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ABSTRACT The densification of the compacts of pure Co, Fe+50%.Co and Fe+25% Co sintered under H,
gas or in vacuum was investigated. The effects of Al, Nb, Ti, and V additions on the densification were also
studied. The sintered compact of Co was fully-dense when the density of the compact was lower than Dg’.
However, above Dg’, it was never fully-dense regardless of sintering atmosphere, temperature, and time. The
densification of sintered compacts of Fe-50% Co and Fe-25% Co were always incomplete. While the addition
of Al made all compacts fully-dense, the addition of Ti was effective for the compacts of Co and Fe-25% Co.
V was effective only for the Fe-25% Co. These results tell us that the particle size of Co powder, the amount
of Fe, and the amount of additives forming stable oxides play on important role for the complete densification.
Therefore it is desirable to reduce or eliminate the equilibrium pressure of H,O or CO in isolated pores to ob-

tain a fully-dense sintered compact.

1. M 2

=5 ARAYEE ALt ArEe 2AES
A o2 o] 3AF oz RAsla, 34%,
3715 2 YA Fe 7P 34 (near net shape)s &
FARE, A HelE 5~15 ume] vlio] ALgd
o AA, AR AFEE A gse] AEFE Ausha
A& Cu7l, Fe, FeaNiv| 7)) thsle] 2254 off v
Ae A % 28 i 2 AR AUk
(1) CuAl =lgel et PaEYE 229 A 4
AA e AL e AR FARC] 95%% Xl
A 238l 100%2< HAA| Wgho)h. 7 9A& 27
FA A A 2AH WRe) wE AFE 4EkE
o] Payl2el s BFe 4= HO0BY
7ragig o] 2249 137]F HellA el x7] o
ol 7T £ FEEA dgvhy A4
o (2) CuAl il Hate] HO7F 447 de Al
TEH7R 2% An A AL Hel

97

b 3) "igke] B0OE FFSLT glE Fe(0.03
mass% C) ¥ Fe+Ni, Ni(0.065 mass% C)o)&o| w5}
oz 24 29718 H, 2 AF02 sl % 5749
A EE 93~95%A] TlA] EIFEle] 100%E=
HA] ettt 2 1912 A A Wi vk AgEl e
A AHE(OPF C s Hyoto] Slyh-goll 2] 3}od A
A=E CO == HOH Y 7Eastye] 4o 18
71% WollA 7] djFolzla AJztslodct

7], B ATE 4zl Al5e] AR Co 2
Fet+Cov|-of csted LEZe} 22 Aoz pe 4
ol 28k X8} 545 AR

2430

AEFLEE Com| E(HTYEES 140 um ; Ak
2 0.71 mass%; ¥t2%F:0.015 mass%), vlEd
(Carbonyl) Fer] (3 #3 =& 5.30 um; A2 0.40
mass%; BT 0.030 mass%) 2 Fedds} Coiwt



98 Hest

& wWPste] THE Fe+S0mass% Co, Fe+25 mass%
Co&dantrg AM4sledc}). 7 9)2 % Fe-51 mass%
Al, Fe-66 mass% Nb, F¢-43 mass% Ti, Fe-51 mass%
VEFZFELEIFUE: 44 um; AH2:0.04~0.17
mass%)& Co, Fe+50% Co Fe+25% Codda} wigt

3led #|32] Al Nb, Ti, V48] 4 massh=E =X -

& WE SYELT AHgsiginh oloh 2o Bk
st A3, H7AAE AHEsEA] okx, F3A38s
o SHEA S AL E=(Dg)E 52~84% W $l oA W3}
AlA QYA g UG 22 E971E B(=; 213
K)ot A F(~10" Pa)0.2. 8} 2451z 0.17Ks"2

Bt 22 L= (Tsye 12231673 Kale]olA] wig}

A A 2AXNZHs)y 72ksE ek dolxl 248 A
ol t3te] 2AAS AL E(D)FA, AR
T, AR YE), A g2 Y F8 ek

3. e

13 1o+ Co, Fe+50 mass% Co, Fe+25 mass%
Co&3rpgol thsle] 248 A AFNEZ(Ds)el| ==
HE-Ale] ANEEDg)d 32 HAH 714 2=ARE
24 Yehiigich CoidA2] Ds Dge] dALE
(Dg": Dsgho] A3}317] Al2bahe | Dggl) o]}l
A Ao 100%2 o), dALNE o)alela:
At £ &4 243}lA D' 67~77%2]

T 1 1 T
100 — —-0 —— — — — — ——
o to 2 /D:::—O = OA=0A=
- - -.‘..-*___"-.._-- -1
N
® gohk DKFE“-25CO _
- Fe-50Co
) | N
[}
- He 4
[«]
=8 B0 Te=1673K. te=7.2ke o
a ] L 1 Lt
c S T T !
§3 W00 ——cgrm ===
09 &) co o %
Z5 D/ a———\&T"
.g_*é 90 fA\/
9 - \{Fe-soco
B Fe—25C0
| Hz
801" 3,21473K | te=7.2ke
! | H 1 1

40 20 60 70 80 a0 100
Relgtive density of green compact, Dg / %
Fig. 1. Effects of the relative density (Dg) of green
compacts on the relative density (Ds) of Co, Fe-50
mass%Co, Fe-25 mass%Co sintered compact. The
compact was heated at the rate of 0.17 Ks” and sint-
ered at (a) 1673 K or (b) 1473 K for 7.2 ks in H, gas.
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Fig. 2. Effects of the sintering temperature (Ts) and
the relative density (Dg) of green compact on the re-
lative density (Ds) of Co, Fe-50 mass%Co, Fe-25

mass % Co sintered compact.
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Fig. 3. Typical microstructures of Co, Fe+50 mass% Co and Fe+25 mass%Co compacts sintered at 1673 K for 7.2
ks in H, gas. (Upper; x 150 for Co and x 35 for Fe-50%Co, Fe-25% Co. Lower; x 600).
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Fig. 4. Effects of the sintering temperature (Ts) and
the relative density (Dg) green compact on the relative
density (Ds) of vacuum-sintered compact of Co, Fe-50
mass% Co and Fe-25 mass % Co.
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Fig. 5. Effects of the additives and the sintering tem-
perature (Ts) on the relative density (Ds) of vacunm-
sintered compact of Co, Fe-50 mass%Co and Fe-25
mass % Co.
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Fig.. 6. Typical microstructures of various compacts sintered at 1623 K for 7.2 ks in vacuum.

00— — — e — — = — 0= —]

Fe-50mass%Co o
| Vacuum / / v METIK o ]
o TNETIK  a7.2ke

9 O / 573K
/ A~ x[s71] |
O | AL
/ ‘573*‘0 =54% [alw] ]
v
o]

3
1 Ti
~. 80 . v j
anm-— ———-—— 7[1-—-—\‘1677 0——
O— -
/ Me7IK
[0 - / A< \1573K -
1573K
Dgz=84% 1
80 1 | | |
0 4 8 12 14

Content ot added element / mass*

Fig. 7. Effect of the amount of the additivs on the re-
lative density (Ds) of Fe-50 mass%Co vacuum-sintered
compact.
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Fig. 8. Typical microstructures of Fe+30 mass% Co+8
mass %Al compact sintered at 1673 K for 7.2 ks in va-
cuum.
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Table 1. An example of contents (mass%) of oxygen and carbon in compacts sintered in H, gas or vacaum.

Ts=1673 K, ts=7.2 ks

Co Fe-50%Co Fe-25%Co
Oxygen 0.71 0.56 0.47
Powder
carbon 0.015 0.014 0.011
H, Vacuum H, Vacuum H, Vacuum
Sintered compact Oxygen 0.01 0.44 0.10 0.30 0.02 0.40
- Dg=52~54% Carbon 0.0012 0.0045 0.0010 0.0150 0.0029 0.0092
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