COVPCSI TI ON OF PARTI CULATE MATERI ALS FOR FORM NG SELFLUBRI CATI NG PRODUCTS

I N SI NTERED STEEL, PRODUCT | N SELFLUBRI CATI NG SI NTERED STEEL AND PROCESS
FOR OBTAIWDONG 086E LUBRI CATI NG PRODUCTS | N SI NTERED STEBCTHR2b@/000411 he

I nvention The present invention refers$ to specific techniques for

manuf acturing finished products (pieces) and sem finished products
(several articles), confornmed froma conposition of particulate naterials
(in the formof netallic and non-netallic powders) and which are designed
to be sintered, said products conprising, besides the elenents constitutive

of the et ablibegsht it uisal pREh Lol NEAPEOHMES GdRerdRutRd diisig the

sintering step, aygrecursor %é ricant, 1nt articul ate
I
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sane tine1ogigﬂe”§%%@%5%ako be formed during the sintering step, a

precursor phase of a solid lubricant, in the particulate

15 form and which, by dissociation during the sintering
step, generates precipitates of the solid lubricant in
the volume of the metallic matrix, leading to the
formation of the micro-structure of a self-lubricating
product presenting a continuous metallic matrix and which

20 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 material “in

25 situ” during the sintering, to the pieces or products in
sintered steel obtained 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 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 low

coefficient of friction.



strength and high wear strength allied to a | ow coefficient of friction.It
is estimated that about 35% of the whole nechanical energy produced in the
pl anet i swbasto/dsgo2oubri cati on deficiency and i s convert @dTiBR2b@a004y
friction. Apart fromthe energy |oss,2the generated heat inpairs the
performance of the mechanical systemdue to the heating. Thus, maintaining
a low coefficient of friction in nechanical pieces under friction is highly
i mportant, not only for energy econony, but also to increase the durahility
of said pieces and of the nmechanical systens in which they operate, besides

contributing tQ eulANERNt REESeRYAL Ofdlugs! Qifecifase qlbdilsgardi ng

materi al . € way belng used to reduce wear a friction between surfaces
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high or very Tow tenperatures, in applications in which the fluidubricant
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conponent msaténtas; but without presenting rupture of the
The way being used to reduce wear and friction between
surfaces in relative movement 1s to maintain these

15 surfaces separated, interleaving a lubricating layer
therebetween. Among possible lubricating ways, the
hydrodynamic (fluid lubricants) is the most used. In the
hydrodynamic lubrication there is formed an oil £film
which separates completely the surface in relative

20 movement. However, it should be pointed out that the use
of fluid lubricants is usually problematic, as in
applications at very high or very low temperatures, in
applications in which the fluid lubricant may chemically
react and when the fluid lubricant may act as a

25 contaminant. Besides, in situations of limit lubrication
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, consequently causing wear
to the latter.

30 The dry lubrication, that 1s, the one wusing 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 Jlubrication areas. They can be used in



formed | ayer. The solid lubricants have been well accepted in problematic

| ubrication areas. They can be used inextrene tenperatures, under high-I|oad
condi t i orsOand/dem20hem cal |y reactive environnents, whePeTBR20@®/IaMNal

| ubri cants cannot be used. Moreover, 8ry lubrication (solid lubricants) is
an environnental ly cleaner alternative. The solid lubricant may be applied
to the conponents of a tribological pair, in the formof filnms (or |ayers)
that are deposited or generated on the surface of the conponents or
incorporated to the volunme of the material of said conponents, in the form
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contact and the consequent 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, usually 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 low
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



coefficient of friction, such as self-lubricating bushings, are produced by
powder netallurgy techniques fromnetallic powders which formthe netallic
st ruct ur avormtwde020f t he sintered piece and which are nmPKEBR2009/000411

wi t hsolid-1ubricant powders. Said conponents have been used in diverse
househol d appliances and smal| equi pnment, such as: printers, electric
shavers, drills, blenders, and the |ike. Mst of the well-known prior art
solutions for the structural matri x use bronze, copper, silver, and pure
iron. There are used as solid lubricant: nolybdenum disul fide (M)S2)r

silver (Ag . PO | yor. I 4P I n I sgl-gni de
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responsi bl éisetfifle mdnani calsistieangt(Roof t Relpitedeafimioy dsityly ledvet ent of

solid I ubripapg ) has,dbesp soAshEer ed sBeces sl Y (ioe Pbt ablikAngs! W th
coefficient of friction in a situation in which b t he mechani cal

qt h

properti estBESEhd YRSSl Plc TRty TXRSTHNRD BAG ShdrdiessTaahdY t fd th

m cr oSt uchubgzpar anet ecsppschmasrike sbaecadhitlye seluath | wbr i canitid
particles dispersed in the matrix and {he aver ree . het t hese
particles gﬂgfﬁga? r med conposi‘t e %%?%?%g . are ﬁ%ﬁ’op??%%géggfggﬁma

appl i cat i onslyhdehich dilverlgiiese d15d r equi med ttigchavelnt ghekBdRanihcale
strengt h. %QQn%QBdMBEH”EBB' GsBEr ¢8Rt 8ge ek sSQh ddvihidicantyinthi.chhas an
intrinsic Tow strength to shearing, does not contribute to the nechani cal
strength applications.

15 However, these pieces do not present high mechanical
strength, as a function of its high wvolumetric 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
metallic 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 required 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 mixture, reducing even



of the metallic matrix. Furthernore, the solid [ubricant particles shear
easily and alter their shape, as a function of shearing forces that occur
during t wo20mps9@h nmechani cal |y honogeni zi ng t he powdePCRIBR2o90¢aar ri ed
out in mxers) and conpacting the m xfure, reducing evennore the degree of
continuity of the netallic structural matrix of the forned self-lubricating
conposite. Mreover, the | ow hardness of the netallic 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
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m xture sinultaneous
composite materlal to be used at temperatures in the

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 1lubricant particles in its 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
coefficient 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, pieces 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



presenting the structural matrix powders and the solid |ubricant powders,
such as for exanple, hexagonal boron nitride and graphite, have | ow

mechani cavobroaegizn and structural fragility after sint@CTmBR2000/000411
deficiency cited above results fromthe i nadequate spread (dispersion) , by
shearing, of the solid-I|ubricantphase 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 particles of the structural matrix phase, and tends

to surrounghsdgled Bé{kb%hestﬁé'”ﬂlgﬂc{éle M%itng and genf on g1 NG 51 &PSra Wi ch

submt said solid [ubrjcant to stresseS which surpass its | ow shearing
stress. On"ek&ist hetfuhbmd, Fhe peésesce f t%éxéﬁgldaln@brlﬁ?ﬁ‘)#%

bet ween t hggpastiralces i(@f) tHge ppwderk odr t beostuctet UFal b@atgfﬁdﬁucﬁ&ﬂﬁed by
sheari ng, alrs tﬁf formatign of netallic contact.s betgeﬁn t hes

particles chs?%+ StTatt uPRF SREPT | OB YIS TCoosPEEYEEPT ng”S he
si nterifg; pahmscd@ﬁtnmbutes1ﬂinnduuhmﬁ|matnixtmﬁuﬂﬁgre@nﬁftemdmrﬂbty of

t he struct grﬁ b i 4 Q?%aer@l 1de GorPst LRGN 1arﬁ:f pé&%%ns 190 be

fragilizing t he mat erl and e obt ai ne products.
nost |y sol PEGPEmr oiBhChol sepBhs Frogbse@lild t AebpicantBrbei |sarepent

appl|cat|oahﬁ@ﬂtg@&@@s@bqw%,1&@5@H@dﬂ1dgwéﬂgéygm ng conp05|te materi al s

wi th nmechani c str reater. than that of rio ol uti ons.
However, i A%t %o?ﬁgg }%V5§0§3E3 RE§&8F8<pr i B%geﬁp%ﬁaﬂ%ékﬁ}%ﬁPBf t he
sane appl i canes obetheenreshat paventien, thé€ nohengpakdiec) pamflcmm@te
solid lubri I %?pP! he on _ni i th ‘has
to be nixeé%?g%Fﬁégﬁbta c%%aterlakghmﬁﬁ @T%nt%g str%@g' r|x of

t he corrposifpe‘m_ﬁlté@@ctofoHlﬁetasiilﬁ{f-‘er@@lf,ltﬁatﬁhé?e’@e&:ﬁnrthg??h@@d@i@l@ﬁ of at
| east one parthCHALE @ld oy LherBRi1 89t Asxt 8rf oL@ dBMﬁdHlﬁé“ﬁuring

the sintering; this contributes to a reduction of the
15 degree of continuity of the structural matrix phase of
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 liquid phase between the particulate
material which forms the structural matrix and the non-
metallic particulate solid 1lubricant, 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



sintering step of the confornmed netallurgical conposition, a |liquid phase
between the particulate material which forns the structural matrix and the
nonmet al IWO 2pavdsp@al ate solid lubricant, in order to aggComreemddoetie | atter
in discrete particles and prevent the7non-netallic particulate solid

| ubricant from spreadi ng, by shearing, between the particles of
thestructural matrix phase, tending to surround themduring the steps of

m xi ng and conform ng (densification) the pieces or products to be
produced, fragilizing the latter. In face of the drawbacks cited above, it
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m xi ng of the solid lubricant particles 1nmthe nmetallurgical conposition to
be si nter edhensitemfe abiditixgAdofant FPPSPrEGwentdensihecakt arl urtdiccal
conposi ti opié@eckorpra birgudrphase i Bet herbatlcer , durinag iiltis isignt &Heng.
Summary of _the Invention It is, therefore, an object of the present
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conti nui t ynbkiptie st¥ucttheal satidx dndPiiredent i Rgrhighesechahi cdlhsstrengt h
and hi ?hdﬂﬁé\@?ﬁ§§rgw§5m_ ad t sfiltiltdd but b on pef gsf&%ép?ch,?ﬁrh@@nt ﬂ@{@se
generated in e sintering. is likew se an, obj 0 presen
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from acocontonpatidohohy tpowterm conpagtii an phisaepriassthg, 1aokkerngltanichot her s
or by injectjop. tng, followed by sintering the conposition defined
above, andfgﬁigﬁﬂg%gggﬁfs a high degree of continuity of the netallic
structural Swmmnery, o4 tbw EpEeftépant of friction

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, rolling 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.
It 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, from
said composition of particulate materials, said process

including neither the previous mixture of solid lubricant



and hi gh nmechani cal strength and high hardness, with a fine distribution of
a solid lubricant phase of graphite generated in the sintering. It is also
anot her oWpeeto/mwbobhe present invention to provide a precesRi@roontai ni ng
products in selflubricating sintered 8teel, such as defined above, from
said conposition of particulate materials, said process including neither
the previous m xture of solid lubricantparticles in the netall urgical
conposition to be sintered, nor the addition of an alloy elenent in the
nmetal lurgi cal conposition to forma liquid phase in the latter during its

sintering. oL @ALESt ASPEEhOl A, Preseilal Ve (e, ObLECt it ed

above are alne throu ha COQFOSI on” of part l'ate materials for the
manuf act ur @ipteprddudtas | ’ﬁhGeIafd- §BrarcaPEngisi ﬁ@é@éd ssleasnt pidviEisl y

conf orned Ilaxtgm@u%l&a@ %%%tsllcm%rpft&omaﬁt langl ek d npegsEoanmalrdli ng said
conposi tion iC iron as the main particulate netallic
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nonnetal i ¢, goggo%%% pr%. rs%&.%]gggoltgrgggﬁlcgntcgg%%% Qf. graphite to

be formed Th produc e sinterrng carrylng out the
i nvention, pahElnghaﬁétaﬁﬁﬁglpéﬁuﬁﬂneﬁ@eC@@@@ﬁﬁ@tuseaoéoﬁﬁ@@M§Uﬁ ¥rhe

carbi de ors@%b%ﬁ&@cw%gl RG 4R aschem calepl 60BNY W@h‘f@xﬁiﬁe@b'ﬂy zes the
iron al pha phase of férrous structural matrix. |n anather

carrying ofit®t Ré 6P§s@ﬁ?r?ﬁ9€H§|8§ Cpﬁ@aﬁﬁﬁnﬂbﬁﬂq|%?%%ﬁq%9Hn%ﬁ%§%ﬁﬁmound

is deprd vedatoll atymheidical eheskenicompcisesiabthézesohhead r ehealphim phase,
t hus bei ng_necess

additionalpﬁﬁﬁffggﬁéFeHEﬁiéﬂygfé%% taﬁﬁgﬁt%Jlt% ;C?antggﬁ§!th¥§blI|2|ng
the iron abphaypkdsaentn twietlprekentfunmtann onf hhedenbogutdet hieedror mat i on
of forming 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 another way of carrying 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 additional 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 c¢ited: silicon carbide (SiC),
molybdenum carbide (Mo,C), chromium carbide (CrsCz), and
the 1like. 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



graphite particles by dissociation of a precursor phase during the
sintering step of the pieces or products. A s exanples of precursor phases
for carrywogomutcddzhe i nvention, it can be cited: silicorCtaR20@®(4IC) |,

nol ybdenum carbide (Mo C) , chromiun?carbide (Cr3C2), and the like. In the
step of preparing the powder m xture which will constitute the new
conposite material, carbides in the formof fine powder particles
(preferably from5 to 25 nm) are m xed to the iron powder (nmjorconponent)
and ot her powders of alloy elenents that are present in the powder m xture.

The nost i ndi ar hiyd t ecil-pi_tatl hi n es in
ferrous nnc?%hégﬁ%gtrﬁ‘l %gha%g:gletgr-l u r(?%g%i %l'gf alﬁtdéfgedpés?%% , _gﬁlgtt %%lééle whi ch
have in theresetnuia atéRenicealded] efehttywe ch Tag stpshgl yrstiasitSe t he

i ron al pha-phasees at of dagxanpleciihie alieend £ Sigripesert hdatihessiild con
carbide (S C% . During the sintering step, itﬁ)aﬁ %s, a'L'.the si.nteri ng

t enper at ureS6¥CtHe PREEEE  or f%rrgﬁﬂi’cg: s,2t heesfTieBhicarbrde ESPGPTe

di ssocisat estaad, t heec héniseal wiel @nehévsi hinc dathdiec ofesmal soki dIsoditalon i n
the iron, s, .. t.he r t mat s X. S .t di jation
of the Si ég%%#gss%kgl,é?hegag{m%%é%gl ﬁtlaai]?lzr%diés_i t|Hr61écr éa%%s ian%t%%e
ferrous maphései n ashefsur rasiantdkys Gihet helshenpardd cPagsehitchiar éhien

di ssoci ati@niifos caRreversided ipnAig i £08- siihitean RAULEERY | Wmdi agram
the chem cal element silicon strongly stabilizes the iron gl pha phase; the
vertex of the |®bp B'e- SIPES¥LIQY) {FROBEISFYdPagPam &CEur G NalUes of

2. 15%1y wetrghtictd, 2%ak) Lfliston Thaspidar i(sdchheliss suetdngs okntihectsd nt er ed
concent at T BRTbF2Li P EBA SordBiF Ses Tor & b P Atk Bar (i e i n
di ssoci at i bnpny eqbhés itshe isol theél ey rousi tstefudtheragjarmat phaseAst Hévee occurs
a transforgptign; of s the gammaylr onsicnt oAb Phasddon. Lhet hgrbihst igwstants
of the Si C dissoclation process, while the Si , )
solubilized Si increases in the ferrous matrix in the
15 surroundings of the SiC particles which are in
dissociation. As can be verified in the iron-silicon
equilibrium diagram, the chemical element silicon
strongly stabilizes the iron alpha phase; the vertex of
the loop o «— (o + y) in Fe-Si diagram occurs for
20 values of 2.15% by weight (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 limit 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 SiC particle in
30 dissociation, the carbon resulting from the dissociation
also becomes a solid solution and spreads to the interior
of the matrix, but as soon as the ferrous matrix around
the SiC 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 is very low (maximum value is of 0.022% by

welight at 727°C). Thus, the carbon released, as a



concentration does not reach the value required to stabilize the

al pha- phase around the SiC particle in dissociation, the carbon resulting
from t he wosswmaica2oon al so beconmes a solid sol uti on andPspmBrad®/ el he
interior of the matrix, but as soon a® the ferrous matrix around the SiC
particulate in dissociation is transfornmed into al pha-phase, the process
for solubilizing carbon is interrupted because the solubility of carbon in
the iron al pha phase is very |ow (maxi mum value is of 0.022% by wei ght at
727C) . Thus, the carbon rel eased, as aconsequence of the carbide

di ssoci ati r i n ' i ro r of
aIpha-iron?ggf%ﬁgggﬁgpﬁghréﬁgi%%gkgﬁf p%%&%%?%€§§§%h gg%ﬁ%n&%ﬁﬁ%%gﬁﬁting

t he gamm phgyéespr ivbflabestfs pEisHcBNdEHe LDF aini hgEeTheti mAema orrasid | be
described hektpwugh t Rnkef erenca ddr t her enghesefladr-aw Ngsin gi vee Muavay of
exanpl e of enbod r,rent% of the inyention and in which: Figures IA [IB and 1C
represent,p§3588hﬁpglIPeaﬁamgéhE i®cal |y, the evol ution of the

m cr o- & ruBktie€ descadgpthensbiit ehien@rstepgsresul ting fromthe dissociation
of the car ‘?hge'R%hlﬁ'oﬁs WIeG, M &?S&beé&og E?ﬁd%i%a.tf | #)re ({]é gue I'A
representing t fie t'wo- phase 'm cro-structure of & faterial in the initial
phase of thBeprevedsserdn dipvAndise carilyiede part ivdlves & e estdnple nt@et, t hat
is, the reagbbainBassnel yek hRbkiatiesd i list igw.e | B represents the
situation in which there has already occurred partial dissociation of the
carbi des aRd9Pr§dr e 1€ sHews AHE sttuatFBREFAMi clF SAETG I atd¥h has

al ready beenhenapletedy, Fi givee ZeswdDwsioschemat ital | ynidihe- sesidtedrd deal
situation gnE0£ostr%%%uralin%%%kkvforé%he disggigﬁggfﬁ1(ﬁ %g%%lsohgg

| ubri cant pgrtll ¢l es of nodul'es it he ¥étune of a com%site materiar, in
steel, witHibewcdesfibnciénthef chribdideoma ralildwingninschtvai Wi Mighea high degr ee

of continupbyq@l thgaPREL] X of; ffi& cqmposkhecTBheihg! i th8 &o-phase

micro-structure of the material in the initial phase of

15 the process, in which the carbide particles are still
intact, that 41s, 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 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 1s a picture of the micro-structure of the
material of the present invention in the already sintered
state, after the dissociation 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

composite material;

Figure 4 shows a detail of the graphite structure in the



i deal situation, the solid lubricant nust be in the formof discrete
particles or nodules uniformy distributed in the volunme of the material,
with a regol2ar/my@nage free path |" between the parti cl esTER200¢0004$ ;
Figure 3 is a picture of the mcro-striucture of the material of the present
invention in the already sintered state, after the dissociation of the
carbide particles, show ng the graphite nodul es surrounded by a clear |ayer
which is formed by the al pha-phase, and the matrix of the conposite
material; Figure 4 shows a detail of the graphite structure in theinterior

of the nod r ri e Sj Lng, : h (o : ai ned
wth a hig%ﬁﬁﬁg$§gsggfg¥ggo?%%%hga)a%ﬁégégggcéﬁﬂﬁggpnggfF%%Hﬁggggécope
with fiel dteaPsshorm gl (FEG SEMtaings cWidl dencesdl helrze¥eri®r eldh t he

form of gr Q@Dbtr)]@ ;‘{?! &%I Ithef | sakeasn ol g D@D?@?idsﬂm Crg?ibk@léﬂ@ﬁé; wl‘iitglun?e‘slo}
represents, schematica n a simplified diagr an exanpl e .0
conpactionemhsFﬁgnfSPﬁaﬂ¥g%"%ﬁhg'pi Ig%we¥ﬁ Tuct tgg%esﬁ5§égﬁgﬁﬂﬁp
sintered, satd tfonmacdi onyimpnptendekmns asot 0 fradesde @&f selandmdimicat i ng
| ayer in t%ﬁiggﬁgggte faces of the product to be sintered; this process

shoul d be use en'it is desired only one self-lubricating |ayer in one or
nore facesFofurhe 5sipepredeptece;sFHauptds gAYy 68Rand6Car epyslaiftiagkanpl es

of product §; whesk, canf %Mfﬂm bs ebhakpedohy iconpact EgPmeak bhedouf by
extrusion, reSpectively, of a bar in a selflubrlﬁatln conposite naterial,

of a tube PhSESsePEl uBrPEXGthg BRI t BORREELPELY afdl6f &%ar SAt%h a core
in metid | i eoAapheyienabednyi hhdan seuer tlapebwidieh aa seal ff- luliyr iecadd ingy

i agr am ' ale4RAmpLE. of "BonBRECRERC: n PG T orint og of D hiGeetst product to
be posterieihyesedt etbds paicteconpetiiloh bei ngedndbeby itolils rpsired
Self'|UbriSﬁE§n%ne self-lubricating layer in one or more faces of

the sintered pilece;

15 Figures 6A, 6B and 6C represent examples of products
whose conformation is obtained by compaction carried out
by extrusion, respectively, of a bar 1in a self-
lubricating composite material, of a tube in a self-
lubricating composite material, and of 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 Dbe posteriorly sintered, said

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

Description of the Invention

As already previously mentioned, one of the objects of
30 the invention is to provide a composition of particulate
materials, which can be homogeneously mixed and conformed
(densified) by compaction (pressing, rolling) 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



conposite material on the opposite faces of a plate or strip in nmetallic
alloy. Description of the Invention As already previously nentioned, one of
t he obj ecwe 20fo/dshoi nvention is to provide a conpositi orCofBR280S00EAIN at e
mat eri al s, which can be honbgeneousl| y12m xed and confornmed (densified) by
conpaction (pressing, rolling) or by extrusion or injection nolding of
powders, so that it may assune a defined geonetry (piece) to be submtted
to a sintering operation, in order to obtain a product which presents high
har dness, nechani cal strength and reduced coefficient of friction in

rel ation t gothenphodyst soplal ngdsy thedri o afinLeachings. Jhe pnesent

conposi tion conprises: a main particul ate net c”materi al
pr eponder aRPMPASERé Ofor AN IS t he@coMFodt t | BATtaRHlatel edtgtadnlelc

particul atgzakkoyielam wt r%@@nhlé&@tmtonl@f tihar desvige tde prEepander ant

material, these ¢ one be|n onsible for the fo t|o of
structuralcﬁﬁPPF%ggﬁnfhé“E%ﬁi st Péﬁﬁ%tpa¥ﬁl%? afe ? ﬁﬁ?E?gﬂ and a

precur sor pathi thkatfeneutieni alf WhtdbnaMQOWSmnQumpmndyﬁaﬂh(hduﬂnma%un
nodul es UPQH kLs i %%%h%%egg dyr kggpkﬁgl%'l%h%‘ 'r“g;hé“%%%ﬁ'}atﬁoéhae

i nvention as | ustra mai n particu e Tetal lic
mat er i al |§trﬂ§ﬁurééfH@ﬂﬁgxaJﬂeﬁﬂbnsc%m9®%¥9$aprﬁdﬂﬁtx 10, s&g¢lheto

precursor phasas ddiegengrat !a%z%fcu&%ﬂ e§a£@1@a§1§@él fhakebriganin dh
dISSOCIatIOH during the S|nter|nfhg é%%gpoun S on car bi des, or

car bonat es2pPBFer A5 oMed $P &Icaatenerh? u%ﬁ? chU8PRhi 1572 the
iron akphadmbaselamlbhedheﬁhqushetsuatemahgnatrlx 10. When the precursor

phase Usedsdaeg gt havew i b s PROROSIL Ol 1 SheM gaLeligmnty apat e of

stab|I|2|ng a hase I rrous matri x a sp
addltlonaIZallbyeeI@went pﬁralguﬂﬁt@lem@t@himn m@tﬁnﬂﬂH|ZéStm¥Qnon al pha

phase shouhdrahsqgbe addegd 0,4 heseoupesi-hiion ft the maperi ahqof e
present | nventi on.
precursor phases for generation of nodules 20 of solid

15 lubricant Dby 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 matrix 10, a specific additional
alloy element in a sufficient amount to stabilize the
iron alpha phase should also be added to the composition
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, molybdenum, carbon,
silicon, phosphorus, manganese and nickel, but it should
be understoocd 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 more 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 interdiffusion of the components (chemical
homogenization), but this aspect should not be limited to



The alloy element with the function of hardening the ferrous structural
matrix is defined, for exanple, by one of the elenents selected from
chrome, mubyboewary carbon, silicon, phosphorus, nmanganese/BR0090cke! , but
it should be understood that one can Wse ot her el enents, such as vanadi um
and copper, which carry out the sane function in the structural matrix, as
well as nore than one alloy elenent at the sane tinme. It should be noted
that the invention requires the provision of an alloy hardeni ng el enent
which may carry out the function of hardening the ferrous structural matrix

to be fOr”EﬂedHﬂhﬁgé%ﬁ%m%thg%%%%ﬁ1Q$i%%t?%Q;jJLUSi0” of the conponents

(chem cal honogeni i on S aspec ould not be limted tothe
al | oy el enBhggregenphi f il8d h&feidmd FE gihesr | Aschgraticandy? stpigral

schemati cakkypsseyer alhest eps10tibhe €7oldHd omiefrotRe e @St buctuie of the
conposite as_a function of the dt5500|a ion of the carbide (S0 é%glng t he
sintering. CEPHArE S sRGws®a PFREEre: obt ai hed b@l%%@?%%ﬁlﬂ?cr copyS of the

m crosty uctarbide t heiCpnubstiirey maher i ainterird. affeyuid s 3si ahewsnga and
figure 4 showsthe styuctire gf the prect pitate grephise presepting, in the

interior of the ndédul'es, ~T'skins or nanome
t hi ckness. sThstareucrlr etiav eromadsel For matticari adf  dormePdol agieal 1ayer on

the interfgacacral-ithe rghati yeqnoyi ng syrbpcestpl therts&ibploghealypair,
i ncreasing the efficiency of,?he solid lubrication. The parallel addition
of other aPF&¢iBRéReRt JLIMI T SPEBFETFEE Ehe 1Y o %l pRESHRGEe 9tn tRe powder

m xt ured whhebuwelsl, fone therncosgosY §einaccet enaktesstheori it the al pha

phase in the.matri x during the_sintering gperatjon, Lncreases the tendency
to generatggéggﬁﬁfﬁé ng%ﬁgessgﬁuﬁguaﬁssg%y FFonkg? c%?ﬁ?%el%%rt?glé% m xed

in the vol ameboflogheadat éeyyalr. Fhe dhéoyietentats whfchtlst abi¢lizeivde iron
al pha phasg,39d,c YU IILB L hencarbi d81d5$89¢1 3L, BRYMESing the
efficiency of the solid lubrication.

15 The parallel addition of other alloy 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 layer 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 solid solution

30 in the diron 1s not sufficient, other alloy elements
should be additionally added to the powder mixture, so as
to be solubilized in the matrix during the sintering
operation, 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 solution with the alloy elements



preventing

| ayer of al pha phase 12 around the particle 11 in dissociation,
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they al so
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nevert hel ess,

el ements s

if the hardness increas® reached by the presence of these

alloy elements in solid solution in the iron is not sufficient, other alloy

houl d be additionally added to the powder m xture, so as to be
solubilized in the matrix during the sintering operation, aimng at
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As exanples of other alloy elenent dvant ageousl y e in the present
i nventi on, mFSLPH&F@&seSFﬁgnﬂEEhaﬁ?ﬁalg@?rem ﬁn%ﬁﬂ t%é HAt N & 10F% 1 he
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5ihB¥eAhiyon, As fimBhiys twedi shipet aliefdati Wnents,
advantageously used in the present invention, to increase
the mechanical strength and the hardness of the matrix,
besides the S8i, 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
composition, which is formulated for the production 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 Dby chemical elements which
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 increasing the
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 £
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



Alternative 1 : lIron powder + particles 11 of carbide powder which are

formed by chem cal elenents which stabilize the iron al pha phase (mxed in

a vol unetwocopdarweent age 10%, which, at the sintering PeFRBR2aNN0E11

generate graphite nodul es 20 upon di soci ati on thereof, + powder particles
of other chem cal elenents called alloy el enents, which have the function

of increasing the hardness and the strength of the ferrous structural

matrix 10; Alternative 2 : Iron powder + carbide powder particles which are
not fornmed by chemi cal elenents which stabilize the iron al pha phase (m xed
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requires, besides ow porosity, a low volumetric

15 percentage of the solid lubricant phase, since the latter
does not contribute to the mechanical strength 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

20 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 Ilubrication

25 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
material.

The metallic matrix of the material 1s required to be

30 highly resistant to plastic deformation, in order to
operate not only as a mechanical support with the
necessary load capacity, but also to prevent the solid
lubricant particles from being covered by plastic
deformation of the structural matrix, upon operation of

35 the piece (when frictioned in relative movement),
preventing the solid lubricant from spreading in the

interface where it should form a layer of solid

+



volune, that is, with a regular average free path | |" in the interior of
the ferrous structural matrix 10 (see figure 2 ) . This permts generating
greater |wbrooaishen ef ficiency and, at the sane tinme, gerarT@aRe®aoadini gher
degree of continuity of the matrix, which on its turn guarantees a higher
mechani cal strength to the conposite material . The nmetallic 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 | oad
capacity, but also to prevent the solid lubricant particles from being
covered by;p m%§§5 grdeformation of the structural matrix, upon operation of
t he piece % rlctloned inrelative novenent) , preventing the solid
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present a pecessarily the ones exemplified herein.
When the composition of the invention is conformed by
15 compaction, the main particulate metallic material (iron)
presents, preferably, an average particle size lying
between about 5 pm and about 90 pm. On its turn, the
hardening element, with the function of hardening the
structural matrix, and the precursor component 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 4iron, 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 Dbetween about 5 pm and about 25 pum. 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, 1is carried out by extrusion or by injection
molding, the composition should further comprise at least

one organic binder selected preferably from the group



particle size preferably smaller than about de 45 mm; it should be further
understood that the average particle size of the main particulate netallic
mat er i al ,wohato/iesg200f t he iron, should be always | arger PCh@ar20(y0@Mer age
particle size of the alloy elenents ard the precursor conponents
(conpounds) of the solid |ubricant phase. Wen the conposition of the
invention is conforned by injection nolding, the main particulate netallic
material (iron) presents, preferably, a particle size |lying between about 5
nm and about 25 mm. In the sane way, the alloy el enents and the precursor

conponent s (6q 24n $) o Pf rggy%mﬂdamb%ﬁ ugt%éees pr nt,aﬂaeff&@bly, a

particle size a etween about 5 mmand a én the
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the total Eé% m%ftltog ? jgi)%l) 4%& m89g}?19§' tiQa. S4Ban;the, %Odgror{@“ on by

ext rusi on, ron1a ‘upon the con o rati on by i'njection
mol di ng. Tﬁétéﬁgéﬁﬁc brederthis é%WKééﬁédiﬁYOﬁfFﬁé c%ﬁ%os?Qﬁﬁﬁimﬁﬁ%ﬁnthe

conf or mati @Rept epsof OExeXaMEl Q)}bYeQM B%@&bﬁn hefore the casd o5mey product
is conducted to he S|nter| anS|t| ns descri bed above are

n
obt ai ned byTARChg ﬁoﬁﬁﬁcﬁggq% ghﬁ)? %H%hé% ned quantities of the
partldu]atEh&at&mm&@ahudmmﬂdﬂbdxmbémeaﬁﬁvaahrenobtahhedc@nposiiim@,and for

t he subseqt gnt %ptg %é&gﬁgfmgxglflzﬁyééég é&n uggtgggggct ng m xture

of the d|f erent’ par ate na S 1S onn eni Stbm teJato a
densi fi cat Pentépedateomane igipacsebactedatf ars, tltﬁy peematagnorot othéng, or
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operati on, only the densification of
ubrlcatlng sintered product

15 The mixture of the different particulate materials is
homogenized and submitted to a densification operation by
compaction, that is, by pressing or rolling, or also by
molding by extrusion or injection of powders, obtaining
in this operation, not 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 binder is homogenized at temperatures not

25 inferior to the melting temperature of the organic
binder, the thus homogenized mixture being granulated to
facilitate dits 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 a CD plasma assisted thermal process.

35 With the composition proposed herein, it is possible to
obtain self-lubricating sintered pileces or products with
hardness from 230 HV to 700 HV, a coefficient of friction



powder mass, but al so the desired shape for the product to be obtained by
sintering. In case of conformation by powder nol ding by extrusion or

i nj ecti onyotznw/mboebur e of the conponents contai ni ng theprorER@/bdader is
honogeni zed at tenperatures not inferi8or to the nelting tenperature of the
organi ¢ binder, the thus honobgeni zed m xture being granulated to facilitate
its handling, storage and supply to an injection nmachine. After
conformation of the piece, this is subnmtted to the extraction of the
organi ¢ binders, generally carried out in tw steps, the first step being a
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with a dispeision.Qf anplRpuscGashonapadul &g, thLbeqkpper s rughure in
the formof skins w'th nanonetric thickness, ich facilitates the
spreadi ng 6fFaphdtgr aphi t &hien thEarfas ace ofthithe MRNADIR seFEzesS, f or mi ng

a solid | ubbirganty LayeniFigwresat 18AeHB, 6C and 7 of the enclosed
conf or m ng (L8 freRenBloofusi GRY By o Tifg. o SorCaf h S GRBF i ned
quant ity ofchehepwoppesi ifonetemabyfdesyr el Stamt wobebibadihd eshabf of the
e pulr) SAR LR Ci Rl eSS JE S, T gy gptal ec o
appl i cati opsrtene galedaindndatdchgredal by epfsthe icomposddsany onlgnyn one
or nore supkageeuedrARR Ofyid Jrechani sal tagePeReh ONsdi £CRIbricating
sintered final piece or product desired to be obtained,
15 or a shape close to that desired final one.
However, in a large number of applications, the self-
lubricating characteristic 1s necessary only in one or
more surface regions of a mechanical component or piece
to be submitted to a friction contact with other
20 relatively movable element.
Thus, the desired self-lubricating product can be
constituted, as illustrated in figure 5, by a structural
substrate 30 ©preferably conformed din 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 two opposite punches P, forming a

30 compacted and conformed composite product 1, which 1is
posteriorly submitted to a sintering step. In this
example, only the two opposite 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 adequate extrusion matrix (not



to be submtted to a friction contact with other relatively novabl e

el ement. Thus, the desired self-lubricating product can be constituted, as
il lustratwd2on/dsbare 5 , by a structural substrate 30 prefBreabdlogoaonf or med
in a particulate material and receivi®g, in one or two opposite faces 31, a
surface |l ayer 41 of the conposition 40 of the present invention. In the
illustrated exanple, the structural substrate 30 and the two opposite
surface | ayers of the conposition 40 are conpacted in the interior of any
adequate nold M, by two opposite punches P formng a conpacted and

conf or med 99@9@%&%%50‘1“0& il €N o5 pOSt eRLor |y, subitdt ey

sintering ste is exa ¥ two opposite faces 31 of t he
structural C@%%Fa@@ e vmef EP@@@ﬁtl fre dﬂe%| tablcergdied | Qb i &8t itHE

properti esextk_'hgﬂbﬁs stt/é;ﬁrwk GBh@xelra)Aﬂéﬂ pradudlss i p the f@en of caurbar 2
and a tube, 3 3 ﬁSDECth%$-¥ obt, ai ne extrusion oftthe o npos Hlon 40 in
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the sintering s E or mat i on $e iron- ase Structural matrix
10 and i nceppbiauingedrstiat evbrdpensedOand particles of the particul ate
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structural "core € out ay er € conposi A0 r e
obt ai ned byheo Ceotmqmtdrpmf 4Pheot w@hﬁarlm’@lﬁtl@@ conpresiitse bap 4hisphich is

then subm tted tontheosikRLRELAGNSEER: 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 of 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 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 a
continuous strip, there is rolled a surface layer 41 of

the composition 40 of the present invention. The



When the conpaction of the conmposition 40 is carried out by extrusion, as
it occurs, for exanple, in the formation of the bars 2 , 3 and 4 of figures
6A, 6B amsio@Qo/mai2d conposition can further conprise anPpPoTER@®/od41der
which is thermally renoved fromthe cnposition, after the conformation of
the latter and before the sintering step, by any of the known techni ques
for said renoval. The organic binder may be, for exanple, any one sel ected
fromthe group consisting of paraffin and ot her waxes, EVA, and |ow nelting
poi nt pol yners. Figure 7 represents, also schematically, another way to
obtain a C@gﬂggé 16 Pl UGl Nssip ert%%éte*alam%%éanttﬁg PNS 1Ak TOEG surface
regi ons hav Selt ubricating characteristics i s exanpl e,
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conpaction or powder injection, characterized in that it conprises: the
iron as a main particulate netallic material; at |east one particul ate

al | oy el ewerzv10/06p@2h t he function of hardeni ng the iron, pPCOmBR200p/0bMatewi t h a
ferrous structural matrix; and a non-2tetal | i c conpound, precursor of a
solid lubricant phase of graphite to be forned in the conposite product
during the sintering. 2 . The conposition, as set forth in claim1l ,
characterized in that the non-netallic particul ate conmpound, precursor of
the solid | ubricant phase of graphite, is a conpound of the carbide or
carbonate type and which includes, i@ Atggconposition, a chemcal el enent
whi ch stabilizes the iron al pha p hase—of—rhe ferrous structural matrix. 3 .
The conpositi dh, CREPSEL Higm hottn Rﬁ%itilrﬁ'-izlat%hﬁ‘ta&@tréﬁ FedfPA tFaEmiMe

cheni cal elsém‘@nlu}ﬁ’@u@hts_h@blﬂﬁo&%ttshanl Am e fhase |sorseleeded pet ween
silicon carbide, enunnfarb de and chrom um arbld

conposi ti ofi® ggcgégn "t PR at ™ S5 Ehar gt QtﬁqrﬁLﬁEher
i ncl udés anoagdnseenaltb&rtuamﬁat@salboymamanﬂﬁartMnuﬂatﬂeﬂméta&&n¢he iron

al pha phas a‘é’@?ﬂa%he onypetal lig p 5&&98@5@& Wdeﬁéfn@ncéar%#tﬁ%h

car bonat e eprlve Inits corrp05| any C em<al e errer’lt
st abi | | zesthRe fueit isphabhhasdeninge ther riote mafPrRing themewddhpasiti on,

as set fortBrirBuel atwdtudaragterkzednd 4 habnthetaddild ansthpdaid) cul ate
all oy elenment, which stabilizes %E%?IIOH aLgH ghas of tg ferrouys

struct ur al PREEFFROT & taléﬁéf' Hee B enBRES Ssét e cPETP ?Bﬁ1§PI|‘%n
phosphidr us fomkybdentmeaagmplosdne. p&oduEhedunnmgnﬂhansinﬁe&mﬂgforth in any
of claims 2, 3.4 %nfpo s{ahagact et Zed V@%é}be non- et gl i

particul ate’ conpound precursor 'of the so 77 cant phase o graphlte
representsEEEEéEEEﬁBEE#_a-v@luﬁéﬁh(:Rkﬁceﬂ@ég@ﬁéﬂéﬂ1pmm?aﬁﬁnﬁuhimﬁof t he

mass of theopgblihayl abectbabhal oret ghburghcal compestihen fabe conforned.
graphite, 1s a compound of the carbide or carbonate type
15 and which includes, 1n its composition, a chemical
element which stabilizes the iron alpha phase of the
ferrous structural matrix.
3. The composition, as set forth in claim 2,

characterized in that the chemical element which

20 stabilizes the 4iron alpha phase i1s selected between
silicon carbide, molybdenum carbide and chromium carbide;
4. The composition, as set forth in claim 1,

characterized in that it further includes an additional

particulate alloy element, which stabilizes the iron
25 alpha phase when the non-metallic particulate compound is

a carbide or carbonate deprived, in its composition, of

any chemical element which stabilizes the iron alpha-

phase of the ferrous ﬁatrix.

5. The composition, as set forth in claim 4,
30 characterized in that the additional particulate alloy

element, which stabilizes the iron alpha phase of the

ferrous structural matrix, is at least one the elements
selected from silicon, phosphorus, molybdenum and chrome.
6. The composition, as set forth in any of claims 2, 3, 4

35 or 5, characterized in that the non-metallic particulate

compound, precursor of the solid Ilubricant phase of

graphite, represents, preferably, a volumetric percentage



7 . The conposition, as set forth in any of claims 1, 2, 3, 4, 5o0r 6,
characterized in that the particulate alloy elenent, with the function of
har deni ngwoheloamezoof the ferrous structural matrix is eefipreddwpodtl | east
one of the elements selected fromni cRel, chrone, nolybdenum vanadi um
manganese, copper, silicon, phosphorus and carbon. 8 . The conposition, as
set forth in any of clainms 1-7, said conposition being confornmed by powder
conpaction (pressing, rolling, double pressing or conpaction) and
characterized in that the particles of the main particulate netallic
material (4§ powder ) ng gean, av e Sl.ze i e 5 mm
and about %%Q%%1, t he 5%%??%[%2 opb?hgﬁ%gtﬁﬁgéla%g 2??% %%ﬁgﬁéﬁggﬁ%%h t he
function oR2h@FHehi REtRhEUrEdAlaREMPRELPAPEI Ere®SoronteTAGA-met al i c
particul ate, coRpowshpdY i drs, the psechbseh ah the, sof i d1hubsi gant2, phase

present a size spaller than_about .45mm.. ., The conposition, as.set forth
in clain18§{ ghaﬁ?@?e?fzggﬁfﬁggﬁéﬁzgaglgvgpgéet 5r§@6%&cgﬂf§eo mai n
particdl ateleetat) i @it erfial futdiaton spfohatderiimen, this ifacgepft Ham t he
average papliebessize ohie RAicul aleqakhguaehoment 20dsof chbe of
non-netal | 1 ¢ particul ate conpound, precursor of the solid lubricant phase .
10. The copesitlidents sederbpeh frpanpieked ai BTNy, fivd YESIHIoSEHt i on

bei ng confpArdi b, exhbHEhARsAL D¥obpeeGti @n 1ARle, Ng ke thahiact &zed in
that the main gartlculate metallic naterial iniron, as well as the
particulat%aﬁP By elenent and the non-netallic particul ate compound present
a partliccl essi Téel yrongpdret ben, absutseimianich abhautari2bnet . cldim$hea -7,
conpositiop,.as i n.cl.ai racteri p ot it rises a
syst em of %?ﬁgni%ﬁﬁﬁ%ééﬁgb%eﬁgﬁggg]%gggﬁgﬁg%grg p%%%ﬁ%ggt?%&mbCﬁggggffinand
ot her waxe$pr&WALinand ToW ned t i AgupdentPPp$ ey s 01 ncompaction) and

characterized in that +the ©particles of the main

particulate metallic material (iron powder) presents an
15 average size lying between about 5 ym and about 90 um,

the particles of the particulate alloy element with the

function of hardening the iron, and the particles of the

non-metallic particulate compound which is the precursor

of the solid lubricant phase present a size smaller than
20 about 45um.

9. The composition, as set forth in claim 8,

characterized in that the average particle size of the

main particulate metallic material, that is, of the iron,

is larger than the average particle size of the
25 particulate alloy element and of the non-metallic

particulate compound, precursor of the solid Ilubricant

phase.

10. The composition, as set forth in any of claims 1-7,

the composition being conformed by extrusion or by

30 injection molding and characterized in that the main

particulate metallic material in diron, as well as the
particulate alloy element and the non-metallic
particulate compound present a particle size lying
between about 5um and about 25um.

35 11. The composition, as set forth in «claim 10,

characterized in that it comprises a system of organic

binders selected from the group consisting of paraffin



a proportion ranging fromabout 40%to about 45% of the total volunme of the
nmetal | urgi cal conposition. 12. A product in self-lubricating sintered
st eel , obweiznmdedr20m a conposition of particul at e mat er Par@8R201/0defii ned i n
any of clains 1-11 and submtted to &3conformation previous to the
sintering, characterized in that it presents a hardness between 230 HV and
700 HV, a coefficient of friction m 0.15 and a traction resistance between
350 and 900 MPa. 13. The product, as set forth in claim1l2, characterized
inthat it defines at |east one surface |ayer (41) of said netallurgical
conpositio 4 Lncorpar.at to tyuct . sybstrate 14.; The
product, a%ée&?%?tﬁal %Sél gﬁl%’lﬁ%h%#gc#éeﬁﬁg ?%E?Eapgggeegtsr'uétnuraI
substrat e &3DYOPSTEEPPNERNH N pardi caPae Aldtertical2tWbed 8% nér édg ointly
with the sysfacevbayge 641}rnef ntheimetaghbungiceabosarpesi.tion (40). 15. The
product, as_set forth in claim 14, lggrugft.eriz.ed in that the struitjural
substrate t30) fakedreHE"F or fof S at e S S35 i t ATRESF8Est SO of its
opposi tbe fealsesihadorfpomata ngpreocirtfiaoce édRypeartddhletesabndemetalsl, ursg cal
conpositio 4 . . pr.adu : set -for in I ' aracterized
in that th@eé%g%%t u%gl gﬁgst?)gt egé%?‘gta e%flt hfaag or r%%lg lt@ﬁée%s.tft[}ctﬁar al core
(35) of a compesiablpar prgyiogisr dgnfthe epinberynandcbrirachgilived in
i ncor por at { Rgr a3 sURLAGekaY el HARNhLfs sl d@t ap doir gicahdacomposiv,i gn (40)
17. A process _for obtaining self-|ubricating products_ in sintered steel,

rt

f
fromthe coApbELELBRtOf Far ti G natter fal £ ds dethed?i n TR 0% ai ms 8

or 9 ,1charesietbzZed bativbah BHocenpr bsésMPhe steps of: - mixing, in
pr edet er mi ned antities, the partigculate. rial s, whi i t
met al | ur gi Qgr g}érerpggioﬂugﬁt;’ 2 osﬁéotgeﬁ?gﬁlglﬁﬁé?ﬁgﬁt iﬁgtﬁl %&M xture;

- conpactihg tthetpaiti celfanesnatter Lgbsi xang esusdags tlqyer (41) of
said metallurgical composition (40) incorporated to a
structural substrate (30).

15 14. The product, as set forth in claim 13, characterized

in that the structural substrate (30) is defined in a
particulate material to be sintered jointly with the
surface layer (41) of the metallurgical composition (40).
15. The product, as set forth in claim 14, characterized
20 in that the structural substrate (30) takes the form of

plate of strip with at least one of its opposite faces

incorporating a surface layer (41) of said metallurgical

composition (40).

16. The product, as set forth in claim 14, characterized
25 in that the structural substrate (30) takes the form of

the structural core (35) of a composite bar (4),

circumferentially and externally incorporating a surface

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

17. A process for obtaining self-lubricating products in
30 sintered steel, from the composition of particulate

materials as defined in any of <claims 8 or 9,

characterized in that it comprises the steps of:

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

35 - homogenizing the particulate material mixture;
- compacting the particulate material mixture, so as to

provide the mixture with the shape of the product to be



provide the mxture with the shape of the product to besintered; sintering
t he conpacted and confornmed m xture, at tenperatures from about 1125C to
about 12580Q@006b@om ng, during the sintering, graphitePoodR2e®/0o§411 he

di ssoci ation of the precursor conpournd in the volunme of the structural
matrix. 18. The process, as set forth in claim17, characterized in that
the step of conpacting the particulate material m xture, which defines the
conposition (40), conprises rolling the latter in a plate or strip to be
subsequently sintered. 19. The process, as set forth in claim17,
characterkifg Lpehhat the step of conpacting the particulate material

m xt ure, E,deflnes the conposition (40) , conprises rolling the latter
on at |east oWENBPriREG oppRsi TR ofand stGAREUTREd sHstTEIe (3 in the
formof a pbaperatustsi Proh p&GuICUlIHF grat€r ABbueOoNRavekl, e fdirdi ddye mai n
particulatg netalli% naterLaL which forns %h struc%gral na%;ix Q%Q% . 20.
The procesSP a89set *P6rt hStAERY E1 cl IrAB 18%r 19 %HEr acteri zed'S n t hat
it conprisésssatietibhe ofi ntter ipgeofirsbe panmpiocndatien neher vallsmet hef

additionaltﬁéegtggcggkglrﬂékkgg_the plate or strip for reducing the
resi dual porosity, tollowe y an event ual anneallng. 21. The process, as
I'm

set forth - afjcobrocaists B8 et odforharbet 6f-piadli/n haradiesizad of
Ezgg)act i Ngik h%htati%[1 tﬂr?éllt atg&p ”BE?rdo@dpa@t;ﬂd{djr; ethéahbgbtg@tlb_aeg tgméi%mO?izg i ond
, conprises e extrusion,in one o e shapes e a bar an
 Chbe. (3t 283r b ot b 08821 80 LFPRBOR enarim 190) onsEREe e 1 n
t hat tilte steplohgconhpatbicngrt he papfietel ate statier ital be xtulrsequdritdly def i nes
t he conposg%ﬁggrg 0) , conprises the extrusion of the latter in the form of
a tubul ar ST'eeve (42) around a structural core (35) in the formof a bar of
parti cul at &3 mafbei slrocedsat ias eali tFrxte wai glaim 17, characterized

in that the step of compacting the particulate material

mixture, which defines the composition (40), comprises
15 rolling the latter on at least 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 the structural
matrix (10).
20 20. The process, as set forth in any of claims 18 or 19,

characterized in that it comprises, after the sintering

of the particulate materials, the additional step of cold
rolling the plate or strip for reducing the residual
porosity, followed by an eventual annealing.

25 21. The process, as set forth in any of claims 18 or 19,
characterized in that the step of compacting the

particulate material mixture, which defines the
composition (40), comprises the extrusion in one of the
shapes defined by a bar (2) and a tube (3).

30 22. The process, as set forth in claim 17, characterized

in that the step of compacting the particulate material
mixture, which defines the composition (40), comprises
the extrusion of the latter in the form of a tubular
sleeve (42) around a structural core (35) in the form of
35 a bar of particulate material compatible with the main
particulate metallic material which forms the structural

matrix (10), so as to form a composite bar (4).



particulate netallic material which fornms the structural matrix (10), so as
to forma conposite bar (4).23. The process, as set forth in any of clains
21 or 22,woharcasb@ni zed in that the conposition (40) coRpTIBR2609200411 gani c
bi nder to be thermally renoved from t3e product, before the sintering step.
24. A process for obtaining self-lubricating products in sintered steel,
fromthe conposition of particulate materials, as defined in any of clains
10 or 11, and characterized in that it conprises the steps of: - mxing, in
predeterm ned quantities, the particulate nmaterials which define the
met al | ur gi gal ition, -..ha {zing. th articuyl terl m xt ure,
at a terrpe?gf u?ggﬁggo}éﬁ%g“ ()aeréc;@E?ﬁf;%E%}? Jr'rlléel %?ﬁgg%héggg%ngn?? g)llln e2r’; -

gr anul at i nghehectenpasit ilon teat athei ermwdsid ivandl £ @y, compragesarm suppl y
into an inhbeghhoR pRGALRE s B €ediRm P! deRgvihe rRakt ittld e dmieri al

m xture, so as to provide the m xture with the shape of the product to be
sintered; PeERFRatEPn§lPRETIFGasit€Phi nder from the nol ded piece: and -
sinteriing the pi ecesceht aidedobyatonfior sal fehubkithe ipowdaisiucls in

tenperaturg§n£é9gaabg%ge%}25%r%%d %%%Utc%%%%gygibn of particulate
materials, as defined in any of claims 10 or 11, and

characterized in that it comprises the steps of:

- mixing, in predetermined quantities, the particulate
10 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,
15 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 organic binder from the molded piece;
20 and

- sintering the pieces obtained by conformation of the

powders, at temperatures from about 1125°C and about

1250°cC.



