of Produci ng Bronze-Based Sintered Bearing Material This ubVéhfLoafl

to a nethod of producing a bronze-based sintered bearing materiaf
has hi gher strength than the conventional products. As is well LI
for production of bronze-based sintered alloy products, there is 4
used as starting nmaterial either powder bf~bronze itself or a mxture of

copper, and tin powders. The nethod 10 of the present invention has been
developed for MgsBee. ofi frqducing EEQPéE:EEéggrﬁhﬂﬂﬁﬁﬁélggiEbﬂﬁce st andar d
process for productian of sintered bearing material according to powder.
metal | urgy w jefly described. First, 15 zinc stearate or other
powdery | ubricant igs .added | a f 0. 9% by, | 1.n powder
of starting nateri gﬁ’,l%f %W%o%da%;/ g%#?%%lgeﬁtg n%q %n%?{g#h%%\e#gga%cg\%_re i's
conpacted in g %&%ﬂz@uﬁé%éﬁﬁg{ﬁfgfgapSeEQQnéhﬁH¥gﬁfﬁlt@ﬂiEH”paCt IS
sintered 20 in a sintering furnace and then subjected to sizing and oi

| npregnati gn. KGRANGRGHIY ddterid O eEhAH $heP cWhividht Sforfa DB ocdAeksi Ve factor
in the quality characteristics of the sintered alloy, there are generally

used 25 two t¥pes sOwelintididwe, f EbPapesanditlon dHabEdnze-based

s

sintered alloy products, there is used as starting
material either powder of bronze itself or a
mixture of copper and tin powders. The method
10 of the present invention has been develdped.for
appli;ation of the latter.case.
In the first place standard prbcess_for production
of sintered bearing material according to powder .
metallurgy will be briefly described. First,
15 =zinc stearate or other powdery lubricant is added
in an amount of 0.3 to 2% by weight into powder
of starting material, followed by sufficient mixing.
Then the mixture ié compacted in ‘a die into a
desired shape and thereéfter ;he compact is sintered
20 in a sintering furnace and then subjected to sizing
and oil impregnation.
Concerning the sintering step which is a
most decisive factor in the quality characteristics
of the sintered alloy,'there are generally used

25 two types of sintering furnaces namely a batch



- 2 - type one, which is usually used for snall scale sintering, ‘and a (Z;j
conti nuous type one, which is suited for mass-production. The conti nuous
type fusnaces are of a sidewi se 5 elongated tubular structure and are
classified into several different systenms according to the charge (conpact)
nmovi ng nmechani sm 'nanely the nesh belt system using a heat-resistant

al loy- made steel belt; the pusher systemin which the .10
cdﬁpabt-containing si nkering boxes areZpashed into the furnace in
successi on hal f-continuously; * the roller system the lift beam
system etc. tgbe oheyhwbdchydSemsuadly asntifr Isnalhisarlstructure
conpri'sing a conpact preheating and 15 dewaxi ng chanber, a sintering
chamber and &i8&8FiRg cRARDEr CRNtARYERS F¥RAUSNGr HREFR i8Il et side of the'
furnace. Usually a reducin% at nosphere such as generated by hydrogen gas or
di ssoci-at ed §Hﬁ%ﬁ§af&£sm?§ 7RTRSYFHLY nt r af ur nace at nosphere. The
sintering step isggivided,into two stagges; dewaxing as_the.first stage and

sintering as the S88oRENELRYOUS FYPf% FILACKY £FF (P 2oFpAEYIFE passed
through the piseatind. and s g AR LIPS  &'c fal gl BILYC! Y oW
into several different'syétems according to the
charge (compact) moving mechanism; 'namely the
mesh belt system using a heat-resistant alloy-
made steel belt; the pusher system in which the
.10__compact400ntgiping sintering bokes"are“pushed'
into the furnace in succéssion half-continuously;
the roller system, the lift beam system, etc.
All of these systems have a basically similar
structure.COmprising a compact preheating and
15 .dewaxing chamber, a sintering chamber and a cooling
chamber arranged in order from the inlet side
of the’ furnace. '

Usually a reducing atmosphere such as generated

by hydrogen gas or dissociated ammonia gas- is
20 used as intrafurnace atmosphere.

The sintering step is divided into two stages;
dewaxing as the first stage and sintering as the
second stage. In the first stage the compact
is passed through the preheating and déwaxing

25 chamber at a relatively low temperature to evaporate



bhassed through the sintering chanber kept at a predeterm ned high
fperature to effect sintering, which is followed 5 by gradual coolimng
down to roomtenperature. The standard sintering conditions in the 4
conventional bronze-based sintered bearing material production process are
a dewaxing tenperature of about [err]; with a heating rate up to said 10
dewaxi ng tenmperature of 10 to [errf/min ; and- a sintering tenperature; “w

800 [err] Fig,, 1 illustrates, t heat i ng curve_which the conpact undergoes
in theis%ﬁ?@rFH& JURF 168G R ¢ %Mf?@ﬁéh%hg%n%ef?ngaeby "A" indicates 15

t he dewaxin t ep _.and e range . defi ned "R' iLnhdjicates the sintering and
cool i ng §F8§P%Tﬁ§a§Fbﬁ%E-6§g‘ %ﬁrﬁ%n%ﬁf%?@céifﬁgghc?éeobtained by mag of
such a d i i [ r | ' sphere have a

radi al 2 ngéﬁs'}gln g%sl'l?rdg)tneg{ h od?\sﬁ?S%'#%%%ﬁ?#‘?légg%\%m&pkg/ m®. Since

oi |- Wpr%aﬁsh%at%%r R JPSI %ﬁdéeéfhd,”%ﬂéﬂtigeﬁﬁﬂb%h_ el enent in the
art of technology, it is naturally desiTable to elevate 25 its strength as
hi-gh 8s BgsgirBlki@alo ddati R ddif a@s&bom temperature.

@ away the lubricant in the conpact, and in the second stage the conpact

The standard sintering conditions in the
conventional bronze-based sintered bearing material
production process are a déwaxing temperature
of about 400°C; with a heating-raﬁe up to said

10 dewaxing temperature of 10- to 30°C/min: .and a .
sintering temperature: 800 ~ 20°C.

Fig. 1 illustrates the heating .curve which
the compact undergoes in the sintering step.

In the curve the range defined by "A" indicates
15 the dewaxing step and the range defined by. "B"
indicates the éintering and cooling step.

The bronze-based sintered alloy products
obtained by way of such a dewaxing and sintering
process in a reducing atmosphere have a radial

20 crushing strength constant of slightly above 18
kg/mm?.
_Since oil-impregnated bearing material is
an important mechanical element in the art cf
technology, it is naturally desirable to elevate

25 its strength as high as possible so that an increased



degree . freedom for design is ensured. However , strenghtening of beari n
Ls not easily achieved. This is because essential requirenments for the >

oi | -inpregnated ‘bearings 5 are that they not only have high wear
resi’stance themsel ves, but also can minimze wear oc the shafts w -h-which
sai d bearings are brought in contact and that they are as porous as
powl e, so that they can be inpregnated with a Large quantity 10 of

oi L-TubricaRt. Hence .the usual strengthenigag neans avail able in powder
‘metal lurgy, such as addition of a strengthening el enent, of conpaction under .
hi gh oressure to acfifife hgheLgersizby Gasdyhhus easseqdent | over
porosity), and as oft'en 15 applied to the nechani cal conponent parts such
as gears cannct be applisévethe spresenhenivgnbionzaakes pesskbké a
phenonenal increase Ln the strength of the bearing Metal material, while
mai Nt ai ni ng their essenti adazjuad ixcopitGedhar Aoti6r LSt PESAUBP PAPRBVEAY t he
preheating and dewaxi ng step that precedes sinteri n%. According to one
aspect of the invent3®h =3RS iSDrod Féd 4 RECABATEEr °FREATEPNg
bronze-based siniered bearing material .according_to powder .25 netallurgy
by usi ng powdere%j c%b‘bé’r“*’a?\d:q"b%ﬁd@r“e&ml-’ R e

themselvas, but also can minimize wear of the

shafts wizh which said bearings are brought in

contact and that thev ars as porous as possible,

30 char they can be impregnated with a large gquancity
18 of oil-lubricaat. Hence the uysual strangthening

means available in powder metallurgy, sucn as

addizion of 3 strengthening element, of compaction

inisr aigh pressuré o achliesva higher density

(arnd =hus consagquent lower porosity), and as of€en
IS applied to the.meéhanical ccmpoﬁent parks such

as gears, cannct be apolied.

The oressnt invention makas possible 3 phenomenal

‘incr=2ase in the strangzh of the tearing metal

material, whiles maintaining their essential quality

dewaxihq s-2p that precedes sintering.

According to ona aspect of the invention,
there is provided a method.for producing bronze-based
sintered bearinglmaterial according to powder

.25 metallurgy by using péwdered copper and powderad



ti E;as starting materials, conprising the steps of m xing powdered copper, q

gered tin and a lubricant in a predetermned ratio, conpacting into ‘a
red shape, nmaintaining the conpact 5 in a reducing atnosphere insa
first fenperature range of between 415 to [err] for a given period of tines

to evaporate away said lubricant, further maintaining the conpact in an
oxi di sing atnosphere in a second tenperature range below said fifst 10
tenperature range for a few mnutes to effect an oxidising reaction, and
then subjecting the conpact to sinterjng in a reducing atnmosphere in a
third tenperature range which is conv tlonally used for sintering

br onze- based b%a%gn%t ateri al é ng her %H%n %he first and second

t emperature réhges FEEFERT T BESHbT o (AP e Mo itds g8t nosphere used in
sai d oxidi sing ggn oQg pé&Vé&??E d&%é% %RQCEBSC%OXIdISIng gas, but

usual ly the 20 obj ect acconpllshe y using the

at nospheric a_lubrfleeneueh QXpeleaéagr@impfa&&e A%g&étmggto anot her aspect
of the invention there is provided a nmethod of producing a bronze- based
sintered bearimgp matiesiakdasbapei nga incgpicvicey the wemphktr gy by using
powder ed copper and powder ed

in a reducing atmosphere in a first temperature

range of between 415 to 710°C for a given period
of time to evaporate away said lubricant, further
maintaining the compact in an oxidising atmosphere
in a second temperature range below sald flrst
10 temperature range for a few mlnutes to effect
an oxidising reaction, and then subjecting the
compact to sintering in a reducing atmosphere
in a third temperature range which is conventionally
used for sintering bronze-based bearing material
15 and higher than the first and second temperature
ranges.
It is to be noted that the oxidising atmosphere
used in said oxidising step may be ptovided by
| using a épecific'oxidising gas, but usually the
20 object can be equally well accomplished by using
the atmospheric air for such oxidising atmosphere.
According to another aspect of the invention
there is btovided a method of producing a bronze-
based sintered bearing material according to powder

25 metallﬁrgy by using powdered copper and powdered



tin as starting materials, conprising the steps of m xing powdered Cooper,
powdered tin and a lubricant in a predeternined ratio, conpacting the

m xture Tnto a desired shape, heating the 5 conpact at the heating rate of
hi gfer than [err] until reaching a first tenperature range of between 400
to [err] in an oxidising atnosphere and maintaining this tenperature range
for{ a,given period of tine to evaporatg away said lubricant, and then
sintering 10 the conmpact .. in a .second tenperature range for: a given

period of ting,nda ieduging Aldms; e, -SaL fi Spgond, Legperature range
jzE 2 Jedusing ettt Se@;@?- EEONDL L g

bei ng ‘a rang ichis conventlo y u or sintérrng bronze- based

bearing mat etjgaln jadhdiRle AR f | [Swd EPDET ALHT 8nd5, range. Thus the
i nvention provides a néw and uni que nethod of produci ng a bronze-based

sintered beanimg icserinla At Seeld®Ntasis eNSbHpabyifdgwaxing in a
reduci ng at nosphere foll owed by oxidising 20 reaction in ah oxidising
at mospher e Wtiheh mikduieoripaicate @ el e s Y@ X | g anglg StRéer i ng
Alternatively, the invention enbraces the production of bronze-based
si ntered beacompacs- arti adhehdndaty rexaeldendf sh 1 gngt hetbyn d80RARj Agni N an
oxidising 25 atnosphere. -
until reaching a first temperature range of between
400 to 750°C in an oxidising atmosphere and maintaining
this temperature range for a given.period of time
to evaporate away said lubricant, and then sintering
'10 .the compact in a second. temperature.range for - -
a given perioé of time in a reducing atmospheré,
said second temperature range being a range which
is conventionally used for sintering bronze-based
bearing material and higher than the Eirst temperature
15 range.

Thus the invention provides a new and unique
method of producing a bronze-based sintered bearing
.material having excellent strength, by dewaxing
in a reducing atmosphere followed by oxidising

20 reaction in an oxidising atmosphere which is incorporated

between dewaxing and sintering.

Alternatively, the invention embraces the

production of bronze-based sintered bearing ma*erial
having excellent strength by dewaxing in an oxidising

25 atmosphere.

&



{i;>hbm1the present invention will be described in further detail with

erence to the acconpanying draw ngs which illustrate two enbodi nents’
t hereof by way of exanple only, and in which: 5 Figure 1 is a tenperature
time characteristics diagramillustrating the heating curve in the _ )
conventional dewaxing and sintering process. Figure 2 is a tenperature-tine
characteristics diagramillustrating the heating curve in a dewaxing 10

and sintering process according to a first enbodi ment of the invention, ot

and Figure 3 iy W@ YrAddft iR shBs Rk £11 SbbCaedbagham il l ustrating the

heating curve in a dewdaxing and sintering process according to a second

enbodi ment n1F Q% Hehe ddveant ikiieh Fidfdredde Eérﬁﬁeegééghﬁﬁﬂ?iﬁﬁ the .
invention wll be described. Powdered copper and powdered tin are.m xed in

a ratio ofr3MngeoRPach tid 106t 1y , twddetiboRiROnte thegedifxture is added
zinc stearate as lubricant in an anount of 0.3% based on the total anbunt

of the coppowiali of exatplid eynloomdmed iom whishtficient mxing, the mixture
is conpacted in a die to formmany sanple specinmens in a cylindrical form
each 25 ©&figuirech has aotempedatsnrecring diBaractennetidisanet er
diagram illustrating the heating curve in the
conventional dewaxiné and sintering process.
Figuré 2 is a teﬁperature-time characteristics
diagram illustratihg the heating curve in a dewaxing
.10 and sintering procgés.agcgr§iqq_§q:§ first embodiment
of the inveﬁtion, and | -
Figure 3 is a temperature-time characteristics
diagram illustrating the heating curve in a dewaxing
and sinter;ng process according to a second embodiment
15 of the invention.
First, the first emBodiment of the invention
will be described.
Powdered copper and powdered tin are.mixed
in a ratio of 91% (copper) to 9% (tin), and then
20 to this mixture is added zinc stearate as lubricant
in an amount of 0.3% based on the toﬁgl_amount
of the composition, and after completion of sufficient
mixing, the mixture is compaéted in a die to form

many sample specimens in a cylindrical form, each

25 of which has outer diameter of 18 mm, inner diameter



-7- 10 mm lenqgth of 14 mand green density of ex t for sintering the _
specimenss in different conditions they were divided into four groups to 2
tvl and dewaxed and sintered under dewaxi ng and sintering conditions as
shown in Table | below. TABLE 1 Preheating and dewaxi ng conditions Specinen
groyp Tenp. Heating rate Radial cru.shing 10 No.
([eﬁk}é'-AtnDsphere ([err]) stréength of sintered material (Kg/ mR)

30

700 Reduci ng- - 7 30 Oxidising 15 rr

400 Reduci ng 30 . 19 111 - 700 Reducing

30 e 10200 V] anaen of 709 @ XidiSINGan dansisd5s: 26 The
speci mens of GPOUS’ILFﬁ’fﬁEC%ab g aﬁﬁhﬁ 052'5féﬁ%f%d‘é2c8rding to the first

enbodinentfogsgocphe invention and they are treated by using a continuous
sintering TufRdceé of a type in which he dewaxi ng chamber and the sintering

chanber are sepangte Lo each other UL sannected by aippshhel t. Each
specimen is suppli'‘ed into the 25 “dewaxi ng chanber In a reducl ng
atnnspherecopggkggns they weara divided into four groups
5 [ to [¥ and dewaxed and siatered under the dewaxing
and sintering conditions as shown in Table 1 below.
TABLE 1
Preheating and dewaxing conditions
Spggimen,q:ogp Temp. _.n;.. _ﬁag;;ing rate . Radial crushing
ld No. (°C) Atmosphere (°C/min) stréngth.of” |

‘sinterad macarial

(Kq/mm’).
L 700 Reducing- _ 30 30 °
Oxidising
13 Ir 400 Reducing 30 19 -
[II 700 Reducing 30 20
v 700 Oxidising 55 - 26

The specimens of Group I in the table ar= those
prepared.according to. the Eirst embodiment of
20 the invention and they are treated by using a
continuous sintering furnace of a type in which
he dewaxing chamber and the sintering chamber
are separate from each other but connected by
a mesh belt. Each specimen is supplied into the

25 dewaxing chamber in a reducing atmosphere, heated



0 7000C at the heating rate of [err] and maintained at this , _
t rature for a few mnutes to evaporate away the lubricant. The heating
rate may be suitably set by adjusting the tenperature distribution in*the
furnace 5 chanber and the feed rate. Then the dewaxed specinen is taken out
of the dewaxi ng chanber into the atnospheric air (oxidising atnosphere) to
oxi di se the surface thereof. Althoughp Lhe*specinen tenperature drops during
said operation, the sintering result 10. is-scarcely affected by such

tenperat ure, d59p°c at TRReSRRELTRY ratd@r Ui A 454 Shal gL DFedn 2
reduci ng atnosphere at a tenperature of [ERR] for about 15 m nutes, and

this is fohtovgdsbyempapakblreC el A fEhe it St spoELEENG. 15 Fig. 2
~shows the heating curve of the specinmen Goup | in the above-described

process. |awajether Yabkheangnge Thel iheating 'rite atay asposastaoly he
preheati ng and dewaxing in a reduci ng atnosphere, the range defined by
"Al'l" correspobgsadiustiing Zheokénbetatigre ddstribat Kirefni theaffuendcei Si ng
at nrosphere and the range defined by "B" corresponds to the sintering step
in a reduccigmiaenoapietbheafidetheateol i Mhest ethe Mewdared specémed speci nens
' had radl?é taken out of the dewaxing chaﬁber into the
atmospheric air (oxidising atmosphere) to oxidise
the surface thereof. Although the specimen temperature
drops during said operation, the sintering result
jO_ is scarcely affected by sgdh.tempexatugg'§;pp.
The spécimen is then suﬁjected to sihtefigé in
a reducing atmosphere at a temperatufe of 780°C
for abou£ 15 minutes, and this is' followed by
a normal cooling step to complete sintering.
15 Fig. 2 shows the.heating curve of the specimen
Group I in the above-described process. In the
curve the range defined by "AI" corresponds to
the preheating and dewaxing in a reducing atmosphere,
" the range defined by "AII" corresponds to the
20 oxidising reaction step in an oxidising: atmosphere
and the range defined by "B" corresponds to the
sintering step in a reducing atmosphere and the
cooling step.

The thus sintered specimens I had radial

25 crushing strength of as high as 30 Kg/mm? (as



25. crushing strength of as high as 30 Kg/ m®2 (as measur ed accordi ng tO-ﬁLqp
JI'S Z2507 (1SO 2739)). The specinens of Goup Il were dewaxed accordi ng to\_ %

a conventional method, wherein the dewaxi ng chanber and the sintering
chanber are connected 5 airtight to each other and a. reducing atnosphere is
generated in the furnace, and then tenperature is raised to [err] at the
hea(Lﬁg rate of [err] to effect demaxiqﬁé foll owed by sintering under the
sanme conditions as in the case of Spéci“méen . 10 Goup |....The resultant
product *. had radi al crushing, . strength of 19 Kg/m®2. The speci nens of
Goup |11 vefMeaiiksted Hrhgtotdla %5§9Py(ﬁg9i?7§8)0ersion of the

conventi onal dewaxj,ng conditions ys d on gEoug 1, that is, 15 _the
dewaxi ng t enper at W A RSAT f&ﬁﬂ?ﬁo t BSF&r Apvared AsSardifiowed a

|00 et st W) S ST A SRS B AUR LR Y
d | d Lme f ' ti , Which
vere L1 eated A hPlg LIV SPERRCATIBOLTRCL sl genton, i <

T o L SIS A s S LALLM g 0T 1
is generated in the furnace, and then temperature
is raised to 400°C at the heating rate of 30°C/ﬁin
to effect dewéxing, followed by sintering under
the same conditions as in the case of Specimen
. .10, Group I.. The resultant- product-had radial crushing .
strength of 19 Kg/mm?.

The specimens of Group III were dewaxed according
to a partly modified version of the conventional
dewaxing conditions used on Groﬁp II, that is,

15 the déwaxing temperature was elevated from 400
to 700°C. The result showed a light increase
in radial crushing strength due to elevated dewaxing
temperature but not to any significant degree.

The specimens of Group IV were treated according

20 to the second embodiment of the inyention, which
will be described later. The differences of this
second embodiment of the invention from the conventional
method are that dewaxing is performéd in a oxidising
atmosphere throughout its step and that the heating

25 rate during the dewaxing operation is increased



at e 'during the dewaxi ng operation is increased -10- to above [err],
alyhbough the heating rate in the conventional nethod is 10 to [err].

pf ovenent s achi eved a very high radi al

These

crushing strength of 26 Kg/[err],

as conpared with that 5 obt ai nabl e fromthe conventional method. These *

four types of specinens were subjected to sizing and oi

finished

conmpari son test by using a bearing peréormance 10 tester. The results

into bearings, and these bearings were then subjected to a

showed no partlcularly significant differences in quality anong the
product s. tdhebever 80°Cy/ninas adtteughodde theatting nextanimathst rengt h of t he

bearing materi al

of the invention could he |nproved wi t hout causing any

| mpregnati on and

o

di sadvantegpsentipeaionathed is 19 top3cG/ain useBhesd order to maxim se
the inprovenent in radial ,crushing strength, the heating rate may be the
sane as MﬂﬁF?Y@@ﬁ%t§0ﬂ9Bh?V6ﬁaP ﬁﬁﬁ&é§§ghtﬁﬁd#%# quﬁ%lT%rr] but

i mportant_to k t he er ure MA hin the range 415 to
[err] in ﬁkﬁ%%g PfqagdKB &@e'igsp HE%&? iR kﬁb$ ocess i s advanced

into the

{ ol at (REL3 HBBLe VFEPBLERS. FOBTRR dhatia) mdthoq N M N0 below sald

10

15

20

25

These four types of specimens were subjected
to sizing and oil impregnation and finished.into
bearings, and these bearings were then subjected
to a comparison test by using a bearing performance
tester. The results showed no-particularly significant
differences in quality among the products. Therefore
it was understood that the mechanical strength of the-
bearing material of the invention could be improved
withqut causing any disadvantages of performance in
practical uses.

In order to maximise the improvement in radial.
crushing strength, the heating rate may be the

same as used in the conventional process, that is,

10 to 30°C/min, but it is important to keep the dewaxing

temperature within the range 415 to 710°C in which no
liquid phase is produced, and the process is advanced
into the next oxidising reaction step while maintaining
below said temperature range, whereby a result better
than obtainable from the conventional methods represented

by Specimen

it

S



t han obtai nable fromthe conventional nethods represented 25 by Speci

G'oups*ll and Il can be obtained. As apparent fromthe above-descri bed

results}y the present invention provides bearing material w th higher
strength than the conventional products 5 or with higher oil content where
| nprovenent over the conventional products is required. Thus,

i nvention contributes gredtll y-to the expansi on of the scope of

no strength

1 hi resent .
usggz of the bronze- based porous sintered bearings. 10

Wil e the

constructi onGapndpsf flactandf Ilie damr He exiidinsht of this invention have been
descri bed above, the first enbodi ment of invention is-- now reviewed
concerning its chasagpparsntc fmamdihg ebov@tdasar ibédt hesplte,sintering

phenonenon 15 al one is considered while supposing

that the conpact contains

no | ubri cant thet REesenite ipyiRndri gramravides Reqringpumitenialhat sintering
advances nore snoothly, when the powder surface is, oxidised to a certain

extent. Thi sWishpBdghes Steengtde thammthe (crrxert von2h PRedestfse of

sintering.in_a re%&sing at nosphere .to activate the gart'cle surface.

Ther ef ore> i PTj ¥1

dewaxi ng in

10

15

20

25

B0l FANN S MEF T I Dt

%@egxkgg§5%%ventional products is required. Thus,
the present invention contriSutes greatly to the
expansion of the scope of usage of the bronze-
based porous sintered bearings.

While the construction and effect of the

fifst embédiment of this invention have.been described

above, the first embodiment of inventien is-

now reviewed concerning its characteristic principles. ’

Firstly, if the pure sintering phenomenong
alone is considered while supposing that the compact
coqtains no lubricant between the powder'particles,
it is found out that sintering advances more smoothly,
when the powder surface is oxidised to a ceftain
extent. This is because the oxide film is_;educed
in the course of sintering in a reducing atmosphere
to activate the particle surface.

Therefore, it is_advantégeous in this sense
to perform preheating and dewaxing in an oxidising
atmosphere, but this has the following disadvantage.

Namely, the surface and pores in the inside of

¢ bR e HBEF PRGTSRE



- T

at ere, but this has the foll ow ng-di sadvantage. 25 Nanely, the surface
ant_pgres in the inside of -12- the conpact are closed by the oxide .
generated by heating in the oxidising atnmosphere, obstructing evaporation

of the lubricant fromthe inside of the conpact. Further the carbonaceous .
material 5. in the lubricant conpodition remains in the formof soot, °
causing insufficient diffusive sintering of -the powder particles. This -
denerit tlseheampactt hae tHeosrd i bycsheedideacy@nvaratiedintering, and this \(
is the major 10 reason for the conventional practice of preheating and

dewaxi ngeyfheabiognmpactihe L¥xdicing ataegphere ., TROStIruOMLNG be readily
-under stood that the first enbodi ment of the invention isfpracticed by

dewaxi nRYRPAr#EdO8 RF HosHHer kcpBlt from e ren8édAea®f15 descri bed

above. As nentioned abqve, .dewaxjng of the lubricant is perforned snoothly
accor di nghe oCPRB2FEr st FARIdR hehbeoraEhONarRM S R2tBEdadse a reduci ng

at nosphere is u eﬂ for preheating and dewaxj ng.. Al so, the 20 heating rate

may -o¥ntﬁ%esi3 HéF@W?ﬂﬁﬂm?%s?FéOBoﬁﬁﬂﬁﬁ atP pFBet £OE™ and therefore

there is po need of gi.ving an ecific consideration to.
op soot, cau%xng_ nsgfggcgent dlgghsfbe sgnterlng

of the powder particles.

This demerit is heavier than the merit caused

by activated sintering, and this is the major

10 reason for the conventional practice of preheating
and dewaiing'bfhﬁﬁé'éomﬁéqt'in'a'reduéing.atm¢Spbéré,'
Thus it will be readily understood that_the_first
embodiment of the invention is practiced by dewaxing .
in a reducing atmosphere for the same reason as

15 Jdescribed above.

As mentioﬁed above, dewaxing of the lubricant
is.,performed smoothly accérding to the first.embodgment
of the invention, because a reducing atmosphere
is used for preheating and dewaxing. Also, the

20 heating rate may be of the standard level in the
conventional practice, and therefore there is
no need of giving any specific consideration to
remodelling of the furnace such as extension of
furnace length or the like. Further, since the

25 compact surface oxidation is performed below



renodel Ling of the furnace such as extension of furnace |length or the Iikqiziﬁi

Further, since the 25 conpact . surface oxidation is perfornmed bglow, ,;-%}3 —
i R ST P
.

*

- agp\tenperature range of 415 to 71 in a solidphase region, By -+ & F7 G0
S

tr ferring the conpact into an oxj dj $ing atnosphere after conpletion of °
dewaxi ng, such surface oxidisation gives no 5 adverse effect to the
striycrure and, dimensional _stabilitys 0__{)151 he,copRaat . .. Thus,: both perfect
dewaxi ng and*actTUATRA-5F it 777§ Can be ensured Aécodrding 10 the first

enbodi ment of the inégnégggvspﬁgItigg]1£hp$?%%g?n§gLQgzﬂﬁju;p_higher

strength 101 hAn®3bt3FH “WECH the “conven fRGdS. - "NEXT~, the

second enbo;{_'#@n;ﬁ &ijﬁi%en%%%:/%%{o%%é QPtQ?SEBEBQQtL ; previ ously

descri bed, Thi'sS Secon e 1nventron-consists in that an

oxt di si ng 1o i LbaplEs? bachSedrlrlcd e ARYEXLGnSLEIR ddie T ur nace,

dewaxi ng i s practiced”at a sonewhat higher tenperature than used in the

convent isonal 3 JL PEESSE £bBAL £bS end0Q i dGiF S 2ABJa1 REARGYHAY rate in the
dewaxi ng step Is set at abo.-e [err] .mn. 20 The speci nens used-far
dewaxi ng expiefd PEPEy SECcRECRBMPALH t "EheaEpBRANBEFRdN the case
dewaxing and activated sintering can be ensured
accordin§ to the first émbodiment of the invention,
reéulting in bearing material with higher strength
10 than obtainable with the conventional methods.
Next, the second embodiment of the invention - -
will be described.
As previously described, this second ehbodiment ..
of the invention consists in that an oxidising
15 atmosphere is used for the dewaxing step in the
furnace, dewaxing is practiced at a somewhac higher
temperature than used in the conventional_procéss,
| that is, 400 to 750°C, and the heating rate in
the dewaxiné step is set a= abows 50°C/min.
20 The specimens used- for dewaxing experiments
are prepared in the saﬁe manner as in the case
of the aforesaid first embodiment of the invention.
Namely, powdered copper and powdered tin are mixed
in a ratio of 91% (copper) and 9% (tin), and to

25 this mixture is added zinc stearate as lubricant



aforesaid first enbodi nent of the invention. Nanely, powdered copper

\Wered tin are mxed in a ratio of 91% (copper) and 9% (tin), and° to. -

m xture i s added zinc stearate as |ubricant -14- in an anount_ of
s.bésed on the total anount of the mixture, and after conpletion of * «

sufficient mxing, the mxture is conpacted in a die to prepare a nunber of

specinen in a cylindrical form eachg5-0f which has outer dianeter of 18

i nner di aneter of 10nm length of 14mm and green density of 6.35g/cnB.

for sinterinad hanswreei 8BNS, 39 Bakéar ent taandidtaananidimit Wer e di vi ded Into
five groups | to V and sintered under the dewaxi ng conditions 10 shown in

Tabl e 2 be)OWHY mistt\grd, CORdi 85088 &bbeeition’ WMaF flcikdtype i n which
t he dewaxi ng chanber and the sintering chanber are separate from each ot her
but conneaiiediry, stheghi behte T4Btémpatied in ‘a dielPrmhgmidpareand dewaxi ng

condi tions Specinmen group Tenp. Heating rate Radial crushing
No. a (MumbgrC)of specihenein a(fylipGriical formt., eagth of sintered

mat eri al (ﬁg/nnﬂ) 20 I 700 CXIdISIng 55

26 5 which has outer diameter of 18mm, inner diameter

of 10mm, length of 14mm and green density of 6.35g/cm?®.
Next for sintering the specimens in different
conditions they were divided into-five groups.
I to V and sintered under the dewaxing conditions
_19 shown in Table 2 below by us1ng a contlnuous sxnterlng
furnace of a type in whlch the dewaxlng chamber L
and the sintering chamber are separate from each

other but connected by a mesh belt. -

TABLE 2
15 Preheating' and dewaxing condiéions
Specimen group Temp. Heating rate Radial crushing
No. (°C) Atmosphere (°C/min) strength of
sintered material
- (Kg/mm?)

" 20 I 700 Oxidising 55 26

II 400 Iieduc':i‘nq 30 19

IIT 400 Oxidising 30 15

v 700 Oxidising 30 : 16

ﬁ 700 Reducin§ 30 20

25 The specimens of Group I in Table 2 are those




1. : 400 Reducing . 30 19 |11 400 i
CkIdISIng 30 151V 700 Oxidising 3

16 V v 700 Reduci ng ' 30 20 25 The
specCinmens of Group | in Table 2 are those -15- prepared according to the
second enbodi nent of this invention. Each specinen is supplied into the
demgying chamber in an oxidising atmsphkere, raised in tenperature at the
heating rate of [err] 5 and maintained at this tenperature for a few

mnutes to ev PQb?E@daﬁ@¥o¥ﬁ§nbuQ§ ¢ seldnd Lt JBY be suitably

set by adjust ng e tenperature distribution in the furnace chanbers and

the feed rateghfit ¢hveARRbALI ORah EPMRNIMM i FRRCideNddbis transferred
into the sintering chanber... The tenperature drop caused during this

transfer giveghal H’é&h*{liﬁgsuh&in@@trl dln iabf losiRTies iy tdensdgiere Ng resul t.
Then sintering is performed in a reduci ng at nosphere by maintaining the
t enper at ure ata¥884Cih5tkmpezhautrel atnithe dssataimy trdte icft {596 1QMeih by a
normal cooling step to conplete sintering. Fig. 3 shows the heating curve
of the speZi nendQuadpthinedt b &bdwe tesparaan privvess. fen nirutes ve t he
range defined by "A" corresponds.. to _
to evaporate away the lubricant. The heating
rate may be suitably set by adjusting the temperature
distribution in the furnace chambers and the feed
rate. After completion of dewaxing, the specimep
.10_.is trapsfgrred into thq,ginté;ipg_ghamber,_-Ther
temperature drop caused duringlthis transfer gives .
almost no substantial influence to the sintering
result. Then sintering is performed in a reducing
atmosphere by maintaining the temperature at 780°C
15 for about-15_minutes, and this is followed by
a normal cooling step to complete sintering.
Fig. 3 shows the heating curve of the specimen
Group I in the above described process. In the
curve the range defined by "A" corresponds. to
20 the dewaxing step and the range defined by "B"
corresponds to the sintering énd cooling step.
The thus sintered specimens I had radiél
crushing strength of as high as 26 Kg/mm® (as
measured according to JIS 2Z 2507 (ISO 2739)).

25 The specimens of Group II in table 2 were



S

é ) he dewaxi ng step and the range defined by "B" corresponds to the
Nt £ had radi al

ring and cooling step. The thus sintered specinens |
crushing strength of as high as 26 [err] (as neasured according to JI S*Z
2507 (1SO 2739)). 25 The specinens of Goup Il in table 2
-16- .dewaxed in a usual way, that f in a reducing atnosphere by raising:
thetemmrMUreto[erﬂ attheheaﬁn

to S|nter|ng in the sane way as SpeC|nen G oup The resul tant product

had radi adedaxss i & retfh WAY 19thQF k- REXF r?ﬁécéﬁgblnens of Group I11

wer e

g rate of [err] and t hen subjected

and 1V mere dewaxed 3§gordrn to .the artI nDd fleg %er5|on of the
SHhse 09,

: demaX|ng
Goup III,
reducrng

F 3ot &Hﬁ% ttggrd RUER, teh

f { 15 t |
Fﬁsfhg k%&n%r?e\ér]rld{be‘l“hr}gq%ﬂr&o% '?és grgﬁe%@?r hese ?p(ranm[ re};r] gr oupg Lerrl

showed sf arg | 0

first-nentioned two groups (G oup I and

10

15

strength of 19 Kg/mm?.
Next, the specimens of Group III and IV were
dewaxed according to the partly modified version

of the dewaxing conditions used for Groups II

and I, that is, in the case of Group III, only

the atmosphere of the dewax1ng chamber was’ changed

from reducing to oxidising in the conventional
dewaxing method, while in the case of Group IV,
the heating rate alone was lowered from 55°C/min
to 30°C/mih in the known method. The products
obtained from these specimen groups showed far

lower radial crushing strength than those from

- the first-mentioned two groups (Group I and II).

20

25

Next, the specimens of Group V were treated
in a reducing atmpephere and at a heating rate
used in the conventional method but by elevating
the dewaxing temperature from 400 to 700°C. The

result showed a slight increase in strength over

e rﬁé&ﬂta?ﬂﬁ*%‘&é%éﬁ 'kag! Paanam Em%%m@om the

in the case of

Bahyedt%%%‘fq“ﬂsﬁ" NS o ‘?f"? (RS aRE, E%ﬁbn%%ﬁév%saﬁ%a

nged from
le in the

the conventional products owing to elevated dewaxing

temperature.

)



Next, the specimens of Group V were treated 20 in a reduci ng atmosphere igd '
at a heating rate used in the conventional nethod but by el evating the <
dewaxjn@ tenperature from400 to [err]. The result showed a slight increaSe
in Strength over the conventional products owing to el evated dewaxi ng 25

t enper at ur e. 17 - The aforesaid five types of specinens were then
subjected to sizing and oil inpregnati 8@ and fini shed into the bearings,
and-these beari ngs were subjected to a conparison test by using a 5 bearing
performance testerThdheforssdid Shveetypesparft ispelcdmenssiwgrd i cant
difference in quality anong the products. In the Iight of the above

ment i oned r esiiidrns sfbidwtednparé sahngeand and iimprelgatitdent o the 10 |imit
conditions for producing the aforesaid prom nent difference in radial

crushi ng streang [ imished iwkopbeke bPeandngsat aand dhessudiearsingd fi cant

i nfluence is given when the heating rate is above [err], and that, although
the optimum d&&SiSHPIHRE af@r2 GSMPITrAFenn&eBar Y, US1k t%er result than
obtainabl% fromthe conventional mnethods reBreSEDted by specj men G oup ||

‘can be obt’ai RERIHh REEE HARAFREEERPEr at GRE results ‘showed

no particularly significant difference in quality
among the products.
In the light of the above mentioned results
of the comparison tests and in relation to the
10 1limit conditions fqr prodgc;ng_thelafo:esaid prominent
.différehce ih'¥édiél-drﬁ$hing strength, agd‘it
has been found that an obviously signiﬁicaﬁt influence
is given when the heating rate is above §Q°C/min;
and that,'aithough the optimum dewaxing temperature
15 is around 700°C, a better result than obtainable
from the conventional methods represented by specimen
Group II can be obtained when the dewaxing temperature
is within the range of 400 to 750°C. Howe&er,
rising of temperature over 750°C may causeﬂoxide
20 film separation from the surface of powder surface
to rather lower the product strength.
As apparent from the above described results,
the second embodiment of the present invention
also ensures bearing material with higher strength

25 than the conventional products, or with higher



.Si. thin the range of 400 to [err]. However, rising of tenperature over
rY] may cause oxide 20 filmseparation fromthe surface of powder surface’
to"rather |ower the product strength. As apparent fromthe above descr#hed

results, the second enbodi nent of the present invention also ensures e
bearing material with higher strength 25 than the conventional products, or
wi t h hi gher -18- oil inpregnati-ongviere no strength inprovenent over the:

conventional products is required. According to the second enbodi nent of

the inventyon bephegdruBrbRIwAErENBd Wirirjtn aifbrovdhemtion 5 of the
conpact are perfornmed in such a manner that first heating is conducted in

. an oxi di si ¢gent th&pboheeHBdohalhe raflducasniit qanrgiiteads, then there proceeds
dewaxi ng of the lubricant and then oxidisation of conpact advances. Thus,
"both elimnati oRcébrdingheol the caaiondhenoehivteat: spfhttehe ng by activation
can be ensured at the sanme tine, resulting in bearing material w th higher
strengt h thevenbiannbbtbh Gewaxihg odnhe ilokatigetthoalyd ¢sidiesarided above,
either the first enbodinent 15 or the second enbodi ment of the present
i nvent i dn efntpe ovdupaptaniregperddroed Hayiswsh sunnenial |y
that £irst heating is conducted in an oxidising
atmosphere under the aforesaid conditions, then
there proceeds dewaxing of the lubricant and then
oxidisation of compact advances. Thus, both elimination
10 of the_;ub;iq;np and promoted sintering by activation
can be ensured at the same time, resulting in
bearing material with higher strength than obtainable
. from the conventional methods.
As described above, either the first embodiment
15 or the second embodiment of the present invention
can provide bearing products having a substantially
higher strength than those obtainable- from the
hitherto known methods. In case the strength
of the bearing material is maintained at the same
20 1level as that of the conventional one, more porosity

may be allowed. Thus bearing products with higher

oil impregnation can be produced.

25

-
|



hi gher strength than those obtainable fromthe hitherto known nethods In éij)
case the strength of the bearing material is maintained at the sane 20 >
Ievel. & that. of the conventional one, nore porosity nmay be all owed. Thus
bearlng products with higher oil inpregnation can be produced. 25 -19-
Claims 1. A method of producing bronze-based sintered bearing materi al
acdording to powder netallurgy by using paewdered copper and powdered tin as
starting 5 materials, conprising the steps of m xing powdered copper,
powdered tin and a |l ubrgegRkegin a predetermned ratio, conpacting the

m xture into a desired shape, nmaintaining the conpact in a reducing
atmosphere in aifirat mbeRpar afupe odardagohb gl kb dinddred100C for a
given period of time to. evaporate, away said |ubricant, further

mai nt ai ni ng t hebeappagt maneal adX adicoirdd nat raes pasided rnnestaemmm t enper at ure
range below said first tenperature range for a few mnutes tc effect an

oxi di si ng react bpnusand pbwdehedscbpeetri rgd PoWwEMEATCtt iro &3 MBI NI N a
reducing atnosphere in a third tenperature range which is conventionally

used for sinberiragebishse- bagpdising the steps of mixing powdered

£,

copper, powdered tin and a lubricant in a predetermine
ratio, compacting the mixture into a desired shape,
maintaining the compact in a reducing atmoéphere
in a first temperature range of between 413 to
- 10 710°C for a given period of time to.evaporate
. away_said lﬁbricant, further maintéining the compact
in an oxidising atmosphere in a second temperature

range below saicé first temperazure

LAt
om
O
L
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nge i

£
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Hh

few nlnqte tc fect an oxidisin
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sacticn, ang

e |
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15 then subjecting the compact to sintering in a reduc:in

[1¢}

atmosphere in a third temperature rangé which

is conventionally used for sintering bronze-based
bearing material and higher than the first and
second temperature ranges.

20 2. A method of producing a bronze-based sintered
bearing material as set forth in Claim 1, wherein
atmospheric air is used for said oxidising atmosphere.
3. A method of producing a bronze-based sintered
bearing material according tc powder metallurgy

22 by using pcwdered copper and powdered tin &s startin

0
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g material and higher than the first and second tenperature ranges.
: A net hod of producing a bronze-based sintered bearing material "as :
se orth*in Claim1, wherein atnospheric air is used for said oxidisithg,
at nosphere. 3. A method of producing a bronze-based sintered bearing
material according to powder netallurgy. by using pcwlered copper and
powdered tin as starting 111111111111112112111111 111111 - 20 -
materials, conprising the steps of m »igng powdered copper, powdered tin éﬁd
a lubricant in a predetermined ratio, conpacting the mxture into a desired
shape, heat imgd:hea LOPeshpat st R BRat sREpsale @fiNlimhelowadhan [err] until
reaching a first tenperature range of between 400 to Terr] in an oxidising
at nospher e afsbpat Nt Bowdagedhtgnt eFAERALULE ilcaMge if0la @i Peiiad of
time to evaporate away said lubricant, and then sintering the conpact in a
10 second treies atevepaatfagf theamgkvane particod dediime ighapd educi ng

at nosphere, said second tenperature range being a range which is

conventi onalHeatuseyl flve sompactngtbtbrzbebiased bears g ruitgrdmal and ni gher
than the first tenperature range. 15 4. A nethod of producing a

bronze- basedrEmimtEy e@/min until reaching a first temperaturs

-~

range of between 400 to 750°C in an oxidising
atmosphere and maintainin§ this temperature range
for a given period of time to evaporate away said
lubricant, and then sintering the compact in a
10 second temperature range for & given period of
time in a reducing atmoéphere, said second temperature
‘'range being a range which is convenfionally used
for sintering bronze-based bearing material and
'highef than thé first temperature range.
15 4. A method of producing a bronze-based sintered
bearing material as set forth in Claim 3, wherein

4
atmospheric air is used for said oxidising atmosphere.

_
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bearing,material as set forth in Caim3, wherein atnmospheric air is used
for 'said, oxidising atnosphere. -21- range which is conventionally used\_*
for §kﬁf§ping bronze-based bearing material and higher than the first

t enperature range. 9. A nmet hod of producing a bronze-based sintered 5
bearing material as set forth in any of Clains 6 to 8, wherein atnospheric

'aifK;§ used for said oxidising atnosphgre. - 10. A method of producing a
br onZe- based sintered bearing nmaterial "according to powder netallurgy 10

b [ wd d 1d wd d ' aw '

fﬁgﬁ,?: 2??8_‘2 héér%%gé’ﬁ%?ﬁ Fhi erEshLreates, i Bk lefln g
ubricant in a predet [ ! i i

Shape. - heat | iarONESCoRRan BeaE FhiCnalBrRas, aRd higpto il | L0 & 02 red

until reachiPﬁ?g §1£§£ LEeNpeEatyLE ?gﬁgg.in an oxi di si ng at nosphere and

mai nt ai ni ng enperature range a given period of time to evaporate

away said |ubgicanty gadhbiesssppbatbiagt Be bremRachalskd sien¥kd enperat ur e
range for 20 a given period of tine in a reducing atnosphere. 11. A nethod

21(‘) pmggg:ﬂg Bedf PRGemkesedasi Akesed Beatthndnmang iofl Claissd forth in Claim
, 6 to 8, wherein atmospheric air is used for said
oxidising aﬁmosphere.
10. A method of producing a bronze-based sintered
bearing material according to powder métallurgy
10 by using powdered copper. and powdered. tin as starting -

materials, comprising the steps of mixing powdered
copper, powdered tin and a lubricant in a predetermined
ratio, compacting the mixture into a desired shépe,
heating the compact at the heating rate of higher

15 than 50°C/ﬁip until reaching a first temperature
range in an oxidising atmosphere and maintaining
this temperature range for a given period of time
to evaporate away said lubricant, and then sintering
‘the compact in a_seéond temperature range for

20 a given period of time in a reducing atmosphere.
i1. A method of producing a bronze-based sintered
bearing ﬁaterial as set forth in Claim 10, wherein
said first temperaturelrahge is from 400 to'750°C.
12. A method of producidg a bronze-based sintered

25 bearing material as set forth in Claim 10 or 11,

I
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first tenperature range is from400 to [err]. 12. A nethod of o, =
cing a bronze-based sintered 25 bearing material as set forth in Caim .
11, -22- wherein said second tenperature range is a terrperattnvq;' S
range which is conventionally used for sintering bronze-based bearing
~material and higher than the first tenperature range. 5 13. A nethod of .
producing a bronze-based sintered pgaring naterial as set forth in any OQ‘jﬂ,j
Clainms 10 to 12, wherein atnospheric air is used for said oxidising )

at nospher ?"ﬁg-‘g?lﬁ‘ets‘%)&tq Ic%eaéré}gi méa%g%iénrg ePE8N 2 ERMPAYGRS ray

phot ocopy’ app fypescript. It may contain a few'

amendment %g% G i 1%! fddhllde iOnd 8¢ usedh@opl kdhkkrliylescript containin

these amén nt's ‘may be 1 naspected on the prem ses of the Patent Ofice
bronze-based bearing material and higher than

the first temperature range.
5 13. A method of producing a bronze-based sintered
bearing material as set forth in any of Claims
10 to 12, wherein atmospheric air is used for
said oxidising atmosphere.

The text of the specification has been reproduced by photocopying = the applicents original
typescript. It may contain a few amendments which are difficult to read, The original
typescript containing these amendments may be inspected on the premises of the Patent _O_ff_'iq:e
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