SI NTERED ALLOY FOR O L- RETAI NI NG BEARI NG AND NETHOD FOR NANUFACTURING THE ©

SI NTERED ALLOY The present invention relates to a S|nteregl jer an _
oi |l -retaining bearing and a nethod for manufacturing the ﬁtered al koy, ’
amd nore 5 particularly to a sintered alloy and a nethod for :
manuf acturing the same which is produced by sintering a green conpact("
including iron par$IBTERERNACLOAT EOR0SIEL RETIAT NINID B EAR I N® s - based
al | oys so as'to i Mgty SOTRILSHPIFALYukIn€. TBASTRERREDN AF9RACT I ON) 10
to the green conpa —y—pr-erveng—r-ﬁe—tvppef—m—eﬁppef-ba ed
alloys fromsegregating in the sintered alloy, the sintered all oy being

excel lent in any of ”?ﬁ@aﬁkéébn%t&%m@ﬂildﬂﬂﬂé¥ﬂéﬂbr@6”§téqﬁ%bré§ar
resi stance and_t her conduqt|V|t Whl|$ bei ng con5|derably l ow in

friction coef?ttPEnte rS?Ht@r JEREEGPS 'a Qﬁ#ﬂﬁ\ﬂQﬁH® %ﬁ%@%@e n
0|I-retalmrmmimmwa@gerand saevslaSemﬁﬂo@mmdypanﬁnmwﬁé I n nost

appllan I n t sta ' pan cal l ed J ese_ I ndustria
%tanda?%r tﬁ?g Pe stén% |ze varl %1nd ?€e§0|l-retaln|ng
'bearl ngs whi chametachpropaedthe keme erhee:hllcﬁalpmqﬂonaamdess s btk 0ing

instrments, busipess EBﬁBhﬂﬁsun%%'dQ%é;“i&% RGN Nes, s ayl popbiles, material

carrying handllng machi nes and I nstrunents, and assune vari ous
shapes in useSO2TRRsHiBBAFPRESTaPE FREST RPRID IR QWIS Df2%l FRys, for

exanpl e such ﬁﬁ%af@nclzlainbekéSs1|bl’1QI1-tCyOm3.EI’e al ljé)i/:ﬁ:;nésl’@nrbﬁaé&ﬂﬁaﬁi@rys,

i ron- co per-car n allo opper, ea ronze allo copp

al | oys tok O}é% %F‘S%Qecgr%‘ys? ang 15%EHS: o‘ys:}/r% ‘n%r?de%ﬁeal T?/pg?%)r @
exanpl e, JapameseoPQEEﬁbaEandaGp@naNdrdﬁSéﬁ@fﬁhtﬁsm@osms-megreen conmpact
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subjected to a sinterin )
any of mechanical streagth, corrosion rssistance, wear

resistance and thermal conductivity while being
15 - considerably low in friction coefficient.
- Sintered alloys have been widely employed in
oil-retaining bsarings and serve as important
components in most appliances. 1In the national
standards in Japan called Japanese Induszrial
20 Standards (JIS) are standardized various kinds of the
oil-retaining bezarings which are emplcvad in home
electrical appliances, audio instruments, business
machines, agricultural machines, autcmobiles, ) Q;E
material carrying;handling machines andé like
25 instruments, ané assume various éhapes in use. These
bearings are mads of various kinds of alloys, for
example such as iron alloys, iron-coppsr allovs,
iron-carbon allcys, iron-copper-carbon alleys, iron-
copper~lead alloys, bronze alloys, ccpper alloys,
30 lead-bronze alloys and like alloys.
Incidentally, for example, Japanssz Patsn:
Laid-Open No. 536-51554 discloses a gre
essentially composed of an iron powder and 2 brase
powder, which compact is subjected to

a
35 process to produce a sintered alloy. On the oth=ar
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35 process to produce a'sintered alloy. On the other -2- hand,
inventors described in this application has proposed in their Japanese

Rat ent Lai d-Open No. 60- 200927 a green conpact essentially conposed of an
iron powder, a brass:powder and a German-silver powder, the 5 green
conmpaay, being sintered in a reduci ng atnosphere to produce an alloy. The
abovenenti oned conventional oil-retaining-béaring, which is nmade of an
all oy a main conmponent of which is iron, is excellent in mechanical
strength, 10 and, fherefore it can serve as a heavy-duty beari ng.

However, such cof@ti diieHEns MPIF IR i WS AR G Q dite whil e
being large in frgredgawed aef fuhed ienty dpa b ssa deagdmg aeis] Aopgdc neas & d-he
abrasion in the part_of the bearing. 15 In order to
resol ve the above5 btlﬁl tszg‘{zl\/e‘arﬁraegeen icn‘?{‘?raecgﬁ el%etr}];celaclo]l'?’vecrﬂ“fpoonsaefé]boet;rafrhgl,r on.
anot her conventi araddeni | -a i@ ss mpWiear iangl rea @ mofa rer scidppser -pdaber sititer ed
al | oy has begn prpaseq.oHoney &fe i PEATI L JBAE Hmdspn
copper-base alloy is 20O expeng?ggy%%i e ngﬁg poofﬁgh nechaﬁ?ca sre
strength. In orddP tRy SUSmsdatle Rhese material properties of the

conventional bearings, anmtdefsamnaiticnd dwaidmadian een _
uh oh bear ng o SRR R, SRLAK el O S ren pomact, Al lEn S 1o
addi ti onal netal wowderissutorgs i enee ldewderin neats rpiceders tareh d gad
powder . HOW@Mer’ atrma iﬂ'lt eroqf !'ltoycac}[ %fgci\?e Cao{'verﬂéa _'d._PtE‘;f‘FAJ%S .fers
from the segregati on’ (S)‘-T et’ﬁe a(FgIJtI onal. nme zﬁ powder . na di on,
bearTngs made of Hawsver, such conventional bearing is poor 1in

corrosion resistance while being large in friction

coefficient to disadvantageously increase the abrasion

in the counterpart of the bearing.

15 In order to resolve the above disadvantage
inherent in the conventional bearing, another
conventional oil-retaining bearing made of a copper-
base sintered alloy has been proposed. However, such
another bearing made of a copper-base alloy is

20 - expensive while being poor in mechanical strength.

In order to accommodate these material
properties of the conventional bearings, ancther
\_/ conventional bearing has been proposed, which bearing
is made of a sintered alloy a green compact of which

25 is essentially composed of an iron powder, a copper
powder, and at least one .additional metal powdef such
as bronze powder, brass powder and lead powder.
However, the sintered alloy of this conventional
bearing suffers from the segregation of the additional

30 metal powder. In addition, bearingé.made of such
sintered élloy have the same disadvantages as those of
bearings made of the iron-base alloy when the ratio of
the iron powder is relatively large in the green
compact of the alloy. . On the other hand, in case that

35 the ratio of the copper powder or the copper-base
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sintered alloy have the sane di sadvantages as those of bearings nmade of the
I ron-base all oy when the ratio of the iron powder is relatively large in
the green conpact of the alloy. On the other hand, in case that 35 t he ’
ratio of the copper powder or the copper-base -3- alloy powder is .
relatively large in the green conpact of the alloy, the bearing nmade af:
such alloy is expensive and suffers from the sane di sadvant ages as those of
the bearing nade of the copper-base alloy. 5 Figure 4 is a
phot om crographic illustration showing the mcrostructure of a conventi onal
sintered al |l ®lloyrEewdaonpacteditiveth lacdaides SREL yeari gbhhpadta copper

powder. As is_cl r Fi 4. ir tigl 1 d pper particles
(2) are uni foﬁ%tﬁélpﬁ ke%yém%%a%giﬁq%%)%r&gc%%?éianl j?qt)])() f%ei r m xing
ratios. As f@xparsivtomrhtsohteral foem the nsarogd bphyyarhagespper seens to

be predoni nanth QWerof Nend Nl r i APWRYEL of Ne i CESFEEPIYasttal Bogl €ar that
the irongi s predom nant over the copper. Nanely, to the presence

of the copper in the B3I 4 bR m’éc’é?g’é%‘ﬁg‘goﬁ%EHﬂBﬁ‘éi"%i nt er ed
alloy is rel adrioteing aaosl mic£04 €05t Oird 65t S4 ansevaiei adapt abhtétyato the
ool 1 ¢1 ont . HAB et SHHET  EOTREC brebarie B0 EbfaeResPFohvi Kot RBE i 1 oy.
t he above bearfii g cepper spdwdarw t heAsane dlesadvintmgésgaset hoserod t he
bearing made ol {110 LOMENL paloboon- pases 8140V (o) NaLdeRhatbm 8
convent Hﬁnal powder m xture for p epa%@;\% a green conpact essentfally -
consi stirng 29nixes wehth reachonkker | &C ¥R | §0 pbloe 1 ¥ nmessPEess in )
conpaction so-ddads ! headn xEHr £a oSt o e £OIDAEL €118y, in
macrography, the copper seems to be predominan* over
the iron. However, in micrography, it is clear that
the iron is predominant'over the copper. Namely, due
15 to the presence of the copper in the alloy, a bearing
made of such conventional sintered alloy is relatively
good in corrosion resistance and adaptability to the
counterpart of the bearing while being relatively low
in friction coefficient. However, due to the presence
20 . of the iron in the alloy, the -above bearing suffers
from the same disadvantages as those of the bsaring
made of the conventional iron-base alloy. -
Incidentally, a conventional powder mixture o/
for prepafing a green compact essentially consisting
25 of an iron powder is generally poor in easiness in
compaction so that the mixture must be compacted in
dies into the green compact under a relatively large
pressure or must include a suitable powdered solid
lubricant for smoothly conducting the compaction
30 process of the mixture. 1In case that the powder
mixture is compacted in the dies under the relatively
large pressure during a compaction operation, the dies
have limited life. On the other hand, in casé that
the powdered solid lubricant is additionally mixed

35 with the mixture, the thus prepared mixture mixed with
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dies into the green conpact ‘'under a relatively |large pressure or nust

i nclude a suitable powdered solid |ubricant for snoothly conducting the
conpaction 30 process of the mixture. |In case that the powder m xture is
conpacted in the dies under the relatively large pressure during a
conpactt on operation, the dies have limted life. On the other hand, in
~case that the powdered solid |ubricant is‘aﬁthionaIIy m xed 35 with the
m xture, the thus prepared m xture mxed with -4- such lubricant is

conpacted into a gree onpact which is finally sintered to produce .an
al | oy containingsgﬁg QH%F&qqﬂﬁrF@aﬁ?@ﬁ%ﬁﬁ@@eﬁ?¥§u€hgéFFSyqqg%ﬁ§ﬁaﬁﬁ9&
poor in nmechanicdls $ftineldiyhsimtered to prolducies aanadljogc icooft atilmd ngr edhent

invention to proyide 2 giered al Loy, and a meihad,for i@a%.‘éfl%‘i:ti‘%zréﬂ;g the
same whi ch |s.pr05hceq by S|€ter|ng a gréénconpact rncltuding 1ron
particles which &cercaat a¢ohianhicedppsarengtdopper based all oys so as to 10

inpart easingss in conpaghi QR @ RGQeeF ¢RIPYesand LiAveNt8lon RILvVent

t he copper or copper-hbased alloys from segregating in the sintered all oy,
the sintered al | &F Wity 2esdditedRd ad Loy asd ﬁeEﬁgHPéaﬁ°§trength, corrosi on
resi stance, wear ma@sifsicaned mndHehewaiml which dendueidudedy bahidie deaiing
considerably low_in friction cqeffLﬁjent. W have f

ound that. the
di sadvant ages | nRePEFE" FAWE “TodVéE nggnﬁirgﬁalpagitﬁfgﬁgd wgllllc%yfrgre
el i mi nated by engloayiedq wiltd fooldpew g Sopperedasleldoyd 12¢s sfooras to

e om0 BoapAg, MU IRLod, Lo AP WA IR bl
to surely prevent the copper or copper-based alloys
from segregating in the sintered alloy, the sintered
alloy being excellent in any of mechanical strength,
corrosion resistance, wear resistance and thermal
15 conductivity while being considerably low in friction
coefficient.

We have found that the disadvantages inherent
in the ébove conventional sintered ailoys are
eliminated by employing the following sintered alloys

20 for oil-retaining bearings and methods for
manufacturing the sintered alloys.

The invention accordingly provides a sintered

¥«j alloy suitable as a material for an oil-retaining

bearing wherein the said sintered alloy is produced by

25  sintering a green compact comprising iron particles in
which the entire peripheral surface of each of said
iron particles is coated with copper or copper-based
alloys and wherein the sintered alloy consists of from
45% to B2% by weight of said iron and predetermined

30 percentage by weight of said non-ferrous metal and has
an open porosity ranging from 15% to 28% by volume.

It is preferred that the sintered alloy also
contains an amount of at least one solid lubricant
material} for example graphite or molybdenum

35 disulfide. Typically, the amount of solid lubricant,
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alloy suitable as a material for an oil-retaining bearing wherein the said -

sintered alloy is produced by 25 sintering a green conpact conprising
iron particles in which the entire peripheral surface of each of said iron
particles is coated with copper or copper-based all oys and wherein the
sintered all oy consists of from45%to 82% by weight of said iron and\d
predeterm ned 30 - percentage by wei ght “of sai d non- ferrous nmetal and has
an open porosity ranging from 15%to 28% by vol une. is preferred that

t he sintered atlgéﬁalso ;gﬂgalns @Qel ﬁ%é QE g%omeasg ?ne SO%Id | ubri cant
X Pt y

material, for no drsul Ty ically,
t he anount ofwsbght babedlcant the WSlgmtu@édth&Aalle in the range of from

0.3 10 4.5% by wei ghtAgeaﬁalﬂ LBeoNE! QP%fQI:rEBeeﬁLEQXmeﬁ‘ECBrfd'tﬂg to one

preferred enbodi nent vent i on, reen conpact sintered to
produce the 5invenkieredthe| syees §°@Eﬁ550§16FeF?6nt9aPFP€Pe§ £hewhi ch the

entire peyiphgiatesdaf a@@os)f 1ga§hcaa‘npaee bfomraar paekealbg gaatadcwi th
copper and tin_in which case inte ¥600n3|sts of

L ped Ll oy exsent
From 18 to 40LB% BYChEPGRETSPPEEADEr e FRb BE ERERaoR by PRelGRE of 10  tin
and from 45 t paB2¥%chyswesghbadedi wonh cépperdang tmnamothhicpreéeered

embodiment, ! PRPREhLELES gglbgfgngPtbslggeseng PERACh AL fOaRed Over

their perlphera surface en h™co Zinc, I n which Case the
sintered al |l o§9e8&ehyi wpkightonsi soppef . f foAM690: Pot®56% BEUWBY Wi §At of

copper, {gom 0;8%hLe tdoR”aBY¥eBaBLb fwéhgﬁtaaﬂ fram. 45%ter82%yby wei ght
of iron. According to yet another preferred enbodi nent, each partlcle of \

iron in the gk@eANebRBACPTREEESHcgMBPEiment , the particles cof iron

in the green compact are coated over their poripheral
surface entirely with copper and zinc, in which case
the sintered alloy essentially consists of from 6% to
15 40% by weight of copper, from 0.8% to 14.8% by weight
of zinc and from 45% to 82% by weight of iron.
According to yet another preferred embodiment, each
particle of iron in the green compact is coated over
its entire peripheral surface with copper, zinc and
20 nickel, in which case the sintered alloy essentially
consists of from 6% to 37.53% by weight of cecpyer, from
0.8% to 14.8% by weight of zinc, from 0.8% to 9.0% by
weight of nickel and from 45% to 82% by weight of iron ;)
and has an open pecrosity ranging from 15 to 253% by
25 volume.
The sintered alloy of the invention may be
made by a method comprising the steps of:-
mixing a predetermined amount of an iron
powder with a powder of copper or a copper-based alloy
30 to prepare a powder mixture in which the iron powder
is coated with 18 to 50% by weight of said copper or
copper-based. alloy; '
compacting said powder mixture into a green
compaét}

35 sintering said green compact to produce a



?;s entire peripheral surface wth copper, zinc and 20 ni ckel, in which
case the sintered. alloy essentially consists of from6%to 37.5% by wei ght
Qf copper, fromO0.8%to 14.81 by weight of zinc, from0.8%to 9.0% by

‘wei ght of nickel and from45%to 82% by wei ght of iron and has an open
porosity ranging from15 to 25% by 25 vol une. The sintered alloy of the
i nvention may be made by a nethod conprising the steps of:- mxing a
predet erm ned anmount of an iron powder with a powder of copper or a
copper - based all oy 30 to prepare a powder mxture in which the iron
powder is coatedswntbréd adlbp% bydwei ght of said copper or copper-based

al'loy; conpacting said pQTQ?E?nL§EHrgiLQE9e§ 9%?82i98gP§8&hc§5an alloy

sintering said green conpac o produce a ntered alloy; and Sizing
said sintered al po9duetproduce an alloy product. In the nethod of the '

inxgntipn, ittiz 5_thp¥e&ﬁr§gé h@gggagsfpeméﬁ&nv%xtyaﬁ;imtm@gch the iron
powder is coated w rQm to o by wei ght of copper or copper-based
alloy is furx her PERkBETPH FﬁétpFBSoPPWGﬁrowgfﬁﬁrﬁaﬁPsB§§c&eF§ﬁpEﬁPFh from

11 to 240 parts pywaekght vbhhea povHerroh cepper 508 boppeightOof based
all oys to produce _a secan

d _powder , mi_xt.ure-whi ¢ch i cted,sintered
and sized to proﬁﬁ@geénoglngpSFogﬁgfg ?Eﬁgysggoﬁgr%gﬁgeﬁggggtE?etﬁgy
addi tional |y be prrepdruioh 0£5%Pops¥sbybyeighohst wath| éasm dhe tooklid
l'ubricant such aﬁagEgpgbt@eigBEyQQQﬂug{powder of copper or copper-

10  based alloys to produéé a second powder mixture which
is then compacted, sintzred and sized to produce an
alloy product. This second powder mixture may
additionally be mixed with 0.5% to 5% by weight of at

o least one solid lubricant such as graphite, molybdenum

15 disulphide or lead. '

The copper cr copper-based alloys with which
said iron powder is coated may be applied to said iron
powder through any one of processes comprising
electroplating, hot dripping, electroless deposition,

20 flame spraying, and dry plating, said processes being
carried out with the use of any one of alloys a first
one of which contains any one of metals comprising

L/ silver, copper, lead, zinc, nickel, aluminium, cobalt,
chromium, molybdenum, titanium, manganese and

25 tungsten, a second one of which alloys contains two or
more metals of said metals, and a third one of which
alloys contains phosphbrus and sulfur in addition to
said metals contained in said second alloy.
Preferably, the alloy with which the iron powder is

30 coated is a brass essentially consisting.of copper and
zinc, or a bronze essentially consisting of.copper and
tin, or a German silver eSsentiaLly consisting of
copper, zinc and nickel. _

_The-iron powder coated with the copper or

35 copper-based alloy above may further be coated with an



15  di sul phide or

i ron powder

| ead. The copper or copper-baséd dlloys with which said
is coated nmay be applied to said iron powder through any one of

processes conprising electroplating, hot dripping, electroless deposition,

20 flame spraying, and dry plating, said processes being carried out, with

the use of any one of alloys a first one_of which contains any one Of\J
metal s conprising silver, copper, |ead; Zlnc ni ckel , al um nium cobalt,
chrom um nol ybdenum titaniun1 manganese and 25 tungsten a second one

of which aIon nt ai_ns two, or re Jret f net.al s d athird one
of which all oyssfldcl%'ﬂ‘t ai Qs osprhoor us na}'ndm%uloffo ads‘ﬁtl y dr{ 0

ona erro

(&P%Idh

54 et al s

contained. in mt@bewn@rausm Ay efSaralfiby, Zrhe NaJ,I AL Wi Wo chifihe iron
MrCOdfedy S A brass @mssentd il Ivh C%&"Ad&@fo&ﬂpper and zinc,

or a bronze essentlally conS|st|ng ‘of copper ‘and tin, or a German si
essential |y cHesden dydhesodieludings and ni ckel . The iron powder coated

powder is 30

with the gopper or 353

an -7- addi ti.onal J_owder pf an% one of addltlona on- fqérous net

conpri si ng Ag,Sadf 1tipna} n €& O eFal

In, said addi tdfO@lid)mmBartifo:ratlheron-rﬁzdnmhm meﬁ:als, or a a povvder

al I oy essentially con hst r?rh% qilc%ﬁdggou(%al IS glelgE flq{ ous tq}

of oxi des of said addl

errou or a p osp or us

| ver

pRRREY -drsad Aalilay eEHHEt&ﬂHﬂylyf Wddfstmgand ed with

al s

ogdlessi B and

of an
powder s

sulfur

powder. For mmnarm:e»zdetm@qartcmi pdvtdtsrtr@oatqm?ﬁmmqswermmﬁr@aym met al

may be 1Qg

15

20
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35
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consisting essentially of copper and zinc, or-with an
additional powder of bronze consisting essentially of
copper and tin, or with an additional powder of German
silver essentially consisting of copper, zinc and
nickel, e.g. containing from 3.5-8.0% by weight of
nickel. Alternatively, the iron powder coated with
copper or copper-based alloys may be further coated
with a powder of an oxide of a non-ferrous metal which
oxide is then reduced to its metal in a reducing
atmosphere during a sintering process. An example of
a non-ferrous metal oxide that may be employed in this
way is lead oxide.

Additional objects and features of the present
invention will become apparent from the following
description of the preferred embodiments of the
present invention, which will_be made with reference
to the accompanying drawings, in which:

Figure 1 is an enlarged sectional view of a
spherical iron partlcle coated with copper or cooper—
based alloys coating formed according to the present
invention;

Figure 2 is an enlarged sectional view of an
irregular-shape iron particle coated with a copper or
copper-based alloy coating formed according to the

present invention;

u .

&

.
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consi sting essentially of copper and zinc, or with an additional powder of
bronze consisting essentially of copper and tin, or with an additional
pewder of German silver essentially consisting of copper, zinc and 15

ni ckel ,.e.g. containi.ng from 3.5-8.0% by wei ght of nickel. Aternatively,
the irQp powder coated wi th copper or copper-based alloys may be further
coated with a powder of an oxide of a norm=f&rtTous netal which oxide is then
reduced to its nmetal in a reducing 20 at nrosphere during a sintering

process. An exanple of a.non-ferrous tal oxide that may be enpl oyed in
‘this way is |ead oxide. %daFFFosaPsijgg?§°5ﬁ&rpgéﬁﬁgé§ 6¥1Pﬁ§r6Fé§8nt

i nvention will befomesapparedt aiiom plfiethel bowsegt2invedesoni;pandn of the

preferred enbodi nents of _t resent _i i i W ., .be, made with
reference to the acconpagégﬁéedgaagnas%%?2%%ﬁ?gﬁggﬁﬁgﬁggl IP§t5ﬁ éﬁParged
sectional view offaasphevrveoshionednspateiredeaddavedhei thatepper obér icopper -

30 based abl oy3,808LibAd,f 8TRMl ianCakd Qguka the cRGRECRE hRuANLEAN: Figure

2 is an enlarged sectional view of an irregular-shape iron particle coated
with a copper or C€8pp&r °ba$Bg &LPE§refatilA§Yf BfnERcaPESFEN g inEePRdOB5
present invention; 8 Regereidg how RBOLGRI @raghiapki,C thelrdshiati on of a
sintered alloy of .the present invenEion' ang Figure 4 is a c 5.
photon1crograph|&1ﬁV GEFFE P oRPof TR cBRVEAFILSnAl &i APBPEH RAF&YCLfe?’
contents of ironabnandfeoppes oktaii chaaiegedaal and those-derroas and
copper of tQS SiREQBQdf§kE°¥aQEiEQS gresent invention.
~— ‘ According to the present invention, each of
iron particles 1 is coated with copper or copper-based
alloys and/or their alloys in preparation of a
starting powder mixture which is compacted into a
15 green compact from which a sintered alloy is produced
through a sintering process. In casé that the iron
particles 1 are coated with copper particles 2, a
copper coating on each of the iron particles 1 is
produced through an electroplating process an electric
20 current density and an operating time of which process
are controlled to produce a desirsd copper coating on
each of the iron particles 1. the sintered alloy of
\_ the present invention contains 18-55% by weight of
copper or copper-based alloy coating, preferably 25-
25 45% by weight of such copper or copper-based alloy
coating. As described later, in case that the iron
‘particles 1 coated with the copper or copper-based
alloy coating is further coated with an additional
powder of non-ferrous metal, am amount of the non-
30 ferrous metal coating may be reduced to 20% by weight.
As a result,.according to the present invention, it is
possible to coat the entire peripheral surface of each
of the iron particles with a non-ferrous metal
- coating. Since such non-ferrous metal coating on each

35 of the iron particles is soft while being provided
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Referring now to the drawings, there are illustrated; an iron particle 1; a
copper particle 2; a non-ferrous netal coating 2a; and a non-ferrous 10
netal fine particle 3. According to the present invention, each of iron '
particles 1 is coated with copper or copper-based alloys.and/or their _
alloys in preparation of a starting powder m xture which is conpactedyjnto
a 15 green conpact from which a sintered alloy is produced through a
sintering process. In case that the iron particles 1 are coated with copper
particles 2, a copper coating on each of the iron particles 1 is produced
t hrough an electthophairnggplecesarfiacel eat sterffding powdent mdensrey and an

operating ti i o] o] I r .a.desired copper
coating on eggﬁgﬁfwg%ggi?%ngggéFgéﬁeg.?%ggheggwhgggeggﬁfgés1§§ %hg pr esent
i nventi on contapnspag8tbslebycaatghit wothcthpenocorfeoppes- mased aksl oy

coating, prefgrablyeRd-igSeasdR&ebY ineLORbaEisHCh copper or copper-based
al | oy co%%lng. As described later, In case that the iron particles 1 coated

with the Xopper or coppeidpasadlyl| ) EB&t PRESPRLf 4PVABEiLIEBated with an

addi tional poywtleho@bhnenef ecbAUpabRlalesalranREdt spbciheedOnn 3Qze,ferrous
met al coating.nax be redgged to Zogbby.meight. Asla result, according to
the present |hventi BRSSHPIFstBoEEPHPE t5CBoRPTEAE &Rt tPeYp8FEpheral surface
of each of thpartbnlpasiizel esanget hhannancbeveotusonelapacoatiirgsi8ience such

non-ferrous ML ahe CRR! kDBnOB18aCH03ResnObol BEnhEOBIBARELS! BhohBysalt While
bei ng provided -9- mntﬁ. n irregular surtface, a startln% om&er m xture
from whih islpr@ﬂuééﬂcéugiéen1€9ﬁphé§ec§hﬂaﬁﬁﬁﬁgaih@YS- amely, W/

even when relatively fine iron particles are employed
" in the present invention, such iron particles are
coated with copper so as to be expanded in their
diameter, which makes it possible to easily treat such
15 fine iron particles coated with copper in the same
manner as that of the conventional-size iron
particles. ‘In addition, due to the presence of the
copper coating on each of the iron particles, such
iron particles coated with copper are excellent in
20 easiness in compaction, which makes it possible to
normally or easily compact oversize iron particles in
the same manner as that of the conventional-size iron A
particles. ) o/
In Figures 1 and 2 are shown iron particles 1
25 coated with copper through electroplating process,
which copper forms the coating 2a on each of the iron
particles 1. At least 85 wt.%, normally more than 90
wt.% of the iron particles 1 are effectively coated
with copper. The iron particles 1 shown in Figure 1
30 assume spherical shapes with somewhat deformed
coatings 2a made of copper or copper-based élloys.
These iron particles 1 with such coatings 2a are so
fine as to make their compaction easy. On the other
hand, in case that the iron particles 1 assume

35 elongated and irreéular shapes as shown in Figure 2,



'ron particles coated with the non-ferrous netal is excellent in easiness
in conpaction. 5, Incidentally, in the present invention,

gl though the iron particles are not specified in size, it is possible to
enploy.iron particles in wider particle size range than a conventional
partiQLe size range of fromplus 80 nesh to m nus 320 nesh enpl oyed 10 in
manuf acturing iron-base sintered alloys. - N@anely, even when relatively fine
iron particles are enployed in the present invention, such iron particles
are coated with copper so as to be expanded in their dianeter, which nakes
it possible to easidly imomatpasudikelEs 1 fainee alison gfdfradtdlved o satadd dnintitt h
copper in the samRjpannel, a354Jaal afsddhe 1GYNEHIANAy ke ddpge PR i Cl es.

In addition, due tO the presénce of the copper coating on each of the iron
particles, such igoRPeFaEsEdelden SPAHWSCIFEN HHE XA (RATt iGT e

easiness in conpacti @ jwhicahk arakeomr t ROPHIYchilcd Jyapliley or easily
conpact oversize iron particles in the sane nner_ as that of th

convent i onal 2si z& M 5 SRewn {OEFGHEE £ afd® St Tsh &R | 2l
particl fes 1 25 osed Wt kaeoppsr ther dughh elaeatircdpdsatli ng process, which
copper forns the coQating .2 n e f 1T rti : | east 85
w.% normally m)srucebs[thaé%]@gu%t .%%%gijet e-ell_%"rac(ér?t%?r B?ic r{egh%szic:oep%}rf e(%'?i vel y
coated with coppercppHrebased pdrltdyclasntinghdan | ArRiganeal 130 eamds e

spherical shapes Md h smiat; defonmed spatidasi gadmde LHfa copper or
copper - based all oys. These iron particles 1 with suc oatings 2a are so
fine as to nke tIRATCT IHFcIGBPFadPe BF W WtHerC 'hdfcﬂf,cr] nt zfﬁoeput 23(0 t he

i ron’particles 1 assummsd orelwngaieidand | reagulel hapasompahtoial é
Figure 2, 1. 1In case that the proportion of the copper is lower
"than 30 wt.%, each of the iron particles is coated

with the copper to the Substantially same extent as

15 that of the iron particles coated with about 30 wt.%
of the copper. In general, it is possible to
completely coat the entire peripheral surface of each
of the iron particles with at least 18 wt.% of the
copper so that a stable copper coating is provided.

20 In this case, the proportion of the copper is
preferably at least 20 wt.%, and more preferably at
least 25 wt.%, based on the weight of the iron

W, particle.

As aescribed above, the iron particle coated
25 with the copper or copper-based alloy is naturally
employed in preparation of a starting powder mixture
which is compacted into the green'éompéct. With thié
respect, in order to improve the material properties
of the sintered alloy of the present invention, the
30 iron particles coated with copper or copper-based
alloys are further coated with a powder of a secondary
non-ferrous metal according to the present invention.
In the sintered alloy of the present invention
_essentially consisting of iron and coppér or copper-

35 based alloys, the non-ferrous metals contained in the



- 10 - such iron particles 1 are also effectively coated wth copper or
copper - based all oys form ng the copper or copper-based alloy coatings 2a on
the iron particles 1. As is clear fromthe photom crographic 5 ¥
illustration shown in Figure 2, the entire peripheral surface of each of

the iron particles 1 is substantially conpletely coated with the coppeayg or
copper - based all oy coating 2a. I|ncident é‘Ian;, “each of the iron particles 1
shown in Figures 1 and 2 is 10 coated with copper the proportion of which

is about 30 wt.9 e n i i ght. of  _each .of . i.fO articles. 1. In
case that the préoc}gg t%&% gfh}%ﬁ\ﬁé%%fg? slosa'ﬁcsovs(eér g gfr?vrfonc\}\}%. qatga{:cll'?lof t he
iron particl es ip¥ropsattddswiath thise siofeared @ltliey .sulddt drst in@ltur adarmhagxet ent

as 15  that of (e Jdmdant s saahed mitl 2kt 30 oM KT Adie copper .

In general, it is possible to conpletely coat the entite peripheral surface
of each of the PAFtiFdES MaFs b APPRENe L%t MBY R 1S theNoisdle so that a
stabl e com)erfC(ga_-tdiupg aisslc[afgpérd;eﬁbr afay Hend airhiaSLIQ:@S?.Jf tdtﬁagmo.p;)rﬂﬂ on of the
copper is prefer .y .at st 20 wt. % and nore prefera at | east 25

W . % based on t %‘e‘i"é’m %g‘fe 5E G Yp AP rcg)eéf.rdgi‘ss a‘eestcagi %‘baé" &ove, the
iron particle cadtfder2nt fwidnh adppecomPerasort o dygpemdidesd radr-dierrous
naturally enplo %qailnoqr%glaraaitlio(gp Qfe R Ar i NG pawder Jud yng which is
conpacted into the green conpact. tWth this respect, in order to inprove
the material pr@ssandes yomanTd efinfus &eta) Gy FORRRE MeRatongfvdfti on, the

30 iromparti &Rs seeat @F Mg h LeRRIYer0r RPRANrda%Rd Allgys are further
coated with a powder of a seccggd%&y on-ferr'o_ﬁi‘E nmet al acﬁcqr'd,i ng to the @
present inventi GRS SHRTErARFANIBY SFPHE FrekeMei4verit i on

generally provided with a stable structure. On the
other hand, in a secondary case that the secondary
non-ferrous metal is not copper so as to be another

15 non-ferrous metal dr an alloy thereof, the sintered
alloy containing such secondary non-ferrous metal may
be provided with material properties different from
those of the first case. For example, copper-base
metals are provided with lipophilic properties, while

20 aluminium-base metals are provided with hydrophilic
properzies. As for other chemical, electrical,
mechanical and physical properties, the copper-base
metals are different from the aluminium-base metals. ;J
Conseguently, in the sintered alloy of the present

25 invention, it is possible to combine these properties

' of the copper—bése metals and the aluminium-base
metals by employing these metals as the non-ferrous
metals for coating the iron particles.

Consequently, as for the sintered alloy of the

30 present invention, the secondary non-ferrous metals
applied onto the copper or copper-based alloy coating
on the iron particles may be oxides of the non-ferrous
metals. Namely, since the sintering process of the
green compact is generally conducted in a reducing

35 atmosphere, the oxides contained in the green compact



¥

essentially consisting of iron and copper or copper- 35 based al |l oys, the
non-ferrous netals contained in the all oy are consolidated so as to
lsMprove the material properties of the sintered alloy. It is natural that:
the secondary non-ferrous netal coating on the iron particles may be
coppek,, or may belong to the sane 5 group as copper; or may be an all oy
of copper. In addition, the secondary nan-ferrous netal may be different
from copper so as to be another non-ferrous netal or an alloy thereof.. In a.
first case that secondary non-ferrous netal is copper or belongs to 10

t he sane group asameppsiycéedetsimdteaks whidy aontal oyed suchth seseomdar y

non- ferrous met alo g, general | g ppomd dedy WD @ 81 A& SLLHELIL g, O § he

ot her hand, in a secondary case t'he Secondary non-ferrous ne Yis not
copper so as. to brormibriweeudSretal nevefieng cus ikt alror parwldbystheaeed

the sintered allqy; @PNEGhHl NG S UK REcanduy J\%{@rfsouls?g@téijf&w Hch

provi ded mﬁtg material properties different fromthose of the first case.
For exanpl e, °coppetadayeidet B st ofF derPhi oh 1e3dprase cabloyerti es,
while 20 al urédh e As ei et d Ss B 8 D VA Xesl; Wl fe iyl ophi td81e as a
properties. As for_other cgenical . electr]cal q;chaﬂicaJd ndﬁghgg cal
properties, the CHPPRr st eted s 2d% di THerksAd 130 1929 202577 n Yise
netal s. Consequenthys addddersittiersthtadtad afldhe gsaseidl PH

invention, it is i bl e to conpin e ' f r-pase
metals and the alﬁﬁ%%ﬁ%%s%fne %rlt‘]g“% el ?%@?ﬁ%%‘ﬁ%%‘g %@%g@g&;&t%g

non-f errous 'Het althd ginkerehg ey iewn tike exontGmsegeentihy, leadfor the

sintéred al | oy ofaidiel 3Ma-basdr £5EHs | AMENEE DRy 1 bO1By SEGENAAEY £@d: E 65 OUS
metal s during the sintering process of the green ccmpact, it
is possible to prevent such lead and lead-base alloys
from oozing out of the green compact. '

15 Incidentally, in the present invention, the
dimensions of the green. compact containing the iron
particles regularly coated with copper or copper-based
alloys decrease as the result of sintering process
thereof. 1In contrast with this, the dimensions of the

20 conventional green compact in which the iron particles
and the copper or copper-based alloys are simply mixed
with each other increase as a result of the bulking

N, phenomenon of the compact during its sintering
process. Conseguently, it is possible to control the

25 green compact in its expansion and contraction during
sintering by accommodating the ratio of the iron

_ particles coated with copper or copper-based alloys to
the iron particles simply mixed with the copper or
copper-based alloys in the green compact.

30 Particularly, the iron particles coated with at least
18 wt.% of copper or copper-based alloys in the green
compact is considerably contracted during sintering,
which enables such contraction to balance a
considerable expansion of the green compact containing

35 the iron particles simply mixed with copper or



%

applied onto the copper or copper-based alloy coating on the iron particles
may be oxi des of the non-ferrous netals. Nanely, since the sintering

process of the green conpact is generally conducted in a reducing 35 .
at nosphere, the oxides contained in the green conpact --12 - are reduced
to metals which are alloyed with each other. For exanple, in the case wWiere
t he secondary non-ferrous netal coating-on3the iron particles coated wth
copper or copper-based alloys is |ead oxide, such 5 | ead oxide is

reduced to | ead or |ead-base alloys contained in the sintered alloy which

i's suizabl e as aoppeer-balseformliear pags.icles .| edtheard dregebvgese al | oys thus

"added to the S|?ggﬁg§ ?'|9ytﬁ§S§Q%b%||§m%%%%'%k'Q% .PfdgyhgﬂﬁﬁdémﬂﬁQ,e

beari ng pr opert Intere even i e contents o
| ead and | ead- bAg¥ &kl Pyodaced dhaoungd y-mlyOwnel i fadrpmd T Prfuaid arhe

sintering pr oce@%@&%@% QLRAN aGO ARG zaltli dnS PRIV I @alRvent such | ead
and | ead- hase al |l qys from oozi ng out qQf the _green conpact. 15

I nci dentall y, |ﬁe@HEtﬁF@séﬁpceﬁ§§ﬁvl@&eqﬂﬁ9%¥5ﬁ§u9§9ﬁ$%ﬁe%ﬁu?igﬁééﬁﬂconpact

cont ai ni ng the piroBepaksi,Chad mgullargl yreeaisedsw t lmamp@er thle GOIRYs based
al | oys decrease ?s'%he result % gt%rlﬁg %&ggﬁﬁ qg{. I n contrast '
with this, the SFmEhSi dAS 0P &6 dfmbree Orfpact in which
the iron particpesdandibhepc@ppese@n c@pwewebasem mdagﬂ;nauathanﬂquﬁxed
wi th each other ;LRELRAZY A% e? SupiMtlalntQa 1R JUHIIG 1 %@%ﬁhthe

conpact dyring Pf's sintering process. Cbnse uently, T 9% possible to
control the 25 COFPB&EN OXoFRRPE i HSEs é‘)@&&b@l @r?%dllé’(ﬁrlthrcadﬁ%rpr(ﬁﬂq”ng W/

sintering by acgawepdaldnng dilfe dratdc@ 0fid RhdPgeObE iron parficles
substantially do not affect the properties of a
starting powder mixture which is compacted into a
green compact from which a sintered allcy is produced.
15 It is easy to coat the iron particles with
copper or its alloys through a suitable applicaticn
process such as electroplating, hot dipping,
electroless deposition, flame spraying, and dry
plating. In the process of the electroplating, the
20 coatings on the iron particles are controlled in their
amcunt and guality by suitably controlling the
electric current density and operation time of the -
process. 1In the process of hot dipping, the copper or N
copper-based alloy coatings on the iron particles are
25 _controlled in their amount and quality by suitably
controlling the temperature of the molten copper or
copper-based alloy and the préheating temperature of
the iron particles. As for the remaining processes,
it is also clear that the coatings cn the iron
30 particles can be controlled in their amount and
quality by controlling individual operaticn conditions
of the remaining processes.
In general, the green compact containing the
iron particles coated with copper or copper-based

35 . alloys have an open porosity ranging from about 23% by



6artic|es coated with copper or copper-based alloys to the iron particles
sinply mxed with the copper or copper-based alloys in the green conpact.
30 Particularly, the iron particles coated with at |east 18 wt. % of
copper_or copper-based alloys in the green conpact is considerably
contracted during sintering, which enables such contraction to bal ance a
consi der abl e expansi on of the green conpact &éntai ning 35 the iron
particles sinply nmixed with copper or -13- copper-based alloy particles.
The iron powder enployed in the green conpact of the present invention may
be produced througkodnpeote eboptwdéR- pyodadtimen precéfieslivchanging

atom zat| on processedn 9¥bAe 283 ny UBGUAL! 08 BbBEES3IER byl GBLLALYS) In
processes, carbonyl processes, and mlling processes. Nanely, the shapes of
the iron particlesth8r gagecyhgiregthe PRENr PRFBaLEYI BA pPBcEESER. CABRAVE

in case that the iggnipakt kehas28kepyubslanti, abpyceenphelel yessatadnwoh 10

-cO -based al | d th '
i P er ences pn sy 8P LEFBH SBa EReres e BATAREEH Py L8 ROPOAPFoRE PR S

properties of a starbmngupbwdereni xbupecwhiisheimplogapadhetdhenbdla green
conmpact .from which i.nt.ere | 1. I §.ptQd - .S geasy
to coat the iron pggf?épéggwgfﬁrégéﬁe?to%gi#gggﬁﬁégéetﬁ?guéﬁeaséhﬁfg%ﬁe
appl i cation procesgldgyhpaodulcedt fypmasial, IR6ENdFPBPAGE EPeELFEFESs?a

§

deposition, flame %BE%XEnQora@qZQEﬁ Prakield. ahB tBenBvacassopbnt Brosity
el ectroplating, the 20 .~ _coatings _on the iron particles are contr Lleg I n
thei r amount'and qdigKi €y Loy "eyeeaBty ORoREPERFSng the CREERFFC Wb réﬁﬂs'

denst'ty and oper at ii@n clais@e tdlatt 3@ open porosity of the green compact is
more than 32% by volume, specifically more than 38% by
volume, the green compact suffers from its poor
mechanical strength which increases damage of the
15 green compact during handling and sintering operations
thereof.

Incidentally, in the green compact of the
present invention, the iron particles contained
therein have the same coating ratios with each other.

20 However, according to the present invention, it is
also possible to employ a green compact in which the
coating ratios of the iron particles are different

i,/ from each other. For example, according to the
present invention, the green compact may be composed

25 of: iron particles having a copper-coating ratioc of 10

. Wt.%; iron particles having a copper-coating ratio of
20 wt.%; and iron particles having a copper—cgating
ratio of 30 wt.%. As for the remaining non-ferrous
metal coatings on the i:on_particles, the above

30 coating ratios may be applied.

_ In general, the green compact is sintered at a
sintering temperature of from 700 to 1050°C in a
re&ﬁ;ing atmosphere or in an inert atmosphere.
Howéver} in case that the green compact containing at

35 least one of a bronze powder, a brass powder, a



process. In the process of hot dipping, the copper or copper-based all oy
coatings on the iron particles are 25 controlled in their anmount and
quality by suitably controlling the tenperature of the nolten copper or .
copper -based alloy and the preheating tenperature of the.iron particles. As
for the remaining processes, it is also clear that the coatings on the\_,g ron
30 particles can be controlled in_t gg anount and quality by
controlling individual operation conditi of the remai ning processes. In
general, the green conpact containing the iron particles coated with copper
or COpper-basedr%én s11a4elxo da@\te AN mARRYA nR&e0Birlon ZeARGWaER f 9@ about 23%
by - 14 VOlPk’jlneg%leﬁ’ %3” % voI ume, specifically ranging from about
26% by vol unePRgS t e, SUTTy IESERs EMRACE tffe open porosity
of the green mléﬁaae:tabll:-y Iseis&etx’rea}n a16% empalnaneres dadiffarealt! f dosss t han 23%
5 by vol u t hat .t he sinter || ro t ced .from such
green conpact n?’g & nges&nl ¥ T %ieﬁge%gttgﬁ*r??ngg%%arl a%%' |tshe| npossi bl e
for the $ ntemgedeal lcoppaadd wead afindings trdie gxreewecmm@@tr tSGIQ‘Uelsierhﬁe a margin

for sizing prQgess R S0 NALRRT ARG B Fidny 75 to o> Qi leridmpregnati on
process. |In contrast with this, in case that an open porosity of the green

conpact is noi9& SEHalf CIERISy c\%lt@r%é‘mgpé&ef ibERASSy pRyide 1t 1BPE8dsy vol une,
the green conpagieiels ars o remgelrs tRoer d’fE(fthi?d @0 Hd @Egile wWhirgh i ncreases

damage of the 15 reen conpact .duri ndI | n .and sintering operations
thereof. |nci TR ISPMRATY 8 é‘rf”cgo Védeft® 9 fention, the.
i ron partocl eshomlidaibredintered at a temperature of from 800 to v,

950°C; the green compact containing the manganese-
bronze powder should be sintered at a temperature of
from 800 to 950°C; the.green compact containing the
phosphor-bronze powder should be sintered at a

15 temperature of from 750-to 950°C; the green compact
containiﬁg a tin powder should be sintered at a
temperature of from 700 to 850°C; and the green
compact containing a lead powder together wiﬁh the tin
powder should be sintered at a temperature of from 500

20 to 780°C, the lead powder and the tin powder being
alloyed with the copper coatings on Ehe iron par=iciss
of the green compact during sintering thereof. -

When the green compact is sintered at a N\~

temperature below the above-specified sintering

25 temperature, it 1is impossible.for the thus sintered
alloy to have a desirable sintered matrix structure or
alloyed matrix structure. On the other hand, when ths
green compact is sintered at a temperature above the
above-specified sintering temperature, such sintering

30 leads to a considerable energy loss, requires an
expensive sintering installation, and causes the
copper or copper-based alloy coatings formed on the
iron particles to be fluidized or damaged.
Incidentally, the green compact is sintered for about

35 30 to
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therein have the sane coating ratios with each other. 20 However,
according-to the present invention, it is also possible to enploy a green
cenpact in which the coating ratios of the iron particles are different
fromeach other. For .exanple, according to lZe present invention, the green
conpact{my be conposed 25 of : iron partgcles having a copper-coating
ratio of 10 wt.% iron particles having & copper-coating ratio of 20 w. %
and iron particles having a copper-coating ratio of 30 wt.% As for the
remai ni ng nonabertof8 mepateseati ngs on the iron particles, the above 30
coating ratios may berggpkhed. shA:@rBE" AbmyLE gFegncoNPactnbs siptered at
a sintering tenperature of from 700 to [err] in a reducing atnosphere or in
an inert atnosBREFE. LPoReFaE1NBNORSER ERAAL LPhRT g EER BoApatredoRl &P¥i ng at
35 | east ppedattanBU9AZeaPpWEBE teBmRha8SsPeWdEhd & predet&rmined

Ger man-si lgver Bomder, a,nangggese1bronz powder. and_a phos hor - bronze
pouder . stch GPEBNDEBASAEN | ANGr SABFABFY SinperBASaP SLfORBEPATEIE
di fferent fromheherabeveishnberixhgchenpeadbure20Fos ekaupl 85 theabed green
conpact containing_the bronze_powde ul d_be sintered a_t rature of
from750 to [8Prngh8p§Pe88FSSEg§c chﬁgaﬁh?na Fﬂ@pg?gés?%%mﬁéﬁpgﬁ%ﬁld be
sintered at aaflépperat apbjeftedonr86dztosefrrprofiecgrernatbapaprodvatai ni ng
the German-si|yerrpoudenn18sensBaubdihe sknpergd.at .3 tgnperatypeyqk  from
800 to [eqr] the green conpact cont ai ni ng the nanganese- bronze powder
shoul d be 'si nt8r éa1gt c@SeenpbPBt 4hE BPSFrBAT8OH Y 0°f eF PF Bheyr BENEBAPact
con{ ai ni ng thesphesphenzfr ezg powdenushoulid be skpbesediat:a .onduce

a successful oll-impregnation cyoraticn 2 th

< boeewe
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product suitable as a material for an cil-retaining bear-

g

ing. On the other hand, when the open porecsity of the

15 alioy product is more than 28 % by volume, thne alioy
product suffers from its poor mechanical strengtii. Prefer-
ably. the alloy produc:t has an open psros
18 to 24 % by volume, which makes the all

in m=chanical strengih and cil-impregnaiion proporilies.

20 Tne above-mentioned bronze generally consists
Lo 5 - 15 wit. % tin; abour TF - O3 wt. % -opper;
gnd w sultable percentags Ly wolighl ol zZzIine. Onoine oiner
) nand. the brass mentioned above generally consisis of
N~ R R4 copper 200 - *wr. % zinot: and 1 - 3 wt
25 % tin. 1f necessary, the tin ceontent of the brass may
¥ I esed to about 10 wt. %, while the copper conten:t
thi- game may be cnanged to about 90 wi. %. The German
gilver generally consistis of: 5.5 - 32.% wt. % zinc:
and £.5 - 19.5 wt. % nickel: the balance being copper
30 '

apart irom incidental impuritizs. The Jerman-silver powder

may be employed as it is. However, preferably the nickel

e

.0 wt. %. For example, a German sliver consisiing
75 wt. % copper; 21 wt. % zinc; and 4 wt. % nickel
35 is preferable. It is also possible to employ another

German silver which is suitably adjusted in its zinc



15 tenperature of from750 to [err] the green conpact containin% atin
powder should be sintered at a tenperature of from 700 to [err] and the
green conpact containing a | ead powder together with the tin powder should =
be sintered at a tenperature of from 500 20 to [err] the | ead powder and
the tin powder being alloyed with the cop? coatings on the iron particles
of the green conpact during sintering thefegpf. Wien the green conpact is -
sintered at a tenperature below the above-specified sintering 25
tenperature, it is inpossible for the thus_sintered alloy to have a

desirabl e S|ntéﬂﬂFQﬁﬂrQG@sﬂ#%kﬁku%PQﬁe%ﬂIQERRPQ&R9|9PQRr%Rﬁlﬁ%?t¥9P{he

ot her hand, -when the grEemADIPasial S itherambwa ci;;i;%medaagélrael%goye the
above- speci fi egf ten@gp ratureé such qSI nteri ng‘? | eads to a
consi der abl e erfet ]r%g%fr]e% HF SR 1M ?Fﬁo?%s“t‘%"r?]atl on, and
causes the coppmamgm;xpertﬂ}as:eﬂbralpalycm:ia&s regse f dreesdl; aniddie iron
particle to be t e e act is

; &1 4 Lﬁﬁ (nﬁAiﬁye J]@H%Q%déf Qgéhé} Pz

Si nt_ered or abou e t hus sinterted
conpact or all cf}ﬁﬂ@ltﬂ’léfrﬁtsilﬂbi é}réi:t@tﬁltlb &l IyA ngroharat i fmrtanpr oduce a

desired al l oy mpadugd J&wg\gf}ﬁ@r@d@gﬁ& @ﬁ{hﬁaxzes\ﬁ%@ pregglet ermned 5

open porosity. The sintered alloy:has si zi ng rgin the proportlon of
whi ch i s about SHqutﬁiaa“domorBBfQ’/B’{fé‘s"ed“%ﬁﬂt H‘é"?ﬁ)‘é}ﬂﬁ)@r%l%@?b]feq HEY ¢ een

conpact. The smHeercﬁﬁbgaéﬁqyrlcso@&n-eﬁ@éh td)llsd}lld’lﬂaﬁﬂﬁ 0&6@1@@%@' | oy
product yhich ne}}s an o Cog ty of from. %glu y vol une. I n
this case when tthe & 06{; ‘S 9549 G S a (ﬂ/ospsr ?ré‘srso h‘aﬂF 15 %y
by vol une, it |tshqswmjcstsa1b1€edts)1rpr@chﬂ:talloy in its mechamcal
properties, physical properties, chemical properties
and electrical properties.
Incidentally, in case that a powder of an
15 alloy such as a brass and a German silver the zinc
content of which alloy is considerably high is
employed in the green compact, it is necessary to
prevent the zinc contained in the alloy powder of the
green compact from being dissipated through
20 vaporization during sintering of the green compact.
In this case, it is preferable that the gresn compact
is sintered while embedded in a carbon powder to
prevent the zinc from being dissipated through o
vaporization during sintering. More preferably, the
25 green compact is sintered in a hermetically sealed
refractory vessel. When the green compact is sinterad
in such hermetically seaied refractory vessel, the
pressure of the vapor of zinc attains a considerable
value to enhance diffusion alloying of the zinc with
30 copper and iron contained in the green compact, which
makes the physical qualities of the sintered compact
or alloy uniform. |
When a powder of tin is added to copper
coatings on the iron particles of the green compact to

35 alloy the copper coatings with the tin so as to



a successf ul oi | -inpregnation generation of the alloy product suitable as a
material for an oil-retainign bear- ing. On the other hand, when the ooen
porosity of the 15 alloy product is nore than 28% by volune, the all oy
product suffers fromits poor nechanical strength . Prefer- ably. the alloy
produq&,has an open porosity of from 18. tE&§496by vol une, which mekes the
al l oy product good in mechanical strength oi |l inpregnation properties.
20 The above-nentioned bronze generally consists [err] about 5-15
wW.t%tin; about 85-95 wt. % copper and a siutable gercenta e b ght of
2inc. On the. ot hEFORERE DERBZS! S08tTBAE, OedNandye gRAEEAPRSSc §H§ﬁ§€s of :
[err] copper : hZOSmtéQlwg% thef Zhﬁe §1amdréd- cgm‘phthBr aél%yt is.

necessary, the tin ntent o e.bra 8 Aingreased st t 0 W%
while the copperSBdﬁﬁggF F?r?]?ﬁée§éﬁé %ﬁy Se chandddPrs” outagg% W% . The
"CGerman silver gesemal kxceddenst beafring. 5 32.5 wt% Z|nc, and 8. 5- 19.5
% ni ckel : tde bal ance bei ng copper 30 apart from incidental inpurities

. The Gernman-silver nay be enployed as it is. However, preferably the nickel
‘content of the German silver is reduced to about 3.5 - 8.0 wt. % For
exanpl e, a German sliver consisting of: 75 wt. % copper; 21 wt. % zinc; and
4 wt. %nickel 35 is preferable. It is also possible to enploy another
German silver which is suitably adjusted in its zinc 17 content and

ni ckel content dependi ng upon application. In additional to the above
copper-base1 | 1 oys, further enployed in the secondary non-ferrous netal
coatings on the iron particles are: lead; zinc; 5 al um ni um chrom um
manganese nol ybdate; other non- ferrous netals and their alloys; and
non-ferrous
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net al.s. cont ai ni ng phosphor and/or sul fur.

The secondary non-ferrous netal

coatings are applied onto the copper or copper-based alloy coatings forned
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sugn diffu-
sion alloying during sintering s¢ thai the sinier-d com-
pact or alloy is further excellent in corrosion resistance
due to the presence of the zinc. In addition, for zxample,
when a bronze containing 10 wt. % :in is subjecied to
sintering, a liquid phase thereof appears at a temperatiure
of 850 °C, which liquid phase enhances diffusion alloying
o the bronze with metals ¢f the ir2n particles and (u-2Zn-
Ni particles, and enters spaces beTwaen ins particles
improve the sintered w.loy Iin 7z anti-{riction propen-
TR
A solid liubricant such as srainiite end molvodenuy
disulfide is mixed with the other s:izrting powders in )
= Tuiverized condition 12 prepars owder mixiure whiv \\/j
is compacted into the green compar noawever, tne pulcd: -
ized solid lubricant such as grapn- Is smmnll -
cific gravity than any cof the remazining starting wders
¢f iron, German silver and bronze so that suct lubricarn
powder tends to float on the powdsr mixture so as.‘ﬁ
segregate therefrom during transgcriation, haniling i:
a press hopper, and compaction :treztment o7 ths mixture
which makes it difficult to uniformly mix the iubricant
powder with the remaining starting powders. Ir orde
to resolve such segregation problem. the solid' lubricant

\J'

such as graphite is mixed with the remaining starting -

powders in a granulated condition,

the lubricant a

ssuming



(]

sanme excellent bearing 5 10 15 20 25 30 35 properties as those of a
beari ng made of bronze, the sintered alloy being also excellent in '
nechani cal strength even when the iron content of the green compact is nore
than 50 wt. % On the other hand, since the nickel con- 5 tained in the
Germaly silver of the green conpact is excel- lent in corrosion resistance
such aS oxi dation resistance and al kali ~esFgbance, the sintered conpact or
alloy in a surface of which the nickel forns a passive-state oxide |ayer is
excellent in corrosion resistance. As 10 described above, the zinc
contained in the green conpact s alloyed with iron of .the iron particles

through diffu- Siagrm{g-gwa%rdlg i HNd R ddatoiRg 1§ HRigd com
pact or alloy is further excell'ent” in corrosion resisitance due to the
presence of the Affectiveaddiatiingt, ther seexesiagions prighdieMe bMNFRE Y -

containing 10 W .¢%d id} z2d S5 Wi MRS ik 19yR1diNGb 1R |graiphd dhgssiddier eof
appears at q%tenperature of [err], which |Ig#ld Qfse enhances di ffusion
al | oyi ng of 1he broorZ&hin IFhfett@rg P L K& I aE’t THES e &F A2F°™N
particles, and eniers spanemdet irertonthas tparitdrclte#si 20 a phefedaidreove t he

sintered alloy inits ti-frictian proper- ties. | i I | t such

as graphite and [¥r1] C%lnsttﬂefi SR neiD ec’g"vﬁrtﬁa ﬁ(533"[86\'(6'?1(cairn g:thaer'tt%}:égscég%vxders in

a pul veri zed condinventitan imy eparteln ahsowkargarioft tirombikiro 150 '
microns, more preferably within the range of from 20

10 to 100 microns, in which a gréphite powder up to 10

~ microns, preferably up to 20 microns in size is
removed, whereby the graphite powder may be uniformly
mixed with the other starting powders to resolve the
above segregation problem. Separation of the graphite

15 powder up to 10 microns, preferably up to 20 micrdns
in size is effectively conducted in a liquid which
prevents the graphite powder from producing dust.

Effects of the present invention will be now
described hereinbelow.

20 . In summary, in a starting powder mixture of
the sintered alloy cof the present invention, each of
the iron particles is coated with copper or copper-

\ base alloy powder so that the sintered alloy of the
present invention is good in mechanical strength due

25 to the presence of such iron particles while being
also gcod in corrosion resistance and sufficiently
low in friction coefficient due to the presence of the
copper or copper-based alloy coating on each of the
iron particles.

30 When the content of the copper or copper-baéed
alioy of the sintered alloy of the present invention
is up to 18 wt.%, it is difficult for the coating to
show its effects. On the other hand, when the content
of the copper or copper-based alloy of the sintered

. 35 alloy is more than 50 wt.%, it is difficult for the



25 is conpacted into the green conpact. However , the pulver- ized solid
| ubricant such as graphite is smaller in spe- cific gravity.than any of the
remai ning starting poewders of iron, German silver and bronze so that such
| ubri cant powder tends to float on the poowder m xture so as to 30 )
segregate therefromduring transparation, handling in a press hopper, \gnd
conpaction treatnent of the mxture, whiigh nmakes it difficult to uniformy
m x the lubricant powder with the remaining starting powlers. in order to
resol ve such segregation problem the solid [ubricant 35 such as graphite
:sbnjxed Wit hitbe é@ﬂﬁéﬂ?@@ 5ﬁaﬁgéngiﬁ@@5@%s§1no@.géaﬂgbaaﬁqaﬁopdi;iona t he
ubri cant assu . i ne- po r ape,_bej ng,_renoyved, ch is foun
ef fective agaf“?%?g(fh%nge@?%}é%gf%ﬂfp?gﬁ?&’ﬁh Retye ?]n_gogizei%f a
comerci al |y additabhetgrtpai sbopewdsuch alleoy wstékpendeveange of froml
to 30 mcrons, or froml m n it LS, a preferable
size of the graphite g%mﬁéﬁeg%%foggg ?ﬂ°%ﬂ%gg€£§g%% %%v%%%#%% is wthin the
range of 5fronfadted Y5bhnfeppAs, ChoFePPeefeaadf yalh o¥i$ nis hexeahgendf from

20 10 to 100 HbkpPESsib D1y Chide 9T @ROIAES POVEEECHPaLPidR) M CroOns,
preferably up to 20 mcrons in size_is_renoved, whereby the graphite powder

may be unifornly nixeBPwFhf FRBEBFREraLiayt PRgtRBWAEREERH resol ve the above

segregation pigbéefiodSgpataisopossibhe g6aphpley loany opowderndp-to 10

m crons, prefggablﬁ up %0120 nicgggs in ?ng égmeifgggivgl vcgnducted in a
li quid whi ch pFEYRREs™Ehalgr APAi t A pouddFO¥ T of P BPhatE AgS LT  'Ef fect s of
the predént imaveativinw tbpbernoled@scnibkel heakimbelow, @Qromium, I
summary, in 3,$haghiog, PRYIGbaBhYRYT LuRbstDE, SEOLEREENR! LeYopE the present

i nvention, each _
consisting of at least two of these non-ferrous

metals, and non-ferrous metal alloys further
containing phosphorus and/or silicon.

15 As already described, copper powders are
conventional materials in powder metallurgy.
According to the present invention, each of the iron
particles is coated with copper or an alloy thereof to
prepare a starting material powder which is mixed with

20 the other starting material powders to prepare a
powder mixture being compacted into a green compact
from which a sintered alloy is produced through
sintering, so that the resultant sintered alloy snjoys e
substantially all advantages of iron-base sintsrsad

25 alloys and copper-based sintered alloys.

The iron particles coated with the coppar-

(

based alloy is more advantageous in effect than thos:
coated with copper only.
When an additional or secondary non-ferrc:s
30 metal powder or its alloy powder is further added <o
the powders of copper or copper-based alloy coa:ingé
on the iron particles according to the present

invention, the resultant sintered alloy is further

h

improved in material properties. For example, in cas

35 that such additional or secondary non-ferrous metal

<
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the iron particles is coated wth copper or copper- base alloy powder so
that the sintered ,alloy of the present invention is good in mechani cal
strength due 25 to the presence of such iron particles while being al so
good in corrosion resistance and sufficiently lowin friction coefficient

due tgdthe presence of the copper or coppersbased alloy coating on each of
the iron particles. 30 When: theté ent of the copper or

copper -based alloy of the sintered alloy of the present invention is up to
18 wt.% it is difficult for the coating to showits effects. On the_other
hand, when the cpawéar o6 ahtiooppededrortoppke- Bawddrar| 8y &F PRAESiPAEered

35 alloyis nvfﬁrtéﬁe ?Qsﬂ&ta%tlélhéegééfafyby teribher itkrepieenbai ned
in the sintered a a sufficient mechanical] strength to the

alloy. In add.tusﬁefélﬁhénsbovén EhéR GRFBy PSWE¥BEnsFDED FHegEHBPaF t he
iron particles oprpewderndaiti6nal elonttbreoppencbalcpppaerbaserd akl ays is

excellent in conpressibilit | .e. easiness.in_c on n th t d
alloy of the pre§éﬁtpPH985t¥8ﬁ,tﬁ? ?éEEO§§I6F8 tggg Po §ﬁ§koné gfshgnere
ferrous netals awndighei baakBoyps ¢Oﬂppastagb3|Weeghtlcf thencronln copper,

| ead, nickel, alug}@H m.chrg EE -gﬁﬂggp&og,PgD gg@?UBbsEH”QEE%QS,

titani um aIons conS|st|n east non-ferrous netals,
and non- ferrous it b ampgyglb&etﬁer ébﬁté?ﬁphﬁaﬁﬁo§ﬁﬁéﬁﬁ§daﬁ&ﬁ8ﬁ Pl con.

15 %E%QQQ¥ndQ§CﬁbQ%9 1€QPReH cRQWHEESREE cGeRYENt DANZhe
materials in powder netallurg According to the pre i nve ntion, each of

the iron paicl eshes Eéaﬁedw FRhtREpABPUBE Q1 éhﬁoﬁggﬁ§988ﬁ t gon~’

ferrous metal powder such as the tin powder and the
like is more than 67 parts by weight based on 100
parts by weight of the coated iron particles, the cost
of the resultant sintered alloy disadvantageously
15 increases while a profound effect is not expected.
More particularly, in case that the additional
non-ferrous metal powder is a tin powder, when the
amount of the tin powder is less than 0.5 parts by
weight based on the total amount of copper, it is
20 impossible for the resultant sintered alloy to lower
its friction coefficient. 1In case that the additional
non-ferrous metal powder is a bronze powder, generally
\_/ speaking, when the amount of the bronze powder is less
than 10 parts by weight though it depends on the tin
25 content of the bronze, it is impossible for the
resultant sintered alloy to lower its friction
coefficient. On the other hand, when the amount of
the tin powder is more than 7 parts by weight, the
cost of the resultant sintered alloy disadvantageously
30 increases while a profound effect is not expected. 1In
case of the bronze powder, when the amount of the
bronze powder is more than 67 parts by weight, the
cost of the resultant sintered alloy disadvantageously
increases while a profound effect is not expected. In

35 case that the additional non-ferrous metal powder is a



¥

prepare a starting material powder which is mxed with 20 t he ot her
starting material powders to prepare a powder m xture being conpacted into
a g reen conpact fromwhich a sintered alloy is produced through sintering
so that the resultant sintered alloy enjoys substantially all advant.ages of
i ron-base sintred 25 al I oys and coppﬁt;Egsed sintered alloys. The\.#on
particles coated with the copper- base oy is nore advantageous in
effect than those coated with copper only. Wen an additional or secondary
[err] 30 netal powder or its alloy-powder is further added-to the powders
of copper orP¥dpHeroPHIREd. HP?BytE%afmﬂﬁgt oRft ke PeASpaPPYerEsificcording to

the present héwenthoHm, 11h@afe§U$yaﬁé1§mﬂtsaeddabhoyOOSpéﬂtghey i nproved in
mat eri al propertles such additional or

secondary noh® Y ook ﬁ%?afron Bﬁﬁﬁé?l?§ ﬁo?gﬁde%g% SPP?Fk8rpomders,if
i s possibl e ¢oppehebamsdl 4 hhdysi ntiee edechdoycéd Sonengthsofrtiséi on :

coefficyent. | %@éétCé?EteP%&géfgo%“@§8g§%2e§”““ﬁ&w85e hewﬁgg'LEQ”a

.non-ferrous ne owder "suc . owder e 1S |less
than 0.5 par@@owwtw@fghmebhse€Somow@@rpa$t30b9 wedghbé7opatrhe Pyon particles

coated Wi th GOPPRE , OFLEOPRSE - Qeseﬂeakéguﬁta% E$ntBPegShbleyfor the
resul tant sintered alloy to_sufficiently lower its frlctlon coefficient. On

t he 10 ot BEF ARGt 2 RRAS L Nel AFEERTC D WEhée afdPFPERAPI nBhE € FEr FBus et al

 powder such @§+thepé¢ﬂe@omdeh 8adet bRati kRei ada@Dt €ohB@N6K-partsuby Wei ght
based 100 t he coaged iron artlgles the cost of the--

ight-o
resultant S|% % %?%glgfsﬁdé%ﬁTﬁﬁe%h Y§r1%OWd FrcVBagek™Ghile a profigund

effect is noamexpectéedthe German-silveér powder is more <than 11
parts by weight, the resultant sintered alloy is
improved on mechanical strength and corrosion
resistance. However, when the amount of ths German-
15 silver is more than 67 parfs by weight) the cost of
the resultant sintered alloy disa&vantageously : -
increases while a profound effect is not expected.
In case that the additional or secondary non-
ferrous metal powder added to the iron particles
20 coated with copper or copper-based alloys is a powder R
of a copper-tin-lead alloy, it is possible :5
remarkably improve the resultant sintered alloy in its _
bearing properties. It is well known to improve the W/
sintered alloy in its bearing properties by-adding
25 lead. However, when a suffi¢ient amount of lead is’
added to the coated iron particles, a green compacz:
produced from the resultant powder mixture containing
the sufficient amount of lead suffers from z lead-
oozing phenomenon which arises whéen the greszn omo:c:-
30 is sintered to produce a sintered alloy"whicﬁ is
impaired in guality under the influence of :the lead-
oozing phenomenon. In the present invention, the
additional or secondary non-ferrous metal powder is
added to the iron particles coated with the copper or

35 copper-based alloys, which makes it possible to coat



More particularly, in case that the additional non-ferrous netal powder is
a tin powder, when the anount of the tin powler is less than 0.5 parts by
wei ght based on the total anmpbunt of copper, it is 20 i npossi ble for the
resultant sintered alloy to lower its fricti coefficient. In case that
the additional non-ferrous netal powder is aig_ ze powder, generally

- speaki ng, when the anmpunt of the bronze powder |s |ess than 10 parts by
wei ght though it depends on the tin 25 content of the bronze, it is

i npossible for the resultant sintered aJloy to_lower its frictio
coefficient. On thBeother RarBichAenviklk %nﬂ%ﬂ@eﬁfofh% ?Fhsbﬁﬂﬂé?l}¥ nor e

than 7 parts by webgpér-the-tesd @11&?6 wesHébANthsi hé&dedoai hgy
di sadvant ageousl y

0 incre rof ound_effect | ct ed.
In case of the br8ﬁ98°88ﬂ38r gmﬁﬁﬁ ?ﬁsegnﬁgﬁPag the® %%ﬁ§%§%§ 3§§$ nor e
than 67 parts by sehgatinghe Tosadditibe,resuteahbesgnéenedoapaoy is
di sadvant agegus| Yol BEEERECH LA LR 8:BROROYPTxCLOREbobS BE! pAEPEELRC. I 35

u
case that thg add |ona non%@errous et a IS a rass
when the anount obarhécheassthewdéntesedpad ?haﬁf1&h®aP¥§599tmkP§ﬁPtba§ed

on 100 parts by weightceh %bemlggehpagééﬁleémggaEeéswekae@Qeaerlar
copper - based al | oys, the nechanical Stren resultant sintered

th
al | oy increases. mFERéVéFalmﬁeﬁeﬁﬁehaﬂﬁbhg B?lPﬂeeBFﬁééeBBmﬂErlF§ nmore than
67 parts by melghbeatmagcpsbpett&he gasukbanhespnteeadeabEoguch

OB bBSREFO R ol S b e

ah/that t rman-sil ver
er, when the anount oNamhéyGEEHaﬁOS|ther1pgmdeﬁrtschﬁsecphéﬁdlwlparts
by wei ght, the resultant sintered alloy is
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i nproved on nechani cal strength and corrosion resistance. However, when the
amount of the Ge-rman- 15 silver is nore than 67 parts by. weight, the
cost of the resultant sintered all oy disadvant ageously increases while a
profound effect is not expected..|n cas hat the additional or secondary
non- ferrous netal powder added to the i€d&R particles 20 coated witf ~
copper or copper-based alloys is a powder of a copper-tin-lead alloy, 1Y is
possi bl e to remar kably inprove the resultant sintered afloy in its bearing

pfoperties weld to V. e. |nt red alloy in its bearing

properties by aggl Cﬁ§8¥ﬁg1to ﬂH%ié%é%éJ{ gﬁﬂa%ﬁﬁflﬁﬁﬂﬁt a oiint of | ead

I's added tolfRé @@é‘ttédhersorispé'rlmmees Cca tgrde erl tdomp gotwdgmrodut ed tfimem t he

resul tant pQWEEr aTiehuIS GoRiAI NG doe UM laihieRfe Ayl (of, | 6ad jqulfers
ri ses

froma | ead- 002|ng phenomenon whi ch e gréen conp
sintered to2pr8yud® §P§PﬁF@ré@qquﬂPQMﬂQﬂﬁ1%§ﬁdnﬁéﬂﬂed“nﬁ qu@]mry under the

i nfl uencg ofinthe loe]adarqqm% RheN QIR dldhtnlge AneeeNthJ hvention, the

addi ti onal or sec non-f errous tal powder is added to the 'iron
ades ols th

particles cdiféd vmt fle COBFRESE € Gdﬁﬁﬁf “BdSed “all Sys, »nhi ch makes

it possibleisoaddati to tthe iirem partiicles vt kha Fowderofl adsulstantial |y

copper-tin-|, gd A by t ead 409zl ng_phenamenon of the green
conpact is eﬁlnlgatedcgwgﬁng éﬁnggpfﬁg | addltgdﬁ IS ¢8R g een

conpact is 5. regrcei dée wierk an lidreon omatridx whdrpoded adf: chhe irion.

particlesy the skRAker edmall@y «f otr‘hetnF%r 2980 l.avention produced from such
green conpact is excellent i n nmechani cal strength whi I e belng excellent L{D

its bearing prop&ffi 831@¥e cO§ i€ Preddcdrer SEchicias.
case, the resultant sintered alloy of tne pros-s  iaen-
ticn enjoys a sufficient mechanical strength uni o ved
bearing properties. Incidentally, the gresn com; e
15 the present invention should be sintered at = Bl T g

temperature of from 300 to 780 “C. When the simiomiso.-

temperature is lower than 500 "C, it is impossitaie

sufliciently sinter the green compact. On thne T ciarad
wien the sintering temperature is higher tha: -
20 tue resultant sintered alloy is poor in mechar f.:.:
=iraength, and the dimensions of the green RSO
vonsiderably as the result off sintering. The
(e sintered alloy of the present inventi-m . ¢ \;J
hwsT 45 wi. % s¢ ihat the lead content of
2% s relatively small, which coniributes to we s

it manufacturing the sintered ailoy.
According to the present inventicrn. i
s21id lubricants such as graghite and'molybjz:;m Plent
are added to the starting material powders {or pr:juring
30 1ne starting powder mixture to be compacted intc i

reen compact, whereby the green compact o he sinterad

om

into the sintered alloy is improved in its compressibility
{i.e., easiness in compaction). Since such lubrican:s
remain in the sintered alloy, the sintered alloy is also

35 improved in lubricity to lower its friction coeffic:i:pr.

" The amount of the lubricants to be added to the other



10 copper-tin-lead alloy coatings on the iron particles. Nanely, as for
the iron particles coated with 15 20 25 30 35 copper according to the
present invention, each of the iron particles is further coated with a
powder _of a tin- lead alloy so that the copper is alloyed with the tin-I|ead
alloy-tpo prepare the copper-tin-lead alloy Yh which 5 the iron particles
are coated during sintering. in case that the | ead conponent of the
copper-tin-lead alloy is added to the iron particles in the formof |ead

oxi de, the green conpact is sintered in a reducj at nosphere to_reduce the
| ead oxide to | edtFamicH i"HIFePW ?Fsloseh-‘?"fﬂéfg?eneart c%ﬁ)%tne(iﬂ% - he

all oy to produce Yeded drertte atdtyl cosduntg @i thee ottt pordrcdes [err)
case, the resultant, sintered | oy, of t resent r]ytdo | OV.S:
sufficient nechannllac‘a?r%aflr e%og"f%rasnd(l['eer T ]hﬁbegalrﬁs%'g %E[rrgt{ole"rjtélées&‘fﬂ%?d‘zln@’él ly,
the green [err] Idopper preseppe measednalshayd drk Hiantseeehdary erel)-
tenmperature of fr t t ' Fd N0 HEMRES recis | ower
than [err] it is figén%)lg%gsl ~plﬁ%g€€f?%?ée@n%_g§nﬁé&tﬁhée&gﬁ een cp[?réi)yact. On the
ot her hand when t¢rPRsItRaserdy akkpereratiang it ¢hdheoiron  resul tant

sintered alloy iSpPoofcids]er rfhéd rendtdmodnd dhecrh manst Drsn 0 fhelgseen

Of the. present i MR ibn Tombt HPTRIONTD THATT IR AU oM M SF<the
[err] 25 as rel atuvelgastmlls wdit cdxpemted but@s tiee [@thidr hand, when
10 the amount of the 1ubrﬁcants is more than S wt.%, the
— resultant sintered alloy is poor in mechanical
strength. '
In case that a component such as zinc a
boiling point of which is lower than the sintering
15 temperature of the green compact is contained in the
green compact, the green compact is sintered in a
reducing atmosphere in a hermetically sealed
refractory vessel to control vaporization of zinc
iduring sintering, so that a desirable sintered alloy
20 "is produced according to the present invention.
In order to give certain product precise
dimensions to the thus sintered alloy, the sintered
\_/ alloy is subjected to cold reduction in dies, or what
is called "sizing". Through such sizing operation,

25 the sintered alloy is released from its stresses and
deformations which are produced during sintering. The
size of the sintered alloy going for sizing should be
15-35 vol.% (i.e. a sizing margin) greater than the
reguired dimensions of the final product. When the

30 sizing margin of the sintered alloy is less than 15
vol.%, it is impossible to sufficiently release the
sintered'alloy from its stresses and deformations. On
the other hand, when the sizing margin of the sintered
alloy is more than 35 vol.%, the resultant final alloy

35 product is damaged in its sintered matrix and open



in manufacturing the sintered alloy. According to the present invention,
[err] solid lubricants such as graphite and [err] are added to the starting
mat eri al powders for prepering 30 the starting powder m xture to be ;
conpacted into the green conpact, whereby the green conpact to be sintered
into the sintered alloy is inproved in itssconpressibility i.e., eaS|N£Ss
in conpaction). Since such lubricants e |ﬁ7in the sintered all oy, t he
sintered alloy is also 35 inproved in lubricity to lower its friction
coefficient. The anount of the lubricants to be added to the other

starting naterpatopdwderyhihhuﬁmpbdrattheaaﬂl©y5pwbdMnMaiedlmmruh&twotaI
e OF 1", hlehuskthifg TRLAT LAk BIMAG Srbavy LG bLoBLPAL | cles
coated with copper or co based allo t he 'secondary non-

ferrous netal Bé&dé?t?énbégaﬁéédlﬁe the copper or copper-based aIon
coating on each of the iron particles). Wen the amount of the |ubricants
is less than 0.5 w.% a profound effect of addition of the lubricants is
not expect’ed. On the other hand, when 10  the ampbunt of the lubricants is
nore than 5 wt.% the resultant sintered alloy is poor in nmechani cal
strength. In case that a conponent such as zinc a boiling point of which is
| ower than the sintering 15 tenperature of the green conpact is
contained in the green conpact, the green conpact is sintered in a reducing
at nosphere in a hernetically sealed refractory vessel to contro

vapori zation of zinc during sintering, so that a desirable sintered alloy .
20 is18roduced according to the present invention. In-order to give \
certain product precise

15

20

25



L]

di mensions to the thus sintered alloy, the sintered alloy is subjected to
cold reduction in dies, or what is called "sizing". Through such sizing

operation, 25 the sintered alloy is rele fromits stresses and

def or mati ons which are produced during sinte€igQ. The size of the sintered
all oy going for sizing should be 15-35 vot.% (i.e. a sizing margin) greater
than the required dinensions of the final product. Wen the 30 si zing

margin of the sintered alloy is less than 15 vol.% it is inpossible to
sufficiently rel ease the sintered all ogxsmpnEi §s stresses and defornati ons.

On the ot her hand, Mh§ﬁ1the siflng margin of the sintered alloy is nore
than 35 vol.% the resHhil49Rgsh RN RErtiGleR Here CoRpRRILated ¢ s

sintered matrity @pepepen throraRidy, oMhicipérpedd sed herat Ig8r proiet in
bear i ng. > 10 18735Ro0as 280 el B oobpd RS SRR 1ok o€ty TR vier o
copper pl abed cgoatmr@amd £:4 éED kit tn.d % odop;ga/egpe:re&t)ingd r'rers;;emxléxy 384\8hi/\fh
Dy el vy PRt A e Fhlce HERPORINS o PP Mn B 0
bear - ings made of the sintered alloy, these three kinds of
the copper-coated iron particles were compactedlintq
green compacts (1), (2) and (3), respectively. These
10 green compacts (1) to (3) constitute a first compact
— group. On the other hand, a 1.8 wt. % tin powder, a
2.7 wt. % tin powder and a 3.6 wt. % tin powder were
added to these three kinds of the copper-coated iron
particles, respectively, to prepare three kinds of
15 copper/tin-coated iron particles which were compacted
into grzen compacts (4), {(3) and (%), respectively. These
Y to (&)

- 1 < .
green compacts (4 nstitute a seczond comract

(9]
Q

group. In iike wise, a 25 wt. % Dronze powder was added
to the above three kinds of the copper-coated iron parti-
20 ciles, respectively, to prepare three kinds of
copper/brenze-coated iron particles which were compacted
intc green compacts (7), (8) and (9}, respectively. The

\_/ bronze was composed of copper and 12 wt. % tin. These

»

green compacis {7} toc (C) constitute a third compact

Q

o

wt. » brass powder wes added tc

\Jl

25 group. Likewise, a 2
the copper-coated iron particles, respectively, to prepare
three kinds of copper/brass-coated iron particles which
were compacted into green-compacts (10), (11) and (12),
respectively. The brass was composed of copper, 30 wt.

30 % zinc and 2 wt. % tin. These green compacts (10) to
(12) constitute a fourth compact group. Further, a 25
wt. % German-silver powder was added to the copper-coated
iron particles., respsctively, to prepare three kinds
of copper/Germen silver-coated iron particles which were

35 compacted into green compacts (13), (14) and (15), respec-

tively. The German silver was composed of copper, 21



i ngs made of the sintered alloy, these three kinds of the copper-coated

iron particles were conpacted into green conpacts (1), (2) and (3),
respectively. These 10 green conpacts (1) to (3) constitute a first conpact -
group. On the other hand, a 1.8 w. 96221 powder, a 2.7.w. %tin powder
and a 3.6 wt. %tin powder were added to ese three kinds of the s
copper-coated iron particles, respectively, to prepare three kinds of 715
copper/tin-coated iron particles which were conpacted into green conpacts
(4), (5,) (8).,:Les tpvelky. T re t ta.(6) nstitute
a second cgﬁgéc? z%%gpgﬁﬁnhlﬁké &dgg?ESQZS%&F%%&§%%§%§%%éga é% A&g added to
t he above tﬁ@eéli?nqgnstithéec§pﬁéftboaomuabmogrpamtiChemdcbéspompo-
respectivel y; re r kRgs .capperLhr - ik particles
Whi oh wer & ShimaPLae Papacsy SensLEN Ay 16hP SundeR It TebRR A Be Tl
The bronze QBN cRAPOSLHi6s 86BBBrsaRdng2 ®EUeezing PPHESS .gfcdstdonpact s
(7) to 69) codptibuéRta,t BhadtenpRAGtuRe BRIERs ink@WeratidnlerW % Dbrass
powder was added to the copper-c aged Iron particles, respectively, to
prepare t hr BReRf ngEegP EeﬁggFFErZé -£8af d8)i Pén th&r Preses twANYENEPE |

conpact ed i@ﬁ@fgheeﬂ ﬁeg’ggchat( g@hox/eé;éa) adldyclar) ,tg}reew@@_ te'rlr]m\teliyweiihe brass
was conposed, of coppe W ine_an wt ., %:.tin. ese green
conpact s (1€}°?08T€2§B88H59Pt588 £°?§8P%ch§ﬁ§&8t1gr&&p?aﬁ rPheF,ea 25 wt .
@6GErnan-s:¢wmpapbmgeoupas abded_kmndbeoCoppergf@ame@ommartpamﬁnhlez.
respect ijye t r - o] e r g r- ted iron .
particleg ?%h8%£é§8358e%§%ggcgégg§ﬁtéfg?ggﬁ ?gggggﬁg (1§¥?e(%%% and (1)
respec- tivedsed Thangepfinhhsi BvepnuaASMEanbaséd Joftacdgpedr wasl sintegedt . %
zinc and 4 y¢ .o %rigkebrmiRgacsdneeRifig™RRMberatdre within a range

of from 700 to 1050 “C. In each of the compact groups:

a difference in sintering temperatures of adjacent green

15 compacts in the Table 1 was 50 °C; and a difference in

- open porosity (after sizing) of adjacent sintered alloys

"
-

~
z

in ti tabl was vel, %, e oper rcsity of anv
in the Table 1 was o] %, th pen porcsity of 3

of the sintered alioys was within a range c¢f from 10
to 24 vol. %.
20 Fig. 3 is a photomicrographic illustration of
the sintered alloy of the present invention having been
subjected to sizing, which alloy was produced by sintering

-

the green compact (3) shown in Table 1. As is clear from o
Fig. 2, at least 9C % {about 98 %, on the average! of
25 the iron particles are coated with copper to give the
alloy a rough surface. On the other hand, Fig. 4 is a
photomicrographic illustration of a conventional sintered
alloy which was produced by sintering a green compact
composed of an iron powder which was not coated with
30 copper while simply mixed with 30 wt. % copper powder,
the conventional sintered alloy having been subjected

tc sizing. As is clear from Fig. 4, most of the iron
particies are nct coeated with copper, and, therefcre,
the area of the iron particles appearing in Fig. & Is

35 simply proportional to the iron content of the sintered

lloy. In Fig. 3, most of the iron particles are coated

[0



4
to (15) constitute a fifth conmpact group. Chem cal conpo- sitions, conpact
density ratios, sintering tenperatures, open porosities after sizing,
squeezing points, friction 5 coefficients, and tenperature raises in
operati.on of these green conpacts (1) to E%é) ofy the present invention and
their ®asultant sintered alloys of the pr nt inven- tion are shown in the
following Table 1. In each of the conpact groups, three kinds of the green
conpacts with 10 the conpact density ratios of from70 to 75 % were pre-

pared. Any of &hehgeegﬂe@ogaa@hat(thet eobﬁéi‘ W@Spﬁbﬂbﬂﬁ.ﬁdn@t oRer iron

pr edet er m ned nterlng enpe&ature w th % Bg of fr 0to err] In
each of the coiBa%Ppﬁ? Bpse BlFPBFEﬁE& Wﬁ Bi f Fvnbntggﬁer PUFEQ

adj acent greeniéSpnedpachanmnovbe thbl eoppersihOappeanafdca dsfhe&ence in
open porosity fter sizin I n khiere |l oys.,.Ln_the, T

2 vol. % the %%e%gp8$8@%Fglogggﬁgggﬁi?heggi%ﬁgrgaigyroégemﬁéU§Pt%BL?SCG
range of f§omd8 tbe2dindkreds a2doy of the prgseB8ti snuephdoonsbewyr aphi c
illustration of .t Si ed fsth [ e ng

subj ect od £0 St% D5 whi oh S oy ant b éa;?eﬁéﬁgﬁg.iﬁ% T
conmpact (3) shbqnghns¢36aée1beAssu§0@pe§edf96n¢ eglrseguiareaﬁﬁpgo1vppabout

98 % on the aygragele8f cdatelhRikthOBoBBER 8h8RnaiA £OREEd1WahA goPPer to
give the alloy a rough_surface. On th other hand, Fig. 4 is a

phot omi crogr aphi ¢ i | | ud®r &PeoRaBieal coﬁ?@nFFBHSFa§PHFeF%as§FI6? RRPERwas
produced gVOSIEigﬁIQQdatgéeeﬂ160ﬂbﬁcboéﬁﬂp6$§dt9fﬁﬁnthéoﬁigpbﬂeﬂ umaoggmas
not\coated wit y nmxed wt 0.C0 owder
t he conventlonﬁf g?ﬁ $§5e8%h69vﬁ855§8 BEER ESBFEEnguP eElSPﬁgg%Aggls

cl ear froanlgwhéreane ellope wepm fartedl éstar eiheretaanhédgwbehrdiogper,
and, therefore,, r papt ppeari LOnrd1hBn3D
S|nply proport?onaﬁ ?EF?h8E$%§§egOgggnﬁbopﬁbEZegl%?eéegg b?lﬁ% ﬁ &ng 3,
nost of the |rb®/9@rtméMé§ .are coat ed



W th copper so that the copper is predom nant over iron in, appearance. In
contrast with this, in Fig. 4, iron is predom nant over the copper in
appearance as well as in chem cal conposition of the alloy. The rough
surface 5 of the sintered alloy of the present inventi.on shown in Fig. 3
is excellent in oil-retaining propertrgg mhlch rough surface being N
conposed of the irregul ar-shape iron icles coated with copper shown in
Figs. 1 and 2. In the Table 1, the tenperature raises in opera- 10 tion and
the friction coefficients of the sintered alloys of the present invention %
were neasured under conditions whereiabggalyl oys were formed into E

oil-retai -e—opefrated—For—40—-Autes—at—a——val ue of
1000 2. kg%ﬁ%’ rMaEe“Sa.Ll TABLE 1 ?@ﬂ%l%%r(m %) Conposi ti on
(2\3/2 i:e‘_%)zooljo.No. L (Wwt A%) fiee SSnZ /%n '\kll_e'_\fgnf’P(l) 20
TR gl ‘(%%%%‘Eﬂ:e-m/@) 2050 =4 = 1 (- |- _ (4
20 + 1.8%sr 2) 7%3(5(9:-‘@93%0&) 7717 30 |-(5)] - 30-+ P-7psn 68.16
(2%21. 63 (;5)%”#0(}“% dddou) 43 6"0212%%' 1‘87- (9%38'2(% E;gg%ar onze 56
41.6 2.4 - - (9) 40 |+ 25@®Fonze 48 40.6] 2.4 -
- . Bronze @) 20 + 1.8%sn  |78.59{19.65|1.77|- {- |- |- |
(5) |30 + 2.7%Sn  [68.16]29.21|2.63|- |- [-{-| __
(6) |40 + 3.6%Sn  [57.92|38.613.47/- |- |-'|- o
(7) |20 + 25%bronze |64 33..6/2.4 |- |- |- |-
10 (8) 30 + 25%bronze [56 41.6 (2.4 |- |- 1~ |-
(9) 4o + 25%bronze {48 4o9.6 | 2.4 (- |- |- I-
Bronze = - - : -
|cu-12%sn ' | . i
(10) |20 + 25%brass 64  |29.6 0.4 | 61~ 1 |- |
15 (11) 30 + 25%brass 56 [37.6 (0.4 | 6 - - - |
(12) |40 + 25%brass |48 145.6 0.4 | 6 (- |- -
Cu-30%zn-2%5n | . O
(13) ;20 + 25%German 64 |31 | [ 4.2°0.8:- i- .
20 isilver _5 i P
(14) 130 + 25%German 56 39 4,2:0.8(- |-
silver _ '
(15) 140 + 25%German 8 47 4.2/0.81- |-
silver
25 German silver =
Cu-21%Zn-4%Ni




Cu-12%Bn (10) 20 + 25%rass 64 29.6 0.4 6 15 (11) 30 +
25%br ass 56 37.6 0.4 6 - (12) 140 + 25%brass 48 45.6 0.4

6 - Brass = Cu-30%n-2%sn (13) 20 + 25%Cernman 64 31 4.2
0.8 20 silver (14) 130 + 25%erman 56 39 : 4.2 silver
I (15{; 140 + 25%Cerman 48 47 4 0.8 silver 25
German silver = Cu-21%Zn- 49N TABLE 1- cont+ d. Sam Conpact Sin-
Porosity Squeez- Friction Qperating ple density tering afer i ng
coeffi- tenper- No. ratio tenper- sizing poi nt ci ent ature 5
[err] (vo. %9 [err] TABIE r}-¢antinusi 75 800 - 18- 24
12-28  0.104 5am3D- ComPaPtl 8in- 701 81 :3§———g-§§§-
20.9 1050 10 (3) 78-?5. B0 |LErestty 559559 Briggionropepatine| 4
70-75 700 - Pi8. psdensigypveripgorsfer 20. 3iBgo (5)|coeffizs| temper-
18- 24 20- 33No, 0} OFgtio 2Pt@mpér-|sizing | point85(cibht VBtdBe 700-
18- 24 20- 35 D. 073 Reg 3859 ) 7q-7§ 2§50 - 13-2% 19432
0.077 280 - vo. %) | (kg/mm ()
(1) | 70-75 |800 - |18-24 12-28 |0.104 30.2
| 1050 | |
(2) | 70-75 {800 - [18-24 12-30 |0.103 . |29.9
1050
| 10 (3) | 70-75. | 800 - [18-24 12-28 10.110 31.8°
~ ' 1050 '
(s) | 70-75 |700 - |18-24 |18-32 |0.078 |=20.3
850
(5) { 70-75 |700Q - |18-24 |20-33 |0.073 -|20.9
15 - | 850 ; ;
(6* 70-75 - 70C - ;i8-24 20-35 1€.073  19.1 .
| 850 g :
l i g
(7) | 70-75 §750 - |18-24 [19-32 lo.077 |20.0 E
! : i
| {900 o i
20 (8) ' 70-75 750 - 118-24 19-37 [0.074  ©19.1 :
U f 900 | i :
(9) { 70-75 :750 - .18-24 :19-39 0.072  [18.2
| 900 ’ ’ i
(10); 70-75 ({800 - 118-24 18-25 [0.080 |2i.2 g
25 950 | !
(11)1 70-75 1800 - [18-24 18-27 |0.078 21.4 ;
950 | |
(12)| 70-75 {800 - [18-24 18-30 ]0.077 20.7 g
950 i :
é j
3¢ (13)] 70-75 [800 - [18-24 1§-27 [0.077 2G.5
, |
(14)] 70-75 |800 - |18-24 18-32 [0.072 18.8 |




900 20 (8) 70-75 750 - 18- 24 19- 37 0.074 19.1 900 (9)
70-75 750. 18- 24 19- 39 0.072 8.2, 10) 70-75 800 -
18-24  18-25 0. 080 21.2 25 950
I (11) 70-75 800 18- 24 18-27 0.078 21.4.950 (12) 70;75
800 - 18- 24 18- 30 0. 077 20.7:ggg%3C (13) 70-75 800 - 8- 24
18- 27 0.077 20.8 950 (14) 70-75 - 18- 24 18- 32 0. 072
18. 8 950 (15) 70-75 800 - 18- 24 18-34 0.073 18.2 950 Note:
The squeezi ng poi nt neams Radi aly crushing strength. 5 O the data
shown in the apove Tableé 1, the data of fhe sanpl¢ Nos. (1) to (3) are
shown in the f ||OMAng able 2 in detail TABLE 2 Invedtigation ifem
Conpact Densit cor®>ht depsity affer vol. 9 |(g/cnB) sintering
after S|ntqng ongp| 300 - 18-24 18-34 o.o73errfl1&iptering 20
w. % X . : 3.50 at {730 C contentj Max Mn
Note: The squeezing point means Radial crushing strength.
5 Of ‘the data shown in the above Table 1, the data

of the sample Nos.

(1) to (3) are shown in the following

Table 2 in detail.



‘A

I [err] 10 30w. % X 5.970 6.020
25.30 Cu content Max Mn 40 wt. % X 5. 955 6. 050 25.70 15 _
cu content Max Mni Sintering 20 wt. % X 6.005 6. 06 23.35 | at
800 C~Cu content Max 20. Mn 30 wt. X 5.970
5.995 25.20 Cu content Max Mn 25 [err] 40 .wt.
% X 5.955 6. 070 25.35 Cu conten X 30Sintering 20 wt. X
6. 005 6. 135 23.00 at [err] Cu content Max, 30 wt. % X
6. 135 23.75 35 Cu content Max Mn 40 wt. % X 5.955
6. 250 23. 20 CU content Max M n 5 TABLE 2 [err]
Sintering 20 WLI a-0865 6135 1000 Cu caontent Max C
Mn 10 nVBS TR Hoh R TeTs. o7(|Congasat Density 27 Qh3 Gemiemient Vax
M n |density| after (vol. %)
(g/cm3) sintering| after sintering
5 | Sample | (g/cm3)
Sintering| 20 wt. % |X [6.005 | 6.005 23.50
at 730 'Cl Cu content|Max| =~ '
Min
_ )
&wj 10 30 wt. 2 |X 5.970 6.020 25.30
Cu content|Max
Min
BERE
40 wt. % |X |5.955 |[6.050 . |25.70
- 15! .| Cu content|Max
| ! Mini ;
_ 3 _ _
Sintering! 20 wi. & [X 161005 |6.060 | 23.35
|at 800 C|Cu content{Max: E i
20: | Min :
- | o ! |
| : 30 wt. % |X '5.970 15.995 | 25.20
\~/ ; i Cu content{Max !
: ; Min | g |
25! f 6 ! %
i (40 wt. & [X 15.955 |6.070 25.35
{ Cu content|Max | l
. Min !
E | |
30 Sintering;ZO wt. % X 16.005 [6.135 23.00
at 850 "Cj Cu content|Max i :
: Min: é §
. &
130 wi. £ |X [5.970 | 6.135 123.75
35 |Cu content Max! E
| Min| |
i | :




40 wt. % X 5.955 6. 345 21.95 15 Cu content Max Mn

Qut.si de TABLE 2-continued Investigation item Quter . Change
Squeez- Hard- diane- in di- ing ness ter . nen- poi nt *
in25 after si on (kg/mm ) inner sin-
t hr ough di ame- tering sin- — ter (mm terig
surface (% [err] 10 San3£€>8intering 20wm. % X 12.0720
+0. 016 12.51 58.4 at [err] Cu content Max 12.09
12.91 60 Mn 12.06 12.11. . 57 _ J[err] 0. 00979
0. 299 1.28 15! 30wm. % X 12.0595 -0.086 12.89 -49. 0"
Cu content Max 12.0% 13- 33 50 Mn 12. 05
12.51 [er)r 0. 006380 4. 280 h. 89 40 wt| % X 12.0422
-0.230 11.94 . 4155 26{ . Céqjsb et ——ivex 2%?.“5
12. 28 26 Mn  1F0F R & 43 ). D0eA ‘#0339 2.25
Sintering 20 wt. 9% Cu ocotntert] B2 - 0. 039| 15. 65 65.8 at [err] Cu
content MBx 12.09 _ 32 71 25 _
Mn 12.04 14.74 62 Terr] D. 010241 - 0. 467 2. 44
30 wt. 6| X 12.0600 -0.082 |41 50 56. 9 |
Sintering| 20 wt. % | X 6.005 | 6.135 22.80
‘at 1000 | Cu content| Max
.C ~.
| Min o/
&
10| 30 wt. % | X 15.970 | 6.235 22.85
Cu content| Max
Min
)
bo wt. 2 | X 5.955 6.345 21.95
15 Cu content, Max,
Min
o
Outside



dJ content Max 12.08

15. 06 61 Mn 12.04 14. 26
51 30 [err]  0.01000 0. 305 2.59 40
w. % 12.0254 -0.369 12.85 47.9 Cu content Max 12.05
14. 31 152 Mn 12. 00 8. 37 47 _ [err]
0. 0116\/ 2.010 1.87 35 Sint q’ong 20 Wwt. % X 12.0032
-0.5537 23.18 68.4 at [err] Cu cont Max 12.01 23.58
70 Mn 11.99 23.05 66 6 0.00607 0.179
0 1.28 30 wt. % X 11.9865 -0.691 19.86 58.7 Cu content Max 12.00
20. 60 61 5 TABLE wLaoﬁiiﬂﬁed 19.51 56
6 0.00881 1 A 4192095 1 164 19 38
53.2 Cu cont enhaVRRE S l%ﬂs fon Tten” ke Ch%ﬂgﬁw;$%3?%ﬁr rd-
18. 97 45 10N\ diame- .1 1dH- | ing 0. Xéss
3.87 Sintering 20 W. % X 12.0280 }{..347 4.8 at_ 1000
Cu content Max 12.04 26. 9%’3 %%?M n1® %72““7 in
24.75 §0:i15 [erri_ 10. 00556 after |sion (kg/mm?) iMnes0?2 |
4.98 30 Wt % X . 9427 - 1. O3h- 26.[Ofrodgh|l Cu contlent; Jax |
11. 97 26.97 \.76 Mn 11.97 i 25.58 |69 [err]
0.01322 0. 354 2\26 20 tering | sfpw . | X 11.|874r -1.618
25. 06 70.1 Cu content X 11.90mm) tering 45. 76 Tt dte
11. 84 24. 36 - 67 _ [err] 0) 144 381
1.8 . (Y (or)
k/ 10 ! Sample . ;
- Sintering| 20 wt. % X 12.0720| +0.016 |12.51 58.4
at 730 "C|Cu content|Max|{12.09 12.91 60
Min|12.06 12.11 57
é |0.00979 0.299 1.28
15 30 wt. % | X |12.0595[-0.086 |12.89 -49.0 -
; Cu content|Max|12.08 113.33 | 50
3 Min!12.05 12.51 ; 57
i H
! 3 10.00630 10.280 " | 0.89
: 40 wi. & 1X 112.0422/-0.230 [11.94 i 41.5
20 ! . Cu content! Max;12.05 112.28 | 46
| L Mi n'12 03 L11.48 | 39
| | 16 o, oo6;1§ 10.339  © 2.25
% ' Sintering; 20 wt. % X [12.0652/-0.039 :15.65 | 65.8
,at 800 "CiCu content;Max;12.09 £16.35 71
25 1. 5 Minj12.04 14,74 62
i ; 4 |0.01024 0.467 2.44
130 wt. % |X |[12.0600|-0.082 |14.50 56.9 |
Cu content|{Max|12.08 15.06 61 ’
Min|12.04 14,26 51 !
30 4 |0.01000 0.305 2.59
40 wt. % |X |12.0254{-0.369 [12.85 47.9
i + Cu content} Max!12.05 14.31 52 '
f § Min12.00 §.37 57 g
; g 6 |o.01169 2.010 1.87
35 jslnterlngfzo wt. % |X |12.0032|-0.553 |23.18 68.4 !
at 85¢C C;Cu content| Max|12.01 1 23.58 70 ;



Not e:
shown in
shown in

Compact Density

The squeezi ng poi nt neans Radi al

t he above Table 1,
the following Table 3 in detail.
Ol content density after

the data of the sanple Nos.
(vol.. % (g/cnB)

crushing strength. 25 O the data
(4) to (6) are
TABLE 3 Investigation item

v,

23.35 at [err]

%

nt Max

sintering after sintering 5 Sanpl e
((g/cmB) _ Sintering 20 wi. % X 5.929( 6.090
Cu content Max +1.8 wt.% Mn Sn [err] 10 30 wt.
X 5.915 6. 060 24.60 Cu content Max +2.7 wt.% Mn Sn
6 40 wt. @% X 5.p35  6.160 124.60 15 | Cu contp
§3T§b6arﬁééz a Zhncﬁh?éﬁ{'REQ@ M1.99 +hé§'%?:9&£ 6 6hlgg
| 1 {6 [0.0860% . % ®.179.915 1.28.08p
24'42 a0 lec™ oo« [30 gk X ¢ - 986 éé?sébgudggh§§2t VaRS " 7
Cu content|{Max|12.00 20.60 61
5 Min|11.96 19.51 56
, % |0.00881 0.423 1.49
40 wt. % |X [11.9295(-1.164 |19.38 53.2
Cu content|Max|11.95 19.78 57
' Min|11.90 18.97 45
10 13 |o0.01116 0.249 3.87
Sintering|[20 wt. % |X |12.0280|-0.347 |25.58 74.8
at 1000 Cu content|{Max|12.04 26.95 87
‘C
Min|12.02 |._ 124.75 70 B
15 & ]0.00556 10.602 | L4.98 !
P30 wI, % X 11,0427 -1.03% 26.05 | 72.1
Cu content|Max|11.97  26.97 76 §
Min|11.92 | 25.58 69 3
& |0.01322 1 0.354 2.26 !
20 40 wt. % |X |11.8747/-1.618 ;25.06 | 70.1 |
Cu content|Max|11.91 125,76 § 73 :
Min|11.84 [24.36 | 67
4 [0.02144 10.381 1 2.12

25

Note: The squeezing pcint means Radial crushing strength.

Of the data shown in the ébove Table 1, the data
of the sample Nos. (4) to (6) are shown in the following
Table 3 in detail.



:3.6 w.% Mn Sn

[err] 30 Sintering 20 wt. % X 5.970
6. 215 21.90 at 850 *C Cu content Max +1.8 wt. % Mn 30 wt. %
% 5.915 6. 285 21.60 35 Cu content Max +2.7 w. %
M n Sn 40 wt. % X 5.935 6. 405 <€§1.20 Cu content Max +3.6 w.%
Mn 5, . Sn 6 TABLE 3-cont®™nued I nvestigation item
Qut er Change Squeez- Hard- diane- in di- 1ing ness ter
men- poi nt in 10 after si on [err]
i nner sin- t hr ough di ane- tering sin- ter (mm
tering surface (% TABLE 3H h) 15 Sanple Sintering 20
w. % X 1R _02fivestBgdaf30onl6t8R ¢émBadt| PeHsity“l| 69T 8Bkt 2.
17. 96 74 .04 15.5é P /1 &y Ferrt Bﬁ3.00647
0. 730 0.8D 20 30 wt. o4.9ensity| gf3sr o apdvols. %1
67.7 Cu-conteht Max 12.0 28/04°) sintédilNghatZeB0sinterin
17. 68 4 [gg&b 0. 00881, 10. 726 2.723%0 M. % X 11.9%97
20,913 19 02[=2PLE g _ | (g/cm
Sintering| 20 wt. % |X 5.970 6.090 23.35
at 730 °C| Cu content| Max '
+1.8 wt.% | Min
Sn ' & o
10 30wt. % |X [5.915 |6.060 24,60
K./’ .
Cu content| Max
+2.7 wt.% | Min
Sn 6 |
40 wt. % |X [5.935 |6.160 24.60
15 Cu content| Max|_
o +3.6 wt.% | Min |
’ ! Sn Ly | _ | f
Sintering| 20 wt. % X 5.970 6.100 23.10 [
jat 800 "C! Cu content| Max .
20 | +1.8 wt.% | Min '
| - |
' Sn | & _ : L
30 wt. 2 (X 15.915 :6.080  :24.40 :
W Cu content%Max? é f
L +2.7 wt.% | Min] ; i i
25 | Sn 6 | 5 : |
i40 wt. % |X |5.935 [6.230 23.85 ;
Cu content| Max i
+3.6 wt.% | Min
Sn )
30 |Sinteringl 20 wt. & |X 5.970 6.215 21.90
- lat 850 °C|Cu content|Max '
+1.8 wt.% | Min
Sn 2
30 wt. % X 5.915 6.285 21.60
35 Cu content| Max
+2.7 wt.% [ Min




25 Cu content Max 11.98 19. 87 67 Mn 11.94
17.94 62 [err] 0.01150 0. 469 2.07 Sintering 20 wt. % X
12.0298 -0.333 24.18 76.2 at 800 C Cu content Max 12.05
25. 29 79 30 Mn 12.02 ) 23.13 .
74 [err] 0. 00761 0. 546 2.—%9::‘30 w. % X 11.9802 -0. 74@/
25.15 72.1 Cu content Max 12.00 - 25. 47 75 Mn 11.96
24. 39 70 [err] 0. 01036 0. 315 1.37 40 wt. % X
11.9267 -1.187 23.45 70.4 5 Cu content Max 11.96
25. 39 72 Mn 11.88 21.84 69 [err] 0. 01555 0. 987
1.20 Sinterfing 20 w.}] % X 111 972F -0 .80p 31.90 80.1 at [erf] Cu
content MaxX 11.99 | Sn b 32. 47 82 10 M n
11. 96 T ] o terti—90-06865—
[err] [err] %%%Vé.. % | X g'g§.58886°“9§.503 21.20¢rr]
[err] Cu cqntent Ma¥iCulcoritemty Max] . 85 31.51 15
[err] 0.(01605 40 W|., 90 i 1. -2. 040 [err] Cu content Max
11.87 24 40 | *Ewe el o200 ST 75
[err] 5 (01906 Sno 681 ® 1. 62 20 | Note: Thd squeezi ng point
means Radi al crushing strength EXAMPLE 2 (a conparative exanple) 60
parts by weight of iron particlei_ﬁ%g%tced'with 40 Wt . % copper was nmixed with
40 parts by—weight 25 of a br Fncentilnyed wt. % tin to prepare a
Investigation item 1Outer  |Change Squeez- Hard- .
diame- _in di- | ing ness o’
ter men- point in
10 after |sion (kg/mm?)| inner
sin- through diame-
tering |sin- ter
- - _ | (mm) tering surface
(%) | (th)
15 Sample : - ) :
Sintering! 20 wt. % |X |12.0467|-0.193 |16.88 72.0
at 730 "ClCu content{Max!12.07 17.96 74
Min|12.04 15.54 71 :
d |0.00647] 1 0.730 0.89 §
20 30wt. 2 [X ]12.0135{-0.468 119.14 | 67.7 ! )
Cu content| Max|12.04 20.04 1 72
Min|12.00 17.68 | 64
& |0.00881 0.726 | 2.72
40 wt. 2 X 111.9597}-0.913 [19.02 63.9
25 Cu content{Max|11.98 19.87 67
Minj11.94 17.94 62
b 0.01150 0.469 2.07
Sintering| 20 wt. % |X -|12.0298!-0.333 |24.18 | 76.2
at 800 "C|Cu content|{Max|12.05 25.29 79
30 Min|12.02 23.13 ; 7t §
3 |0.00761| 0.5%6 | 2.09 |
30 wt. % X 11.9802(-0.743 {25.15 I 72.1 |
Cu content|Max|12.00 25.47 | 75 |
Min|11.96 24,39 70 f




&

starting materi al
and 3.6 w
was conpacted at a conpact density ratios of 65%

w . % copper;

respectively,

to prepare three kinds of green conpacts.
of eagh-of the kinds were sintered at a te ur
produgéqtmo ki nds of sintered alloys the nRér&%

powder theoretically consisting of:
% tin.

36 wt.%iron;
The thus prepared starting materi al
70% and 75% 30

e of [err] or

60. 4
powder

The green conpacts
[err] to
properties of which are

shown in the foll ow ng Table 35

35

4.

Table 4 Sintering

Conpact

compacts. The green compacts of each of the kinds

were sintered at a temperature of 800°C or 850°C, to
produce two kinds of sintered alloys the material
properties of which are shown in the following Table

4.

- Quter Change rate tenperature density dianmeter’ in dinmensions [err]
- [err] of sin- Conpact tered tered alloy, 5
density al | oy through $in- ratio
(m) 65 300 5. 551 [efr] [err]|850
5.551 [erf] 10 710 800 % Q;01036 . 913 0.315 [ern]3850
?égﬁg Z?cont'nJeEOES 40 Wtq.ipginterégq@ggg*_l'lgaﬁaraenlng f 'Fegfr
density potosity in ejdConpaent|Maern]l- 96of |sin- 1&@0e3%f | 72 [erf]
density tered si ntlef;ed 1natgigo 21.8' aEI@»
35 00 6.058 | 27.82 | 5500 16 |0m1s53"N % jo eer™ AT
Sintering| 20 wi. % X 11.9727{-0.206 {31.00 801
i at 850 “C|[Cu content Max|11.99 3245 g2
\'j 10 | Min}11.96 | 3160 T
. ;6 10.00863, X I
5 30 wt. % iX . 11.8885/-1.307 ;32 TR
% Cu contentiMax 11.91 NG & é
| 'Min|11.85 | 313 R E
15 | $ 0.01605 SRRy Cozoan
B0 wT. % X 11.8237%-2.045 ThzLor _—Z_ i
5 Cu content|Max|11.87 | a0 8D i
| Min{11.77 132.2: 175 3
$ lo.01908;  io.6¢:i [ 1.62 |
20 Note: The squeezing pcint means Radial c¢rushing strength.
EXAMPLE 2 (a comparative example)
' 60 parts by weight of iron particles coated
with 40 wt.3 copper was mixed with 40 parts by weight
25 of a bronze containing 9 wt.% tin to prepare a
starting material powder theoretically consisting of:
36 wt.% iron; 60.4 wt.% copper; and 3.6 wt.% tin. The
thus prepared starting material powder was compacted
at a compact denéity ratios of 65%, 70% and 75%,
30 respactively, to prepare three kinds of green



70 6. 100 27. 46 47.60 6. 442 23. 36 67.90 25 75

6. 520 22. 46 62.80 6. 84 3 ~18.65 79. 10 40.42 Note: The
squeezi ng poi nt neans Radi al crushing strength Incidentally, the sanples
shown in the above Tables 1 to 4 are given for the purpose of 30 -
illustration of the present invention-and are not intended as |i m'tati~-’,gp of
the present invention. the nost inportaptL;egture of the present invention
consists in a copper or copper-based alloy coating with which each of the
iron particles is substantially 35 cowpbgeehy coated so as to be
prevented from rusting. it St erd € -of g greer—¢

cont ai ni ng al i ni um o tsilr?%yglﬁ{og\zver t ha ot 4 greéeﬁ‘ Hpadiet
contai ni ng copper. |n FdFHRMRGT,2 e [grdearpi gtitameontal nimg! ialeurd id
tinis also good 5 ifin (Canypr essi bi |l i(tg//c(ni3.)e. Sasd ess; i.n- coppaction
mechani cal st %rg)?‘(t?@cetn adaptability to the counterpart’ of a bearing
of a sinteredjalloy prdduced from such green [cdfgact, whiicH ootk ioperti es
are subst &nti adlepsiidantli cal with thase of a 1[0 alldireen GORAGL: igyhiich
each of the ifenpartigles is coat eiwith coppgrm,_‘and those of the resdjl t ant
sintered alloy produced therefrom descri bed "above, .in thé'sintered

all oy of the bédent i ffventi on, iron of the ijron particles: 15 forms a

strong matri x; @xcel | ent _ igngrechani cqgl sstsangtih,: whid.e t'he .copper or—i "
copper - based al | oy coatfigs formed—amthe ron-particl es effectively——
prevent the i LQQ—’—LD-HJ—?’-UB Z%hg, | aver 2 -Poilctilor lco8tFi ci ent. iof- the al Loy, |
and i nprd®e theoal | oy ijn 8iots i 5.913 R ST — -’
850 F5.913 0 ¢ itlves - ;
75 800 6.350 | 11.%: T
850 6.350 | i1.7ecr .t T
Table 4—conti£¥¥g ) | T
15 { Sintered% Cpen Ha§5?5553
i density i porosity| in end
Compact (g/cm3) E of sin- face of Dot
density tered siniered
ratio | alloy - allcy
20 (%) _ (vol. %) (Heh)
65 5.770 32.10 2% .90
6.058 | 27.82 55.90 ¢ ... o -
70 6.100 27.46 47,60 L. ' ~
| 6.442 23.36 67.9C - .. '
25 |75 6.520 22.46 62.80 | <3.57 -
6.843 18.65 79.10 | u5.s2
Note: The squeezing point means Radial C;Qz;;ﬁg";;rcng:h.
Incidentally, the samples shown in the above
Tables 1 to 4 are given for the purpose of
30 illustration of the present invention and are not

intended as limitation of the present invention. the
most important feature of the present invention
consists in a copper or copper-based alloy coating
with which each of the iron particles is substantially

35. completely coated so as to be prevented from rusting.



20 adaptability to the counterpart or journal when the alloy serves as a
bearing. In addition, the sintered alloy of the present invention is also
excellent in thermal conductivity and may be produced through sintering
conducted at a relatively low sintering 25 tenperature. Nanely, it is
possiple to easily produce the sintered all oé‘_zthe present invention.
Consequently, we believe that the present - nvie on contri butes so nuch to
the industries. 30 35 CLAI M5 1. A sintered alloy material suitable
for an oil-retaining bearing having an open porosity ranging 5 from
15-28% by vol une, THRardtEi A SHRHAT WA PhintBE AIRAHas a sintering
structure conpri sidithtdisGIef e In\giringn Ar igion i Mweah dHih edidd &f a

peri pheral surface of each of the iron particles is oatﬁﬂ.t\/\jth h

copper - based al | oy~ S5 &SRRy IHA N9 FOPPYt- 45&32%0 " Wel ght " of iron
and 18-55% by wei ghteeof coqgeart based ialilngy .aliminium Asitirericd alsoygood

material as @l ai mgd, L%nﬁ]%gsgiir]ﬁie% :(ij]n. & al g Sopes ;)i?fijf@ngalééji’%fﬂ 5,

a-copper-tin-alloy a . 0y consists | . 5% by 15

wei ght of iron, 13efNEBoAAL bl fRgdT acrt%p?éiamldlw B wei ght of tin.

3. A sinteretdidi@rpiderdfla ase4d ddrachdd ¢ a Mihtah edmspi d

copper-based alloy is. a copper-zinc alloy and the si q;t.ered al ] oy consists

of 50-82% by 20 PRRAYIRY o 9% GHi<te- P WRAH - ot hFC%hnd 0. 8- 14. 8%

by wei ght of zinc.proberties Arsd rdwysachred 1a0y) yraitdntalcaols wd eh neitbse ef ad m
10 green compact in which each of the iron particles is

b.

coated with copper and those of the resultant sintered
alloy produced therefrom.
As described above, in the sintered alloy of

the present invention, iron of the iron particles

15 forms a strong matrix excellent in mechanical
strength, while the copper or copper-based alloy
coatings formed on the iron particles effectively
prevent the iron from rusting, lower a friction
coefficient of the alloy, and improve the alloy in its

20 adaptability to the counterpart or journal when the
alloy serves as a bearing. In addition, the sintered
alloy of the present invention is also excellent in

U thermal conductivity and may be produced through
sintering conducted at a relatively low sintering

25 temperature. Namely, it is possible to easily produce
the sintered alloy of the present invention.
Consequently, we believe that the present invention

contributes so much to the industries.

30



{
1, wherein said copper-based alloy is-a copper-zinc- nickel alloy and the
sintered alloy consists of 45-82% 25 by weight of iron, 6-47.5% by
wei ght of copper, 0-.-8- 14.8% by wei ght of nickel. 5 . A sintered *
al l-oy material as clainmed in claim1, wherein said sinteredall oy further
contains--0.3- 4.5% by weight of at |eas e-solid lubricant. 30 ‘"
A sintered alloy material as-clainmed i-n clartm 5, wherein the solid

| ubricants include graphite or nol ybdenum di sul phi de. --- 7. A
met hod for manufacturing the sintered alloy of clains 1 to 4, conprising
the steps of-- 35 (1) mMOLAIMS100 parts by wei ght--of iron

powder coated wi th copper or copper-based alloy with 11-82 parts by wei ght
of additional non-ferrous netal alloy powder; (ii) conpacting said powder
mxture into &-5 gPe&intemsscal 1Ay ima teirdedy isnd tedile frade®conpact to
produce a sinpghededhbliaing@Bdaldivy BaZiing & SpeinniRred idlyl ®ardya fy oduce an
all oy product. 10 8. A nethod for manufacturing the sjntered all oy
of ciain?5 or TEPH e 2E8mb¥ ity Ere cg‘laéﬁs'"t(?fr:lz %) 0 tngsafﬁalo parts by
wei ght of irosipoeded eaddiogdhaist la cdperioy Gaperturasedrgdicying th 11-82
ol ther m xi na -RE e FEERE SpRudar o SLPEat 115, STSA ol T east one
sol i d | ubri caperipheyadospadiicey ofaied chowdert hei Xingme pianttd cd egr éen conpact ;
(i) sinteripgagaid g4eendpyRataded RNAYGE essentially consists '
10 of 45-82% by weight of iron and 18-55% by weight of W
copper-based alloy. i
2. A sintered alloy material as claimed in claim-
1, wherein said copper-based alloy is a- copper-tin
alloy and the sintered alloy consists of 45-8L.5% by
15 weight of iron, 18-49.5% by weight of copper and 0.5-
6% by weight of tin. . '
3. A sintered alloy material as claimed in claim
1, wherein said copper-based alloy is a copper-zinc
alloy and the sintered alloy consists of 50-82% by
20 weight of iron, 6-40% by weight of copper and 0.8-
14.8% by weight of zinc. -
4. A sintered alloy material as claimed in claim
1, wherein said copper-based alloy is-a copper-zinc- S
nickel alloy and the sintered alloy consists of 45-82%
25 by weight of iron, 6-47.5% by weight of copper, 0.8-
14.8% by weight of nickel. .

A sintered alloy material as claimed in claim

(9]}

1, wherein said sintered alloy further contains-G.3-
4.5% by weight of at least one ' solid lubrican+%.

30 6. A sintered alloy material as claimed in claim
5, wherein the solid lubricants include graphite or
molybdenum disulphide. -
7. A method for manufacturing the sintered alloy -
of claims 1 to 4, comprising the steps of?

35 (i) mixing 100 parts by weight of iron

[T .




20  a sintered alloy; and (iv) sizing said sintered alloy to produce an

al l oy product. 9. A nethod for manufacturing a sintered alloy as
glainmed in claim8, wherein the solid lubricants 25 i ncl ude graphite,
nmol ybdenum di sul phi de and | ead. 10. A mejhod for manufacturing a
S|nte{§d alloy as claimed in claim?7, where&n/said copper or copper- based
alloy With which said iron powder is coated applied to said iron powder
t hrough any one of process 30 conpri sing electroplating, hot di ppi ng,

el ectrol ess deposition, flame spraying and dry plating, and wherein said
copper - based aIIoyocdarlngabﬂdthetthQPpemder copparnbased atlapreitbtal s

sel ected from et gf 5 §° fté'ﬁg é%ggnUHIEOQBSEtlbﬁég n5h”fer95859h8t§§

alum nium cobalt, c trtanium manganese an
tungsten, and mhe@éiﬁYsaPUdéépper-based all oy may addltlonally cont ai n

phosphorus and sulfur. 11¢ii) AoRBhBeUn§Osa@NPEAGEHr hDgtarsi Dheped al | oy
as cl ai ned |$ claim 10, wherein said iron powder is 5 " coated with a
a

brass essentd al | yY3t8R8i SPPRESHF copper and zi nc. 12. A net hod for
manuf acturing a sintered aiiloy asnsetrifigrsaidingetanncdfipavhetei prediudei ron

powder is coated n senptally consisting of copper 10 and
tin. 13. A ne hog ?epgﬁaéﬁ%géfugbﬁg a sintered alloy as clained in

claim 10, wherein said irbhvpondering saidedinrehedephbnyskbveroggsenapal ly
consi sting of copggioy ?rgggggy wei ght of zinc and 3.5-35% by wei ght 15

of nickel. 14 for manufacturing a sintered alloy as
; A method for manufalturing the sintered alloy
N

of claim 5 or claim 6 comprising the steps of:
(i) mixing 100 parts by weight of iron
powder coated with copper or copper-based alloy with
11-82 parts by weight of additional non-ferrous metal
15 ~alloy powder and further mixing the resulting powder
_ mixturé with 0.5-5% of at least one solid lubricant;
(ii) compacting said powder mixture into a
green compact;
(iii) sintering said green compact to produce
20 a sintered alloy; and
(iv) sizing said sintered alloy to precduce an
alloy product. '
ij 9. A method for manufacturing a sintered alloy as
claimed in claim 8, wherein the solid lubricants
25 include graphite, molybdenum disulphide and lead.
10. A method for ménufacturing a sintered alloy as
claimed in claim 7, wherein said copper or copper-
based alloy'with which said iron powder is coated is

applied to said iron powder through any one of process

{r)
o

comprising ele;troplating, hot dipping, electroless
deposition, flame spraying and dry plating, and
wherein said popper based alloy coating on the iron
powder contains” LWO or more metals selected from
metals compr151ng silver, copper, lead, zinc, nickel,

35 aluminium, cobalt,'chromium, molybdenum, titanium,

‘AR O )L



claimed in any one of claims 7 tol3, wherein sai.d iron powder coated with
copper or copper-based alloy is further m xed with an additional powder of

any one of 20 addi tional non-ferrous netals conprising Ag, Cu, Sn, Pb,
Zn, N, A, G, M, Ti, Mi, W Sb, As, Be, Bi, B and In, .said additional
o

netal s; or a phosphorus/sul fur powder.

A met hod f or

non-ferrous netals; pomders of oxi des of s?ﬁé addi ti onal non-ferrous

nanufacturlng

a sintered alloy as clalnEdl

powder coated with said copper or copper-based alloy is further m xed

an addi ti onal
30 16.

powder of a brnzs essentlally onsi.sting of copper and zinc.

R2REPRGA St BPAmkiEES i A %a SIS e Y GPRREIbASRSY

Ia|n114 wherein said iron

W th

in

claim 14, mhereamlsalmayraddpmw@ealdgabedﬂmﬂhhpﬁma@h@&m&ehn@rsmﬂpnﬂTlcoated
alloy is furtheg;m xed i l P r of tia
/ gl t ﬁ%@’é’s% 'f%%%fa %\ﬁ%% %’lfno ShTe cotyuﬁ ng a

consi sting of

sintered alloy &
Wi th sai d Toppeeckc@ORReh 808Yad sAlelsQ¥ it shunt h%rnsfi'&% ghideh

cogper an

aimed| apnedaiim épalWhﬁ4elwhéﬁednlgmmjnqmd@rpowder coat ed
ddi tional

powder of GCerman- gllver essentially consisting of copper,” 15- 35/6by wei ght

of 5 zZi nc

afd®3%30859% by wei ght of nickel. 18. A net hod for

manuf act uri ng a12|ntered abkhpda§oalaaﬁﬁdab&u&h&@ﬁbléanwh&@@lﬁluhgrQ@ﬁtent

of said nicke

Geromp- s silv is.in the range of -8. 0% ght .

10

19. A netho “f6r nanuPagtSﬁFhéOd sPﬁr§ﬁ8d55H|ojr§? R (jﬁﬁlcla|n17

wherein said i

ronapeddwi tboat &donizeh essppen adrl yc appeisitdsed ofl lcoppex

further moxed wyhh fap,additional powder of an oxide of an additional

15

20

25

30

35

13. A method for manufacturing a sintered alloy as
claimed in claim 10, wherein said iron powder is
coated with German-silver essentially consisting of
copper, 15-35% by weight of zinc and 3.5-35% by weight
of nickel.

14, A method foi manufacturing a sintered alloy as
claimed in any one of claims 7 tol3, wherein said iron
powder coated with copper or copper-based alloy is
further mixed with an additional powder of any one of
additional non-ferrous metals comprising Ag,'Cu, Sn,
Pb, 2Zn, Ni, Al, Cr, Mo, Ti, Mn, W, Sb, As, Be, Bi, B
and In, said additional non-ferrous metals; powders of
oxides of said additional non-ferrous metals; or a
phosphorus/sulfur powder.

15. A method for manufacturing a sintered alloy as
claimed in claim 14, wherein said iron powder coated
with said'éopper or copper-based alloy is further
mixed with an additional powder of a brass essentially
consisting of copper and zinc.

l6. A method for manufacturing a sintered alloy as
claimed in claim 14, wherein said iron powder coated
with said copper or copper-coated allby is further
mixed with an additional powder of bronze essentlally
consisting of copper and tin. '

17. A method for manufacturing a sintered ailoy as

T

W

o



W
non-ferrous netal, said additional powder of said 15

t:o metal in a reducing atnosphere during a sintering process. 20.- A
et hod for manufacturing a sintered alloy as clainmed in claim19, wherein
sai d ‘oxkde of said additional non-ferrous netal is |ead oxide. 20 25 30 35
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claimed in claim 14, wherein said iron powder coated
with said copper or copper-coated alloy is further
mixed with an additional powder of German-silver
essentially consisting of copper, 15-35% by weight of
zinc and 3.5-35% by weight of nickel.

18. " A method for manufacturing a sintered alloy as
claimed in claim 17, wherein the content of said
nickel in German-silver is- in the range of 3.5-8.0% by
welight. '

19. A method for manufacturing a sintered alloy as
claimed in claim 7, wherein said iron powder coated
with copper or copper-based allcy is further mixed
with an additional powder of an oxide of an additional
non-ferrous metal, said additional powder of said
oxide being reduced to metal in a reducing atmosphere
during a sintering process. _

20. A method for manufacturing a sintered alloy as
claimed in claim 19, wherein said oxide of said

additional non-ferrous metal is lead oxide.
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