, in applications in which the fluid

| ubricant may chemcally react and when the fluid |ubricant may act as a
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cohtaminant. Besides, in situations of limit lubrication
resulting from cycle stops, or in situations in which it
20 is impossible to form a continuous oil film, there occurs
contact between the pieces, consequently causing wear to
the latter.
The dry lubrication, that is, the one using solid
lubricants, is an alternative to the traditional
25 lubrication, since it acts by the presence of a
lubricating layer, which prevents the contact between the
component surfaces but without presenting rupture of the
formed layer.
The solid lubricants have been well accepted in
30 problematic lubrication areas. They can be used at
extreme temperatures, under high-load conditions and in a
chemically reactive environment, where conventional
lubricaﬁts cannot be used. Moreover, dry lubrication
(solid lubricants) is an environmentally cleaner
35 alternative.
The solid lubricant may be applied to the components of a
tribological pair, in the form of films (or layers) that



Thus, a nore adequate solution which allows increasing the lifetime of the
material, that is, of the conponents, is to incorporate the solid |ubricant
into the volune of 15 the material constitutive of the conponent, so as to
formthe structure of the conponent in a conposite material of |ow
coefficient of friction. This is poss?ble t hrough the technol ogy of
processing materials from powders, that is, by the conformation of a powder
m xture by conpaction, 20 including pressing, rolling, extrusion and
others, or also by injection nolding, followed by sintering, in order to
obtain a continuous conposite material, usually already in the final
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10 difficulty in replacing the lubricant, as well as the
oxidation and degradation of the latter.
Thus, a more adequate solution which allows increasing
the lifetime of the material, that is, of the components,
is to incorporate the solid lubricant into the volume of
15 the material constitutive of the component, so as to form
the structure of the component in a composite material of
low coefficient of friction. This is possible through the
technology of processing materials from powders, that is,
by the conformation of a powder mixture by compaction,
20 including pressing, rolling, extrusion and others, or
also by injection molding, followed by sintering, in
order to obtain a continuous composite material, usually
already in the final geometry and dimensions (finished
product) or in geometry and dimensions close to the final
25 ones (semi-finished product).
Self-lubricating mechanical components (powder metallurgy
products) presenting low coefficient of friction, such as
sintered self-lubricating bushings, produced by powder
metallurgy from composite materials and comprising a
30 particulate precursor which forms the structural matrix
of the piece, and a particulate solid lubricant to be
incorporated into the structural matrix of the piece,
have been used in diverse household appliances and small
equipment, such as: printers, electric shavers, drills,
35 blenders, and the like. Most of the already well-known
prior art solutions for the structural matrix use bronze,

copper, silver, and pure iron. There are used as solid



4 |ubricants: nol ybdenum di sul fide (MS2), silver (Ag),

pol ytetrafl uoroet hyl ene (PTFE) and nol ybdenum di sel eni de (MoSe2). This type

of self-lubricating bushing, mainly with bronze and copper matrix

containing, as solid 5 |ubricant parti,cles, graphite powder, selenium and

nol ybdenum di sul fide and | ow nelting point nmetals, has been produced and

used for decades in several engineering applications. However, these pieces

do not present high nmechanical 10 strength, as a function of its high

vol unetric content (from25%to 40% of solid lubricant particles, which

results in a |ow degree of continuity of the matrix phase, which is the
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composite materlal were not optimized. The high
volumetric percentage of solid lubricant, which has an
intrinsic low strength to shearing, does not contribute
25 to the mechanical strength of the metallic matrix.
Moreover, the low hardness of the metallic matrix allows
a gradual obstruction of the solid lubricant particles to
occur on the contact surface of the sintered material or
product. Thus, in order to maintain a sufficiently Ilow
30 coefficient of friction, there has been traditionally
used a high volumetric percentage of solid lubricant in
the composition of dry self-lubricating composite
materials.
A partially differentiated and more developed scenario,
35 as compared with that previously described, is disclosed
in US6890368A, which  proposes a self-lubricating

composite material to be used at temperatures in the



consol idation of a powder m xture sinultaneously 15 presenting the
structural matrix powders and the solid-lubricant powders, such as for
exanpl e, hexagonal boron nitride and graphite, have | ow nechanical strength
and structural fragility after sintering. The deficiency cited above
results fromthe i nadequate 20 dlspersﬁon by shearing, of the solid

| ubricant 20 phase between the powder particles of the structural matrix
10, fromthe condition illustrated in figure 1A of the encl osed draw ngs,
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25 A sinifar SiTTETOA t 07t hat ~descri above occurs u
between the powder particles of the structur l matrlx 10,
from the condition illustrated in figure 1A of the
enclosed drawings, to the condition illustrated in figure
1B, during the steps of mixing and conforming
25 (densification) the pieces or products to be produced.
The solid lubricant 20 spreads, by shearing, between the
particles of the structural matrix 10 phase, and tends to
surround said particles during the mixing and conforming
steps, such as by compaction, by powder pressing, powder
30 rolling, powder extrusion, as well as by powder injection
molding, which steps submit said solid lubricant to
stresses which surpass its low shearing stress, as
schematically illustrated in figure 1B of the enclosed
drawings.
35 On the other hand, the presence of the solid-lubricant
layer between the -particles (of the powder) of the
structural matrix, in the case of a solid lubricant that
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since the solid lubricant phase disappears by dissolution

in the matrix. In the case of a solid lubricant that 1is
insoluble in the structural matrix, such as the hexagonal
boron nitride, the layer 21 formed by shearing (see
figure 1B) impairs the formation of metallic contacts
between these particles which form the structural matrix
10 of the composite during the sintering:; this
contributes to a reduction of the degree of continuity of
the structural matrix 10 phase of the composite material,
structurally fragilizing the material and the obtained
products.

Due to the 1limitations mentioned above, a technical
solution becomes necessary both - to prevent the
solubilization of the 1lubricants when soluble in the
structural matrix and to regroup the non-soluble solid
lubricant dispersed in the form of a layer 21 in the
steps of mechanically homogenizing and of conforming
(densification) the particulate material mixture, in
discrete particles during the sintering.

A similar situation to that described above occurs upon
mixing non-soluble solid lubricant particles with the
structural matrix particles of the composite material,
the solid lubricant 20 having a particle size much
smaller than that of the particles of the material which
forms the structural matrix 10 of the composite (see
figure 2B of the enclosed drawings). In this case, the
much finer particles of the solid lubricant 20 tend to
form a relatively continuous layer 21 between the
metallic powder particles of the structural matrix 10,
even with no shearing stresses during the processing
steps previous to the sintering. The almost continuous

layer 21 of fine particulate material of the solid



10 micro-structural elenent of the conposition that confers nechani cal
strength to the conposite material to be forned, the higher the degree of
continuity of the metallic matrix of said conposite, the higher will be the
mechani cal strength of the sintered article or piece 15 produced with the
material. In order to maintain the high degree of continuity of the
metallic structural matrix of the dry self-lubricating sintered conposite
material, it is necessary, besides a |low porosity, a |ow volunetric
percentage of the solid |ubricant phase, since said solid 20 |ubricant does
not contribute to the nechanical strength of the material and,
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graphite causes an undesire eactjon of the . t:h. .t i 20
during t e sitbaricagt feiPSFn P8%8P3¥ﬁ%%t%b%%e&%§gc%%%%ﬁ& %t‘%%%i“e‘ce with
reduced or nefsahk- habertal i and praopaagpensilicedphe W‘bl‘é’r&rm%b’stte &P the
carbon of the %g@hgﬁiegﬁsgt@rér;@tqpeﬂameagiatéeéaob]tcumrdusant, forming iron
carbide. 25 Sald document U86890368e£2%e€9entst% ﬁgwgiogl {80 & Mgk al

provi ded to fig\eRedoret aFPPES nht 13 X i°F ®hi¢h, 1R order to prevent the

i nteraction afo t heeseht d thebr schwe] Lideftiimad b tiHe glaphiceNtsi tHhethe
particl es%@‘ Jheher naus st puetukabndBt i ¥eghbup St oxo it Tie-idrpr evi ous
coating of the graphite particles (¥VI th a rrgt al V‘hisChbfd%éé}geﬁiQ%ﬂi gh
sintering tenfeiure, shedrtides (W BhssPBi I TSP 0f Ointeraction of
coat ed graphid@natienhizthg fendousstioustingal (densification) of  the

mixture, resulted in a distribution in the form of layers
21 in the volume of the material, impairing the sintering
30 and the degree of continuity of the structural matrix 10
of the composite. The solid lubricant 20 should be

t he

dispersed in the volume of the composite material in the
form of discrete particles uniformly distributed, that
is, with an average free path “A” which 1is regular
35 between the particles of the metallic structural matrix
10 (see figure 3). This allows promoting greater

lubrication efficiency and, at the same time, a higher



Wil e the solution suggested in US6890368 sol ves the 35 probl em of |oss of
the graphite solid lubricant during sintering of the piece by coating the
graphite, said coating prevents the graphite fromspreading to forma 9

| ayer on the work surface of the pieces when in service (when frictioned in
rel ative novenent), reducing the suppl8y of solid lubricant and thus naking
the lubrication |l ess efficient. Besides, solely coating the graphite does 5
not solve the fragility problemof the netallic matrix when the solid

| ubri cant contai ns hexagonal boron nitride, which can, by shearing,
generate a filmbetween the matrix particles during the steps of nechani cal
m xing in nihggrggd cgfﬁcwdgﬁﬂﬂwml&Qensbficatm@n) .colfp@sifef r agatriy, pr obl em
of the sintere i ece, due hearln f, e ulr exagonal
boron nitri d&%3F nﬁ%?l%ﬁséus g tn'Sar g %ﬁf%grsﬁglggghngﬁiQQg%tﬁ%tgh this
document conim@ensath@gconwawpﬁéﬁeamfﬁﬁ%ﬁ%ﬁ%neFPﬁﬁe%S SHEiBE t hb Possi bl e

t echni ques f%ﬁn@@k§h@9 dde pigaetedlinbeigurd e ed containing said solid

| ubri cant of | ow sheari.ng stress,. t efd g es -aenLioned
above, saild JPEpHTIREIACRG 1% |or(1]r h%é %tel}%tgoséeq%g%g §ﬁnch%n of the
mat eri al s enplooypediteas @rlhitChe DrEsE NG pﬁffevFB%sm'EGeﬁé?%I Gozat9gh tPeat ment

of this solidgybLi capt. Mpueover e1bhentlikbx byp&errgeserdloysused until
recently for nan facturi iece .o S eIglhgb@hgggbggtconp05|te
nmaterials, tBP%@%ﬁﬁy ﬁ@vﬁargne Iaﬁ%@%%sé%% %osprevent Rartlcles
of the sol|drhwbﬂmcantaZSepﬁaéébe©ﬂ¢%Rﬁr@ﬂm%ﬁﬁ%ﬂ)FQﬂﬁﬂéﬁéﬁ mﬁ§ef 8lmatrix
phase, dug t QiRas! infatPi& erﬁ%ordmt lkién Salesed vey vt herdeehdnifcalgifier ces to

{ri bol ayer DRhELER! FdoPEbTT SRR Sir 4018 o LoV et It aee o the 30
pi ece. desired one, due to the solubilization of the carbon by

the iron matrix.

At the high sintering temperatures (superior to 723°C),

15 the chemical element carbon of the graphite is
solubilized in the cubic structure of centered faces of
the iron (gamma iron) or of the austenitic ferrous alloy.
Thus, the use of a solid lubricant containing graphite
causes an undesired reaction of the carbon with the iron,

20 during the sintering, from temperatures above 723°C,
producing a piece with reduced or no self-lubricating
property, since the whole or most of the carbon of the
graphite ceases to operate as a solid lubricant, forming
iron carbide.

25 Said document US6890368 presents a solution for a
material provided to form a metallic matrix and in which,
in order to prevent the interaction of the solid
lubricant, defined by the graphite, with the particles of
the ferrous structural matrix, it 1is provided the

30 previous coating of the graphite particles with a metal
which, during the high sintering temperatures, minimizes
the possibility of interaction of the coated graphite
with the ferrous structural matrix.

While the solution suggested in US6890368 solves the

35 problem of loss of the graphite solid lubricant during
sintering of the piece by coating the graphite, said
coating prevents the graphite from spreading to form a



The netallic matrix of the material is required to be highly resistant to
plastic deformation, in order to operate not only as a nechanical support
with the necessary |load capacity, but also to prevent the solid 35

| ubricant particles frombeing covered by plastic deformation of the
structural matrix, upon operation of the pi eces (when frictioned in

rel ative novenent), 10 preventing the solid lubricant fromspreading in
the interface where the rel ati ve novenent occurs between the pieces.
Summary of the Invention 5 It is, therefore, an object of the present
invention to provide a nmetallurgical conposition of conposite materi al
formed by a meyakl b sheusbukakupmBicé Xoanthdypaecennmeten | it sefvitd ubri cant

and which is a equat e faor _the n of
(denS|f|cat|dH % gﬁoﬁfgrlgg g%%%%#f%nsggvgﬁéﬁé eréggntggglpgu?flnlshed

and seni -fi nisshedy, O%r%ﬁ#ﬂﬁth?r&CPBR/%B%f??%ﬁ(ﬁﬂ Sl FPlC%ﬁBﬁl%ﬁq% to high
mechani cal steeRgthr kit gBrandeessolély i sodtikenitde gmapbhjieetdedst he

present i vent'on 0_pr heal
mat eri al ﬁuFacturc¥%é%lz§E§e %gﬂ,%ﬁlonfg?%?h&éQQ%ﬁﬁ C?%E?%%%? and
sintering op@hanloﬁ§e oﬁoéﬂﬁte rhEaltct §OPERERS ash g?%%ﬂ“ VROEHY whi ch

doef not requiikeilbe @REM Odten t Neatdmsr iofy, t@enpaatecalénémsbétme¢mbr|cant
cont ai ni ng car, boq%%%$g:r|%rtl ?ggtngngggphkhg gﬂg&saggllﬁgcggngcgp mat ri x

based on iroff"5r us a even 1 f said matrj x, al t
di ssol uti on ofixihe car boali® reenfQpRateigh edf ﬁﬁsi%ﬁﬁﬁFé¥§resF €
Lf{égeerQieQ&aeilihﬁ PESSEA ¢ MVaY | Himtiexreldo pikoe), deua tonpbsatring such as
above a solléari borlec%snltl %fzﬁegggé‘ﬁgf%@ﬁorl QWG98k, is not
discussed in said prior US document, although this
document considers the compaction and pre-sintering as
one of the possible techniques for molding the piece to
15 be sintered containing said solid lubricant of low
shearing stress.
Apart from the deficiencies mentioned above, said
graphite coating solution has a high cost, as a function
of the materials employed and of the need of previous
20 metallization treatment of this solid lubricant.
Moreover, the matrix types, generally used until recently
for manufacturing pieces or products in self~lubricating
composite materials, do not present the hardness
necessary to prevent the particles of the solid lubricant
25 phase from being rapidly covered, by the matrix phase,
due to plastic micro-deformation caused by the mechanical
forces to which the work surface of the piece is
submitted, impairing maintaining a tribolayer by the
solid 1lubricant spreading on said work surface of the
30 piece.
The metallic matrix of the material is required to be
highly resistant to plastic deformation, in order to
operate not only as a mechanical support with the
necessary load capacity, but also to prevent the solid
35 lubricant particles from being covered by plastic
deformation of the structural matrix, upon operation of

the pieces (when frictioned in relative movement) ,



It is also an object of the present

obtained froma conformation, by conpaction via pressing, rolling,

extrusion and others or by injection nolding, followed by sintering
30 conposition defined above, and which presents a high degree of ’
continuity of the netallic structural *%atrix, a | ow coefficient of friction

and a hi gh nechani cal

exanpl e,

further object of the present

graphite, hexagonal boron nitride or a m xture 35 of both.

sintered products, by 11 means of conformation (densification) and
sintering, antdesmeinthngvoilds shéidecdinficansyi buehy sprepdingg Y'hetparticl es

gIrLQ?USgrp03$$ééy}aggeghekg ehdekel 9t AR SR dthe iits meitiigeaf thbe

mechani cal sﬁﬂéﬁﬁ?h of the obtained product. In a first aspect of the
i nvertinedaxryt b€ obgethwention

pr esent
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It is, therefore, an object of the present invention to
provide a metallurgical composition of composite material
formed by a metallic structural matrix and by a non-
metallic solid lubricant and which is adequate for the
manufacture, by means of conforming (densification) and
sintering operations, of sintered products {finished and
semi-finished), presenting a low coefficient of friction
allied to high mechanical strength and high hardness.

Tt is likewise an object of- the present invention to
provide a metallurgical composition of composite material
for manufacturing, by means of conforming {densification)
and sintering operations, of sintered products, such as
cited above and which does not require the previous
treatment of the particulate solid lubricant containing
carbon, that is, from the graphite, when applied to a
matrix based on iron or on ferrous alloy, even if said
matrix allows the dissolution of the carbon to occur at
the sintering temperatures.

A further object of the present invention is to provide a
composition such as cited above and which can be easily
obtained at low cost.

It is also an object of the present invention to provide
a sintered proddct obtained from a conformation, by
compaction via pressing, rolling, extrusion and others or
by injection molding, followed by sintering, of the
composition defined above, and which presents a high
degree of continuity of the metallic structural matrix, a
low coefficient of friction and a high mechanical
strength, by using a solid lubricant comprising, for
example, graphite, hexagonal boron nitride or a mixture
of both.

It is a further object of the present invention to

provide a process for obtaining sintered products, by

i nvention to provide a sintered product

of the

strength, by using a solid lubricant conprising,

It

for
is a

i nvention to provide a process for obtaining

the desired 5 val ues of coefficient of friction and



cited above are attained through a netallurgical conmposition of conposite
material for the manufacture of 10 self-lubricating sintered conposite
products, previously conforned by one of the operations of conpacting and
i njection nolding said conposition which conprises a mxture of: a
particulate material which defines aImetallic structural matrix; a
particul ate material which 15 defines a solid |ubricant subjected to
shearing and to the formation of a layer on the particles of the material
which forns the netallic structural matrix, upon the nechani cal
honogeni zati on of the m xture of the conponents or upon the conformation

(densificatigp)naf 420 c%h%oEHQPP&U | @hOf £ e icanPesit einateiha) ; aaad at
| east one particulate material deflﬂ é# :&artlculate QI 8¥1
|

(chenical el éfést) e¥paBfe bRef PHF Juid Piade Hir ﬁhe S|nter|ng,
by reacting wuﬁhlthesnafrtheotom¢mstbmp03ﬁﬁ@ meheOrger &PISMPﬁ@nFﬁereverse

during 25 theth%' Ukl ggltlyh%fa%@r %%rQbﬁhE!aDUfnh@me ametam udshubal cant
pr esent in the formao ayer

h
i nterdiffusi OR18EStRE EBFHOHERY 6F5Fﬁgu§é?glgﬁ ‘%hﬁﬁk ure an gtRy

spreadi ng overf tthe pattinéedspmfdudie matri x naterlal that 30 are present in

the material eiaggflfx%f ”%ds pRBNQIe AlRS DRlaeeen iheseipalt tﬁbe%b@@dtbhe
adhered soli ri cant

ayer, renpvij % sa%g SO|Id Iub%{ cany gcgﬁovoklng
t he aggl oner &iit6A ofeRIYE so@?% | BbFF EATE 6P et & pditicre i'Spersed in
t he vol une ofcdrdpesﬁraﬁbnXOfratempca$;téﬁnmdmlng‘-qrhéf@omalnﬁélapyué? Rat eri al
of the pajdi deag qlnthe.BBId 1 Xy phaRe: At dihe didterisng pravianetier

aspect of present 1 nvention, rovi ded. a

i s
conposi tion W“@Gﬁﬁ‘égl ¥ n@Per i | t’F%r Wéaﬁéﬂf]?acot ur 8om a%ﬁé%r &8%r oduct s
from a conponenjecthah isopting ousllyl corripysied qrde b fhedjoni i isashe @

conposi tion ¢ef ageve an Ch1GRRPT e rdad m%iéﬁedﬁflr@spabtl cul ate
mat eri al Wh|%ﬁ“§%?§ne§9a netg?¥p%Lstructural ﬁatrl Qsi ewhlcklx) and

a partlcuIatémﬁ@ﬂéﬂFaﬁtﬁHFEHrﬂ%fPﬁ%%l%.s%l?%F?iﬁﬁ% fm%uxj€Ct to Teaction
with the particiihatke areseridl 1afridmntmesabeatest riuet aha&rmraxd &P t he

sintering te r‘%‘o‘ffngg %Q gt §ai£; rotn! (‘tlthleabgr@&%s abt @ rafrdraast one
e

partlculate eria I'ning an a nBonent whi h stablllze t he al pha
phase of the Wity i PTBY ﬂ%@*n@?%ﬁ%?HZSFFﬁ Ehraf! n§?r?%x(cd#%05| @ mat ri x)
in said sinteiddm@gntieaper diame@genization of the mixture of the

components or upon the conformation (densification) of
20 the composition of the composite material; and at least
one particulate material defining a particulate alloy
element (chemical element) capable of forming a liquid
phase during the sintering, by reacting with the matrix
of the composite material, allowing to reverse, during
25 the sintering, the adverse distribution of the solid
lubricant present in the form of a layer.
The liquid phase, which is formed by interdiffusion of
the components of the particulate mixture and upon
spreading over the particles of the matrix material that
30 are present in the material being formed, penetrates
between these particles and the adhered solid lubricant
layer, removing said solid lubricant and provoking the
agglomeration of the solid lubricant in discrete
particles dispersed in the volume of the matrix material,
35 allowing the continuity of material of the particles of
the matrix phase during the sintering.

In another aspect of the present invention, it is



15 I n anot her aspect of the present invention, the objects above are

achi eved through a sintered product conprising a netallic structural matrix
obt ai ned by any of the previous conpositions and presenting di spersion of
di screte particles of solid lubricant, the netallic 20 structural matrix
bei ng conti nuous and presenting an amb@nt of solid Iubricant equal to that
contained in said netallurgical conposition used for the product formation.
I n anot her aspect of the present invention, the objects above are achi eved
t hrough a process for obtaining a 25 sintered product fromthe

met al | urgi cal conposition defined above and presenting dispersion of solid
| ubri cant parpiclierd said peoebbsrgirglr i sCoPPe et strepsodf : cempRistifAg, in

pr edet er ni ned, hties, the Rattifulate orabentaksa Whiddudef iment he

met al | urgi cal 30 conposition and carrying out_the ho eni_zat.i on,. . for
exanpl e nechaFfRANSR tartdatn %frﬁ???%ﬁ@é%% PESFEGEd; | S%Fﬁglgghfg?ﬁ%tion
(densi fi cati othe ofcompesbbi e nebt fiinetur apoveapand nghiohsgeprbasas eat he

shape of the pr t QLeCﬁ) ﬁg&gg%&ﬂé%%erﬁgtegmglc-wﬁidﬁ(ﬂddﬂlnbge gre- 35
conpacted material . en the conformation, of thethetangrgicalI&pngosition,
previous to tFEildcer FREUCHE Tar FREGLBut (B RSG T Tsi BR-6r™ 13 BY i Aj ecti on
nol di ng, it igameeedsaey haténicdludehinhsalef owmpogi t sohidn lovgasieetbi nder

to provide flyididy 49 the ¢oBROFEELOPLEUBL PG &t GO{AemabloB sphase. The
sel f-lubricating conposite nmaterial obtaine h resent_ i nvention

) wth the 5
can be used f%ﬁt%ﬁiﬁﬁfé&FHFFHﬁa%dﬁﬁﬂﬁéht?tofgﬁiaﬁnﬁﬁﬁﬁ%%ié%ﬁp%ﬁﬁggﬁﬁﬁh, t hat
is, for moufaeet ushbg npehkancadbteonpenenisl: suehdas adear $eaptni ons,
crowns, forks Liver j n d,;:6eNNECt LAY 0dSnbehe BOMUHESHO! S,
pagfr}ﬂyc%?la\eelgnaﬁﬁfaq Sa¥Gh 1GNNS oy mbOhefON

etc., and not y for y self-lubricating gus ngs..The ml t aneous
hi gh mechani cettakidd zesi bsh8gi HPPHeBGSFanld r E8EI t™F ?ﬁﬁ?%e‘%%pli@ation of
a series of specifiie reghicaneit smaetat ed coopphétaeateirical properidi es of

the matrix anqh%gﬂﬁg qgﬁégigggﬂgiyral 15 paraneters designed for the
material of thHe conpasi ti1on, e

are the fol] ow ng: hang%fsigan
mechani cal 5 st FengReERAr t3wPardt 9k, the R &iff avENSge Fee PP REen t he
solid | ubri casoparddec|amidivegertaedugh theinbéred; pueduee ofmpominguity of
the matrix; volygebhh¢oPeraanhage 0inl: 5ol idebiRohCasy Baytisk eqrdi spersed
mat ri'x;” an

in the struct%rgf I relative stability between the solid .
| ubri cant phaeeeERES hecRRASLEIOBE| effMBes RUSASTEANG (HEPSFEM Rgs °F  The
i nvention wildidheddescipabedches ovof widdl iref auerdeaho, 25thde rexid ldsed

aL?SL?gS’ZgiV§¥E$g@J¥%& O%a@%fﬁ“”ﬁ%fﬁé epBodi JROLS Qﬁmﬁhﬁrgg¥§@£ﬁ§”1d%nd in

amount of solid lubricant equal to that contained in said
metallurgical composition used for the product formation.
In another aspect of the present invention, the objects
above are achieved through a process for obtaining a

25 sintered product from the metallurgical composition
defined above and presenting dispersion of solid
lubricant particles, said process comprising the steps
of: a- mixing, in predetermined quantities, the
particulate materials which define the metallurgical

30 composition and carrying out the homogenization, for
example mechanically and in a mill/mixer; b- providing
the conformation (densification) of the obtained mixture,
imparting to said mixture the shape of the product
(piece) to be sintered; and c¢- sintering the pre-

35 compacted material.
When the conformation of the metallurgical composition,

previous to the sintering, is carried out by extrusion oxr



Figure | A schematically represents a portion of the mcro-structure of the
prior art conposition of particulate material, conprising a structural
matrix and 30 a solid |ubricant containing hexagonal boron nitride and/or
graphite, before submtted to the operations of nechanically honogeni zi ng
the mixture of the particulate materilads and of conforming (densification)
the piece, before sintering; 35 Figure 1Bis simlar to figure 1A but
illustrating the mcro-structure of the sane prior art conposition of
particul ate material, after having been honogeni zed and 14 conformed, with
the formation of a solid lubricant |ayer between the particles of the
structural magriixgeEt gun em@Ad siedienid i icallecassprgsént Snalpdet fonsatdt he

m cro-structure of .the c i1]0 r_m Hhe eduparticubatgemateri al
of the netal Icﬁoglp(s)ﬁl%%%ﬂr a’{;rp(?rgéfzsrélx& Bv)\ﬁntc{?r;(%gr %%ar?fgﬁfjgl fgf theyparti cul at e
solid | ubri caempRalt hgn adpaiig dhe SPRECEPATIAR RR4RE 'same nagni t ude or der)
to that of theecnmebakligosicatcinyg alompakt i, méayora hophited ngglgreshofhe
continuity. of the |atter; i gu 2B,.sch j ca I eRIRSARES ran

m cro- st ruct BFE S8t | olnnv(ﬁnjtgﬁg coér%z)si %??onelggfaédt he%grt?%trj{;at.e material of
the structur slompepenks @k hhigk dBGhePAGHEL c3nt® mgBaFtidi‘e §P%e much
snal | er t han pizhatraet ut heg Nehathagi st uctampminemity | X susher ey mwaekst i ner

particles of the 15 solid |ubric en o formad el abiyelys coghynuous
| ayer bet \Aeer?lflﬁé’nﬁarticcﬁoewsn%df tﬁgéﬁéet a?ﬂhc struct ural alt)malt)ri x. eyen in the

absence of stusmnienyisgr 6996s fQlr CRFPERESPFDce8EFny LPepROpr 801 8ud®fo
sinteringio Figguy @e3 rschprataeatd ousdangsthe solid lubricant in the 20 form

of discrete rticles uniformy djstri i {h anpegul @ Avwefiage free
path "X' therélfet mijelﬁ?f%anneé’up@ortQ%% of Rtgkggrﬁ%_cr o-,st?trjﬂcfteure of \,()t%ﬁe
conposi ti on afenfarrpogbatrestatediram e RPRESEACT nti SREIBPgfe 4
represents a di<didtie of rbhei Remdrst r uellatedof 25 t hehsel frdaimicati ng

sintered product whose structural trix is &, fegrous; &ldavw rgMdenci ng the
graphi te and Hr8PEGSAE° b%gr Q(r?hr?i t??{c}’gl}{oaéfl?clg% and_the pr ovision of the

i qui d phiSe piispetesd desibeepafer ctihatBahetert f of ¢ EPRIUH T al matri x
during the siy{#&H RGe the following: hardness and mechanical strength

of the matrix, size and average free path between the

solid lubricant particles dispersed in the matrix; degree

of continuity of the matrix; volumetric percentage of
20 solid lubricant particles dispersed in the structural

matrix; and relative stability ©between the solid

lubricant phase ‘and the matrix.

Brief Description of the Drawings

The invention will be described below, with reference to

25 the enclosed drawings, given by way of example of
embodiments of the invention and in which:
Figure 1A schematically represents a portion of the
micro-structure of the prior art composition of
particulate material, comprising a structural matrix and

30 a solid lubricant containing hexagonal boron nitride
and/or graphite, before submitted to the operations of
mechanically homogenizing the mixture of the particulate
materials and of conforming (densification) the piece,
before sintering:;

35 Figure 1B is similar to figure 1A, but illustrating the
micro-structure of the same prior art composition of

particulate material, after having been homogenized and



30 Figure 5 schematically represents in a sinplified diagram an exanple of
conpaction in the formation of a piece or product to be posteriorly
sintered, said conpaction being made so as to provide a self-lubricating

| ayer in two opposite faces of the product to be 35 sintered; Figures 6A,
6B and 6C represent exanples of produtts whose conformation is obtained by
conpaction carried out 15 by extrusion, respectively, of a bar in a

sel f-lubricating conposite nmaterial, of a tube in a self-lubricating
conposite material, and of a bar with a core in netallic alloy coated with
an outer |ayer of self- 5 [ubricating naterial; and Figure 7 schematically
represents, idbrFosimenl i fviied thesféfmatrbﬂnnﬁﬂdispkﬂd(%pbﬂmﬁg@ﬁiQ?W@n of the

nvent ion Ag gl ready,pr eyl ous] s MENtONS-u00e. o1 ddigrioi ects of the

i nvention o "provi met al osition 15 of part ate
material s, whiigwreanZbe $ﬁﬁﬁﬁﬁ§ﬂ9ﬁ£§ﬁy ﬁ?&@%BﬁHESCSnfBPHEHO dét SI# &d) by
conpaction (FMlQaS:%I—@@ruEehkda Nghf exheuscamposdrtiby i of ectikonraolef ngheso t hat
it may assume a defi

n
oper at i on, Iﬁ>ogﬁgule qggg%&éi &ghﬁ%ﬁg ﬁ%ﬁé%ifgﬂgﬂﬁﬁd%érhq Guatifiker i ng
with the material of the particulate solid lubricant

having a particle size similar (the same magnitude order)
to that of the metallic structural matrix, favoring the
degree of continuity of the latter;

10 Figure 2B schematically represents a micro-structure
portion of the composition of the particulate material of
the structural matrix, with the solid lubricant having
particle size much smaller than that of the metallic
structural matrix, whereby much finer particles of the

15 solid lubricant tend to form a relatively continuous
layer between the particles of the metallic structural
matrix, even in the absence of shearing stresses during
the processing steps previous to sintering;

Figure 3 schematically shows the solid lubricant in the

20 form of discrete particles uniformly distributed, with a
regular average free path “A” therebetween, in a portion
of the micro-structure of the composition of particulate
material of the present invention;

Figure 4 represents a picture of the micro-structure of

25 the self-lubricating sintered product whose structural
matrix is a ferrous alloy, evidencing the graphite and
hexagonal boron nitride particles and the provision of
the liguid phase dispersed in the particulate material of
the structural matrix during the sintering.

30 Figure 5 schematically represents in a simplified
diagram, an example of compaction in the formation of a
piece or product to Dbe posteriorly sintered, said
compaction being made so as to provide a self-lubricating
layer in two opposite faces of the product to be

35 sintered;

Figures 6A, 6B and 6C represent examples of products

whose conformation is obtained by compaction carried out



20 presents high hardness, nechanical strength and reduced coefficient of
friction in relation to the products obtained by the prior art teachings.
The present netal |l urgical conposition conprises a main particulate netallic
mat erial which is preponderant in the gornation 25 of the conposition, and
at | east one particul ate hardening al y element, these conponents being
responsible for the formation of a structural matrix 10 in the conposite
product to be sintered. According to the invention, the main particulate
metallic 30 material is usually iron or nickel, defining a ferrous
structural matrix or a nickel-based structural matrix. In the conposition
whi ch uses irby asxthesymin pEpesiizedynet 8l i @ nk@&ri d he Frfticul ate

har deni ng al | oy, ] @@y ¥bhpod e fuacsrom of ofardenubg tie aatsddE- 35 is

defined, for anple,.-by at |east one_of_ihe e I f chrone,
mol ybdenum cg%gﬁ?a%’ir’l‘%/ccgﬂﬁpoﬁé?ﬁ arﬁ‘%g%ré%%’ n?rg e#?%ﬁ?%tﬁ?ﬁg% dé%;@
under st ood t hat meé6abhiccahlaxe copfied elidherds QRFRR éavey Gdt I sane

function ipg thgys{sMcidy #ac@RtbiX d6d It should be noted that the invention
requires the i Si

rovi siaon of .an al.l oy hardenin ment_whi ch f out
the function gfg%r%arﬁen??ﬁfqéiiqgﬁgﬁct5§§Fé%% #?k a%%ec% shou %ﬁﬁg%ybe
limted el enedisgpresem eekdrenls ref Beefirhat itdie idorigtheMEPaiioth Fordm t he
structural magfiXe 10,y t RACRRRRSI t LEN KON Sas idYN- BRhabtéd, 10said
particulate solid |ubricant., 20 whi,ch is preferably, n sively,
defined by heﬁ%@%ﬁﬁP‘Hbr%ﬁl Q¢ r iggs g?%pﬁ?%%k%gpa¥3oggéfa9%$§%§%%§% bot h
in any prapor toopes s dnpeetialul et etBol PEPPEDBES cAAEC200Fefr S MY a
vol unetric pegeehtage dawanithamigy. equal to about 15% 15 the vol une of the
conposite material ,to, be forned, sai . bercent age bei ng nmuch | ower than the
usual 25%to 468 5P Sar B etant |y contributing to a higher
degree of conhknuiltrgadf Prevseonstyumahtheredx e0card, WEnsEWPRHT ywito a

h: gheél nechan'tﬁgldiﬁt,ggﬂg&h of thep20vshat ar %t@ﬁ%dlﬂ@ipf@ bempbisatmd%_ As

al ready mentioned in the prior art, djiscussi.on and as_|i i gures
1A, 1B, 2A5an8f2B?ardﬂé:”t%ﬁtfehem?'b?\fjs%esa’ri r‘i‘%lggr ess” ofsbet hégﬁ%ﬁ%r%?% ﬁ/c
particul ate smlikdd| abdi comforrsetl {dendid ifegh) mityi GIOTPRCERENCARPBEFERDN and,
25 posteriorl yo;pind hee3i Al SIS prfp@ii {1 £ QeI tmo THATIYY ddiecisdtepiof

m xi ng the particul ate natgrials of t & conpos%%%ogoapg gggmﬁéggdo{
conforni ng t hB2¥oAPEYRE i dne LRGN oPHBY S nj-8cton [l dr ng, T he
stresses appl bedihbetivey syidmhtlivbr i ¢anbr@er cerisebtdia [saPredugs which

20 presents high hardness, mechanical strength and reduced
coefficient of friction in relation to the products
obtained by the prior art teachings. The present
metallurgical composition comprises a main particulate
metallic material which is preponderant in the formation

25 of the composition, and at least one particulate
hardening alloy element, these = components being
responsible for the formation of a structural matrix 10
in the composite product to be sintered.

According to the invention, the main particulate metallic

30 material is usually iron or nickel, defining a ferrous
structural matrix or a nickel-based structural matrix.

In the composition which wuses iron as the main
particulate metallic material, the particulate hardening
alloy element, with the function of hardening the matrix,

35 is defined, for example, by at least one of the elements
selected from chrome, molybdenum, carbon, silicon,

manganese and nickel, but it should be understood that



30 spread between the particles which formthe structural matrix 10 phase,
tending to surround themin a filmor layer 21, inpairing the fornmation of
the sintering necks between the particles which formthe netallic
structural matrix 10, in case the particulate solid lubricant 20 is 35
insoluble in the material of the strd@ural matrix 10, as it occurs with

t he hexagonal boron nitride in relation to a ferrous or nickel -based
structural matrix 10. 17 In order to avoid the deficiency nentioned above,
t he conposition of the present invention further conprises at |east one
particulate alloy elenment which is capable of form ng, at the sintering

t enper at ur es ook tdwen conboratges ebemédts gWBAFhcoRIGY t PBhR, RS i §B3FY phase

bet ween the Leulat esi Alchiah @& tlbe streabulal beaboiad10 and
the parti cul gt%ércgg%d f;ugﬁ% cant c20

| forci t he | giregate in
di screte par théteshehat MW HohobRAERTE] y&gﬁas érogggg:&ﬁl {D%ea%gt erial of the
structural l@arabhixgl@leasnt| mistchatreay | AaETYyuPEt3. thtnef ¥R off of t he
l'iquid phase Lt i on Qi 1paktireul 8t ecsabd dedrerd, cant 2Bial | ow
obt ai ni ng@a ﬁl%gﬁehgggggﬂof conti nui t'ﬁl,iﬁf tq%Sst rgc%gg%lmﬁxa}goyn t he
sintered congs®eEE pddct 1Y bRe oBELHES. Wen fRe- et all urgi cal
conposi tion efichbatsngeaséored hegwihoer ned by conpaction and uses a ferrous

structural AT AL MU RoRakhi sulat 8nMebahl ithemaiteicahral maomipresents,
pref erably, n%r?salégsarg%g‘eparot ipcl e size,lying Cl?)et mggnsabé)utr]q%qmlg@ t@;about 90
Rn On its tdO, the RrassidenfREPEFEREM, SHPAERE fUnct] on of har deni ng

the structur garmakuistd0soand Lherpaant c@Parbighl 4y SrefERELLW t RUEhe

function of fofm ng.ihe:ddaul daphaneaansy agahagenali ngotdre parbiicul af e
solid lubricant 20, ’ [ '

) uring the sinterjing of_the confar l; i cal
conposi tion wawléénﬁécﬁgéﬁ ?Heﬁsi“’r’i"&‘é’?? ond ,b%?heslenntangﬁ%av iogjé%%%grti cle
size small er dhan ghatitcdbaRm  sblshoul ebbkcaniderdl odPRIFEEHEJav ér age

particle size of the,min partloyl abGereitlahi Grméerdnl tof aboan diseul d
preferably be 1°arger than the average particle if*ip%e of. thefar denisng 30

rd
el enent akel ditoyw et thfe SRS gMEAE ¢8posi ticon Wit h an I ron- based

structural ngidricent@gedBatnibrdchabbyee anthaorifloy neghadly Z0np&ctd%én %Gr by

i njection nmolding, .can c & idtteuvhandeabng el gmentdeyydewi th the
al l oy el errenttqlﬁgjnrltoﬁeagg’ pggjt")%cu at%vI solid qubrlgcanzg1 r210xi sle tat}ﬁﬁ
i nsol ubl e t ypef i nceRt i oust st it urB M HIR 10" 61" exanpl €t He

consequently, to a higher mechanical strength of the
20 sintered product to be obtained.
As already mentioned in the prior art discussion and as
illustrated in figures 1A, 1B, 2A and 2B, due to the low
shearing stress of the non-metallic particulate solid
Jubricant used in the formation of the composition and,
25 posteriorly, of the sintered composite product, during
the step of mixing the particulate materials of the
composition and the step of conforming the composition,
by compaction or by injection molding, the stresses
applied to the solid lubricant 20 cause the latter to
30 spread between the particles which form the structural
matrix 10 phase, tending to surround them in a film or
layer 21, impairing the formation of the sintering necks
between the particles which form the metallic structural
matrix 10, in case the particulate solid lubricant 20 is
35 insoluble in the material of the structural matrix 10, as
it occurs with the hexagonal boron nitride in relation to

a ferrous or nickel-based structural matrix 10.



hexagonal boron nitride, since the particulate solid 18 lubricant 20 does
not react wwth the material which forns the structural matrix 10 at the
sintering tenperatures from about 1125C to about 1250C. The reaction of the
particulate solid lubricant 20 with the structural matrix 5 10 causes the
former to partially or conpletely disdppear in the material of the latter,
inpairing or even elimnating the self-lubricating characteristic of the
sintered product to be obtained. However, in case the structural matrix 10
is, for 10 exanple, iron-based and the particulate solid lubricant 20 is at
| east partially soluble in the structural matrix 10, at the sintering

tenper at ures 19f & heCop§ OnFBdaMRYA | & gi GaIncyopeasi tdrel bybaonpatheon or by
injection noldin | urs, for _exa hi; es0L+ 15 a

mi xt ure consF§WF%§lBF°@r%€h? %aéﬁ%fehéxéﬁggé?i or%ﬁ?%ﬁ%ﬁfgy%g %hesprtsent
netalIurg|caHe@@Mp@@etm@ntshaéhdefaﬁﬂﬁéreééﬁﬁﬁFséhéfhlé%sFaBﬁ% al Pby

conponent CaQﬁQﬁgngf stakidel zd Mg hagl rempatrpbarphase, tdar icogfolmeedi ntering
of the netallurgica osition, and thus, t cypkence of
sol ubi | i zati &IFt %ﬁ&uFﬂ&S? CXPSF 5 P he P ?égﬁﬁa gggg pﬁﬂﬁﬁﬁgfcant 20 in
the iron of mhetstHMeterm¢t¢mnai)@hm@h ﬁ@é@ﬁth@ BoriHe ity 8REEdK, Phe al | oy

COWDOPenL "‘1Hn%h shabilizesJihed repladphahaset i s0deficedy &hel east 25
one of the elenents select d f rom phasphor il b chr.anme and
nol ybdenum AdH&Eght ¢ héde ngﬁﬁg%s]é}egégﬁg?%%ré%&QQClggs?hggl Egge to
separatel y orhdroigenepuaty dhspeedsd ii2i tget RALPE bRl aPhHd IFdSEE FHte

si ntering; § enpanaturgs (About Jkk25€ek0 1abaulgutasaC) Thiet fohroaltdobe 030
understood that the invention resides | ;Lhe ¢ o€§§ 29 §hakid iZiing t he

i ron al pha pHd¥e WRPifoPPPRet RBY 4P ?ﬁ the’a Sgconponent (s) .used are
necessarily thermirestexénmplilbivedbheieirg Privieh a8f9red Gif (IR TEIMISYi tion

having an irofy b@ﬁ%@d s%iluékﬁygiumltrrmt niok 149 wheh s npareic ulatp sidld d
| ubri cant 20, at east arti al oluble in the structural matrix 10 and
which is congtitdncddtor 8P 895 €7 by graphite or

15 When the nmtallurglcal composition of the invention 1is
conformed by compaction and uses a ferrous structural
matrix, the main particulate metallic material of iron
presents, preferably, an average particle size lying
between about 10 um to about 90 pm. On its turn, the

20 hardening element, with the function of hardening the
structural matrix 10, and the particulate alloy element,
with the function of forming the 1liquid phase and
agglomerating the particulate solid lubricant 20, during
the sintering of the conformed metallurgical composition

25 by compaction (densification}, present an average
particle size smaller than about 45 pm. It should be
understood that the average particle size of the main
particulate metallic material of iron should preferably
be larger than the average particle size of the hardening

30 element and alloy element.

The metallurgical composition with an iron-based
structural matrix 10, described above and conformed by
compaction or by injection molding, can be completed with
the hardening element and with the alloy element when the

35 particulate solid lubricant 20 is of the insoluble type

in said ferrous structural matrix 10, for example the

hexagonal boron nitride, since the particulate solid



19 by a m xture consisting of graphite and hexagonal boron nitride, the
particul ate hardening alloy elenent, with the function of hardening the
structural matrix 10, the particulate alloy elenent, with the function of
formng 5 the Iiquid phase and aggl onerating the particulate solid

| ubricant 20, and the alloy conponentl®with the function of stabilizing the
iron al pha phase, are defined, for exanple, by an elenent selected from
silicon, at contents from about 2% to about 5% by wei ght of the

metal | urgi cal 10 conposition, and froma mxture of silicon, nanganese and
carbon, at contents from about 2% to about 8% by wei ght of the

met al | ur gi caligerpastt 2ondodtherntt heamtt alikbr ghe ahaconipdsivhiioh §Pripe

| nvention is Gonforired vy HAGLKOM gTOLAI G eand i$9Sng. frerbous thes
structural maEtri X, e main particul ate ms%@j lic Igraterl a{.gﬁ‘ Lron, presents,
preferably, dreartakaué silZe iRy Ytteeh®dbdut 1 gnT o about ®45-gm In the
sane way, thediandenhog ebeientybniicdamtt B@ Wihbt toe Sfruvdrdedi Agtrhe

structurals mityix, 10 1he PAdoURLR ALLaxyehemBhipldiy 20 sbpoblincti on
quird p agg|

of form ng the I ase an onmerating the par.ti.cul ate S%'vieg
| ubri cant 20,irdurtngg rRESEiALer PRy BRSt hEP et | %4 "Gonpdsi £i'6R
conf ormed by dinjreekit@AgMalhd nge Bl dthel qearitioc utted eraisidig thghrétathe present

a particle size.al Q;ak@ut 25 45gm As al ready nentioned,
the structur eﬂln%trr%?xg%gg%gp% kln%igéljlttl Urgi cal _conposi ti

! may be
ni ckel - based Bav@veirn t his €a%@, Wy SCHFEUpartti Bathte 2131 i d‘ﬁ'qbﬁ’éants 20,
exenpl i figsl heifigleads igoapbated hexagoral pddrigmlaiter ishd 180 lowbrd ekt ur e
thereof in am RLORO!GLoQ: Wi H s DAMP dd1RpaRALACAE! Sticlrneiag dinsol ubl e
in the nickel”structural nmatrrx 10,” at the si nterln? t%eraot £s of the
met al | ur gi call®ongési £hen, sirbes HbuttIPEIe U°gbolit 1250C “Ul sﬁgﬁgl ng the
use of the pafddsauhayecall epndbscotponbpt cshipebtsbabioki as iredtriom al pha
phase. In the Jetall ULd! 631 oEAIROST EbeNcRLifn &, W Ekelaifd Ighcipiidle L MIX 10,
t he reqwred“b j@tﬁla e al I(?oy.e enent, wwth 20 the functlor g}f form ng
the | i quitb prasaizhdraggionsdsiirfy 2he 9FaPPIEEEI A% s8FFAIPIBT I S ™0,
during the sigw@fiddg ofhé hegreiat! ungtenlucgiguosi tdoopesisidef isteild or
exanpl e, by f¥uééﬁ§¥ é%%%rggetg% ?Egg@ngﬁe alloy component capable of
stabilizing the iron alpha phase, during the sintering of
the metallurgical composition, and thus preventing the
20 occurrence of solubilization and incorporation of the
particulate solid lubricant 20 in the iron of the
structural matrix 10.
According to the invention, the alloy component, which
stabilizes the iron alpha phase, is defined by at least
25 one of the elements selected from phosphorus, silicon,
cobalt, chrome and molybdenum. Although these elements
are considered the most adequate to separately or jointly
act in stabilizing the iron alpha phase at the sintering
temperatures (about 1125°C to about 1250°C), it should be
30 understood that the invention resides in the concept of
stabilizing the iron alpha phase and not in the fact that
the alloy component(s) used are necessarily the ones
exemplified herein. '
pPreferably, for the composition having an iron-based
35 structural matrix 10 with a particulate solid lubricant
20, at least partially soluble in the structural matrix

10 and which is constituted, for example, by graphite or



5 selected fromchrome, phosphorus, silicon, iron, carbon, magnesi um
cobalt and nmanganese. Wen the netal |l urgical conposition of the invention
uses a nickel -based structural matrix 10, the main particulate netallic
materi al of nickel presents,upon the 10 confornmation by conpaction, an
average particle size preferably Iyiﬂ@ bet ween about 10 gm and about 90gm
the hardening elenent, with the function of hardening the structural matrix
10, and the particulate alloy elenent, with the function of formng the

| i qui d phase and 15 aggl onerating the particulate solid |ubricant 20,
during the sintering of the netallurgical conposition conformed by
conpacti on (densi icauirenyenpiesényi af anaphbragenpaberade sl ZP%gual to or
smal | er than about. 45¢RL \Wign ilheaceniaremhiag ofllbhe «onpesi,tiecis mde
by injection 20 nol di it referred that the

| di ng, | S in rticul ate metallic
material of ﬁPEkéP“Sﬁag?h8%hh?85ﬁ?h@geF%%eﬁ TUGH TR Iﬁ?q%}ﬁbfﬁgha% ©
har deni ng t hpastioctatal abkty i xld@entandviiisothhel preticul of ef@FT Y el emrent

with the funghion;gfiihopRiag dhe ddgaind phase, theepartigupars i sbeisi ze 25
preferably lyin

. béet we about | gmand about 45gm spiderin
net al | urgi ca ueghﬁﬁ%?tfgm %ﬁ¢nFQ§ﬁﬁi;8¥-ﬁ&ggggeggfugcﬁgakgga%?giégﬁ% t he
har deni ng el effenttabiiltikinpe thenciton eirhar sbabag e mMeikidledmt$9%, and

the parti cul @}(QIPEREPYbflmteme‘Mtt Bet Bet Eanetdrons afi dol, MaBgc3Rt dives | i qui d
phase and aggl oneratin

g, the particulate sol.id_ |ubricant in_discrete
particles, af&°BefPABH %y &tn %&%ﬁ%g{°5@1éﬁié§mfF%;F§FIFggg}hﬁﬁgééﬁ%rus and
chrome, at ceompasstfeomaisbfirof¥at niabeue &84sidd donenmr@ngRRESE e2’dnsi sti ng

of silicon, BQEﬁBHPr% BH: ShE OBy ot 2156 e St 35abs0m @Hoby 2% g about 8%
by wei ght of the netallurgiqallc%ggosition. When the conformation of the
p

net al | ur gi caPTcbRBoREE3 OHr ISR PBBL“t3 the sintering, is carried out by
ext rusi on or whgni njhectricimalinilrgiincgl tdesposiposit iodn Witoulaveniidier i1gonpri se

at | east 9”9085989'deiﬂgeriﬁi§é¥¥dﬂj RiAle.habl ¥nkr onstbe grogpreensi sting
of paraffin and other_ waxes,

EVA, and | ow ne tinﬁvﬂ%ggg pglﬁﬁgrg in
proporti & gEhEREFRFAT dPafi g f &% 2B40t PB4 T Hiso 6.5t "ehet ot al
vol ume of thefnmeiabh urngicsantepnposefeahlupon thertonfer mdtzeonlpyng

extrusion, a 0%t £o4380utPe8 e €ANERENMBLWONWRY, | Bhecti on
nmol di ng. The%gFéégﬁnggH%iﬁdg% ?2 gxt?actedhgron1tg&.q@g&gsrlyon fter the
B e

conf or mat i onheEEEN1RG, cdeBRBle MLV apRT atPBht R Tot%r 88 pr oduct

i s conduct ed stteutbersi nheriing 1X,ephe particulate alloy element, with
20 the function of forming the liquid phase and
agglomerating the particulate solid lubricant 20, during
the sintering of the metallurgical composition conformed
by injection molding and the particulate solid lubricant,
present a particle size also from about 1lpm to about
25 45pm.
As already mentioned, the structural matrix 10 of the
metallurgical composition may be nickel-based and, in
this case, any of the particulate solid lubricants 20,
exemplified herein as graphite, hexagonal boron nitride
30 or a mixture thereof in any proportion, will have the
characteristic of ° being insocluble in the nickel
structural matrix 10, at the sintering temperatures of
the metallurgical composition, from about 1125°C to about
1250°C, dispensing the use of the particulate alloy
35 component which stabilizes the iron alpha phase.
In the metallurgical composition with a nickel structural

matrix 10, the required particulate alloy element, with



The metal | urgical conpositions described above are obtained by mxing,in
anyadequate m xer(s), 15 predeterm ned quantities of the particul ate
materials selected for the formation of the conposition and for the
subsequent obtention of a self-lubricating sintered product. The m xture of
the different particulate materials i%’ 20 honpgeni zed and submitted to a
densification operation by conpaction, that is, by pressing, rolling or
extrusion, or also by injection nolding, so that it can be conformed in a
desired shape for the product to be obtained by sintering. 25 In case of
conformation by injection nolding, the m xture of the conponents contai ning
the organic kieder fusctionogenifzedfatmirenpertaeur esiaotd i nfodpiser t@andhat of

mel ting the qrgapj, er rthéf%bfEEE%ﬂ%Q%D&%nhaeduﬁk&EHﬁe bej ngugiagul at ed
to facilitate |ts and

, storang and 30 su ﬁ too<;;1nnOSl ectl onlmachl ne.
After confor F&€i oﬁ18FeFHégcoﬂfoosF % ore t et cﬁ%fcg med Pece 1S"subiitted to
a step of exide&dhedg tfoe crgamile, blm,deat dgenetraldng balf athhephalepEdcess.

The honogepi apdyc PBHrERQ ﬂ@t |als,cempaghhi, 0 r3k, caarbent hen
subm ttedes?ozsgqgl nt er?n 1HPO Egdrat usr es from about 1125C to about
t

1250C. Consi H‘éﬂpﬁﬁlt’ﬁat‘:% W@ngf‘ﬁﬁﬁr cal conpositions, 22 with an
i ron-based omheinckek- basetllstygiicd Uradmprtitiien1 @f ddhepriingenaionedsesone

particul ate al Ly, el egentq WL dhiehungtion of, Tosamar heskiquigephase, it
is forned, dadr i ngéll e sintering, sai hase the or)artlcﬁul ate

all oy el ementmetaRdifr oAtEr itte a§f Ion%’r‘gﬁlon BFeFﬁ% part ‘& "at e 86l i d
| ubri cant1®20 donfdirset b &y t icolmpsctisper sed anetrheevcﬂémm@fe t Réze

structural | sidd eReRRrPBDaRSaLHAS
parti cul ate ge"fé []”9%}’,\/\22%{“92? e%sr% L%f%{t?allcq)%fgolnu e in anﬁfa?oﬁ based

structural mi@rARPiBg Glededlrs Wit fB PR AU &Gi th the
hexagonal borsarugictitbilemathiex hoorpgaemd zede apmrmﬁlmtrm@ld@wabllsmgnéal

conposi tion fuyrtheg,conprises, at Jeast, pREqal LAY 1iquid phase and
15 agglomerating the particulate solid lubricant 20, during
the sintering of the metallurgical composition conformed
by compaction (densification), presenting an average
particle size equal to or smaller than about 45um. When
the conformation of the composition is made by injection
20 molding, it is preferred that the main particulate
metallic material of nickel and the hardening element,
with the function of hardening the structural matrix 10,
and also the particulate alloy element, with the function
of forming the 1liquid phase, present a particle size
25 preferably lying between about 1lum and about 45um.
Considering the metallurgical composition with a nickel-
based structural matrix 10, the hardening element, with
the function of hardening the nickel matrix, and the
particulate alloy element, with the function of forming
30 the liquid phase and agglomerating the particulate solid
lubricant 20 in discrete particles, are defined by an
element selected from silicon, phosphorus and chrome, at
contents from about 2% to about 5%, or from a mixture
consisting of silicon, phosphorus and chrome, at contents
35 from about 2% to about 8% by weight of the metallurgical
composition.
When the conformation of the metallurgical composition,



15 conponent, already previously defined and which is capable of, during
the step of sintering the netallurgical conposition, stabilizing the iron
al pha phase of the structural matrix 10, preventing the dissolution of the
portion of the solid [ubricant 20 po % defined by graphite, in the iron
structural matrix. Wth the netallurd% conposi tion proposed herein, it
is possible to obtain self-lubricating S|ntered pi eces or products, from
particul ate materials which do not require 25 previous treatnent for the
non-netallic particulate solid lubricant, said pieces or products
presenting: in case of using an iron structural matrix 10, a Hardness HV >
230, a coef f ipgiegAPUSS L Tle | DRGNS, 16 ARERRPH CHE (PaCKTEHSL8RI SFance bt
>450 MPa and iyl s@njeét sfer xicaaial, di sid etdnpdspat bhclesouwdfd sabicdhéubri cant

20 with avera eggartlc elggé Qgémgg I%Pmeeﬁag% ggfyyge@bgggfggagﬂgfor t he

products con i on-and’ b out d about 20pm for
t he product s faonf Grh?edglm}lg nﬁ:@ei‘tlls(ﬁnﬂolfﬂﬁ ngarafin | an¢ askheF ‘daﬁ?ékel based

structurals mafl, X 184 a13h Haedoess HoPR40,pdl eeafsf | dnenproboftiiohi on

RO, 20, a nechani cal .traction res i sta t 350 I a S si on of
di screte parﬁﬁéﬂé?héy sfpgdnﬁubf?%ﬁngggﬁp §§ Nﬁﬁ §§g$gg§gpaf%;cpgé5|ze
bet ween abouttot@lgmodnaealpdutt g0 RphHldMrgREahr GATEPELELNT or HRAM bihe

conpact i on, mfa@hwganalb@ute&@ml@ad abeut f26mgabbat toe prodasts
conforned by | e 0 L Rndds R b gurgga‘éh Amoéﬁéngo aRd £:ghnt

encl osed dr al¥] hé purpose ferent p SS|E|I|t|es
of conf or¥f ngimlderpr ésenexweactiddur direal ébﬁpo@?@??ﬁﬂt4ﬁﬁ cGib&cti R

certain pred%&ﬁ&@kﬁsdlaﬂaﬁﬁééy:@ﬁ:%&%m@&%abpUégapé&amnmpoxmﬁban theany
desi red shape, ich,c 0 be hat of e .self-I ntered fina
. &l?(gl\[,imaglgflr 880 onduc eg 8 ‘!Zlfl ayﬂ[t! gngt§

pi ece or pro be' ob alne or as hat desired
final one. H@Wevemetallargarge n@mpsetlgw|éa§F6h%edthéb§%$f are

| ubricating cfiakackari shi,C iginargSSaly onhyyi N af€gq@te mixer(s),

15 predetermined quantities of the particulate materials
selected for the formation of the composition and for the
subsequent obtention of a self-lubricating sintered
product.

The mixture of the different particulate materials is

20 homogenized and submitted to a densification operation by
compaction, that is, by pressing, rolling or extrusion,
or also by injection molding, so that it can be conformed
in a desired shape for the product to be obtained by
sintering.

25 1In case of conformation by injection molding, the mixture
of the components containing the organic binder is
homogenized at temperatures not inferior to that of
melting the organic binder, the thus homogenized mixture
being granulated to facilitate its handling, storage and

30 supply to an injection machine.

After conformation of the composition, the conformed
piece is submitted to a step of extracting the organic
binder, generally by a thermal process.

The homogenized and conformed metallurgical composition

35 can be then submitted to a sintering step, at
temperatures from about 1125°C to about 1250°C
Considering that both the metallurgical compositions,
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With the metallurgical composition proposed herein, it is
possible to obtain self-lubricating sintered pieces ox
products, from particulate materials which do not require
previous treatment for the non-metallic particulate solid
said pieces or products presenting: in case of
a Hardness HV > 230,

a mechanical traction

lubricant,
using an iron structural matrix 10,
a coefficient of friction pu £ 0,15,
resistance 6¢ > 450 MPa and also a dispersion of discrete
particles of solid lubricant 20 with average particle
size between about 10 um and about 60 um for the products
conformed by compaction and between about 2um and about
20um for the products conformed by injection molding;
in case of a nickel-based structural matrix 10, a
a coefficient of friction p £ 0,20, a
350 MPa and also a

and,
Hardness HV 2> 240,
mechanical traction resistance 6¢ 2
dispersion of discrete particles of solid lubricant 20

| matrix

Bar %ulgge solid

rgure 6C

his

41 forned



10 the netal lurgical conposition 40 of the invention. Likewise in this
case, the conformation and the conpaction (densification) of the structural
core 35 and the outer surface layer 41 in the metallurgical conposition 40
are obtained by co-extrusion of the two 15 parts of the conposite bar 4,
which is then subnmitted to the sinterihg step. Wen the conpaction of the
nmetal | urgi cal conposition 20 is carried out by extrusion, as it occurs, for
exanple, in the formation of the bars 2, 3 and 4 of figures 6A, 6B 20 and
6C, said conposition can further conprise an organic binder which is
thermally renoved fromthe conposition, after the conformation of the

| atter and befiane avbeagenpert hglsteize hetampenofabone kAown eeehaPgués for

said renoval .. 25 The gapLc i ndesh sMBYoREs rddd anpdaddiybrgneasel ect ed
fromthe grod%;cgﬁsfgq{ngﬂgfE%grafﬁfn a%d o? er ﬁg S, EyA, ang Igg/nelting
égF re to

poi nt pol ymerestweieguraPoit epr é¥entd 3PSBtschentiti dA1 v andtier “way
obtain a sint@rEdreedppsi igjgraducimolgiegenti ng one or 30 nore surface

regi ons haying sel f-Lubgjcagin 26t g $hiConcl Ssddlick 6% agpl aavehe

pr oduct 5q¥oq%é“%ﬁfa%he Ab?@%bﬁggag{structur I zﬁgstrate §9i{0égegfin a
particul ate rdteerParRosst e9f oGRYPLLAY trored fheFRR f BPRT 6P a'stFip, it being
noted that, Qbiabormeast one ofrddwnt3Snmeppoditeitatescafprasidiony ucur al

substrate 30, in _the form of Nt DLOMS Stfidda | u=elkhied aogur kaee | ayer
41 of the met&PeGHEdl ggnﬁggfg?on QO 0 Y 3 25 i nvention. The

; , f thg ?res§nt At
conposi te pr aeriel 15rgdcehefORRMH 1B 1o 2R YsPRELT FASARSY. “ﬂﬁﬁ e “Fhe
i nvent i on hag,heanpreseriedsdef-aiubliyaneans sohteord &iampl eseek pdssi bl e

nmetal l urgi cal_co SitiQ a assPsi Ad onsr W tdhlid faraat tst ruetura
substrates, iRr%§Q%%|3?SéQ§ﬁdggs?%od that such conpég%tions and associ ations
can suffer aldesigteidoAdneha®n®i || becone evident to those skilled in the

art, wthout gpasdd,ngid r emithigel mettdw eotonpepicaticont r ohei mglifhe 10
Struct ural st A HEof e CBOERE AT Lendones o Teara sord T bl cant to
di ssol ve 1h gswmink rtnfiage degiAgst A€ &i ﬁ?%??’hbcg{ PR GRT i Hed i he
claims that aggcompanysddig tReasenb specifkicatdomn. cdstact with other
relatively movable element.
Thus, the desired self-lubricating product can be
constituted, as illustrated in figure 5, by a structural
20 substrate 30 preferably conformed in a particulate
material and receiving, in one or- two opposite faces 31,
a surface layer 41 of the metallurgical composition 40 of
the present invention. In the illustrated example, the
structural substrate 30 and the two opposite surface
25 1layers of the metallurgical composition 40 are compacted
in the interior of any adequate mold M, by two opposite
punches P, forming a compacted and conformed composite
product 1, which is posteriorly submitted to a sintering
step. In this example, only the two opposite faces 31 of
30 the structural substrate 30 will present the desirable
self-lubricating properties.
Figures 6A and 6B exemplify products in the form of a bar
2 and a tube 3, respectively, obtained by extrusion of
the metallurgical composition 40 in an adequate extrusion
35 matrix (not illustrated). In this case, the conformation
by compaction of the metallurgical composition 40 is
carried out in the extrusion step of the latter. The bar



26 CLAIM5 1. A netallurgical conposition of particulate materials, for
formng conforned and sintered self-lubricating conposite products,
characterized in that it conprises a 5 main particulate netallic materi al
in the formof a preponderant chem cal elenent, and at | east one hardening
el ement, which forma structural matr24 (10) in the conposite product to be
sintered; a non-netallic particulate solid lubricant (20); and at |east one
10 particulate all oy el enent capable of form ng, during the sintering of
the confornmed netal | urgi cal conposition, a liquid phase between the
particulate material which forns the structural matrix (10) and the

par%!crl at ez%ole'ﬁd thipr i3cagh RO, bagg?mafhtastd n® the: |dantering desprete 15
particles e sitian,as set forth in m ract din
that the parﬁFﬁhlggg TR e Obrlcanﬁjf§0)r9é Pé%%ﬁt§%% &§%5%§ ngég

per cent age IGWGNCthaﬁlomaQQUEqu(?HﬁbGHFOIB@@@%E“%{ﬂkﬁﬁ?QﬂEdtﬁés€6ﬁﬁ%5|te
materi al 20 &%ngcﬁeéﬁﬁgf %heTh aeOIP@Eitld OBo1a8 Sehbfnfddt i moanyasf clains

1 or 2, characteri a in_p Jetallic material is

i ron, thengaﬁf §f8a5$¥c§?%ﬁeﬁﬁﬁn W ﬁ %ﬁgg%unéilon "of forming the

i quid phaseEh@uaggﬁﬁneﬂém@tﬁhéGQSapatbﬁéu?éﬁﬁp%%lPé PaBAPERNECHERANG t he
sintering, begjng dehppsdedyprat 4,casipeAeifl &herehenmnils wekestedifir om

ni ckel, nang%neartlcuggte mg%égf% nan%h ﬁ?hgryg ég¥£umferent1ally and
externally surrounded by a surface layer 41 formed from

10 the metallurgical composition 40 of the invention.
Likewise in this case, the conformation and the
compaction (densification) of the structural core 35 and
the outer surface layer 41 in the metallurgical
composition 40 are obtained by co-extrusion of the two

15 parts of the composite bar 4, which is then submitted to
the sintering step.

When the compaction of the metallurgical composition 20
is carried out by extrusion, as it occurs, for example,
in the formation of the bars 2, 3 and 4 of figures 6A, 6B

20 and 6C, said composition can further comprise an organic
binder which is thermally removed from the composition,
after the conformation of the 1latter and before the
sintering step, by any of the known techniques for said
removal.

25 The organic binder may be, for example, any one selected
from the group consisting of paraffin and other waxes,
EVA, and low melting point polymers.

Figure 7 represents, also schematically, another way to
obtain a sintered composite product, presenting one or

30 more surface regions having self-lubricating
characteristics. In this example, the product 5 to be
obtained presents a structural substrate 30 formed 'in a
particulate material, previously conformed in the form of
a strip, it being noted that, on at least one of the

35 opposite faces of the structural substrate 30, in the
form of a continuous strip, is rolled a surface layer 41

of the metallurgical composition 40 of the present



carbon. 4. The conposition,as set forth in claim3, 30 characterized in
that the particulate alloy material, wth the function of hardening the
iron matrix, is defined by at |east one of the elenments selected from
chronme, nol ybdenum carbon, silicon, gzmnganese and nickel. 35 5. The
conposition, as set forth in any of clains 3 or 4, said conposition being
confornmed by conpaction and characterized in that the main particul ate
nmetallic 27 material of iron presents an average particle size lying
between about 10 pm and about 90 pm the hardening el ement with the
function of hard ening t S tural 1 gyl ate alloy
el ement withthe %ngnc g%ngéﬁgb%%ﬁ% 833?%2% %q%%&j%ﬂgéﬁmgﬁgeggglonﬁratlng

t he particul &ietesing Pt®Pi cant, during the sintering of the metallurgica
conposi tion confier kad bivesrpaCtHan bepnepeatemgedirhansdmady partsche size
smal | er than about i - niNaagy of
clains 3 or £O%h& xa%ﬁpgg 50 ﬁoggbglgoﬁgﬁéﬁld cdﬁ aboboLtb A4

ositio or me i njection nolding and
char act er | Zed@ss@cta&t-ong f"{}rttfhefilég%‘?‘i’*sess%ﬁc&léaﬁ Stdé&*te3nd th that
t he mai n partdreuhat e wet abhderseded i akhat irsamgh t heorhm@smmgs el em@nt, the

particulate alloy ;13 8LEMMy WG,  offfeda JsOutlaphasa, aBdcbie

particul ate SBI°FFubPrean Tbr 8sént an average particle si ¥|ng bet ween
about 1lpm andvdldent 4%11Fhose 7SkifHeL ookt i 8AL, ad158PFo fit8fy of
clains 3, 4, &oaf 6thehar agéettized i @ohbapttheoﬁarthnﬂnnhilsgl|dtﬁe

lUbriCantléZthf%ig%¥§g8?alo?or%ﬂeni%%ﬁqg' lubricant, in discrete
particles, in the structural matrix, and of the eventual
tendency of said solid lubricant to dissolve in said
matrix, during the sintering step, as defined in the
claims that accompany the present specification.

15



8. The conposition, as set forth in any of clains 3, 4, 5 or 6 and using a
particulate solid lubricant (20) that is at |least partially soluble in the
structural iron matrix, at the sintering tenperatures of the netall urgical
25 conmposition, characterized in that it further conprises at |east one
al | oy conponent capable of stabilizirng the iron al pha phase during the
sintering of the netallurgical conposition and of preventing the
solubilization of the particulate solid lubricant in the 30 iron. 9. The
conposition,as set forth in claim8, characterized in that the particul ate
solid lubricant is graphite or a m xture consisting of graphite and
hexagonal boron nitride in any propor3i?di!S the all oy 35 conponent, which
stabilizes the iyqonahRlagpPhasecoss s idef idfecbanyt iatullagasragAsiatst he
el enents sel écted from phosphorus, silicon,. cobald, rromepafdatbhybdenum
28 10. The c,f@r?po§i°trf“6ﬂ9as‘:5§?°f‘8$?h ?Yh&(:_l%]f m.9, é%hasﬁé; terized ip zhat: t he
al | oy el ementcompioshtthprbanct s onclfranfieddiedy ith& ety a%t GPAPTHBEYi X of the
CoNposi te;c15 t }ﬁ\eai%ar%%&‘i'éhltl%t@ | Q¥t £1 B Nhat@rtdl t hénd thactpelm off fdrning

a

the |iquid phase a ggl onerating .t he sol id;l ubrigast ;orgndhatrdenahboy
conponent , VMHIP?HOF?éleFéﬂgt?%‘Ff“’ocfa]s%alﬁ'ﬂe’ln%’néq?hgpi}on alogtf?} Sﬁasgthgre

defined by aneement seldct orfr om situSsHraat Bmtent orf about 2%t o

about 5% by V\éecgr%rgsi(gfe tl};eraggj&l | @i cet 1Qimespediti en, mamrmatehlacni xture

consi sting of silicon, manganese. gnd car,bo L cophenis frysrabome 2% to
about 8% by vRAgHICUWPENeS i“gl IR E " o 2087

osition. 11. '@%i%om%%%i tion,

as set forph parwiulatechkailoy tlement charaRt@er?ZetP M at ut_hegpreponderant
lmaLn_ 15 palrjtiscijljltaé n?et% :chq:e rrgg@f(i?],g,ked snr\l@{tzciqeingﬂdad [Iaﬂltpjo@l}_ftspérsés‘fli d

ubri cant beinig sel'ected from graphite, he a Nyt drderimsf rom a
m xture of bothawif AWRESS 866F’Fgﬁn,h%n%a]ithlec)§%%ﬂ%i E‘G‘ng & hog el enpng, with
the function efief errubgurhe Inaguiic phhee Eedaghremddite PhHet%o Parti cul at e
solid lubri cagtbgu#é'rpcg t 8)Si NLgFidibratangy deéi ned ter atin| edkscrie of t he
el enents sel ect?@ “fromc rofe, phosphorus, silicon, iron, carbon,
magnesi uml5cobarti@iRP -nanganese. 12. The conposition,  as s«it .fortp in
claim 11, conpornethe composition, as set forth in claim ’

characterized in that the particulate solid lubricant

{(20) represents a volumetric percentage lower than or

equal to about 15% the volume of the composite material
20 to be formed. ‘

3. The composition, as set forth in any of claims 1 or 2,

characterized in that the main particulate metallic

material is iron, the particulate alloy element, with the
function of forming the liguid phase to agglomerate the
25 particulate solid lubricant during the sintering, being

defined by at least one of the elements selected from

nickel, manganese, copper, silicon, phosphorus .and
carbon. -
4. The composition, as set forth in claim 3,

30 characterized in that the particulate alloy material,

with the function of hardening the iron matrix, 1is

defined by at least one of the elements selected from
chrome, molybdenum, carbon, silicon, manganese and
nickel. .

35 5. The composition, as set forth in any of claims 3 or 4,
said composition being conformed by compaction and

characterized in that the main particulate metallic




25 by conpaction and characterized in that the main particulate netallic
mat eri al of nickel presents an average particle size |lying between about
| Oom and about 90pm the hardening elenment, with the function of hardening
the matrix, and the particulate alloy,elenent, 30 with the function of
formng the Iiquid phase and aggl onerating the particulate solid | ubricant
during the sintering of the nmetallurgical conposition confornmed by
conpaction, presenting an average particle size equal to or smaller than
about 45pm 35 13. The conposition, as set forth in claim 11, confornmed by
injection nolding and characterized in that it further conprises an organic
bi nder and t RRtaHe In®itn 158Pt PEGFERES 29 ¥EREIS Parat&leals 6 divéRkEl, the
hﬁrdeni ngdel ﬁ)’&jﬂe,ent hstj;@@tt iloul gihre add ogpbelienedd whi, chtiior e ddeaihigqui d
phase, and t rtic e lig | ubric n erage parthcle size
| yi ng bet weeneela Ql?’[tt I%?nt%anaﬁgbofgltncﬁggkrln a[gg 1?1.5?(% e %%mgg(\éi tion olegtaslet forth
in any of cl&abrirl, (100 orangB thehadtieiilzéq ehlPHae lERENbalt FRulREe
haadeﬂi ng =l |ﬁ3¥1|cmi%mie{llltf bt et heinet jand obhhaedemidnpddilemsrekehgmat ri x,
and the parti t I aL, 1 W funstd f f:qrm t l'iquid
phase and aggﬁ%t)érr}rag[ttﬁr?éﬁ%agt %gggél %ﬁb{:g érl?tg'ant |tr€{g8|r£sh%r esilgltglgrqgﬁc:ggs, gre
defined by arfhd elehelbelEdadd FPBpRSitidonCophoamitbr B HRFPAFEFE, at
contents frompaheutid ta abesttaddo byrtedight sdie t brahbtal khagi aaout
conposi tion, Jdroma mxture consisting of silicon, phosphorus and
chrome, at conterts from about
10 6. The composition, as set forth in any of claims 3 or 4,
the composition being conformed by injection molding and

characterized in that it further comprises an organic

binder and in that the main particulate metallic material

of iron, the hardening element, the particulate alloy
15 element, which forms the 1liquid phase, and the

particulate solid lubricant present an average particle

size lying between about lum and about 45um.

7. The composition, as set forth in any of claims 3, 4, 5

or 6, characterized in that the particulate solid

20 lubricant (20) is hexagonal boron nitride.
8. The composition, as set forth in any of claims 3, 4, 5
or 6 and using a particulate solid lubricant (20) that is
at least partially soluble in the structural iron matrix,
at the sintering temperatures of the metallurgical

25 composition, characterized in that it further comprises

at least one alloy component capable of stabilizing the

iron alpha phase during the sintering of the

metallurgical composition and of preventing the

solubilization of the particulate solid lubricant in the
30 iron.

S. The composition, as set forth in claim g,

characterized in that the particulate solid lubricant is

graphite or a mixture consisting of graphite and
hexagonal boron nitride in any proportion, the alloy
35 component, which stabilizes the iron alpha phase, being
defined by at least one of the elements selected from

phosphorus, silicon, cobalt, chrome and molybdenum.



15 2% to about 8% by weight of the netallurgical composition. 15. The
;:ﬁrrpomtlpn, as set forth in any of clains 6 or 13, characterized in that
e organic binder is selected fromthe group consisting of paraffin and

ot her waxes, 20 EVA and low neltin | [ [
, g point polyners, in a propor '
from about 40%to about 45% of the total volune of the rreltoal Furtg: 82| $angtng

conposition. 16. A self-lubricating sintered '
( el f . product, obtained froma
gﬁ;alo:‘ u(r:?;icsrls gopgoilot [ 03 \(NﬁO) hof particulate materials, 25 as defined in
_ _ an ich is submtted to a conformatio '
the sintering, characterized in that it presents hardness zgoprew ous to
coefficient afo.fritid oncplpdSitaymdtra’? i ofickesif&fifce & 45 L 30 17. A

iglrri)olslu:)l“oﬁazd g.Shatered p;l(,(pdug{at -obtralened1fioom alemetrdl,| umgitbal the
( ) culate material s,.. L pedqddy; f [
to 14 and whifHStdo8ubRTt tléﬁr‘%%njangcoﬁ%r rrgth?gﬁgg%ée?/i gﬁdﬂ}tlg@%/r?q s?htala??nll
char act eri zedcdmpoishat ;i t theesearsicataiess2 HPR4E1oFE pef ?'ii&genttplgf 5

friction pQ’ZQnﬁﬂqogeQQ§ngoﬁﬁﬁ§¥iﬂﬂe liguid phase and agglomerating
the solid lubricant; and the alloy component, with the
function of stabilizing the iron alpha phase, are defined
by an element selected from silicon, at contents from
about 2% to about 5% by weight of the metallurgical
10 composition, - and from a mixture consisting of silicon,
manganese and carbon, at contents from about 2% to about
8% by weight of the metallurgical composition.
11. The composition, as set forth in any of claims 1 or

2, characterized in that the preponderant main

15 particulate metallic material is nickel, the particulate
solid lubricant being selected from graphite, hexagonal
boron nitride or from a mixture of Dboth in any
proportion, and the particulate alloy element, with the
function of forming the liquid phase to agglomerate the

20 particulate solid jubricant during the sintering, being
defined by at least one of the elements selected from
chrome, phosphorus, silicon, iron, carbon, magnesium,
cobalt and manganese.

12. The composition, as set forth in claim 11, conformed

25 by compaction and characterized in that the main

particulate metallic material of nickel presents an
average particle size lying between about 10um and about
90umn, the hardening element, with the function of
hardening the matrix, and the particulate alloy element,

30 with the function of forming the 1liquid phase and
agglomerating the particulate solid lubricant during the
sintering of the metallurgical composition conformed by
compaction, presenting an average particle size equal to
or smaller than about 45um.

35 13. The composition, as set forth in claim 11, conformed

by injection molding and characterized in that it further

comprises an organic binder and that the main particulate



strength a, 350 Mpa. 18. The self-lubricating sintered product, as set forth
30 in any of clains 16 or 17 and which is confornmed by conpaction,
characterized in that it conprises a structural matrix (10) in which are
di spersed discrete particles of soliddubricant (20) with an average 5
particle size between about 10 pm and about 60 pm 19. The
self-lubricating sintered product, as set forth in any of clains 16 or 17
and which is confornmed by injection nolding, characterized in that it
conprises a structural matrix (10) in which discrete particles of 10 solid
| ubricant (20) are.dispersed ith. verage LEehe Siagehet weesn about 2
pm and about aﬂ)ﬁfc ﬁlggeﬁ'h%ls\é\%fgllgg??ba%?% hg?ﬁ%gfgﬁ rod(yct as set
forth in anypefrtébailate1611ay etengnt cﬁ‘é%%t‘&:tg??’ﬂ%dtf’% ftg(é‘t]ll A% Thes at

| east one surfacedaygsrd{Al)f ssuiddlblumetialdnir ghcedent an average

conposi tion(40),i.ncorporated to r.uc t80u30)ksukl. The

sel f-1ubri catﬂaﬁéjl§§(ﬁt g?’%% %leoncﬂja%,taggHségg‘?%rtﬁﬁpis%ﬁdzl ‘mig. " har agt eri zed
in that tHe sta.uGher abmpedstian-e 36t §08kRi HRPTH Oalta 6? f“éuﬁate frat eri al
to be 20 sintgrefht ogehhstaditded hin sundacehbayertidt}ladbe bhedaetadl urgical
conposition (40Q). 227 The selj-Tubri i i rneduethe ascgel forth
in claim21, aéﬁé’i'ya@ﬁézﬂeggd Y’ﬁ&t’ hg?é.tﬁ%%s%%urgtﬁ gfa%iuegl;t r%at e (30)  }gkes the
formof a pl atatrdm,stang wilteh aprbopkake e o8t Fi?mﬁﬁbbsi%le f aces

i ncor por ati nge @ sUhacs | aysafidd ihef 1sqitd mphakkurgidc dlggiomsasitinen (40) .
23. The sel f-1ubricating, sintered py. rthed mediaen 3%,

charact ert%ed % S[ﬁé‘fj tlﬂar%‘f?rﬁ%tlunr ac{l%%&%ifst?r gtééﬁ(g%(l)ég‘t aikkes thehformgrof t he
structural care 135ern30 seflegtednsamt 81 bhFoT4)Ph PNy chrome:

circunferentigl | y,andhexterdaldnoutd surfaceoodatyebs (4¢) wefigbai d¢f the

nEtalIurglcaumgggggabgkgg %%%Lbsition, or from a mixture consisting

of silicon, phosphorus and chrome, at contents from about

15 2% to about 8% by weight of the metallurgical
composition.
15. The composition, as set forth in any of claims 6 or

13, characterized in that the organic binder is selected

from the group consisting of . paraffin and other waxes,
20 EVA and low melting point polymers, in a proportion

ranging from about 40% to about 45% of the total volume

of the metallurgical composition.

16. A self-lubricating sintered product, obtained from a

metallurgical composition (40) of particulate materials,
25 as defined in any of claims 3 to 10 and which is

submitted to a conformation previous to the sintering,

characterized in that it presents hardness HV 2 230,

coefficient of friction p £ 0,15 and traction resistance
c; 2 450 MPa.

30 17. A self-lubricating sintered product, obtained from a
metallurgical composition (40) of particulate materials,
as defined in any of claims 11 to 14 and which is
submitted to a conformation previous to the sintering,
characterized in that it presents Hardness HV 2 240,

35 coefficient of friction p < 0,20 and bending breaking
strength o, 2 350 Mpa.

18. The self-lubricating sintered product, as set forth




24. A process for obtaining self-lubricating sintered pr

t hemet al | ur gi cal conposi tionof 35 particulatg naterialspdgggﬁng{gn;ny of
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of: 31 mixing, in predeternmned quantities, the particulate materials
whi ch define the netallurgical conposttion; honpgenizing the particulate
material mxture; conpacting the particulate material m xture, so as
to 5 provide the mixture with the shape of the product to be si nt er ed:
sintering the conpacted and conforned m xture, at tenperatures fr om about
1125C to about 1250C, formng, during the sintering, a |liquid ase with
the particul atre dfy ablfoyclsigrent6 and ﬂﬁhsa%?oﬁﬁﬂFHg3Fhec%©g %W%$ EVon of
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injection molding, characterized in that it comprises a

structural matrix (10) in which discrete particles of
10 solid lubricant (20) are dispersed, with an average

particle size between about 2 pm and about 20 um.

20. The self-lubricating sintered product, as set forth

in any of claims 16, 17 or 18, characterized in that it

defines at least one surface layer (41) of said
15 metallurgical composition (40), incorporated to a

structural substrate (30).

21. The self-lubricating sintered product, as set forth

in claim 18, characterized in that the structural

substrate (30) is defined in a particulate material to be
20 sintered together with the surface layer (41) of the

metallurgical composition (40).

22. The self-lubricating sintered product, as set forth

in claim 21, characterized in that the structural

substrate (30) takes the form of a plate or strip with at
25 least one of its opposite faces incorporating a surface

layer (41) of said metallurgical composition (40) .

23. The self-lubricating sintered product, as set forth

in claim 21, characterized in that the structural

substrate (30) takes the form of the structural core (35)

30 of a composite bar (4) incorporating, circumferentially
and externally, a surface layer (41) of said
metallurgical composition (40).

24. A process for obtaining self-lubricating sintered
products from the metallurgical composition of

35 particulate materials defined in any of claims 1 to 5 and
11 and 12, characterized in that it comprises the steps

of:




sintered; and - sintering the conpacted and confornmed m xture, at
tenperatures from about 1125C to about 1250C, form ng, 25 during the
sintering, a liquid phase with the particulate alloy el enent and thus
pronoting the aggl oneration of the solid lubricant in discrete particles

di spersed in the volume of the structifal matrix, and stabilizing the iron
al pha phase of the structural matrix, so as to prevent 30 the dissolution
of the portion of the solid lubricant defined in graphite, in the iron
structural matrix. 26. The process, as set forth in any of clains 24 or 25,
characterized in that the step of conpacting the particulate materi al
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a
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m xture, “h'qgkékﬁét%es tHP%m the metallurgical composition of

15 particulate materials, defined in any of claims 8 to 10,

characterized in that it comprises the steps of:

- mixing, in predetermined quantities, the particulate
materials which define the metallurgical composition;
- homogenizing the particulate material mixture;

20 - compacting the particulate material mixture, so as to
provide the mixture with the shape of the product to be
sintered; and
- sintering the compacted and conformed mixture, at
temperatures from about 1125°C to about 1250°C, forming,

25 during the sintering, a liquid phase with the particulate
alloy element and thus promoting the agglomeration of the
solid lubricant in discrete particles dispersed in the
volume of the structural matrix, and stabilizing the iron
alpha phase of the structural matrix, so as to prevent

30 the dissolution of the portion of the solid 1lubricant
defined in graphite, in the iron structural matrix.

26. The process, as set forth in any of claims 24 or 25,
characterized in that the step of compacting the
particulate material mixture, which defines the

35 metallurgical composition . (40), comprises rolling the
latter in the form of a plate or strip to be subsequently

sintered.



met al | urgi cal conposition(40), conprises the co- extrusion of [
, the | a
}he formof a surface layer 25 (41) around a structural core (35) i;tSLeln
ormof a bar of particulate material conmpatible with the main particulate
metal lic material which forms the stryuctural matrix (10), so as to forma
ggnp05|te bar (4). 31. The process, a$ set forth in any of clainms 29 and
, 30 characterized in that the metallurgical conposition (40) conprises
an organi c binder to be thermally renpved fromthe product, before the
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bi nder fron1tgg%éyyquQeph@@@llﬁedmaterlal which forms the structural
matrix (10).
10 28. The process, as set forth in any of claims 26 or 27,

characterized in that it comprises, after sintering the

particulate materials, the additional step of cold

rolling the plate or strip for reducing the residual
porosity.
15 29. The process, as set forth in any of claims 24 or 25,

characterized in that the step of compacting the

particulate material mixture, which defines the
metallurgical composition (40), comprises the extrusion
in one of the shapes defined by a bar (2) and a tube (3).
20 30. The process, as set forth in any of claims 24 or 25,
characterized in that the step of compacting the

particulate material mixture, which defines the
metallurgical composition (40), comprises the co-
extrusion of the latter in the form of a surface layer
25 (41) around a structural core (35) in the form of a bar
of particulate material compatible with the main
particulate metallic material which forms the structural
matrix (10), so as to form a composite bar (4).
31. The process, as set forth in any of claims 29 and 30,

30 characterized in that the metallurgical composition (40)

comprises an organic pinder to be thermally removed from

the product, before the sintering step.

32. A process for obtaining self-lubricating sintered

products from the metallurgical composition of
35 particulate materials, defined in any of claims 6 or i3

and containing a solid lubricant non-soluble in the

structural matrix, characterized in that it comprises the
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10 as to provide the mixture with the shape of the product
to be sintered;

- extracting the organic pinder from the molded piece:;
and
- sintering the conformed mixture, at temperatures from

15 about 1125°C to about 1250°C, forming, during the
sintering, a ligquid phase with the particulate alloy
element and thus promoting the agglomeration of the solid
lubricant in discrete particles dispersed in the volume
of the structural matrix.

20 33. A process for obtaining self-lubricating sintered
products from the metallurgical composition of
particulate materials, defined in claim 8, when depending
on claim 6, characterized in that it comprises the steps
of:

25 - mixing, in predetermined guantities, the particulate

materials which define the metallurgical composition;
- homogenizing the particulate material mixture, at a
temperature not inferior to that of melting the organic
binder;

30 - granulating the composition to facilitate its handling,
storage and supply into an injection machine;
- injection molding the particulate material mixture, sO
as to provide the mixture with the shape of the product
to be sintered;

35 - extracting the organic binder from the molded piece;

and
- sintering the conformed mixture, at temperatures from



34

about 1125°C to about 1250°C, forming, during the
sintering, a liquid phase with the particulate alloy
element and thus promoting the agglomeration of the solid
lubricanf in discrete particles dispersed in the volume
of the structural matrix, and stabilizing the iron alpha
phase of the structural matrix, so as to prevent the
dissolution of the portion of the solid 1lubricant,

defined in graphite, in the iron structural matrix.



