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SELF-LUBRICATING SINTERED PRODUCTS

Field of the Invention

The present invention refers to specific techniques for
manufacturing finished products (pieces) and semi-
finished products {several articles), conformed from a
metallurgical composition of particulate materials (in
the form of metallic and non-metallic powders) and which
are designed to be sintered, said products comprising,
besides the elements constitutive of the metallic
structural matrix of the product to be formed during the
sintering step, a solid lubricant, in the particulate
form and which is dispersed in the metallic matrix,
leading to the formation of the micro-structure of a
self-~lubhricating composite product presenting a
continuous metallic matrix and which is capable of
imparting, to the sintered products, a low coefficient of
friction allied to high mechanical strength and high
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
obtaining said pieces or products by powder metallurgy.

Background of the Inventicn

in mechanical engineering, there is an increasing search
to obtain materials for applications which require
properties, such as high mechanical strength and high
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 1is converted in heat by
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
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matri x of the product



20 hardness of the sintered piece or product. The invention refers to said
nmetal | urgi cal conposition for formng the self-lubricating conposite
product (pieces), by sintering, fromsaid conposition, as well as to the
specific alternative techniques or progesses for 25 obtaining said pieces
or products by powder netallurgy. Background of the Invention In
mechani cal engi neering, there is an increasing search to obtain materials
for applications which require properties, such as high nechanical strength
and high 30 wear strength allied to a | ow coefficient of friction.
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cont i nuousoi FPPTH7R - 1HE e ochf¥ act between eces, consequently
causi ng wear epplthea2fianserin which the fluid lubricant may chemically
react and when the fluid lubricant may act as a
cohtaminant. Besides, in situations of 1limit 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 Jlubrication, that is, the one wusing 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-locad 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



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
conponent surfaces but without presentikng rupture of the forned layer. The
solid lubricants have been well accepted in 30 problematic |ubrication
areas. They can be used at extrene tenperatures, under high-load conditions
and in a chemcally reactive environnent, where conventional |ubricants
cannot be used. Moreover, dry lubrication (solid lubricants) is an
environnmental |y cl eaner 35 alternative. The solid lubricant may be applied
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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, preoduced by powder
metallurgy from composite materials and comprising a
30 particulate precursor which forms the structural matrix
of the pilece, 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



25 ones (sem -finished product). Self-|ubricating nmechani cal conponents
(powder netal |l urgy products) presenting | ow coefficient of friction, such
as sintered self-lubricating bushings, produced by powder netallurgy from
conposite materials and conprising a 3Q particul ate precursor which forns
the structural matrix of the piece, and a particulate solid lubricant to be
I ncorporated into the structural matrix of the piece, have been used in

di verse househol d appliances and snmall equi pment, such as: printers,

el ectric shavers, drills, 35 blenders, and the |ike. Mdst of the already

wel | - known pry or art, gol %éf“édfol{mt%elsﬁﬁ%%é“r@lo trig s bf(ﬁnﬁe’_
copper, silver, and pure 'Toh. Ther e “afe used as s6l[d Ubri‘cant s:
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5 1lubricant particles, graphite powder, selenium and
molybdenum disulfide and low melting point metals, has
been produced and used for decades in several engineering
applications.
However, these pieces do not present high mechanical
10 strength, as a function of its high volumetric content
(from 25% to 40%) of solid lubricant particles, which
results in a low degree of continuity of the matrix
phase, which i1s the micro-structural element responsible
for the mechanical strength of the piece. This high
15 content of solid lubricant has been considered necessary
for obtaining a low coefficient of friction in a
situation in which both the mechanical properties of the
metallic matrix (strength and hardness} and the micro-
structural parameters, such as the size of the so0lid
20 lubricant particles dispersed in the matrix and the
average free path between these particles in the formed
composite material, 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 low
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



5 lubricant particles, graphite powder, selenium and nol ybdenum di sul fide
and low nelting point netals, has been produced and used for decades in
several engi neering applications. However, these pieces do not present high
mechani cal 10 strength, as a function %f its hi gh vol unetric content (from
25%to 40% of solid lubricant particles, which results in a |ow degree of
continuity of the matrix phase, which is the mcro-structural el enent
responsi bl e for the nechanical strength of the piece. This high 15 content
of solid lubricant has been considered necessary for obtaining a | ow
coefficient of friction in a situation in which both the nmechani cal
properties of rehgenbebvtde HRRFI RndsPPBHgt B idhd hardhesagnhnbr#peton

m cro-struct urak; pesAdet ¢6§ >S|40bMa§) t IaeLdSiaZec@éfﬁh&eSﬁI i gif 26riabréoeant

particles dispersed, in t mat r ve free. p these
particles in ﬁﬁ’g *Fornel cé%‘pom His (? élﬂ? I%V\ng‘-: fot gatléémfhz% meﬁ&
vol unetri c pepbsaiaged ofpissiasd pﬁbrpéaﬁ?Ctﬁthﬁ1tﬁﬁ¥ aﬁoﬁﬁFFFh§PE |@ﬁm

strength tg sheackngn, dogs.d1eld &QahrhbmiﬁtﬁﬁetdftﬂﬁrﬂmamhamECﬁhtsftength of
the netallic Mor eqver e Io S e t rix
allows a grad¥ FchbéPFﬂétloHEtP&? hé SO|I %$|%§% %a?gﬁc ééh§% otcur on
the contact sasfaselof tlnbﬁmQﬂﬂ§re@aﬁﬁﬁéi?§I Bt priodudtolurius, "ghndyder to

maintain a SUEE&QH@H&inbQ ¥ 30i €0eddj cheaphdie f6+ Chi anxthher enbasobgen

traditionally use vol unetric percent ag I ubr | t_in the
conpositi on of" g ftgéﬁf FBBFléﬁf%ng corl%m%g gd%%Pg%% € HQ ?%?§|?§
di f f er ent ildt edtea.\ndrm;meea:ievelfdwedf@@@nmt@ee%339 %cﬁﬁ:fhr@cf) i t H1iERad
previously desgrirhedent s dhisaliewed ﬁe@llé&saaae%% vhi clvoprraposasda a

self-lubricatin onNposi terla at, tenperatures inthe 5
range betmeencﬁgé%Fgﬁﬁ”%dﬂt WTHOR 5@??58 ?ra.flon resi stance

( bt 400MPa) anueaecobél¢@$entpxﬁca3|(ﬁﬁ(NPﬂQﬂMﬂtSthéﬁ¢@189¢hl§f§6cuﬁﬁﬁt
presents a solWt,k0M; §9f i Hbt algH NYapi g68kIQr pPhoduats ofsimmivtepebhisgient of

met al 1 o Sk UBFSRENCHER 1 TR aRB-PRENERI e e Se oBPraeFabi T dart partieres | n
its vol une, miublychexagovndérboronchi epi dor grappilee $exadrnituPéreRer eof
and states thatsahd mRuerd@pHitcadagiat e16® hecHsgdcal strength and
structural fragility after sintering.
The deficiency cited above results from the inadegquate
20 dispersion, by shearing, of the solid lubricant 20 phase
between the powder particles of the structural matrix 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



10 tenperatures in the range between 300C and 600C, with a sufficient
traction resistance (6t 400MPa) and a coefficient of friction smaller than
0, 3. Neverthel ess, pieces or products obtained fromthe consolidation of a
powder m xture sinmultaneously 15 presenting the structural matrix powders
and the solid-lubricant powders, such &s for exanpl e, hexagonal boron
nitride and graphite, have | ow nechanical strength and structural fragility
after sintering. The deficiency cited above results fromthe inadequate 20
di spersion, by shearing, of the solid lubricant 20 phase between the powder
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solubilization of the lubricants when soluble in the

20 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.

25 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

30 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 Dbetween the
metallic powder particles of the structural matrix 10,

35 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



sol ution becomes necessary both to prevent the solubilization of the

| ubricants when soluble in the 20 structural matrix and to regroup the
non-sol ubl e solid lubricant dispersed in the formof a layer 21 in the
steps of nmechanically honogeni zi ng and70f conform ng (densification) the
particulate material mxture, in discrete particles during the sintering.
25 A simlar situation to that described above occurs upon m xi ng
non-sol ubl e solid lubricant particles with the structural matrix particles
of the conposite material, the solid lubricant 20 having a particle size
much smaller than that of the particles of the material which 30 forns the
structural neEfEniceOtoR0t hepebnposht es {Rerr My Uiet EB ot heh@a&heFdsed
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matrix and the particles of the solid lubricant to be
dispersed in the matrix present a particle size with the
same magnitude order (see figure Z2A).
Since the metallic structural matrix 10 is the sole
10 micro-structural element of the composition that confers
mechanical strength to the composite material to be
formed, the higher the degree of continuity of the
metallic matrix of said composite, the higher will be the
mechanical strength of the sintered article or piece
15 produced with the material. In order to maintain the high
degree of continuity of thé metallic structural matrix of
the dry self-lubricating sintered composite material, it
is necessary, besides a low porosity, a low volumetric
percentage of the solid lubricant phase, since said solid
20 1lubricant does not contribute to the mechanical strength
of the material and, conseguently, does not contribute to
the mechanical strength of the sintered products.
Therefore, there is a need for a technical solution, both
to prevent the solubilization of the lubricants when
25 soluble in the matrix and to regroup the solid lubricant
which, by shearing, during the steps of mechanically
homogenizing and conforming {(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
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 is 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



7 lubricant 20 inpairs the sintering between the particles of the netallic
structural matrix 10, structurally fragilizing the final piece. In cases of
i nsol ubl e phases, a nore adequate distribution is that in which the 5
particles of the particulate materi al gf the conposite matri x and the
particles of the solid lubricant to be“dispersed in the matrix present a
particle size with the sane nmagnitude order (see figure 2A). Since the
metallic structural matrix 10 is the sole 10 mcro-structural el enent of
the conposition that confers mechanical strength to the conposite materi al
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sai d conposi taggueee hbgher cantinig:t he afech&hecal ceRehgth ofeitkéXsi nt er ed

article or pi ah2cRE 8 ucaectlyxﬁt& thecimi&id1al st denhgurdeto t ehamiset@i-n t he
hi gh degree of continuify of e netall

[c_styuctural matrix. of t dr
sel f- 1 ubri cat?4RF 3@t BPed COMPUEI e nﬁ?t?]f%?{, i tf%rgeﬁece(gﬁs%;lrn ! bgglede)s/ a

| ow porosity,sintleaviingol areitlespertoehtiagd iotirehé- sol i d | ubri cant phase,

since said;sohjd 20nbabii G gPesanat eontddduiiad 0séhe- reotianitaly
strength o? the materi al ancg_\, conse uently,t doesatrgaortiaclonttri Qghg L9t he
mechani cal stYERATHEEF tHE-ST e er & pr odtict™ S Tiererdre, There'is a need
for a techni asdtisiol, uttihen mdiotl itco qireswent ittea $ol UisHNLOXSt (B0RCOF tERE

| ubricants when, A% 5QLURLS iHAviheHE §iapRnd t 95T agrin d heutseldahd,ubr i cant
whi ch, by shearing, during thiu%t eps, of rrechgni C$| Ig hoSl eniaztj_ n a‘e_JLnd
conformi ng (dERES ddt ior)Sidr e ekt if e ST PESLTT e & di stTibution in
the formoé |wayersa 2datmist hehidl uren dbe t Becemtierdlyl  banghaand nigradide

sintering 30 and fhe deqreeroki&ontdAUlticiion RBoTEr URb UERbed®Id iandl0 Of
t he conposite. The solid lubricant 20 %ﬁ@gl d bec.dl spgr q:%qle In . the vol ume of
the conposit 9%&t&d AnGn e Trifiors %8 B8N i1 €5 unitorm vy

di stributed, tiatinos, mattrhxan average free path "V which is regular 35

bet ween the Pz?E.“cﬁéelfﬁiczﬁ thecopiRh | Lenstriisdal (fBiddver &o 723°C),
degreeof continuity oftheconposite matrix uar%t eel ng arhl g%re mechani cal
strength 1 tHe seFPeRi®R} cafilABSREM S TLE mat &t i al "For HEEFdd tng tthe
sintering, asséoldnistirzadedrd ncHd gewtel 8. stBridim sompostentorse riespredf o

generate sel fofubricating conpgsites ¥hi ol phaseMitias rebeolBt &1idy. to form

the matrix, the metalli'c elenent irpon or ferrous allo%s and sin I%@eneously
have the graphft® a&ha ¥8fi @I JorPehtl, 1FRELFR T nCR st P 1 UbP T BT
sintered conpesudes mat emidalsired 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



10 with a matrix which can be excessively hard and fragile and with a
coefficient of friction above the expected and desired one, due to the

sol ubilization of the carbon by the iron matrix. At the high sintering
tenperatures (superior to 723C), 15 the chem cal el enent 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, fromtenperatures above
723C, producing a piece with reduced or no self-lubricating property, since
t he whol e or mpsir ofn tihee cardjorswiffacke ofr dple R aCE€gs @dieflo 1Gp&catéCEs a

solid Iubri cawh%,;‘ onggiﬁegi%ﬁ%@_ GRY birgga}:_j_vei Hnbcﬁife@%htﬁo pf@veiing heheh
interaction of the solid I ybricant, defi y_the graphiteg, . e
particles of %LF@P]erPrfoﬁgléfirh‘ékfﬁ%ﬁnﬁrﬁ’?d?%?mfst mlasl%(go%%d]el trﬁ\ga% OBr evi ous

coating of theegs aptfiitecpart Betedemi tdplelivecab tihb chle diFdny teh&9%sgh

sintering genper aggi(]@é, AL NiERL2esi theppPesseMi bict nef ridianaet inertraf t he
coated graphite wwth the f

suggest ed i n O5BBI0REB s%?ﬁ%iO?i%géég%%ggﬁ%ﬁgg#rE%ééﬁgki néqerzgﬁ#%gogolid
| ubri cant durmgrisdent eiing efnt heypisbeerbyg coatiekptche? gﬁlalﬁ‘hﬂ{%‘“e% d
coating prevepfs the. graphite; fyram gpreadi ngnd 0 StpB aof mechanical
mixing in mills and conformation {(densification). The
10 fragility problem of the sintered piece, due to shearing
of the solid lubricant of hexagonal boron nitride, 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 lubricant spreading on said work surface of the
30 piece.
The metallic matrix of the material is required to be
highly resistant to plastic deformation, 1in order to
operate not only as a mechanical support with the
necessary load capacity, but also to prevent the solid
35 Jlubricant particles from being covered Dby plastic
deformation of the structural matrix, upon operation of

the pieces (when frictioned in relative movement),



9 layer on the work surface of the pieces when in service (when frictioned
inrelative novenent), reducing the supply of solid |ubricant and thus
maki ng the lubrication less efficient. Besides, solely coating the graphite
does 5 not solve the fragility problem,of the netallic matrix when the
solid lubricant contains hexagonal boron nitride, which can, by shearing,
generate a filmbetween the matrix particles during the steps of nechanical
mxing in mlls and conformation (densification). The 10 fragility probl em
of the sintered piece, due to shearing of the solid l[ubricant of hexagonal
boron nitride, is not discussed in said prior US docunent, although this
docunent consbaeyeniting chpactdldn ahdPpreni nfEPRNFERIEAHE%f 1] hd ossi bl e
t echni ques f of @} g e epiteee red at5vbensiahen € docont i tngeesaitdesol i d

| ubricant of |ow shearing stress. Apart fromthe deficiencies nentioned
above, said gPaphiie coating solution has a high cost, as a function of the
mat eri al s enpSoyezcamt d¢ghet BaVABBHOBf previ ous 20 metal |ization treat ment

of this sokidriubsi cantre MF£OVAL , ob NecUTBS T | hé ypﬁssergerreﬁadrimqmsezcb unti |
recently for nanuf cturi |ece r I NS onposite
doPR}¥2 $é%£mﬁgﬁ urﬁar 9 c£ﬁ§5§¥gf%n %f % RPEHPEéC@gﬁéghéi

mat eri al s, ness necessary event the particles
of the solid Fobrédaby 25 mﬁb@bl¥¢oﬁiEéFﬁ@f?hpPﬁFyléo@%F%dbyb? t"HE& mat ri x
phase, due topptasii€ SbLI®- UghO! @it Oaneauredhby st heiegeehanifcal florces to
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it is likewise an object of - the present invention to
provide a metallurgical composition of composite material
15 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
20 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
25 obtained at low cost.
It is alsc an object of the present invention to provide
a sintered prodﬁct obtained from a conformation, by
compaction via pressing, rolling, extrusion and others or
by injection molding, followed by sintering, of the
30 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
35 of both.
It is a further object of the present invention to

provide a process for obtaining sintered products, by



35 lubricant particles from being covered by plastic deformation of the
structural matrix, upon operation of the pieces (when frictioned in

rel ative novenent), 10 preventing the solid lubricant from spreading in
the interface where the rel ati ve novenent occurs between the pieces.
Summary of the Invention 5 It is, thddefore, an object of the present
invention to provide a netallurgical conposition of conposite materi al
formed by a netallic structural matrix and by a nonnetallic solid |ubricant
and which is adequate for the manufacture, by neans of conform ng
(densification) and 10 sintering operations, of sintered products (finished
and sem -fini ghed), oPresendimg: idd owceeekficat eat) ofndrétiteanial| iedi t o high

mechani cal strength a%ggﬂggquagg?es Je 5§eblgggﬁ§e ngﬁggfgg ofy,d he

present i nvention® Vi de urglc conposi tion of conposite
material 15 fparnamh#%cmiwﬁhﬁ)CQﬂPQﬁééﬂ§noPS§6nf6PnPﬁﬁe¥dE%s???E%Q?%%) and
sintering opeggti Qeﬁtlﬁ)ﬂcllts}b néﬁrelde pé@ﬂu@ﬁxsrasuﬁﬁtlas( ca:tcedtladood{esamﬁ whi ch

does not r%qw rglﬁest%g{ esfolfscrlt((;:r % %A‘%rﬁﬁ%‘cﬁ%{h SQHQH%H{)H cant

cont ai ni ng~card en app to a 20 matrix
based on ironoértion ¢h¥axﬂﬁﬁA$detheven |f said matrix alloms t he

di ssol ution ofnt Qe sGaEhoRshbaceceyr tak tph’t@s&hﬂt eniragtienpetiad uok$ects A
further object, of t he, present invent.i S vide a such as
A g R iy

cited above afd tarne al so an
obj ect of thecpmgsentl¢mnmﬁn¢Qmpqaiq9wmﬁﬂ$§lélsﬁﬁFeFBﬁ Bﬁ%ﬂﬁi?tﬁ%ﬁa?%ed from
a confornqblogel@ylgggqgggldy1éﬁﬁ%dy@@ssyjﬁposﬁablpmgduexhrusrenlandlpthers

or by injection | di ng, followed by sinteri f

def i ned abovecoﬁggr%ﬁ?cﬁypﬂﬁginfg 'Mhlgﬁpaeg?g% %f conf%%ﬁlty g?
metal | i c strudhgeatiomt moddiagl onetdefddmcsiti6n fV?%ﬁW(ﬂ?Q%Qﬁléeﬁlgﬁ
mechani cal stpenghhe byrUsidNg F:3qludatubrhgeatiLonpmizihng defaneexaapl e,

graphite, hexaggg?k1?0£89u£%££gfk%é¥rf§,nlXturf%f%ﬁl%&eb%ngrlal which
15 defines a solid lubricant subjected to shearing and to
the formation of a layer on the particles of the material
which forms the metallic structural matrix, upon the
mechanical homogenization 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



It is a further object of the present invention to provide a process for
obtai ning sintered products, by 11 neans of conformation (densification)
and sintering, and which avoids the need of previously preparing the
particles of the conposition used, in grder to guarantee the continuity of
the structural matrix and the desired val ues of coefficient of friction
and nechani cal strength of the obtained product. In a first aspect of the
present invention, the objects cited above are attained through a

nmet al | urgi cal conposition of conposite material for the manufacture of
conposi te product: %ﬁfreV|ously of conpacting and which conprises a mxture
of : a particuP&PEigRd er fal WHiedRVIEEFRES éoﬁﬁPéPFﬁﬁnstﬂﬂnlﬁ%ﬂP%%F@|x a
particul ate naheeiradl V\/rﬂcﬁ:h the dehinest@rsali dilnthriedaptogudiecteth tzo
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(densi ficabi onlxofire20 dfte gonpastitenatd tireeadrposwhecnatesinles ard at
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(chem cal el enen capab ormng a liqul ase urlng ‘t he sintering,
by reacting wPREti¢pElaks r rRterithe WoifosH ?élﬂﬁ? erd alSeLaf| oliet 238t ever se,

during subject to reaction with the particulate material of the
metallic structural matrix, at the sintering temperatures
10 of said particulate material; and at least one
particulate material defining an alloy component which
stabilizes the alpha phase of the material of the
metallic structural matrix (composite matrix}) in said
sintering temperatures.
15 In another aspect of the present invention, the objects
above are achieved through a sintered product comprising
a metallic structural matrix obtained by any of the
previous compositions and presenting <dispersion of
discrete particles of solid 1lubricant, the metallic
20 structural matrix being continuous and presenting an
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 guantities, 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 or



25 the sintering, the adverse distribution of the solid |ubricant present
inthe formof a layer. The liquid phase, which is formed by interdiffusion
of the components of the particulate m xture and upon spreadi ng over the
particles of the matrix material that 30 are present in the material being
fornmed, penetrates between these part}%les and the adhered solid |ubricant

| ayer, renoving said solid |ubricant and provoki ng the aggl oneration of the
solid lubricant in discrete particles dispersed in the volunme of the matrix
material, 35 allowing the continuity of material of the particles of the
matri x phase during the sintering. In another aspect of the present

i nvention, itby sinik2tppovindédiagnetal 1ureygesdsaonyesiiticdidst teofpdsite
material, for. ihe mmaufaghurey9f;si Bieied @f qsuntisid rramiaieempenent that is
previously confornmed (densifiéd) with t 0S| égn defi ned above and

, he %0”9 1
whi ch conpri EERLS3 PR HREMRT : ThE SEnTCelirat 8" Bt 8FTal which defines a
metal | i c strurteursall fratbicx cé tomp osintre sidter rFeranl ebifarat viidte “REt eri al
whi ch defi es%]_aes%%ti d fubricant subhectyd 0 heagti @arW i@ qrartineul at e
material of the nmetallic structural rnalt_riaé:a aL égetﬁi nt.ering; { enperatures
10 of said paFIIRASELE nat eGP, BRAPH G3ast - bRe  particul ate fmateri al
defini ng an ahdmyfxenpongnt mebhehisahbi toprenartie al fephase sFexife
material of the netallig, ghrdct ugglkygat ring (coppesid,e npistahsin «sai d
sintering temperatures. 15 In_anot her aspect of theagae%%@t Jd X/e 4.on, the
obj ect's aboveCAE AT EES: HGudP™RIESTPE P ed ShFodull “corprising

anmetallic
st ruct ur al o madixy xscalft-aiubed cby iagybwshirgs .pr evi ous conposi ti ons and

presenting di.?lpgrsisgﬁ of . dises et giBArt i 85n0f230! ighd ubtiTediiogida
metal lic 20 structaral I [

matri1 x bel ng continuous and presenti . unt of
solid | ubri caPeTERFRANAS X9t to oD nkief i ﬂpggi‘éaa%’e 1) ?%rai csarzﬁq%%rrpa%gs)i tion
used for the gpediic f ormepiernehns anotdlarteasped of thhe pReskemtitdiventi on,

the objects aboye. Al ACRECVSL (REOUIR Al 0BESSHA nObESL Bt NG Buhl
sintered produc T [ iti

romthe netallurgical conpositio fin ove_ and
present i ng5di BPEIRS AT DfASHIIngd G5 (’fgﬁt mﬁggf?éﬁeg? gg?dcgggggégl%%npri si ng

the steps of :wRichi xid\¢hd Eoiledehgr nhaednepmmrid meshapheapaftrenddt e

material s whi 8?. deli ne e ”E%iaéé U G Cabe BRgEONRRSI i@ atek st Yitg out
t he honogeni zati on, for exanp in.a mll/uoi

provi di ng t hesebhf oF HREIGNY (ﬂ’é‘%gggg%g%é%ﬁeac{]% 0 ﬁeaf“ﬁéélﬁ;iﬁé?’é‘,pe
I nparting to sai d:dritihuieyt hef shiape maftrtihe prajdursttripgi eeeycery-age spht er ed;
and c- Sia%ergggi&thQQQEant 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 compeosition 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



35 conpacted material. Wen the conformation of the netallurgical
conposition, previous to the sintering, ig rArried out by extrusion or 13
by injection nolding, it is necessary to include in said conmposition an
organi c binder to provide fluidity to_the conmposition during the
conformati on phase. The self-lubricat?ﬁg conposite material obtained with
the 5 present invention can be used for manufacturing conponents of high
mechani cal strength, that is, for manufacturing nechani cal conponents, such
as gears, pinions, crows, forks and drivers, pistons and connecting rods
for conpressors, etc., and not only for 10 dry self-lubricating bushings.
The si mul t aneoust dinghl, mecianitbal femdatEpbobHgh capl pér Foreice riésfitt from

the applicatign. ofc 13" b8s:9f18pe6k firge raquicterent s=telated to the

mechani cal properties of the matrix and to the m cro- Jctur
paramet ers deStgHet o FRBEMRALETT 3’ofepﬁss%gﬁ%o§?ti%%?gghicﬁ%aﬁgm%he
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Descri ption OIQ t@ﬁapf AW 09S petall@ci BY@NLEQRa W hht bex desavéhiady betow, with
reference to 25 the encl osed draw ngs, g%ygn by way of exanple of
enbodi ment's ofleERRE | My SATIRYAAY PH WAT B 'Figure 1 A schematical ly

represent 30a poghten 28 tduhematricadfiyucrepeesiniishe 2pr MGErarttE9@pPoRE ti on of
partiCU|ate nBE?£i§A’ofoHgiéﬁﬂ%@sﬁt§55”8f”ﬁﬁ% pRtticn1aRe 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 1lubricant 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 liquid phase dispersed in the particulate material of
the structural matrix during the sintering.

30 Figure 5 schematically represents 1in a simplified
diagram, an example of compaction in the formation of a
piece or product to be 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 ocbtained by compaction carried out



30 a solid lubricant containing hexagonal boron nitride and/or graphite,
before submtted to the operations of nechanically honogeni zing the m xture
of the particulate materials and of conform ng (densification) the piece,
before sintering; 35 Figure 18 is simjJar to figure 1A but illustrating
the mcro-structure of the sanme prior art conposition of particulate
material, after having been honbgenized and 19 conforned, wth the
formation of a solid |ubricant |ayer between the particles of the
structural matrix; Figure 2A schematically represents a portion of the
mcro-structure of the conposition or mxture of the 5 particul aLe mat eri al
of the nmetal | by stexteraran, nafEFRECH 9 Hrhe Hat 7 i aﬁ’a%f the %ar??cﬁl ate
solid | ubricantyhavhagng p;@lfntpbeheesmme&maml arof( t he tsae magri t adéforder)

to that of the netallic sLruct ural tr X, f%ylgrlo@g t he dggrgea ok
continuity of tH& FAEERE; “IFFi gur ﬁgﬂs%ﬁermtl cal Iy re;Er esents a. .
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t he struct Lgalldmtlaaxgng\n hdedbeii1soland | ubri cant havi ng particle size much

smal | er than that of gl € gL taangaJ?h{ dét%Laé sdIBL T X5 whey ey gl Blner

particles of tHEYUS s GbFIcan o forma rela tlveliconlnuous
| ayer bet ween dikarpayt iagl @SiaétplﬁhéfnﬁtoﬁlPPFElgt‘rﬁEt GP&l TREEFFXCP ePen®in the

absence of sheéqréd@g st epsesudty i N t ke ppoeessinglgt epsrigmed,ousatid
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conposi tion ofgpand iiguhateimatesivaly.of the present invention; Figure 9.
represents a pi cture of thg Ecrﬁ-strti%tnure of 25 the sel f-lubricati ng
sintered prod is a ferrous aIon eV|denC|ng t he
graphite and Hex agbrea dibop ver Fouslivdengrlrtanddes il Phet B?O\?P§i‘°‘8ﬁsot‘°
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sintered; may assume a defined geometry (piece) tc be submitted to
a sintering operation, in order to obtain a product 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 uses 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



Figures 6A, 6B and 6C represent exanples of products who [ [
obt ai ned by conpaction carried out nES by ex?rusion, res;gcfﬁcgf;nag;og LZr
in a self-lubricating conposite material, of a tube in a self-lub}icating
conposite material, and of a bar with core in netallic alloy coated with
an outer |ayer of self- 5 [ubricating haterial; and Figure 7 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 nmade by rolling a self-lubricating 10 conpbsite mat eri al

on the opposite faces of a plate or strip in netallic all ipti
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graphite or also by 'a mixture of both in any proportion,
said particulate solid lubricant 20 representing a
volumetric percentage lower than or equal to about 15%
15 the volume of the composite material to be formed, said
percentage being much lower than the usual 25% to 40% of
the prior art, relevantly contributing to a higher degree
of continuity of the structural matrix 10 and,
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, Z2A and 2B, due to the low
shearing stress of the non-metallic particulate solid
lubricant 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.



In the conposition which uses iron as the main particulate netallic
material, the particulate hardening alloy elenent, with the function of
hardening the matrix, 35 is defined, for exanple, by at |east one of the

el enents sel ected from chrone, nol ybdenum carbon, silicon, nanganese and
ni ckel, but it should be understood that 16 one can use other el enents
which carry out the sanme function in the structural matrix 10. It should be
noted that the invention requires the provision of an all oy hardening

el ement which may carry out the function of 5 hardening the structural
matrix 10 to be formed, but this aspect should not be limted to the
exenplified athoyrekenent sapsiesenhed deélici ancBesedesondd ebAPBnerit’'S which

formthe structural. matri S ROS ik BAr COSME S88s &t
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formati on of the conposition a RSt Y YoheOlpaldie cailater edic@nposite
product, duri ﬁg‘et ﬁégg%épp%?sem %g%giz?%e. barticulate mater| al s of the

conposi tion addbrheast epl of L ke e iA iy thé doMPodHIER, by “COMPACtI Bn or by
i nj ecti on ol digng;hed her Skd@ssas apptiedlbo irhetisol sdnkabed c &AP201EQAUse t he

|l atter to 30 spread_between .th ticles which formthe structural matrix
10 phase, tenéﬁrﬁg“% 5or %uonbdtat%hn%%r'i nafilmor | i i n?ﬁt he
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structural nmatoheseh®s, preferably, an average particle slze ying
between about 10 pm to about %0 um. 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 liguid 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

s s P C e y
hexagonal boron nitride, s§ince the particulate solid



17 In order to avoid the deficiency nentioned above, the conposition of the
present invention further conprises at |east one particulate alloy el enent
which is capable of formng, at the sintering tenperatures of the conforned
5 netal lurgical conposition, a |liquid phase between the particul ate
material which fornms the structural nﬁ@rix 10 and the particulate solid

| ubricant 20, forcing the latter to agglonerate in discrete particles that
are honogeneously dispersed in the material of the structural 10 matrix 10,
as illustrated in figure 3. The formation of the liquid phase and its

action on the particulate solid lubricant 20 allow obtajining. a high degree
of conti nuit ylwiritdeatsPudeas ahohratgack IGtihntPﬁeméF‘ﬁFe‘?f']ed*E%?pgé’ir & product
to Pe obéaLnQQ“31§t¥¥6ﬁhﬂJE3ﬁﬁﬁﬁﬂﬁLﬁ@iéaltﬁﬂimﬁmi?dnﬁmqﬁiﬁﬁpedﬂsﬁansipn is
conforned by conpaction es a_ferro uctyral omt £bX, g LR n
particul ate et |?%P$%¢§££%#§o€°i?%%“%rggéﬁtg, grefé?ably, aﬁ aver age
particle sizepdntiimplsseweehidbbarr 1GREMA%0 vAbsuEn90S pRICHH 4kt L3 F%, the 20
hagI dteﬂi ng §|t _eﬁ@lrﬁatug@slt th‘ah%f’maﬁtwrpﬁtimﬁ“@emm??mbe;?fmmzzm Iri X '18’
an e particulate allaqy el enment, nc . forg,ng dhe liqu
phase and aggtdnerst i i qa%agarfkcuﬁg e ggFF%y[ub%ﬁ%%nfffg, during the
sintering of ¢heuoertfioonechaesalfutghebtatighosherdnt 25 Byt Tofthadti®on
f?enﬁi f: gaLi Oélﬂrat&?e?ﬁ%%%flgﬁéza;éﬁr@@eomﬁdiﬂeﬁ‘d.e Si Ize smal | er EE;“ about 45 pm
shou e under st 00 a e_aver age. parti.c of g i,
particul ate ne?%tV$c mdfer C8F%of © ?onsa%%%‘gﬁud}aplre gr%géﬁy be |arger than the
aver age paotiekansige ofortthedear dard nghSoPereremtaEhdSat byl ¥ttt The

met al | ur gi cal ,§oPOSi tiQR Whhe 8811 ¢ 0slohased ist ruwet wrahicoatal xmalix
descri bed above and conforned. b i

conpl et ed wi t h%t heétthardéni ﬁdngF\éﬁé%?pg%%‘%%%t%ﬁe%g S gghéfgﬁgﬁ&, o the gg
particul ate seétal lubyiiceantc@dss tobnt Ry | eRBrafiieon ye % 321 eCHER ous
structural ”B%§iéiﬁ§L for; examie t ke rhexagonal, herpntnetgigshise nee the
par*lrnlzge Sg Ié&xture consisting of graphite and hexagonal boron
nitride, the present metallurgical composition should
further comprise at least one 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 i1ron 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 adeguate 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 inventicn 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. '
Preferably, 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



18 lubricant 20 does not react with the material which forns the structural
matrix 10 at the sintering tenperatures fromabout 1125C to about 1250C
The reaction of the particulate solid lubricant 20 with the structural
matrix 5 10 causes the forner to parH&glly or conpletely di sappear in the
material of the latter, inpairing or €ven 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 particul ate
solid lubricant 20 is at |east partially soluble in the structural matrix
10, at the sintering tenperatures of the confornmed netallurgjcal

conposi tion By corpadtizen msbytingeeti 6f 2RBLEE ng Y abeFRIBTUr ROT TRy
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el ements are considered.the nost adeg e P h1Qi-at act in
stabi | i zi ng (SN ABR1E 5ﬁa%8h5§8u§t gf_he s‘i"%fge}?t?n‘?? fée}%pg?%a&rlgga%g%%ut 1125C
to about UP5Q@mpoisitéhdul andef 3O Enddrsusedofhat TFRN 1 MASRERGS Sr 88Fdes in

the concept ofs9abi ldizidegchesi reBmakpbat phasecantonat 8knbiyheefigbt t hat
the alloy co nt(s ed are nece i;lLy the ones exenplified herein.
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Preferably, - havi'ng "an i ron-based 35 structural matrix
10 with a parthesul the setiblurmidadantorgrsidtioneet paft FEFFYLEOT uBPe in the

structural matddperkRdangywhiigheksie@nshoidimy, dmr exanpl e, Mergoaphite or
15 structural matrix, the main particulate metallic material
of iron presents, preferably, a particle size lying
between about 1 pm to about 45 pm. In the same way, the
hardening element, with the function o¢f hardening the
structural matrix 10, the 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 ipm 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 inscluble 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



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 o 6ati ng the particulate solid

| ubricant 20, and the alloy conmponenty " 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 l urgi cal 10 conposition, and froma mxture of silicon, nanganese and
carbon, at contents from about 2% to about 8% by weight of the

net al | ur gi cal tRONpSYREFbAT With t FeTRebal | urhf call l@8APosi RFiE of 2PRe
invention is gpnfdddrediby khkephireicaDith ngoridtl lsesi drfteraousiukSng
structural t.rix, the main rticul a i ter] .qf. i ron.presents,
preferably, ngtkbeartsllcr}eerslin% I%% néC %et &HEE%E%%%J%8?Lirgm&%r{cl)£dasbl%dt0n45 Ii?ﬁ In the
sane way, thedfEimeshi nprel erareleni PR Ehe ¥aATt | O/F oPThdPGef dfahe
structural smaggiectld, fifke pabineyl ahesphboys el eneidon W idor20 ddmbdnynct i on
of formng the |iquid phase,and | onerating the particulate solid

| ubri cant 20,m%%nre?5nl§fmt’h80§?% e??(%g[g%r}g%%_eﬁet al lurgi cal conposition

conf orned by Wfrﬁrecﬁhemnemﬂldiuﬁgi&ﬁg crEPpat Fieul af etRdl 1RV &S present
a particle sizealka-beeauaboeutict@mt mahdut 125 4hBmmafs B readiyi awent i oned,
t he structural trix 10 of the netall ycgical i.tion be

ni ckel - based %%tga?llilr‘f thfngg%’é%aef ar?yfaof H%%iéggartl cu%gj!ttg’sol 2T ubritGant s 20,
exenplifi &8 hevmiormesignaphyt econimcdgonal Bor oV HIads dB23b16ke a Hid& ure

thereof in anyrfropeili aRingi bethavs tbeuthao agheshstiisowd dgimg dhesol ubl e
ot al ur gf cal "ESEON | BHTT om G660t EE2se e Shburt 1sa0eer a1 The
use of the pastiwaiivard aldteyx330corpenéhe RAFERCELAbT | RLERY tHEMS YN al pha
phase. In the,et aldHy gire@k1§8APOSE | Bfrmirdd) ahi cRelustr uptiasal aratrix 10,
the || qui Ao phaRE I B aPorePuEeny Ehebar L aif at PESTHE 4 Al "
during the sithtersintofinchefirdthd Ingtgldairsdeaposicrpeitign depifeeared or
example, by aty|eastoRRacal thensiet®MSon), 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 liquid phase, present a particle size
25 preferably lying between about 1lpm and about 45pm.
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,



5 selected fromchrome, phosphorus, silicon, iron, carbon, magnesi um
cobalt and nmanganese. Wien the netal |l urgical conposition of the invention
uses a nickel -based structural matrix 10, the main particulate netallic

mat eri al of nickel presents,upon the 10 confornmation by conmpaction, an
average particle size preferably |ying between 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
conpaction (deReYFiEati%onye presertivy ﬁ%‘ﬁvgﬁﬁ eOBgr?chésg?%%”édﬁhl to or
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met al | ur gi cal Jg%gep%fs%,fi gﬁg%% Iggﬁnckr%lo-%%asies stg?ucat%.{]al mat ri x 1%(6 t he
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t he parti cul atenadimyrielrenent exeictihidhe bodctimm ofbdwr nithy 3@ thesliquid
phase and agologer hNGohRGRALILEULA! EnFoLi fhd URS1EAN. 2hd Noddseret e
particles, are defined By an elenment” selected fromsilicon, hosgggrus and
chrone, atOcohiBfes fromeaBdactesh t 5T aBouth %o BPFréiPa n?ggﬁ?e fhsi sti ng
of. silicon, pbesphatatsi@ndtelr,ofeyr akampeht et se@dretirabobef@86 tioh@about 8%
by wei ght of LOgcORIG 63! s60aBashLEgn- el Lhaceonhgrgadpon of the
metal | urgi cal conposition, 21 previous to the sintering, i.s carried out by
extrusion or Bpeinpeeeil bArFbFt ngCORPRS Horfivsi t {otf d W ther®tonpri se
at | east one enganhed bi nder sdkeeged pieferalbfy fadzmusiie groupecodnsi sting

of paraffi,p an [ S ; .an o] | &1 A RO p i n
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vol ume of thesakeaFedrrcditec SRFBSErBnot ubsh PO matPohCbythe

extrusi on, andubgeguaboutointtiemM5%f upon ddief-domfrdcmatingn byntajfedti on
mol di ng. The grganic 10 binder is extracted fromthe conposition after the
conformation ep ] )

, for exanple by evaporation, befqre the confaornmed product
i s conduct ed Tbet FadivFeere gtggeﬁpf erent particulate materials 1s

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,



The netal | urgical conpositions described above are obtai ned by

m Xi ng, i nanyadequat em xer (s), 15 predeterm ned quantities of the
particulate materials selected for the fornmati on of the conposition and for
t he subsequent obtention of a self-lubricating sintered product. The

m xture of the different particulate terials is 20 honogeni zed and
submtted to a densification operation by conpaction, that is, by pressing,
rolling or extrusion, or also by injection nolding, so that it can be
conforned 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
conponent s cowniEl Mg tebesganics Bileder —PEsHOndEeH 28d at"denferdrur es not
inferior to thahpofsdelit iRgsthener garicchiatderalide d¢lhusrtontgenithed

m xture being.granul ated to facili e 15 .hand|ing, or age @, supply
to an injecti %Lﬁ“%élc% mca)?gi A%rénrmcglonggérm ﬁ%nlr&ﬁfS%%ggbo%os?tgi on, teﬁig

conf or ned pi ederizg subhet t dnteTangt ep Sof dextyiditichg RIS %r gBYi ¢ Bicnder,
general Iy by %afttﬁtm&'tepléQQ6§r5e1&}h@nhprmgﬁrﬁﬁﬁ@téﬂdthenaﬁ@cﬁhﬁﬁ@émﬂﬁaﬂ ur gi cal
conposi-tion 35_can be then submtted.tg a,si i.ng ep;, atgiLnparat ures
from about 1125C eatPoauIielei’gl@&? C%r?%ﬁgerll%g%ﬁéﬂtlpbo? Itolhr}a et Al uregi cal
conposi ti ons, papRiclash daspeopedased dheni EREIEDasdd SPPucttrE et i x 10,
conprise at |gastioneg particulate alloy elenent with the function of

formng the Ijquid phase, it,is . for , durj i ntering, idJiquid
phase by the ¥"Particif at é“eaﬁallgl;}lré:’l‘léq:%ﬁgnt , %ghggsﬁ%gﬁ%?ed ? r’éﬂ%sel%grre_réati on of
the parti ¢0l aparsitilhteulscilédnt URoicanti sk r@as hReEitéresY dfehered n t he

vol ume of thezsthuehUbdedBbtbXcd®raVeathex, as it occurs with the
nEtallurgicalgggg§§%éiqg&?”%&k§e%%xture with the hexagonal boron
nitride, the homogenized and conformed metallurgical
composition further comprises at least one alloy
15 component, already previously defined and which is
capable of, during the step of sintering the
metallurgical composition, stabilizing the 1iron alpha
phase of the structural matrix 10, preventing the
dissolution of the portion of the solid lubricant
20 portion, defined by graphite, in the Iliron structural
matrix.
With the metallurgical composition proposed herein, it is
possible to obtain self-lubricating sintered pieces or
products, from particulate materials which do not require
25 previous treatment for the non-metallic particulate solid
lubricant, said pieces or products presenting: in case of
using an iron structural matrix 10, a Hardness HV > 230,
a coefficient of friction g £ 0,15, a mechanical traction
resistance B; = 450 MPa and also a dispersion of discrete
30 particles of solid lubricant 20 with average particle
size between about 10 jm and about 60 um for the products
conformed by compaction and between about 2Zum and about
20um for the products conformed by injection molding;
and, in case of a nickel-based structural matrix 10, a
35 Hardness HV > 240, a coefficient of friction p £ 0,20, a
mechanical traction resistance 6 2 350 MPa and also a

dispersion of discrete particles of solid lubricant 20



10 particulate solid lubricant at |east partially soluble in an iron-based
structural matrix, as it occurs with the graphite and its mxture wth the
hexagonal boron nitride, the honbgenized and confornmed netal |l urgical
conposition further conprises at |east_one alloy 15 conponent, already
previously defined and which is capab?é of, during the step of sintering
the nmetal |l urgi cal conposition, stabilizing the iron al pha phase of the
structural matrix 10, preventing the dissolution of the portion of the
solid lubricant 20 portion, defined by graphite, in the iron structural
matrix. Wth the nmetal |l urgical conposition proposed herein, it is possible
to obtain sel§itubsieatdangasititéredipeebesvern prleritict ! Wt ciihardul at e

material s whi 8{? 3‘91 “garf% 8 20uPt 8Vius ckheat nept chebatheonon-aret al | i c
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friction g 0, dbnfermmthaniicdkectiastmneldiresi stance tit >450 MPa and al so a
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of discrete paptptlesdigtals T@opabrPRaht 2OY he “puf pose  of
exenpl i fyilpg dif fepenbepasei bidliftilebrotacond os mrbrrathef prasaptece or

metal | urgi cal conposi 4 Y. S PP NGea, COkt 3l BhBpedet e5si pedtguant ity
of the netallﬁfﬁggﬁ %%%%g??fion to aﬁy desired shape, which can 10 be that
of the self-|dbpitadi Wy'sh Mér-ed final piece or product desired to be

obt ai ned, or aocghapge, cliase t Datdat ndebered i zppliortions, the self-

lubricating characteristic 1s necessary only in one or
15 more surface regions of a mechanical component or piece,
to be submitted to a friction contact 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 Jlayers 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 1is

carried out in the extrusion step of the latter. The bar



However, in a |large nunber of applications, the self- lubricating
characteristic is necessary only in one or 15 nore surface regions of a
mechani cal conponent or piece, to be submtted to a friction contact with
other relatively novable el ement. Thus, the desired self-lubricating
product can be constituted, as iIIust%%Ied in figure 5 Dby a structural 20
substrate 30 preferably confornmed in a particulate material and receiving,
in one or two opposite faces 31, a surface |layer 41 of the netallurgical
conposition 40 of the present invention. In the illustrated exanple, the
structural substrate 30 and the two opposite surface 25 | ayers of the

met al | ur gi cal2 conpasiet i30ra40 take benpacthedtdch thetlintwmiteriod akfPadequat e

mold M by t oppQsi t : f ' -carpact ed andxeanbasard
A ZPRRE e BEDse B Tou neca.

conposite pro S posteriorly submtted,to a sjntering step. In
gl C{ 135C ge p

this exanpl e,SiGMEFUERe PABTbPpbSidE FAICESPITab 30t HESIFUSTGFAT "Subst rat e
30 will presefdrdikecdesttable: sebfrthubtacat isvg ik opebriesnt Fiddur e§S6A and

68 exempl i Ly DLOGUCLS iR, ! DE,FOIINOla 3D g2rasdsdakibe. 3, respect i vel y,
obt ai ned by eiﬁru5|on o_yt e netallurgical cong sitioon 40 in an ad%quate
ext rusi on 35 Fagutiex {hotliugtustest sPPTen SRFE gﬁs@ﬁ PG 3FE on by
conpacti on ofpy he deRbakliuegbaal 4 compesiitsioy 40stsuchverékd-owt i the
extrusion Ste&’égrtEQﬁlg%Etﬁsteﬂlﬁﬁl%%a Wlch is circumferentially 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 Jlayer 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 latter 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

= A

of the metallurgical composition 40 of the present



2 -or tube 3 can then be submitted to the sintering step, for the formation
of the iron-based or nickel -based structural matrix 10 and i ncorporating
di spersed discrete particles of the particulate solid lubricant 20, as 5
schematically represented in figures Zand 4. Figure 6C illustrates another
exanpl e of product formed by a conposite bar 4, conprising a structural
core 35, in a particulate material and which is circunferentially and
externally surrounded by a surface layer 41 forned from 10 t he

nmet al | urgi cal conposition 40 of the invention. Likewise in this case, the
conformati on andhencorpactifmhdidengirbucati ons ofndrhesstuiticedr ab gore 35
and the outer surface Iager 41 in the netal lurgical conposition 40 are
obt ai ned by cO-ERHRSi 6h®Bf the two 15 parts of the conposite bar 4, which
i s then submiutige thet hevennier ity steep. PYREANER® driide tiYoRean St Ré

netal | ur gi cal . GEMOSIEQR 2@ S scabltedeout 1 bygRdIr usosiasoht eaaurs, for
exanple, in t%e formation of th

e . hars 2. 3 .and.4 of fj , 6B,.20 and
6C, sai d cHnPHEIAGTENCRA fYﬁ?WuaFl%%ﬁﬁ??ge %ﬁ%ﬁﬁﬁi&ﬁ?c %@%%er é%%’ch§Fs
thermal |y rensvedd robet hendempospdi orrhagf t eputthe €6HPBFHBI?®H ofNfhe

latter and befare ;the  skntefingstreR, HYr&iw i¥nd henknowni Techricgues for
said renoval . 25 fh I

! e organi ¢ bi nde b faor , exanple,. .a .sel ect ed
fromthe group” bR stg ngPofe p%\lfja%#?Cﬂa};ﬁd%g?hgftmfgg,hoﬁA?yef%%%llo mel ti ng
poi nt pol ynersron? representsentls® schmeabitcal Py, aforhed!l Mdg t o t&Ssintered
conposi te; progugt .. REESAENT i AG ONg Or SnfAce iRgiceRs ,havinng discrete
self-lubricating characteristics. In thjs e%aﬁ$'%;(}Q%5H5&9%§k5§u5€ be
obt ai ned pr esetsicdestr &t GF& SsaBstPate B0 Forned I na particul ate
meterial , prevémousiay conf aared solihelfibric@it atsot rdissqivepeifg S#ded t hat,

on at |east qg&gxthgug-@@pagéi t& fraa8nof st s, sheucdraledsubst ratee 30, in
the formof a continuous rip, is rolled a surfac%.lagfgn4l of the
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met al | ur gi cal kb RFoNEToACEOMBRRY he PrdEERt'™ S8 AvERt I on. " The conposite
product 5ips then submitted to a sintering step. Wile the invention has
been presented herein by neans of



sone exanpl es of possible netallurgical conpositions and 5 associ ations
with different structural substrates, it should be understood that such
conpositions and associ ations can suffer alterations that will becone
evident to those skilled in the art, w th@ut departing fromthe inventive
concept of controlling the 10 distribution, of the solid 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 clainms that ac y the present specification. 15
26 Clains 1. A netallurgical conpositgggﬂgg-particulate materials, for
formng conforned and sintered self-lubricating 5 conposite products,
characterizedyin | 11 5P S iy pard ] jal, in
the formof a bré%gﬁgnght chéﬁigiFﬁgggﬁgﬁg?{%%ggigﬁfgﬁgéﬁ%j%&%£?%%£%1ate
netal lic matef?al FerRiBRel CORMATALY eadtd orel Heftitthi nge&f ehePficahirh form
a structural aBhpdéxifdOprobaudOst henaearesit gcAr @@UGHA0 e shiheiad 2
non-netalliclﬁarticulate olid Iugréiantléagg'.%?d at Iegst ne particul ate
al oy el ement™&Hpab?d DGR ngetadliifg T stater iy bPSt HPBnPr rdd

met al | ur gi cal proppode tawn, achemqidal phaskebehtveen vherpant i cthat e matweri al
whi ch forns t ri a rticuyl ate i d

| ubricant (2 ?éggaﬁ%%ggdﬁéﬁél¥%% +§E%%$g%nfgiéggggg’p%ﬁ#i%%e%égég.oq%e
conposi ti on, akaxeéenieyt le¢mert ai which 200rhar agtruferal nmehyixt he0) in

particul ai¢ sphtd dasptdcant beiagcsel est ege f romananhi te, hsxagepai 1 beron
nitride or froma mxture of "both_in any proportion, d the_particul ate

an
al l oy el enentPaGFA+des f uRRtion %Fb¥bFﬂ¥§g {R&) i gend pRBseltdShggPBRerate
the particul ap£rsothta@d hubbicanbmedulti RGHaa eSidw efd)ﬂ@in@,eicﬂl@rﬂ@]fji oed by
at | east one of the.elen§nH§hselec%ed fron1gh53ne .phgsphorus .silicon,
iron, carbon, SHRAGHELTANT ettt t CaRECHERgalEsE I E I iTRe CCAISRT T B aB set
forth in claih@uidophasaedeBOeby thappattonudadechatacteli whidchnfohat t he
mai n partqeul [ teri.al. of nhcke r t - r.age hcl e
si ze Iyin%gbe?%geEﬁgﬁ%ﬁ?ﬁT%gnﬁgﬁ%hggod?b Qp%?@the a gﬁf%%ﬁgﬁgheﬁ??Eaﬁth
the function bfbhiedehi ng2the mAFINeTHdlthe T t iledt@re &N oflleFsaent ,

particles.

2. The composition, as set forth in claim 1,

20 characterized in that the particulate solid lubricant

being selected from graphite, hexagonal boron nitride or
from a mixture of both in any proportion, and the
particulate alloy element, with the function of forming
the liquid phase to aggliomerate the particulate solid
25 Jlubricant during the sintering, being defined by at least
one of the elements selected from chrome, phosphorus,

silicon, iron, carbon, magnesium, cobalt and manganese.

3. The composition, as set forth in claim 2, conformed

30 by compaction and characterized in that the main

particulate metallic material of nickel presents an
average particle size lying between about 10um and about
90um, the hardening element, with the function of
hardening the matrix, and the particulate alloy element,
35 with the function of forming the 1liguid phase and
agglomerating the particulate solid lubricant during the

sintering of the metallurgical composition conformed by



35 with the function of formng the liquid phase and aggl onerating the
particul ate solid lubricant during the sintering of the netall urgical
conposition confornmed by 27 conpaction, presenting an average particle
size equal to or smaller than about 45pm;5 4. The conposition, as set forth
inclaim2, conforned- 5 by injection nolding and characterized in that it
further conprises an organic binder and that the main particulate netallic
mat eri al of nickel, the har deni ng el enent, the particul ate aIon elenent
which fornms t ph AP I I resen

an average 10Q§m$ §n5|§§gF§?ﬁgnéeg %ﬁ%gbgl ﬁﬁ%ﬁ!%hﬁ%' aP §§
conposition, @3 s@@llﬁrthhan ahyubf4ehmins 2, 3 or 4, characterlzed in that
the particulate hardening alloy elenent, with the function of hardening the
ni ckel 15 matrix, and the particul ate allo¥ element, with the function of
form ng the |fquithphaSBPaRdtAgEl oMsr at9thgT PRER s6Fi FYABY i €¢anFORACHNSE et e
particl es, sargydehijaedibn aalatﬁgeahdseha@a@dett@au5thleﬁat phospheres and
chrone, at contents from about 2%%% agout % g% mgkg ht of the, 20 1

met al | ur gi cal CORPOEFEi BR, C6PAPFonPaPREXt GF EBRS n§*of BRfFeoRiate
phosphor us andecatdire, mattecdrtlents ﬁiohehbomhezqumﬂeﬂxng émémwnmelghe of
the netal lurg e o] S claim
4, character|ggg£188?ﬁ8§ %ﬁﬂgﬁtégﬁg%?-¢ng§$gﬁs%sg fi%gf% Bégup
consi sting of apédr 449 npantdiowherewsedsd EWEh@am%WPﬁF@ISﬁPﬁg Foi avepabgner s,
ina prOp@bt'BQrE@BQénQ1Eé0ﬂ?§QQUBeGQé%EOaBBQHt1ﬂé%aﬁé bBsut oL glimvol une of
the 30 netal lurgi cal conposition . self-lubricating sintered product,
obtained froma netal |l urgi cal conposition (40) of particulate materials, as
defined in ang.oanéabampas&elénanQQMﬁdﬂlférsmbmhthaq1ﬂit¢mﬁxméonnaeion

previ oust ot hegtnter i ng,. charagter] zed i thal Lt Dresents, Har doess 240,

alloy element, with the function of hardenlng the nickel
15 matrix, and the particulate alloy element, with the
function of forming the 1liquid phase and agglomerating
the solid lubricant in discrete particles, are defined by
an element selected from silicon, phosphorus and chrome,
at contents from about 2% to about 5% by weight of the
20 metallurgical composition, or from a mixture congisting

of silicon, phosphorus and chrome, at contents from about

2% to about 8% by weight of the metallurgical
composition.
25 6. The composition, as set forth in claim 4,

characterized in that the organic binder ig selected from

the group consisting of paraffin and other waxes, EVA and

low melting polint polymers, in a proportion ranging from

about 40% to about 45% of the total volume of the
30 metallurgical composition.

7. A self-lubricating sintered product, obktained from a
metallurgical composgition (40) of particulate materials,
as defined in any of claims 2 to 4 and which is submitted
35 to a conformation previous to the sintering,

characterized in that it presents Hardness HV 2 240,

coefficient of friction p £ 0,20 and bending breaking



coefficient of friction p -< 0,20 and bendi ng breaking 28 strength a > 350
Moa. 8. The self-lubricating sintered product, as set forth in claim7 and
which is conforned by conpaction, 5 characterized in that it conprises a
structural matrix (10) in which are dispegsed discrete particles of solid

| ubricant (20) with an average particle size between about 10 pm and about
60 pm 10 9. The self-lubricating sintered product, as set forth in claim?7
and which is conforned by injection nol di ng, characterized in that it
conprises a s ) in which discrete particles of solid

| ubri cant (20§£%§%§%gsperse &%%h an average particle size between 15
about 2 pmand about 20 pm 10. The self-lubricating sintered product, as

set forth in any gfe CE@&HB1ﬁb9£c§tlﬁQars%%t%rﬂe%ierf6'dﬁ&'@t bt defd nesrab
| east one surface | ayer (41) of said nmetallurgical 20 conposition (40),

i ncor porated % acéﬁFﬂcturaﬁngub§FPéWb (50) .conferMERd Sy f - FaBPRE Rt PRg

sintered }oq_s gd@naraaseﬁeﬁeaorlhh tlﬁlat%ﬂ aicm domehid At ar ls'ﬁ:ﬁdldﬁilﬂa{latrln&ﬂﬁlx

structural 25 strat i s define rticulate materi to. be

i nter ad t oget RO Pt LIRS SRS atEoPRs BP0 S3FR0F e arbc s g haro L1

conposi tion (n@brltaatstfm:)t urelthsubst raterd$0) dgakiingloneick thetfeens of:

a plate or strinp, %? ﬁ% £§§S£b8 ? h&s opposite faces incorporating a
%2 urg iti

surface 30 | ayer sard ne I cal conposition (40); and a
structuralcore(35)ofaconp05|tebar(4) i ncorporating, circunferentially and

external | yg agsurfiacesbayenubdiraehingaid fmbald upgbgakt CORROSIdE 0RoEAR) . 35

in claim 7 and which is conformed by injection molding,

characterized in that it comprises a structural matrix

(10} in which discrete particles of solid lubricant (20)
are dispersed, with an average particle size between

15 about 2 um and about 20 um.

10. The sgelf-lubricating sintered product, as set forth

in any of claims 7 or 8, characterized in that it defines

at least one surface layer (41} of said metallurgical
20 «composition (40), incorporated to a structural substrate
(30).

11. The sgelf-lubricating sintered product, as set forth

in c¢laim 8, characterized 1n that the structural

25 substrate (30) is defined in a particulate material to be
sintered together with the surface layer (41) of the
metaliurgical composition (40), the structural substrate
(30) taking one of the forms of: a plate or strip with at
least one of its opposite faces incorporating a surface

30 layer (41) of gaid metallurgical composition (40); and a
structural core (35) of a compogite bar {4)
incorporating, circumferentially and externally, a
surface layer (41) of said metallurgical composgition
(40) .

35
12. A process for obtaining self-lubricating sintered

products from the metallurgical composition of



29 particulate materials defined in any of clains 1 to 3, characterized in
that it conprises the steps of: mxing, in predetermned quantities, the
particul ate materials which define the nmetallurgical conposition; 5 -
honogeni zing the particulate material mxtgure; conpacting the particul ate
material mxture, so as to provide the mxture with the shape of the
product to be sintered; sintering the conpacted and confornmed m xture, at
10 tenperatures from about 1125C to about 1250C, form ng, during the
sintering, a |Lgui e W - i oy, £l and

pronoti ng theﬁggg %%%?2 ig%%%?l%gg §%+$ﬂﬁ#%g%§c§hp fﬁ?d?gggg?empé%??§1es

di spersed i n ¢thergetenbzed ihetB2¥ utt upalPHBEes xtha55980s THE: process, as
set forth in claj;miky, char aplidzachiddy thaint heistep e cpapactinges he
particulate material “m xturé, which defines the netaglur i cal _conposition
(40), conpri sB3teheadf YRECHrdebire of e  BEFEnY T HECTat tFP2D FHP he for m of
a plate orsstripohOgbeisiuhgeguenphycstnletednatotiabgnikeutaiter on at
| east one of the oppaosi.te faces of, a structural_ substrate. (30). i he form
of a plate or“sFPF‘%gS?:lﬁgr tti?}%eul%ﬁ%tjr%tleaﬁ%l Zohpa ?b éLg{\s:vqu t e rrraa% ngo
particul ate nptalide wheemiialtuns ofi.tfloripise 28hahe offr tdteurrtodmtly i ko (16) ;
extrusion in Q?ﬁtﬁ£e he shapes defined by a bar (2) and a tube (3); and
co-extrusion of the latter in the formof a surface |ayer (41) around a
structural core $BBYyeTHI§ hetlhor MLt Mbarorderaes nBl&tvge. at
conpati bl goW tbnbbea FREEs 30 rBAr biveiatie Jetaldd cawdter iakowhi chokaing, t he
structural matriX (10%, sp as to fornga cogpoglte bar (4%. 14t‘A process
for obtaini ngO88LTI| bBRi EARFRGLEInt Br 4P GdREREFr YitRethe particulate
met al | ur gi cal gonpgselemsnof a3l pauki pybabeingt eheahggldekiraedonnot! ahm 4
and containin .gol.i d l.ubri.can -sol.ubl e_in. St I ri
characteri zenggl?ha]tuq?rtlcc?oanprll}sles Cg%stt%epéa%%éﬁ%) tdllé%tel%%d "B e
volume of the structural matrix.

15
13. The process, as set forth in claim 12, characterized

in that the step of compacting the particulate material
mixture, which defines the metallurgical composition
(40), comprises one of the process of: rolling the latter
20 in the form of a plate ox strip to be subsequently
sintered; rolling the latter on at Ileast one of the
opposite faces of a structural substrate (30) in the form
of a plate or strip of particulate material compatible
with the main particulate metallic material which forms
25 the structural matrix (10); extrusion in one of the
shapes defined by a bar (2) and a tube (3); and co-
extrusion of the latter in the form of a surface layer
(41) around a structural core (35) in the form of a bar
of particulate material compatible with the main
30 particulate metallic material which forms the structural

matrix {10}, s¢ as to form a composite bar {(4).

14, A process for obtaining self-lubricating sintered
products from the metallurgical composition of
35 particulate materials, defined in claim 4 and containing
a solid lubricant ncon-soluble in the structural matrix,

characterized in that it comprises the steps of:




m xi ng, in predeterm ned quantities, the particulate materials which define
the netal | urgi cal conposition; honogeni zi ng the particul ate materi al

m xture, at a tenperature not inferior to that of nelting the organic 5

bi nder; granulating the conposition to kacilitate its handling, storage
and supply into an injection machine; injection nolding the particul ate
material mxture, so as to provide the mxture wth the shape of the
product 10 to be sintered; extracting the organic binder fromthe nol ded

pi ece; and sinteci. the confor ur enper r

1125C to about %ggﬁgg'fornl 3 H%ghnk%ﬁi g%agﬁn%éggh %%% aé{ ﬁgge W th
the particul anatatriays ewlen@mtd%lfmn% h@se propot 1 weg i drel afggﬁmmtaw@n of the
solid Iubricant jpJiSGrate PARLI ¢les digRarsedakarihe ol we-of the o

structural matrix.
temperature not inferior to that of melting the organic

5  Dbinder;
- granulating the compogition to facilitate its handling,
storage and supply into an injection wachine;
- injection melding the particulate material mixture, so
as to provide the mixture with the shape of the product
10 to be gintered;
- extracting the organic binder from the molded piece;
and
- sintering the conformed mixture, at temperatures £rom
about 1125°C to about 1250°C, forming, during the
15 sintering, a liguid 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.



