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Teruhisa Watanabe: Mechanism of Pore-Formation during Sintering of Se-
If Lubricating Fe-Cu Bearing. The results obtained were as follows :

1) At temperatures over the aFe-yFe transformation point (910°C), the inherent pores
in the compact grow slightly because of the partial shrinkage accompanying the phase
change of iron powders.

2) Over the melting point of copper (1083°C), the copper powders melt and spread
into the inherent pores, leaving the new pores, ‘‘copper-off pores”, at the site of the cop-
per powders by the same mechanism of pore-fomation as the ‘tin-off pores” on Cu-Sn
compact®. The shapes of these new pores are similar to those of the copper powders and
their sizes increase to slightly larger than those of the copper powders by corrosive action
of molten copper to iron powders. At the same time the copper powders melt spread
in the inherent pores also enlarges the latter by the corrosive action.

Finally, the inherent pores and the new pores grow still more as a results of expansion
of the compact following the alloying of iron and copper, and the sintered Fe-Cu compact
holds numbers of pore necessary for a better self-lubricating action.

3) Whén the samples are kept at the final temperature for a long time, all the pores

formed begin to shrink as a result of densification of the sintered Fe-Cu compact.
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Table 1 Composition of Specimens and powder
size used in the experiment of 2.

’ Composition Distribution
Ll Electrolytic .
Speci- Electrolytic
mens| Fe Cu Fecr[;osv;/l(élgr, Cu powder
(Wt %) | (Wt %)
mesh } % mesh %
cu 0] 100 0 | _ _
cu s| 95 5 02000201 5y o00] 100
—2004270 20 1
Cu 13| 87 l 13 |—270 60 |—150--200| 100
Cu 20| 80 { 20 —150+200] 100

Y XT3 A0 D - TEE LTHRM %
FALE CuBolESMEERC KT Culo
R OHES RECT B lodie, W L Lo
B—WEOLOR AV, DEoRSHEAESESL
e, WL FEIEL, AR 12mm, PR 6mm,
T XK 8mm B i o 3t/ocm? CHEHE
WL, KRZFHRCE L, gasom#sfe L
TRy B o &y Fig. 1 WRT. Thbb
10~15°C/min®d ek 5 ¢1150°C & ¢ U, Shrig
L. IrEeRyEsd oo, Fig 1l
ELTHDa b cd e g h O CREBEEHDERER
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MER AN B0, BAE, FOFAERSIOE
it CERFAR/ZAE) 2HEL, Fieth
AT L CEREAYF S o, BRIEOWECILE
FHREOBERHET Licsy, ShofEiii o
WA Lo Tl LR~ L, —EL—EED
2858 % W LR R oW REO~ 1 b
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MR TR SRS,
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feole,
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Fig. 2, 3, 4 RERKOHEHEE 2 fHEBR L O
BT R L. Fig. 2k TR0 BT
BEls o THBREAR1000°CAHE £ €Ik CudigAdi
CIEBR TR S 2 L, £ OMMAR600°C £
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-y
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Fig. 1 Process of sintering.
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Fig. 2 Changes of length and density during sintering.
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Fig. 3 Changes of porosity, inter communicating porosity
and inter commumicating porosity/porosity during

sintering.
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a. 800°C sintered

sintering as polished.
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b
b. At 1150°C sintered
Photo. 1 Structural change of the pore taking place in Fe-13%Cu compact during

(Compacting pressure: 3t/cm2) x100x10/13
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AT, BEREMBYECh . TroEREIT 0X
Breaffkchs. iR L 1IoER: R
T1150°CE wingh, BB+ Eden, &
& RSk UicFe-Cufk o Bl Ui,

2 K B OB R

FER T ORER & UCERIR Cu s X o8 Ag BRI o
RPFRL FN LWL L OBRE% Table 4,51, &
T RIS R O 2L O BHiE$IE % Photo. 2, 3
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Table 3 Composition of specimens and powder

size used in the experiment II of 3.

Composition Distribution
. Electrolytic :
Speci- Electrolytic
mens Fe Ag Fecr%(’s‘ﬁggr’ Cu powder
wt % ' wt% mesh }% mesh %
ag 5| % | 5 —150+200‘ 20
Ag 10| 90 ) 10 |—200+270; 20 |—150--200| 100
Ag 20| 80 \ 2 |27 ‘ 60

Table 4 Relation on particle-size of spherical

copper powder and pore-size of spherical
“Copper-off pore”.

Heated at
. . Heated up to | Heated up o
Sintering — o 1150°Cfor
800°C to 1150°C 190min
Particle-size Pore-size | Pore-size

of spherical |of sphericallof spherical

Specimens |copper powder | ‘““copper-off|‘‘copper-off
(mm) pore’”’ (mm)|pore’”’ (mm)

Fe- 5% Cu =(, 23 =0, 30 =0, 29

Fe-20% Cu =(, 23 =0.30 =0, 31

Table 5 Relation on particle-size of spherical

copper powder and pore-size of spherical
“silver-off pore’’.

Heated at
N . Heated up to | Heated up o
Sintering — o 1150°C for
800°C to 1150°C 120min
Particle-size Pore-size | Pore-size

of spherical |of sphericallof spherical

Specimens |copper powder | ‘“‘copper-off| “‘copper-off
(mm) pore’’ (mm)lpore” (mm)

Fe- 5% Ag =0.23 =0.23 =0.23

Fe-20% Ag =0.23 =0.23 =0.23

e,

A S 2 ‘.-;,.‘: .-‘.;,‘
Ca 5
’ wo &
: e
¥
-

b. Cu 20wt %

Photo. 2 Pore-structure of sintered Fe-Cu compacts, in which spherical copper
powders being used. (Compacting pressure: 3t/cm?, sintering temp.: 1150°C)
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Photo. 3 Pore-structure of sintered Fe-5% Ag
compact, silver powders being spherical
(Compacting pressure: 3t/cm?, sintering
temp. 1150°C) X100, as polished.
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Fig. 5 Permeabilities of sintered Fe-Cu and
Fe-Ag compacts. (Sintering temp.: 1150°C)
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Fig. 6 Phase diagram of Fe-Cu system.
(B.N. Daniloff)®
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3 £ :T_‘.&—r——- ZEFLICi Cu &4 € MBI E B,

S0 31 5LSE Gorst et Cu o g & bR K& < 7eho
S 20 E‘;—;;*— -y '!%’ 1, (1) Culiic X 5 i Co vdz oS
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Fig. 7 Liquid phase in the Fe-Cu compacts during

sintering. (Caluculated)
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Fig. 8 Liquid phase in the Fe-13% Ag compact

during sintering. (Caluculated)
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Fefij ® Fe-Cu &4 8bih, ¥ CuoBAENE
W DT, I EERTS, 1150°C s - ol
BRICHCTLERE Fe D A STS N EE LT3
A5, {RFF 60min iz s\ Tk Fe-13%Cu 33 1 U8 Fe-
209Cu PSR I T TRAEMIISET L, g
RN E I ET D DCEENB RN 2 E LD
% Fe-5%Cu Bk mB\ T h KRR T O P ¥
TP, HIRCHEEHORETCES/ITET T
BT EERLTWS,

Wiz Fig. 9 @R L EBRTR X & BeiEET2 & oG
3\ T, Bkt 1000°C 158 & oM R 0 _EFIT-
bPLERBESE L DD THD, 1000~1150°CRE
O Fe-Cu fifsk o2 LR & L % 7 Fe fil
Fe-Cu 2&0WE, IV :k CulRisE OH\-
BEweid 3 bie KRE WM Co-Fe A& X B54 v
KR 33D Thd, Tihbdb 1000~
1150°CRICIIEBADER B L URER S » & B ITTFL
, THE L 2R XOETARSINERETCH 55D
Db, TOLSREFELCHRIO LA ES
D0, LEOHRECD SRR OME
MNEFHLOVEENMCI 5 I DETYH- TRV 55

BEEELICDEEL D F1-1150°C BEABCES

%P ehls ERCKE DA SR tE ol B BR

Tabile 6 Change of hardness during the sintering process.
"1 > T T o [ =T « ] v [«
Sinteing process — Green Heated | Heated | Heated Heated Heated Heated at | Heated at
compact | Up to up to up to up to up to 1150°C for | 1150°C for
p 600°C 850°C 950°C 1000°C 1150°C 60min 120min
Specuflens 2/{%;;5 alnd Micro-vickers hardness H. V. (50-5)
Fe - Fe 103 | 66 1 64 ‘ 66 | 63 { 65 ‘ 8 | e
Fe 110 65 62 60 63 65 (68) Disappear
Fe- 5% Cu atc — — - — — 115 137 137
Cn 48 33 37 36 35 Disappear — —
& —_ — .- — — Disappear —_ .
Fe 118 64 65 68 67 66 Disappear -
Fe—13% Cll 05-1'5 bl -— - —_ —_— 161 184 180
Cu 50 38 40 41 39 Disappear — -
& - — — — —_— 87 87 88
Fe 107 63 63 68 67 66 Disappear —
Fe-20% Cu &+ & — — - - — 171 161 176
Cu 49 38 - 35 38 36 Disappear —_ —
& — — — — — 85. 87 85

(Surface for measurement was etched by 5% Picral.)
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Fig. 10 Schematic repesentation of the pore-structural changes of Fe-Cu compacts,
taking p]acé during sintering.
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