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I nvention The present invention refers to specific techniques for

manuf acturi ng finished products (piecés) and sem fini shed products (several
articles), conforned froma conposition of particulate nmaterials (in the
formof 10 netallic and non-netallic powders) and which are designed to be
sintered, said products conprising, besides the elenents constitutive of
the metallic structural matrix of the product to be fornmed during the
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movenment is ddegmidileaicn td¥esefriction allied to Thigh mechanical
strength and high hardness of the sintered pilece ox
product. The invention refers tco said metallurgical
composition for forming the self-lubricating material “in
25 situ” during the sintering, to the pieces or products in
sintered steel obtained from sald composition, as well as
to the specific alternative techniques or processes for

obtaining sald pieces or products by powder metallurgy.

Bacquounﬁ of the Invention

30, Given the advanced stage of technological development,
there is a need for developing functional materials with
high performance, which are specifically designed for
each particular group of applications. In several
mechanical engineering applications, a need exists for

35 materials that have, at the same time, high mechanical
strength and high wear strength allied to a 1low

coefficient of friction.



15 surfaces separated, interleaving a lubricating |ayer therebetween. Anong
possi bl e lubricating ways, the hydrodynam c (fluid lubricants) is the npbst
used. In the hydrodynam c lubrication there is formed an oil film which
separates conpletely the surface in rglative 20 novenent. However, it
shoul d be pointed out that the use of “fluid lubricants is usually

probl ematic, as in applications at very high or very |low tenperatures, in
applications in which the fluid lubricant may chem cally react and when the
fluid lubricant may act as a 25 contam nant. Besides, in situations of

limt lubrication resulting fromcycle stops, or in situations in which it
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applicatiens in which the fluid lubricant may chemically
react and when the fluid Jlubricant may act as a

25 contaminant. Besides, in situations of limit Ilubrication
resulting from cycle stops, or in situations in which it
is impossible to form a continuous oil film, there occurs
the contact between the pieces, conseguently causing wear
to the latter.

30 The dry lubrication, that 1s, the one using solid
lubricants, is an alternative to the traditional
lubrication, since it acts by the presence of a solid
lubricant layer, which prevents the contact between the
component surfaces, but without presenting rupture of the

35 formed layer.

The solid lubricants have been well accepted in

problematic lubrication areas. They can be used in



Sel f-1ubricating nmechani cal conponents presenting | ow coefficient of
friction, such as self-lubricating 35 bushings, are produced by powder
nmetal lurgy techniques fromnetallic powders which formthe netallic
structural matrix of the sintered piege and which are mxed with 4
solid-lubricant powders. Said conponeits have been used in diverse
househol d appliances and small equi pnent, such as: printers, electric
shavers, drills, blenders, and the like. Mst of the well-known prior art
solutions for the 5 structural matrix use bronze copper, silver, and pure
iron. There are used as solid lubricant: bdenum di sul fi de (NDSZ),,

si | ver (Ag)exmmﬂmﬁeﬁ?@@¢¥@¢@mﬁ$wléﬂée¥PmFEF P nEPYBHEAORT dREE| eRi de
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with 10 bronze and copper matrjx cont ai ni such ag soI | .ubr.i.c
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mel ting poi hsohkdt al subhdverteén pieduced aﬁaV@gedmﬁbta@éEadeguﬁﬁﬁgevera
engi neerd ng_ appli catjons. 15 However, these pieces do not present high
mechani cal strengt as a function of iti&hlgh volunetric content (from 25%
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responsi ble, 20 g %@ft chgpi cgl, SELE09t N, 0f (e pleceschise high content
of solid Iu%rlcan%p as been conglﬁered necessafy
components or incorporated to the volume of the material
10 of sald components, in the form of second-phase
particles. When specific films or layers are applied and
in case they suffer wear, there occurs the metal-metal
contact and the consegquent and rapid wear of the
unprotected confronting surfaces and of the relatively
15 movable components. In these solutions in which films or
layers are applied, it should be further considered the
difficulty in replacing the lubricant, as well as the
oxidation and degradation of the latter.
Thus, a more adequate solution which allows increasing
20 the lifetime of the material, that is, of the components,
is to incorporate the solid lubricant into the volume of
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
25 powder metallurgy techniques, that is, by the
conformation of a powder mixture by compaction, including
pressing, rolling, extrusion and injection molding,
followed by sintering, in order to obtain a continuous
composite material, usuvally already in the final geometry
30 and dimensions (finished product) or in geometry and
dimensions close to the final ones {semi-finished
product) .
Self-lubricating mechanical components presenting Jlow
coefficient of friction, such as self-lubricating
35 bushings, are produced by powder metallurgy techniques
from metallic powders which form the metallic structural

matrix of the sintered piece and which are mixed with



for obtaining a | ow coefficient of friction in a situation in which both

t he mechani cal properties of the netallic matrix (strength and hardness)
and the mcro- 25 structure paraneters, such as the size of the solid

| ubricant particles dispersed in the trix and the average free path

bet ween these particles in the forned conposite material, are not optim zed
for applications in which the piece is required to have high nmechanical 30
strength. The high volunetric percentage of solid lubricant, which has an
intrinsic |ow strength to shearing, does not contribute to the nechanical
strength of the netallic matrix. Furthernore, the solid lubricant particles
shear easi| yohhd-aleercate poshape, 83i@ SSMPORBREHN DEFesREEN MPY%r ces
that occur gyripgetde isdepsfc meghannealsl ¥nhosRgeni ggngohde: powiter m xture

(carried out 1n mxels), alf SARAGHNE AN AT 1Yl e LRAUEL N £y Alhe
like. Most of the well-known prior art solutions for the

5 structural matrix use bronze, copper, silver, and pure

iron. There are used as solid lubricant: molybdenum

disulfide (MoS,), silver (Ag), polytetraflucroethylene

{PTFE) and molybéenum diselenide {MoSe,). Bushings with

these types of self-lubricating materials, mainly with

10 bronze and copper matrix containing, such as solid
lubricant particles, graphite powder, selenium and
molybdenum disulfide and low melting point metals, have
been produced and used for decades in several engineering
applications.

15 However, these pieces do not present high mechanical
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 is the micro-structural element responsible

20 for the mechanical strength of the piece. This high
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
netallic matrix (strength and hardness) and the micro-

25 structure parameters, such as the size of the solid
lubricant particles dispersed in the matrix and the
average free path between these particles in the formed
composite material, are not optimized for applications in
which +the piece is regquired to have high mechanical

30 strength. The high volumetric percentage of solid
lubricant, which has an intrinsic low strength to
shearing, does not contribute to the mechanical strength
of the metallic matrix. Furthermore, the solid lubricant
particles shear easily and alter their shape, as a

35 function of shearing forces that occur during the steps
of mechanically homogenizing the powder mixture (carried

out in mixers) and compacting the mizxture, reducing even



5 nore the degree of continuity of the netallic structural matrix of the
formed sel f-lubricating conposite. Mreover, the | ow hardness of the
metallic matrix allows a gradual obstruction of the solid |ubricant
particles to 5 occur on the contact surface of the sintered material or
product. Thus, in order to maintain a sufficiently | ow Coefficient of
friction, there has been traditionally used a high volunetric percentage of
solid lubricant in the conposition of dry self-lubricating conposite 10
materials. A partially differentiated and nore devel oped scenario, as
conpared with that previously described, is disclosed . in 0S6890368A, which
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structural "matrix i cant_powders, such as_for
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15 range between 300°C and 600°C, with a sufficient traction
resistance (Rp, = 400MPa) and a coefficient of friction
lower than 0,3. This document presents a solution for
obtaining pieces or products of low coefficient of
friction, sintered from a mixture of particulate material
20 which forms a metallic structural matrix and including,
as solid Jlubricant particles in dits volume, mainly
hexagonal boron nitride, graphite or a mixture thereof,
and states that said material is adequate to be used at
temperatures in the range between 300°C and 600°C, with a
25 sufficient traction resistance (Rn 2 400MPa) and a
coefficilent of friction smaller than 0,3.
As described in the Brazilian patent application
(provisional number 018080057518) filed on September 12,
2008, in the name of the same applicants of the present
30 invention, pleces or products obtained from the
consolidation of a powder mixture  simultaneously
presenting the structural matrix powders and the solid
lubricant powders, such as for example, hexagonal boron
nitride and graphite, have low mechanical strength and
35  structural fragility after sintering.
The deficiency cited above results from the inadequate
spread {dispersion), by shearing, of the solid-lubricant



6 phase between the powder particles of the structural matrix during the
steps of m xing and conform ng (densification) the pieces or products to be
produced. The solid |ubricant spreads, by shearing, between the 5 particles
of the structural matrix phase, and tﬁnds to surround said particles during
the m xi ng and conform ng steps, which submt said solid [ubricant to
stresses which surpass its |ow shearing stress. On the other hand, the
presence of the solid lubricant 10 | ayer between the particles (of the
powder) of the structural matrix, formed by shearing, inpairs the formation
of netallic contacts between these particles_which foimthe structural
matrix of tRBAEBNPARFTLERULNRg RHEET nPEE RGN &F coitri BE?%%t‘f%a];

reducti on ohathex15ddegrge atheCcondtamsi t yoOf hiweisg r ustdr abomBtrinkngphase of
the conposite material. structurally fragilizj h ri t he
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resul ting ipaebtailBkng composkte,dmieil ahstikhpreebanizeal sddd@ngtd greater
than that of the Rri or .art S%I,u;i ong. Hr?we%é,mi.}r;,thea?gl ution proposed in
said prior PRCERPREpSPICalPon 6tot ha sale appl "cantd R R prESent 25
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hexagonal bofopnniktibdes gkaphih esiabol sthass.0 be mixed to the netallic
materials which f
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the composite material, structurally fragilizing the
material and the obtained products.
Such problems can be mostly solved through solutions
proposed in the prior Brazilian patent application
20 mentioned  above, resulting in obtaining composite
materials with mechanical strength greater than that of
the prior art solutions.
However, in the solution proposed in said prior patent
application of the same applicants of the present
25 invention, the non-metallic particulate solid lubricant,
for example hexagonal boron nitride, graphite or both,
has to be mixed to the metallic materials which form the
structural matrix of the composite product. to be
sintered, further requiring the addition of at least one
30 particulate alloy element, so as to form, during the
sintering step of the conformed metallurgical
composition, a ligquid phase between the particulate
material which forms the structural matrix and the non-
metallic particulate solid lubricant, in order to
35 agglomerate the latter in discrete particles and prevent
the non-metallic particulate solid lubricant £from

spreading, by shearing, between the particles of the



5 1n face of the drawbacks cited above, it is desirable to provide a
sol ution which does not require the previous m xing of the solid |ubricant
particles in the netallurgical conposition to be sintered, nor the addition
of an alloy elenent in the netallurgigal 10 conposition to forma liquid
phase in the latter during its sintering. Sunmary_of the Invention It is,
therefore, an object of the present invention to provide a conposition of
particulate materials for 15 form ng sintered steels, conprising a netallic
structural matrix which permts, per se and during sintering thereof,
formng a finished or sem -finished product in self-lubricating sintered
steel s wit hstrhighrabgraeriof R UL tHe SLRRYM dthaftFi5d Hhd
presenting figh 2Qpech@nical ngt EaAgidarandriingh haressatticnh atd ne
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hi gh degr eePBPVEBRt Pndithrtorn HEd ifdt afPFe BPFuER S S ndttS x0T 27 18w
coeffici entmbkifigi ctdfon 8Re andohiigh neshainiacal spaehftheandihi ghtimar dness,
wth afine.distibhytoon obofipsolifod Ubthcant Phaseolgraphile generat ed
in the sintering. i's also another object of the present_invention to
provide a pﬁ@éégéoﬁoroébtaﬂniﬁélEYodﬁ%F§ePﬁ self -t | BBFRLAET A R nt ered
steel, suchcaspdeitned abo¥ermf momismiid gonpesiird orhof 1patst cahatmy
mat eri al s, 5%5d59588§§§ i ncl udi ng neither the previous m xture of solid
| ubri cant 9g-

Summary of the Invention

It is, therefore, an object of the present invention to
provide a composition of particulate materials for
15 forming sintered steels, comprising a metallic structural
matrix which permits, per se and during sintering
thereof, forming a finished or semi-finished product in
self-lubricating sintered steels with a high degree of
continuity of the structural matrix and presenting high
20 mechanical strength and high hardness, with a fine
distribution of a solid lubricant phase generated in the
sintering.
It is likewise an object of the present invention to
provide a product in self-lubricating sintered steel,
25 obtained from a conformation by powder compaction via
pressing, zxrolling and others or by injection molding,
followed by sintering the composition defined above, and
which presents a high degree of continuity of the
metallic structural matrix, a low coefficient of friction
30 and high mechanical strength and high hardness, with a
fine distribution of a solid lubricant phase of graphite
generated in the sintering.
Tt is also another object of the present invention to
provide a ©process for obtaining products in self-
35 lubricating sintered steel, such as defined above, fronm
said composition of particulate materials, said process

including neither the previous mixture of solid lubricant



particles in the netallurgical conposition to be sintered, nor the addition
of an alloy elenent in the netallurgical conposition to forma liquid phase
inthe latter during its sintering. 5 1In a first aspect of the present

i nvention, the objects cited above ar e attained through a conposition of
particulate materials for the manufacture of products in self-lubricating
sintered steel, previously conforned by one of the operations of conpacting
and injection nolding 10 said conposition which conprises: the iron as the
main particulate nmetallic nmaterial; at |east one particulate alloy el enent,
with the function of hardening the iron, formng therewith a ferrous
structural pattigleand ia ndﬁn%taﬁetélégﬁpégaﬂ prepassbionf &Ssol P«

lubri cant phaseclaqof rwxapmet ea8i9iPecholredid Naf ey peadpeh+ durd nghé he

sintering. In out the inventi n, the on- et al
et cul o eMBERPOIRALFEL aCCURBOLRGCT Cond oEi iy
i ncl udi ng aleheéwrircdhrgheneng wﬁn&ﬁriﬁgstablllzes the |ron al pha phase of
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step of prepddioyy alsespowderitin xthe ef @scwhirehoiv hhrdeombnd t e thennew
conposi te M{RLlidly therewith a ferrous structural matrix; and a non-
metallic compound, precursor of a solid lubricant phase
15 of graphite to be formed in the product during the
sintering.
In a way of carrying out the invention, the non-metallic
particulate compound is a compound of the carbide or
carbonate type including a chemical element which
20 stabilizes the iron alpha phase of the ferrous structural
matrix. In ancther way of carryving out the present
invention, the non-metallic particulate compound 1is
deprived of any chemical element which stabilizes the
iron alpha phase, thus being necessary to include, in the
25 metallurgical composition, an additicnal particulate
alloy element which has the function of stabilizing the
iron alpha phase.
In the present invention, there occurs the formation of
graphite particles by dissociation of a precursor phase
30 during the sintering step of the pieces or products. As
examples of precursor phases for carrying out the
invention, it can be <cited: silicon carbide (8iQ),
moiybdenum carbide (Mo,C), chromium carbide (CrzCz), and
the like. In the step of preparing the powder mixture
35 which will constitute the new composite material,
carbides in the form of fine powder particles (preferably

from 5 to 25 pm) are mixed to the iron powder (major



carbides in the formof fine powder particles (preferably from5 to 25 pm
are mxed to the iron powder (major 9 conponent) and ot her powders of
alloy elenments that are present in the powder m xture. The nost i ndicated
carbi des to cause precipitation of grgphlte nodules in ferrous matri x,
formng a self-lubricating sintered 5 steel, are those which have in thelr
formula a chem cal el enent which can strongl y stabilize the iron al pha
phase, as for exanple, the elenment Si present in the silicon carbide (SiC).
Buring the sintering step, that is, at the sintering tenperature of the

pi eces or 10 products, the silicon carbide (SiC) dissociates and the

cheni cal el eompeneit)i cond bederesPavdel £ do§oPLPYn SLATERES FORT F& is, in

the ferrousystsagt urgl nBid i Xpoed hentibssoc atian ofodihe _ﬁlﬁcparw esses,
t he anpbunt of solubilized Si |ncreas S .i.n the ferro S matrlx tt}le 15

sur r oundi ng%ajélf’l?%% PCHRPEI EeS Wi &Fe TF ciat ngﬁul can be
verified i nféhecis onmasitixxon Beidnidriam aeb@rbnﬁrltcmétmm Faltsdeghent

silicongstropgly, 5&9@' Lhages thechranval pha dhase;rdheiverd e@«n@{léaﬁe | oop a
-4 (a+7y) in Fe-S J&g‘:am occurs fo 20 Iues of 15% b ht

(4, 2%at) ofels?meﬁ"huéﬂh i A§7t hBEEPRY 11&%8 st 'teerjejélO Tarried
out typical byabel waen dd?5€xandl14250C e \Maéamdaﬂm éancErg gty omnoftkss; licon

sopubl i zedgh i LERNcaRboRd (She) S %mrﬁ% Ctfe | BidLasoRbatLkan, raaghes the

sol ubi | i ty g‘t(% hase here occurs a transfornation of
the gamma-i#8én iato Ephaaiy ll'1I9fn {REPErASEL RN PANt SPBf BHRERF C OF

di ssocijat i oprpaEEESs, tHAI lse_lﬁ.benSlca@:bﬂdent IS4 Ciy ot ideesinak s each iﬂ‘hﬁ val ue
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di ssociatio resu ng from di ssoci ation ecorres a
solid sol ut teanandhspr éads ino thige ﬁ'iiﬁlié?fqSorswuqqﬁ’éaﬁﬂatmt%l%utkast%on as

the ferrousgmBtEbxaefOMNdsf hepd C pact i gHb i@ssé\s di sseci ath®@mt S of

t ransf or ned igoi\g%%ase t he rocessClgl SOluubSIll!né‘!: carbo is 35
i nt er r upt edSBEERHSLZEhe 2ol UHFITARF “of “RarBsn }?%mi i 7on af pha p%ase is
very | ové (maxcrummyahae | ©fof he22%iby wedghitclas 72W1E;}0h'hu§ret heitcar bon

rel eased, aalésoéQa\@%ﬁeth%nCsaﬁf 5@6 vearikidg di$segiat i 9Pn—§01 IBogr aphite
nodul es, which are surrounded of al Ta i ron, although the
remai nder ofGPA&IREEYRX %ﬁl%éﬁ‘tl nuJ%h%r eSBATR l&éﬂﬁ‘?& phase“%' Bri ef

Descri pti ons@kohbey%ambmgmeérhemnmu @i phial kab@edesme begirtyet oo, with
reference topLhe, el gsed drayi ngs.y 0l YEN A 1RYa 0l LXRMR.Rk eBbodi ment s
of the invention and
values of 2 15° by weilght (4,2%at) of Si. Thus, during
the sintering of the sintered steel, carried out
typically between 1125°C and 1250°C, when the
concentration of silicon solubilized in iron, around the
SiC particle in dissociation, reaches the solubility
25 1limit of the gamma-phase, there occurs a transformation
of the gamma-iron into alpha=-iron. In the first instants
of the Sic dissociation process, while the Si
concentration does not reach the value required to
stabilize the alpha-phase around the 8iC particle in
30 dissociation, the carbon resulting from the dissociation
alsc becomes a solid sclution and spreads to the interior
of the matrix, but as soon as the ferrous matrix around
the 8iC particulate in dissociation is transformed into
alpha-phase, the process for solubilizing carbon is
35 interrupted because the solubility of carbon in the iron
alpha phase 1is very low {(maximum value is of 0.022% by
weight at 727°C). Thus, the carbon released, as a



Figures 1A, 1B and 1C represent, sequentially and 10 schematically, the
evolution of the mcro-structure during the sintering step, resulting from
the di ssociation of the carbide particles mxed with the iron powder
(matrix), figure | A representing the two-phase mcro-structure of the
material in the initial phase of 15 the process, in which the carbide
particles are still intact, that is, the reaction has not yet initiated,
whilst figure 1B represents the situation in which there has already
occurred partial dissociation of the carbides and figure 1C shows the
situation in which the 20 dissociation has al ready been conpl eted; Figure 2
shows, scheREBPFEEREYCEt RE d&Si rearhidisal d553Q@ka o /m £ 68T r HERRRESS nodel )
for the di stbbhuekpnwah chhereolshd doubtiegamty paridgdescpr appdatesonn the
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t he d|SSOC|@hbgalagnggeofagggcthggéséH(gﬁd_quwmgghphe graphlte nodul es
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matri x of tHeIEERPosilte ndPer PAF, ﬁpguF@pEe§ﬁ8%5 asgeran 16% Yhea#aphi t e
struct we IBchb&ati&almyﬁrlﬂheofeﬁbeuﬁ@dﬂleogenehéteﬁldubkﬂngBEuSéntering,
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the process, in which the carbide particles are still

intact, that is, the reaction has not yet initiated,
whilst figure 1B represents the situation in which there
has already occurred partial disscciation of the carbides
and figure 1C shows the situation in which the
20 dissociation has already been completed;
Figure 2  shows, schematically, the desired ideal
situation {(microstructural model) for the distribution of
the solid lubricant particles or nodules in the volume of
a composite material, in steel, with low coefficient of
25 friction, allowing maintaining a high degree of
continuity of the matrix of the composite material; in an
ideal situation, the solid lubricant must be in the form
" of discrete particles or nodules uniformly distributed in
the volume of the material, with a regular average free
30 path “A” between the particles or nodules;
Figure 3 is a picture of the micro-structure of the
material of the present invention in the already sintered
state, after the disscciation of the carbide particles,
showing the graphite nodules surrounded by a clear layer
35 which is formed by the alpha-phase, and the matrix of the
composlite material;

Figure 4 shows a detail of the graphite structure in the



10 conpaction being nade so as to provide a self-lubricating layer in two
opposite faces of the product to be sintered; this process should be used
when it is desired only one self-lubricating |layer in one or nore faces of
the sintered piece; 15 Figures 6A, 6B and 6C represent exanples of products
whose conformation i s obtained by conpaction carried out by extrusion,
respectively, of a bar in a self-lubricating conposite material, of a tube
in a self-lubricating conposite material, and of a bar with a core 20 in
nmetallic alloy coated with an outer layer with a self-lubricating mat eri al ;
and Figure 7 represents, schematically and in a sinplified d|a ram an
exanpl e of é@ﬁ@éﬁ@?oﬁflﬁ*ﬁhen@%H%%tBéﬁeﬁﬁt%dpﬁéééngrTBde%E? b
posteriorlycsiptghed pacduzb Gﬂﬂmammypnwbehnganﬁdﬂﬁbylnokbaag alof

self-lubric C 0Si o] e or
strip o needr PR TS HieoRbahh i " PR PR ELE SR o AE cu i S SR
previously ﬁBﬂEED@@ng@néF5$ %ﬁ% obet@% oY idenede ?%@eﬁ?¥%ﬁFq%?t%?FWOV|de

a conposd ti pROf rpar t igxul drappateri aksns Wich Qakdze bBanogenamistic m xed
and confornedﬁ%gen5|f|ed) by conpaction (pressing, rolling) or by extrusion
or |nject|o OF "9’ of powders, so that it may assune a defined geonetry
(pi ece) to BegsubniSt tetbtapenids séobenditicoper aandnin e opdeplibiebtain a

product whigh B?Qiﬁe“&ﬁ hiahy ﬂ@r %f}ses;%mpra%%%ﬁl %J St engtdnang reduced
coefficient ? riction in re ation to gro ugt
piece or product to Dbe post rior sintered, said

10 compaction being made so as to provide a self-lubricating
layer in two opposite faces of the product to be
sintered; this process should be used when it is desiread
only one self-lubricating layer in one or more faces of
the sintered pilece;

15 Figures 6A, &B and 6C represent examples of products
whose conformation is obtained by compaction carried out
by extrusion, respectively, of a bar in a self-
lubricating composite material, of a tube in a self-
lubricating composite material, and cf a bar with a core

20 in metallic alloy coated with an outer layer with a self-
lubricating material; and
Figure 7 represents, schematically and in a simplified
diagram, an example of compaction in the formation of a
piece or product to be posteriorly sintered, said

25 compaction being made by rolling a self-lubricating
composite material on the opposite faces of a plate or
strip in metaliic alloy.

Description of the Invention

Bs already previously mentioned, one of the objects of
30 the invention is to provide a composition of particulate
materials, which can be homogenecusly mixed and conformed
(densified) by compaction {pressing, rolliing) or by
extrusion or injection molding of powders, so that it may
assume a defined geometry (piece) to be submitted to a
35 sintering operation, in order to obtain a product which
presents high hardness, mechanical strength and reduced

coefficient of friction in relation to the products



12 obtained by the prior art teachings. The present conposition conprises:
a main particulate netallic material which is preponderant in the formation
of the composition, and at | east one particulate alloy elenent 5 with the
function of hardening the preponderani material, these conponents being
responsible for the formation of a stPuctural matrix in the conposite
product, in steel, to be sintered; and a precursor particulate materi al

whi ch al | ows obtaining solid Iubricant nodul es upon its 10 dissociation
during the sintering. According to the invention and as illustrated in
figure 2, the main particulate netallic material is iron, defining a
ferrous strabtaiapdnapri x the, awdothe Pirecuredthigheses T geReTats on of

nodul es 20 ghrseLididR | ubrbeantsby di ssegimt i gareidhngd hem@téllfﬁid ng are

conpounds based on carbl es, or_carbo ate refera rned chem cal
el ement s mhwe§e§%a%.| e | PO Al P ag% Eﬁ ﬁ%%Fﬁg trué%urm

matri x 10. mbmposmelpnecanéoatpﬁaseﬁusadad@estxmul&kﬁMﬁllwwlehem@m@03|t|on,

a 20 chedqi cgl gl EHE”Euﬁé@?&ll pfhaslt@éamgz'tmga theponeB rahehapbasg j n the
ferrous matrix 10 ement. in suff|C|ent

, a specific additional oy
anount to st&BPPi E@mpﬁ%e?F%rP%}%fepﬁPﬁ&%F&rarcE& bErBAGEA td the
conp05|t|onsﬁtutherﬁmtaatahxointhhepcempnsltavpn®dwmt 256n Theeal | oyo el enent
pth the fuggl] 's%t% e g RS LLEOUS LU M nOBLEL X | Sufleli ned,

for exanpl e, one el enents se rom chronme, noly enun1
car bon, S|Iﬁééﬁwsph6§ﬁﬁé@&§9 nERg &ﬁeséigﬁ&QﬁQQ«ﬂnOQHﬁe%t BAul dibe
understp@d Hhakoenatean HSeind heie ed@®idisig.such as 30 vanadi um and copper,

e ot Y pBk g 21E L O L ML L el o ore

i nvention réqui tas tmélpropastxﬁﬂlﬁt%u1mﬂﬂaﬁﬁiﬁaréﬁﬁﬁﬁgal is iron,
defining a ferxrous structural matrix 10, and the
precursor phases for generation of nodules 20 of solid

15 lubricant by dissociation during .the sintering are
compounds based on carbides or carbonates, preferably
formed with chemical elements which stabilize the iron
alpha phase in the ferrous structural matrix 10. When the
precursor phase used does not have, in its composition, a

20 chemical element capable of stabilizing the iron alpha
phase in the ferrous watrix 10, a specific additional
alloy element in a sufficient amount to stabliize the
iron alpha phase should alsc be added to the compositiocn
of the material of the present invention.

25 The alloy element with the function of hardening the
ferrous structural matrix is defined, for example, by one
of the elements selected from chrome, mclybdenum, carbon,
silicon, phosphorus, manganese and nickel, but it should
be understood that one can use other elements, such as

30 vanadium and copper, which carry out the same function in
the structural matrix, as well as mere than one alloy
element at the same time. It should be noted that the
invention requires the provision of an alloy hardening
element which may carry out the function of hardening the

35 ferrous structural matrix to be formed during the
sintering, by lnterdiffusion of the components (chemical

homogenization), but this aspect should not be limited to



el ement which may carry out the function of hardening the 35 ferrous
structural matrix to be fornmed during the sintering, by interdiffusion of

t he conponents (chem cal honogeni zation), but this aspect should not be
limted to 13 the alloy elenents exenplified herein. Figures 1A, 1lE, 1C
and 2 show, schematically, several stéeps of the evolution of the

m cro-structure of the conposite as a function of the dissociation of the 5
carbide (SIC) during the sintering. Figure 3 shows a picture, obtained by
optical mcroscopy, of the mcrostructure of the conposite material fornmed
after its sintering, and figure 4 shows the structure of the precipitate
graphi te prédentilagy pheppatsnpeemorlibied feted modul es, the form of "skins

or |eaves" ofignaeeneix, cithi gknessd Ehisnskr usthemat syarsy t heefroranti on of

a tribol ogical |aye n the interface_of_ithe relati i.0g r es of
t he tribolo&%@gﬁ p%lr?iic?%%'?%ﬁ?%hgfef?$%igﬁém?oﬁggﬁgggﬁgiéﬁfuﬁggcation.
15 The par aldogioogddiet i o of dithertigin opfel hentdlssuiiatistmabicki z&Rehe iron

al pha phase daptilie pewdey %&EHFG MCQiMEEiB%EmFi@%r@WO%H&m a
accel erates LhEPIISIQ%hOt t he al pha gha e_i,n_the ﬁatrlé.d%éln the
sintering operatitén, THEEESeCY hEPFERAENEY TESGEREr aie gr Aphi'tE730 nodul es
20 by di ssocitatictmref cfr bilde pampbsibs miasd-iiad t hermoed urstafr t hés

material . Theald.Qy £l caRa! semhieh st alilize the ison@lpha pasenand

comi ng fromthe carbide dissociation, bQS|des,prevent|n%¥1he carbon from
sol ubi | i zi nPHSTIPHE aFEL [GBPIRE s BHES ey I or'li - Fay L tofier phh phEse 12
around the pardulelse 14hén fdrgsoef atisdinst hey dleseesdntsf bubeohetirticr ease

the hardness,f bfag fmal phx e dd a0l | 9glull ol NEYSdELess,e 1L the -
hardness i ncrease reache By e presence of “thése a oy elenents 1n solid
sol ution 30 timlHediced i $aket <uf fitientinterhereal Pby Eiengmietaf6ul d be
addi ti onal | yncadded d10-fihe spemdemdriodild.ogs@aas pad rhe isekvbisihgedhen the

matri x during. t.he sintering operati ai ming at achieving the hardness and
mechani cal §%?%ﬁﬁfﬂ“ﬁ%@gs§g?yg %%étﬁu rlc?t%éhion.

e app
15 The parallel addition of other aliloy elements, which

stabilize the iron alpha phase in the powder mixture
which will form the composite, accelerates the rising of
the alpha phase in the matrix during the sintering
operation, increases the tendency to generate graphite
20 nodules 20 by dissociation of carbide particles mixed in
the volume of the material.
The alloy elements which stabilize the iron alpha phase
and coming from the carbide dissociation, besides
preventing the carbon from solubilizing in the matrix,
25 since they form a Jlayer of alpha phase 12 around the
particle 11 in dissociation, they also contribute to
increase the hardness of the matrix when in solid
solution; nevertheless, i1f the hardness increase reached
by the presence of these alloy elements in sclid solution
300 in the diron is not sufficlent, other alloy elements
should be additionally added to the powder mixture, so as
to be solubilized in the matrix during the sintering
operatilon, aiming at achieving the hardness and
mechanical strength necessary for the application.
35 Thus, in the present invention, the metallic structural
matrix of the material is formed by iron automatically
hardened by a solid sclution with the alloy elements



35 Thus, in the present invention, the netallic structural matrix of the
material is forned by iron automatically hardened by a solid solution with
the alloy elenments 14 which stabilize the iron al pha phase, as for
exanple, silicon and nnlybdenunldissoﬁved inthe ferrous matrix as a
consequence of the dissociation of the carbides mxed to the iron powder in
the processing of the material by 5 powder netal |l urgy. Besides these
necessarily present stabilizing alloy elenments, other alloy el ements m ght
be added to the powder m xture with the function of adjusting the
mechani cal strength and the hardness of the matrix, 10 allow ng reaching a
hi gh perforwahel istatdligeortio 1HRMt AlBSRogPERIe ands mE@Fant %3P Yehavi or of

the dry lsel El%ﬂ@éiﬁCéﬁdﬁﬁoE@MﬁJrﬂ eilimriarical gemaéaf@drdummtrhe sd ntering.
As exanpl es_of other allo men advant age use sent

i nvention, fo° |H€F3§§BCT5%Fh £5 4%5%%%%5%1 Peﬁ%fﬁj§% gﬁégégof t he
matrix, bestdeshehdroin, mtwdeanantéieermn@sm%wfar@estmwls@amy| zers of
t he |roQSaIBBQdQQaﬁgtaib@ffycan be cited the elenments Cr, N, M, W V, and

C Astot es of carbides used,.the powder m xtur 20 co ition,
which is fogﬁﬁgg?éd fBFSEheNFFEERRT T bR o?gﬁ?%ﬁﬁct§é ﬁb 2£f§ Yurgy in
t he present eilamentipn,otiteef oahioy by lewendisstmhgit abeeraddedese Athhernati ve

I'ron powg%désrp mﬁ%k%g% 1%191% cahbi de,povesy w@fcha@ﬁ@s{m@edtm!

chenlcal ment s stabilize the iron al pha phase (mXed, in a
vol unetri c BeFBantage 199Gl chdat thfie %?ﬁﬁ%ﬁ%%gCFénﬁEPatﬂ?Erlﬁenerate
graphi teo nOdthemaQ wpaehdihgsacihdighompddrerneeicet ipovwelratpant icd eshef ot her

chem cal aII d ave t f i f

i ncreasi ng ?%§B§8 ﬁ §e§§“%h% ?%e strenb?ﬂgggo?he e??%us tr%ctgral
matrix 10; Apbé#ﬁatﬂvg ZCOWP@ﬁI%%md@?tartﬁibla@nfﬁﬁ%@ﬁ pAr¥ies estWi ch are

not forned ByneBemhgal eleLnmesksaphieh sdmbibicgert helivan akpbaepbase (ni xed

ina volunetrlc Qggggﬁéﬁgeuééa in the present invention, to increase
15 the mechanical strength and the hardness of the matriz,
besides the 8i, Mo, and P elements, which are strong
stabilizers of the iron alpha phase, there can be cited
the elements Cr, Ni, Mn, W, V, and C.
As to the types of carbides used, the powder mixture
20 composition, which is formulated for the producticn of
products by powder metallurgy in the present invention,
is formed by two distinct alternatives:
Alternative 1: Iron powder + particles 11 of carbide
powder which are formed by chemical elements which
25 stabilize the iron alpha phase (mixed in a volumetric.
percentage $ 10%), which, at the sintering temperature,
generate graphite nodules 20 upon dissociation thereof, +
powder particles of other chemical elements called alloy
elements, which have the function of dincreasing the
30 hardness and the strength of the ferrous structural
matrix 10;
Alternative 2: Iron powder + carbide powder particles
which are not formed by chemical elements which stabilize
the iron alpha phase (mixed in a volumetric percentage <
35 10%), + powder of alloy elements which stabilize the iron
alpha phase which has the function of stabilizing the

alpha phase of the ferrous matrix, in order to prevent



35 10%, + powder of alloy elements which stabilize the iron al pha phase
whi ch has the function of stabilizing the al pha phase of the ferrous

matrix, in

order to prevent 15 the carbon com ng fromthe carbide

di ssoci ation from bei ng di ssol ved by fhe ferrous matrix, + other al
el ements which are present for adjusting the nechanical properties

structural
matrix 10 i
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percentage of the sclid lubrlcant phase, since the latter

does not contribute +to the mechanical strength o©of the
material and, consequently, does not contribute to the
mechanical strength of the sintered products. Besides,
the solid lubricant which is present in the volume of the
material should be dispersed in the form of discrete
particles or nodules 20, uniformly distributed in the
volume, that is, with a regular average free path “A” in
the interior of the ferrous structural matrix 10 (see
figure 2). This permits generating greater lubrication
efficiency and, at the same time, guarantees a higher

degree of continuity of the matrix, which on its turn

guarantees a higher mechanical strength to the composite

30

35

material.

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 alsc to prevent the solid
lubricant particles from being covered by plastic
deformation of the structural matrix, upon operation of
the piece {when frictioned in relative movement),
preventing the solid lubricant from spreading in the

interface where 1t should form a layer of solid

is, with

rengt h



35 the piece (when frictioned in relative novenent), preventing the solid

| ubricant fromspreading in the interface where it should forma | ayer of
solid 16 lubricant. According to the invention, the additional alloy
conponent, which stabilizes the iron ﬁ pha phase, is defined by at |east
one of the elenents selected from5 phosphorus, silicon, cobalt, chrone and
nol ybdenum Al t hough these el enents are considered the npost adequate to
separately or jointly act in stabilizing the iron al pha phase at sintering
tenperatures (about 1125C to about 125000), it shoul d be understood that
the invention 10 resides in the concept of stabilizing the iron al pha
phase, in otderi¢aninpair the carbon dissolution, and not in the fact that

the alloy coppeneids) tusedras e ﬂ@@@:ﬁSﬁmJ y the Ol"a‘&ﬁ:ll&k(@ﬂiﬁﬂi f izd der ei n.
When the conposition of}}h i nv cw%ésiﬁpnforned 1L cggggctl , the
mai n parti cUrEe Fatal ¢ SRat 2T %ron) present s, préf efa an aver age
particle si defilywhgbb’etaNeehe@mupns Frh aklge albdemegds pmel@?tﬂds Rufrh, the

har deni ng el guBPtorve t h $he; dunct i afpoft hardening toes Strﬁ w&lm{mtrl X,
and the precursor conponent_ of the 20 solid, | ubr n und)
shoul d pr es%%?h%u%rﬁ‘)%?% %}%e‘bqsef%?%b?W%h%ﬁ%‘i& ﬁh rfﬁ)%%b n%:‘f’ it
shoul d be fuot herpamdenst cod tjhantilye avier age @ammlkizamgzehef:mhulnaln
particul ate, ﬂé' @e%sgataeé'éintéﬁ@& '§em{9£r££'§ré£Of%abéll‘eu'ﬂh%@ca'ﬁ/@ys

| ar ger than 1 fage 25 particle size o e alloy elenents and the
precur sor céﬁﬁ%ﬁeﬁ@%o%%bnﬁﬁhﬁﬂ§¥”6¥bﬁhéngﬁFﬁﬁoPngpegnF PHEREP WEh t he

conpositd onrefitibe iinvephéOordrsepanf of med di linjiest i e milrdnngs1ghee mai n
Par i ou atepfiEke) 1A% JRASHT A L0 SRRy BISEEIARLY,, 2ubRrAdE! @ o ze
in the fact that the alloy component(s) used are
necessarily the ones exemplified herein.
When the composition of the invention is conformed by
15 compaction, the main particulate metallic material (ixon)
presents, preferably, an average particle size lying
between about 5 pm and about 90 uym. On its turn, the
hardening element, with the function of hardening the
structural matrix, and the precursor compeonent of the
20 solid lubricant phase {compound) should present a
particle size preferably smaller than about de 45 pm;
it should be further understood that the average particle
size of the main particulate metallic material, that is,
of the iron, should be always larger than the average
25 particle size of the alloy elements and the precursor
components (compounds) of the solid lubricant phase.
When the composition of the invention is conformed by
injection molding, the main particulate metallic material
(iron) presents, preferably, a particle size lying
30 between about 5 pm and about 25 pm. In the same way, the
alloy elements and the precursor components (compounds)
of the solid lubricant phase present, preferably, a
particle size also between about 5 pm and about 25um.
When the conformation of the composition, previous to the
35 sintering, is carried out by extrusion or by injection
molding, the composition should further comprise at least

one organic binder selected preferably from the group



30 between about 5 pm and about 25 Rm In the sane way, the alloy el enents
and the precursor conponents (conpounds) of the solid |ubricant phase
present, preferably, a particle size also between about 5 pm and about
25gm Wen the conformation of the copposition, previous to the 35
sintering, is carried out by extrusion or by injection nolding, the
conposition should further conprise at |east one organi c binder selected
preferably fromthe group 17 consisting of paraffin and other waxes, EVA,
and low nelting point polyners in a proportion generally ranging from about

15% to about 45% of the total yolune of the netallurgical conposjtion, upon
the confor n&CP§AShYRS &t r BRF BT “AndaT ot APDutaX6y t o= W04 AFonlthe

conf or mat i omelyihgj pethonpobidenyg. ithe pkganrtibhndencislext rastyedgfromthe
conposi ti on cafter, g qonf argmiian. skep, JLOr examply By quanoiating. before
the conformed product i's conducted to the sintering step. 10 The

conposi t i ondededdrirfedahbove™arel bbtai ned@dy ntiX¢ ngtoRhoERTt BefequaY e

m xers, PpredetenBingd quaatities ofapder pasds cukat e amateridbsn setiested for

the formation qQf the.conposition, and for .the subse nt. obfention. of a
STt ubr i o SEPRGTURREEN hy - BaaeE PO s e 1P SF T b FPerEnt S
parti cul at e epiirectats frxprhoibgertererbsnd subatfteed the acdafiskhptaenon

oper ation by+enpacds Ofkaddid b§, MARRSSHRAY Hed@ld i ehnabsRely
nmol di ng by extrusion or |n&ect#on of, powders,, obtaining in this operation,
not only th&GERS T FEatPoRtore H§356“56Wd&ﬁrﬁ€§5? BBt al so the desired

shape fbe tH@epmmﬂmmﬁitmobe.dbsakhpddbyb§Vﬁtaréngb?$hn@asbyomiz®n@oination
by powder moldifig, by ERidUsi @D OFs | N ECEL Q0 LR Al & Qf s the gpgponent s

cont ai ning the qrganic” binder 1 s honbgeni zed at tefperatures not 25
i nferior toPER& RBLEFRgTEERPEFAFUFEGLLEHe Torgdmi®% B Y. het t hus
honogeni zed aamybudieibel agdgrfanultatedsitsd@cirdd tatteditissrhantll 8 ngelstor age

and supply t Lnj:ect]| i er conformation of the piece, this
is submtte 9$%qfﬁgh§§ %£$$%%%?&%S%?f%%é organi c binders, generally carried
out in tho dhepsnixtherdipst Grepdbéfageat cadtdégrleker derioniPprocess in
solvents (folneyanpked hedagedmnanted heo secont istiep thenngpara@Xbhabi on

process by thern%k,d%gr ga io%, r ajgpéghQSQ%fg§s {ed thera éopﬁocess. 35
Weh the CofBOBrCran or opated erdi P IR IE pose b1 e b obt arneo’ oF
sel f-1 ubri catiingngi fverestt pissces @f producisn wi hrhafidness obitean280 HV to
700 HV, a caeffigigentoRirabhibli Mot only the densification of the
20 powder mass, but also the desired shape for the product
to be obtained by sintering.
In case of conformation by powder molding by extrusion or
injection, the mixture of the components containing the
organic Dbinder is homogenized at {femperatures not
25 inferior to the melting temperature of the organic
binder, the thus homogenized mixture being granulated to
facilitate its handling, storage and supply to an
injection machine.
After conformation of the piece, this is submitted to the
30 extraction of the organic binders, generally carried out
in two steps, the first step being a chemical extraction
process in solvents (for example, hexane)} and the second
step being an extraction process by thermal degradation,
or & CD plasma assisted thermal process.
35 With the composition proposed herein, it is possible to
obtain self-lubricating sintered pieces or products with
hardness from 230 BV to 700 HV, a coefficient of fricticn



18 0. 15, a nechanical traction resistance from 350 to 750 MPa
(depending on the alloy el enments which are present and on the processing
paranmeters used) and also with a di spersion of anorphous carbon nodul es
with the 5 inner structure in the formof skins with nanonetric thickness,
which facilitates the spreading of the graphite in the interface of the
novabl e surfaces, formng a solid lubricant |ayer. Figures 5, 6A 6B, 60
and 7 of the enclosed drawi ngs have 10 the purpose of exenplifying
different possibilities of conform ng the present conposition, by
conpacting a cgrtain pr edet er m ned qgantLty of the conpogsition éo any
desired shapge,>whi ¢R+ cdn TISEERACAF RS EET -1 CRSe gt 59t &P Rd Pi na

pi ece or proict Mbesi fedpéndhey obirai ned, 2316y aebhape<| 088 dho hlnat
desired final ong. HOWeVSL. (b0 B-LALGE; DUTBEL 0L PPl hCak] 008y Lhg,
self-lubricating characteristic’ 1s necessary only 1h one or nore surface

regi ons of &¥REthanféareEdhponeht Boghere (R subpitied véth f£RhEcti on

contact with gider s20ueehadi vel yerevalde ebenmyinsThusth t herdesired

self-lubricaéiin roduct .can be con_]_stituted, as iIIusééaIged i? figure 5, by
e

a struct ural “EBESTEre 3007t FAbt Y Eonttor el | nSREPATH Sul 3 feri al
and recei vi rapantiitene lor tthe opptsifectaces 3uhe 25nevahulef aceitfayes, 41 of

the conposi t#omAQ of sthegprasentahavenateen. In the illustrated exanple,
the structural substrate 30_and the t pposite surface | gyers_of the
conposi ti on WS csonﬁé‘ct 88 i %Ct ABdi ﬁf‘é?i gl?e o?n‘ﬁlr@seégéjd%féf’ﬂé‘gﬁopd‘vﬁl by two
opposi t @0pundhespRrpbee molg exSip Icompact edi ffielrwonf praetlbtoipodss t efpr oduct
1, which is Q1] Y bbb bed i 0 BoSLALLELNY, SURP. ddhddlis exarpl e,
only the tmﬁﬂgg%%gkiégfgbgsngl ognthe gt?uctufgg s&%@traté;BO ﬁﬁ?l pr esent
t he desir abl @S |GG er Gyertiidy. o35 thieg FPEREATARE 68 &Xenplify
products in ddwidat mafpg harich anh sod wient3,off aspecid vl b rdletaiinegd by
extrusion of_1 onpesiti on 40 ip.a a usi.o t L ot 19
iIIustrated)?ﬁé?%é%:s gggg}t éﬂg%n$5rﬁﬁ??ggyb&gggﬁégc?Fo%eg?i{aéﬂggﬁposition
40 i s caPri e gutshiape gdose to that desired final one.

However, 1in a large number of applicatiocns, the self-
lubricating characteristic 1is necessary only in one or
more surface regions of a mechanical component cr pilece
to be submitted to a friction contact with other
20 reliatively movable element.
Thus, the desired self-lubricating product can be
constituted, as illustrated in figure 5, by a structural
substrate 30 preferably conformed in a particulate
material and receiving, in one or two opposite faces 31,
25 a surface layer 41 of the composition 40 of the present
invention. In the illustrated example, the structural
substrate 30 and the two opposite surface layers of the
composition 40 are compacted in the interior of any
adequate mold M, by twe opposite punches P, forming a
30 compacted and conformed composite product 1, which is
posteriorly submitted to a sintering step. In this
example, only the two copposite faces 31 of the structural
substrate 30 will present the desirable self-lubricating
properties.
35 Figures 6A and 6B exemplify products in the form of a bar
2 and a tube 3, respectively, obtained by extrusion of

the composition 40 in an adeguate extrusion matrix (not



extrusion step of the latter. The bar 2 or tube 3 can then be submitted to
the sintering step, for the 5 formation of the iron-based structural matrix
10 and incorporating discrete dispersed and particles of the particulate
solid lubricant 20. Figure 60 illustragtes another exanple of product forned
by a conposite bar 4, conprising a structural core 35, in 10 a particul ate
material and which is circunferentially and externally surrounded by a
surface layer 41 formed fromthe conposition 40 of the invention. Likew se
in this case, the conformation and the conpaction (densification) of the
structural core 35 and of the outer layer 41 in 15 the COﬁEQSItIOﬂ 40 are
obt ai ned byiéduakiztaion offilt hethid p&ass of tHR cSPPSSFTEThAr 4,P¥ahich is
then subm t tegpheribe §En'ft@él Ruiiceft ivhen d hﬁs Ceﬁﬁaﬁzécﬂommf ithethe
conposition 40 is.carr t extrusion curs r .ex le, in

t he fornat|8ﬁg§BS%?ntﬁ eBaoLIL 59¥§ ﬁl%It‘?l-rofT T Eﬁgs A 6§u£%d366gﬂga d
conposi ti ontban fhﬁthenbm@h¢#¢set@n bhganﬁtntﬁrmnﬁ vWﬁQQV|5iQ#unﬁﬁﬁly

removed 4 rom,t-her SOAPR t 'tﬁ@ afderod ey carb-aerBELEON rpfedibe hat tegq and
before the slnterlngFltep

ny of, the knpwn techni for _sai.d renova
25 The or ganfEChPRb Iﬁéydﬁéch8§ XHAT A NP 6 g%%ﬁ%ﬁ PFO??F%e group
consi sting ohrparalfite smddtihdrriweoes 20EVA, and | ow nel ti ng point
pol yners. F'F@gﬁ@e 6CERNaSeRtS el %%&%@%ﬁ%ga@ﬂa,o@@ﬁ&%cﬁ/vafoﬁee@bt ain a

conposite product in sintered steel presenting 30 one ? nore_surface
regi ons havPigasEPERPEbEF Rt fy GRIFRFCEEN%S & é§ruFﬁuFﬁ sCekanpPe, “ he
product1®d ta berehtalaed maieseintls ém$hﬁu@ﬂunalcsuhsmfatenﬁmaibymadiln a

partiCU|atee§%E%Eg§£y B&%%EQH&&H 89“%§"§H¥%£6&tf&?éf”i@(%oxmed from

. the composition 40 of the invention. Likewise in this
case, the conformation and the compaction (densification)
of the structural core 35 and of the outer layer 41 in

15 the composition 40 are obtained by co-extrusion of the
two parts of the composite bar 4, which is then submitted
to the sintering step.
When the compaction of the composition 40 is carried out
by extrusion, as it occurs, for example, in the formation

20 cf the bars 2, 3 and 4 of figures 6A, 6B 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 composite product in sintered steel presenting

30 one or more surface regions having self~lubricating
characteristics. In this example, the product 5 to Dbe
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 a
continuous strip, there is rolled a surface layer 41 of

the composition 40 of +the present invention. The



a strip, it being noted that, on at |east one of the 35 opposite faces of
the structural substrate 30, in a continuous strip, there is rolled a
surface | ayer 41 of the conposition 40 of the present invention. The 20
conposite product 5 is then submtted,to a sintering step. Wile the

i nvention has been presented herein by neans of sone exanpl es of possible
conpositions and associations 5 with different structural substrates, it
shoul d be understood that such conpositions and associ ations can suffer
alterations that will beconme evident to those skilled in the art, w thout
departing fromthe inventive concept of controlling the dlstrlbutlon in
di screte 10°PBPeSElesPrefvurfhe Soked Tk i é&ﬁfﬂlﬁﬁe?het%t PuctFER~ W&t ri x, and
al so of theseyentual tendency of said solid lubricant to dissolve in sai d

T U 5,012 0P 3 CELL R DBl Skl ccompany
mat eri al s fopm¢opHinglsel PI ma%&theng:%@mm@t@rﬁn @i%t@?%@cﬂsﬁ@é}ns’
conformed byith different structural substrates, it should be
understood that such compositicns and associations can
suffer alterations <tThat will become evident to those
skilled in the art, without departing from the inventive
concept of controlling the distribution, in discrete
10 particles, of the solid lubricant in the structural
matrix, and also of the eventual tendency of said solid
lubricant to dissclve 1in sald matrix, during the
sintering step, as defined in the claims that accompany
the present specification.
15



5 powder conpaction or injection nolding, characterized in that it
conprises: iron as a main particulate netallic material; at |east one
particulate alloy elenment, with the function of hardening the iron, form ng
therewith a ferrous structural matrix;,,a non-netallic particulate 10
conpound, precursor of a solid lubricant phase of graphite to be fornmed in
the conposite product during the sintering, wherein the non-netallic
particul ate conpound is a conpound of the carbide or carbonate type; and an
additional particulate alloy elenent, which stabilizes 15 the iron al pha
phase of the ferrous structural matrix, defined by at |east one of the

el ements selected fromsilicon, phosph@i&84s cobalt, nolybdenum and chrone,
wherein, when the conposition being conformed by powder conpaction
(preSS|ng, rollin doubl e pressing or 20 conpaction the particles of
the main partl%ulgté“ﬁ%FﬁPFﬁ@nnéF%rP%th?Q%ﬂxboﬁﬂ%ﬁﬁ %ﬁes@ﬂ? A aveY age
size lying betyeenbpniandifg papdbdies par tdickesedf steel pardrifouhatebal | oy

el ement w th tggwée@% &fi pardeniy ggcwsnlmml@@d &De pactickgs; of the
non-netallic articul ate conpoun resent a size smaller than 45 pm
and when the c%%%%sﬁﬁlSﬁmﬁéiﬁﬁscohfﬁ?néa ByIFHfbd%Fﬁﬁ‘WﬁP&?nQEtFﬁélﬁaln
particul ate nemaiéﬂiampahaflaéaétr@nepqwdeﬁﬁuastmehﬁla§ ehempatt i githt e
ailoy element and HagcOolk et aﬁ%&em{&z A &L OTRALAd PReReRk Bn Parti cl e
size 30 lying meen m and e conposi tion, Jas set forth in
claim 1, charat®eFeyed StﬁUFhatfa% héﬁaﬁ"&ﬁXwet%l 1N PeFELL Hf atRATEiculate
conpound tn;lud@@pomﬁuthxﬁﬁﬂn@&ktlem a chenic¢al leéeimenit 3phaliechot
stabilizes the | a.ph r u Ne 2 3. The
conposi tion, as? s Q%)F% %?SP%EZRQ .ggégqggfggg ?%H&ﬁé qﬁ%éjgkgﬁgcal

el ement whi ch §%&1Eﬁ—ﬂ%s e ainor el piva PRageLi s E%Fé{t‘f‘é]dabc?etc\%@ﬁ%ﬁl i con
car bi de, nol ybdenumceapbi:de amd welr enirvmdearchi derbbnate type; and an

additional particulate alloy element, which stabilizes

15 the iron alpha phase of the ferrous structural matrix,
defined by at least one of the elements selected from
silicon, phosphorus, cobalt, molybdenum and chrome,
wherein, when the composition being cenformed by powder
compaction {(pressing, rolling, double  pressing or

20 compaction), the particles of the main particulate
metallic material {(iron powder) present an average size
lying between 5 um and 90 um, the particles of the
particulate alloy element with the function of hardening
the iron, and the particles o©f the non-metallic

25 particulate compound present a size smaller than 45 um,
and when the composition being conformed by injection
molding, the main particulate metallic material (iron
powder) as well as the particulate alloy element and the
non-metallic particulate compound present a particle size

30 lying between 5 pm and 25 pm.

Z. The composition, as set forth in claim 1,
characterized in that the non-metallic particulate
compound, includes, in its composition, & chemical element
35 which stabilizes the iron alpha phase of the ferrous

structural matrix.



4. The conposition assetforth in claim1, characterized in that, when the
conposition is confornmed by injection nolding, the conposition conprises at
| east one organic binder. 10 5. A product in self-lubricating sintered
steel, obtained froma conposition of particulate materials, as defined in
any of clains 1-4 and submitted to a conformation previous to the
sintering, characterized in that it 15 presents a hardness between 230 HV
and 700 HV, a coefficient of friction p 0.15 and a traction resistance

bet ween 350 and 900 MPa. 6. A process for obtaining self-lubricating
products in 20 sintered steel, fromthe conposition of particulate
materi al s as définédei n mEpomitioahar & er$oled ifArthat int cohpimtses,t he

5\;‘ _epﬁ gf f oom X%Madt@alrlﬁ_rz%d_et erLlrrm negbQuanbkt i g%emﬁﬁﬁl paktkauhat e ﬁ«m&ﬁri al s
ic efine the nmetallurgjcal, conposition; - .honogeni zi ng .t he
particulatelnﬁ%ﬁég;l?%aig#%; l%%hpggpiﬁg ?%%“%afﬁicﬁgg?%tﬂgtéfﬁgﬁeﬂixture,
so as to provi#geltdmm maxbdarce  wie hytdrenyhapebaflet hed prioductunt caydident er ed;
sintering tshe conpacted and conforned m xture, at 30 tenperatures from
1125C to 1250C, formng, during the sintering, graphite nodules by the

di ssoci ation of "t hé Pr ectrE?s ¥ un@®i n e ngﬁﬁ% of*Tt he®$¥tTct dral
matrix. 35 7. dhergricoegsd das séttf owhhni bhel apmpdsitchar act erdrzfedmien t hat

the step of cogpactidg e mRadtineyl %%% %h?g%ﬂiéﬂ Xé?lﬁg?nié@ Gh defij-pes the

conposition, conprises, 23 raolling the |at in a plate or strip to be

subsequent |y sPPT et 18 PIRAE  process, as set forth in claim 6,
characterilzed in 5 that the step of conpacting the particulate materi al

m xture, whichsdefines,ihe coapesiiinR cSOMY 568 ekakl LPge | hesdalitely on at

| east one of the opposite faces of a structural substrate in the formof a
plate or strip-bf™par CPEBPSE It @F | BRTEbMPpR %I BG4 ltthe afai e fined

in any of claims 1-4 and submitted to a conformation
previous to the sintering, characterized in that it
15 presents a hardness between 230 HV and 700 HV, a
coefficient of friction nw £ 0.15 and a traction

resistance between 350 and 900 MPa.

6. A process for cbtaining self-lubricating products in
20 sintered steel, from +the composition of particulate
materials as defined in claim 1, characterilzed in that it
comprises the steps of:
- mixing, in predetermined quantities, the particulate
materials which define the metallurgical composition;
25 — homogenizing the particulate material mixture;
—- compacting the particulate material mixture, so as to
provide the mixture with the shape of the product to be
sintered;
- sintering the compacted and <onformed mixture, at
30 temperatures from 1125°C to 1250°C, forming, during the
sintering, graphite nodules by the dissociation of the
precurscr compound in the wvolume of the structural

matrix.

35 7. The process, as set forth in claim 6, characterized in

that the step o0of compacting the particulate material
mixture, which defines the composition, comprises



10 particulate nmetallic material which forns the structural matrix. 9. The
process, as set forth in any of clains 7 or 8, characterized in that it
conprises, after the sintering 15 of the particulate materials, the
additional step of cold rolling the plage or strip for reducing the
residual porosity, followed by an eventual annealing. 10. The process, as
set forth in any of clains 7 or 8, 20 characterized in that the step of
conpacting the particulate nmaterial m xture, which defines the conposition
conprises the extrusion in one of the shapes defined by a bar and a tube.
25 11. The process, as set forth in claim6, characterized in that the step
of conpacti ng tHe 1p&r theulatecfaterd aLlafioxCdr 6L hhi th Riefiubssfgetly
conposition, comydre@s the extrusion of the latter in the formof a tubular
sl eeve around a structural core in the formof 30 a bar of particulate
material conpatible with the main particulate netallic material which forns
t he structurald nathe prosgsas €9 $9F M dorposilBempar . chigxraA qyigedssnf or

obtai ni ng sel friabraatinNGPr oductsnddtcdsgsi oher gdrsheahacéramdehear
conposition of ]ﬁxl‘tl cul at.e. At eééglls . as ggfl geg i n.gl. aim4, and.
characteri zed T tHaT" i t"'6orpri $e5™tH2 stBps SPIPORTLCHK i REMPFASES
pr edet er m ned wpfanitrict ités, lehéepartni etl Aeeshavee i af stiwhi atpadftiend acke
netal | urgi cal GonposickieRural bﬂ?ﬂ%ﬂﬁ@t@ ngn}1 haepfafrdﬁnc%ﬁta h@’ﬁfaﬁj'ei abr :
m xture, at a tenperature not inferior tp that o ting the organic
D nder . or anu St T hBSEBRBORTS oRSFo-abt CPPRFEITIS HaRGI ChE. T80e: age
and suppl ®0i ntrrEidmjaset metafdchi neterial eghion hofmd nghd het partvired] at e
material m Xturgsrs0. as to provide the m xture with the shape of the
product 10 to be sintered; extracting the organic binder fromthe nol ded
pi ece; and

9. The process, as set forth in any of claims 7 or 8,

characterized in that it comprises, after the sintering
15 of the particulate materials, the additional step of cold
rolling the plate or strip for reducing the residual

porosity, followed by an eventual annealing.

10. The process, as set forth in any of claims 7 or 8,
20 characterized in that the step of compacting the
particulate material mixture, which defines the
composition, comprises +Lhe exitrusion in one of the

shapes defined by a bar and a tube.

25 11. The process, as set forth in claim 6, characterized
in that the step of compacting the particulate material
mixture, which defines the composition, comprises
the extrusion of the latter in the form of a tubular
sleeve around a structural core in the form of

30 a bar of particulate material compatible with the main
particulate metallic material which forms the structural
matrix, so as to form a composite bar.

12. A process for obtaining self-lubricating products in
35 sintered steel, from the compeosition of particulate
materials, as defined in claim 4, and characterized in

that it comprises the steps of:



sintering the pieces obtained by conformati on of the powders, at
tenperatures from 1125C to 1250C. 15

10

15

24

- mixing, in predetermined quantities, 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;

- 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;

—~ extracting the ocrganic binder from the molded piece;
and

~ sintering the pieces obtained by conformation of the

powders, at temperatures from 1125°C to 1250°C,



