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Assist-sintering characteristics of ultrafine Fe,O; powder in
Fe-2%Ni-1%Cu-0.6%C powder metallurgy material
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Abstract: Fe-2%Ni-1%Cu-0.6%C powder premix was prepared with minor ultrafine Fe,O; powder as a sintering aid.
The effects of Fe,O; addition on compressibility of the mixture, sintered density, strength of the alloy and its oxygen and
carbon content were studied. The assist-sintering behavior of ultrafine Fe,O; powder was also investigated. The results
show that the green density decreases when the Fe,Os content is above 0.3%, while the highest density of sintered alloy is
obtained with 0.3% Fe,05 addition. And the flexural strengths of the alloy sintered at 1120 “C for 0.5 h and 1 h increase
by 6.5% and 4.2%, respectively, compared with that of sample without Fe,O; powder addition. Minor ultrafine Fe,04
powder has slight effect on the loss rate of C content of the sintered alloy, and yet the oxygen content is reduced. It is
observed that the metallurgy bonding between matrix particles is accelerated from about 750 ‘C for the reduction of
Fe,0; particles. Though the assist-sintering function of ultrafine powder weakens when the temperature is above 1050 C,
the pole shape in the sintered alloy is apt to spheroidize.
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Table 1 Chemical composition and properties of water atomization iron powder

Mass fraction/%

Distribution rate of particle size /%

Apparent Flowability of 50g
. -3
C o) Fe density/(g-em ) powder/s <45um  45-75um  75-150 um  150-300 pm
<0.01 <=0.12 Bal 275 28 11.5 29.9 46.8 11.8
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B 1 Fe-2%Ni-1%Cu-0.6%C-0.3%Fe,05 i & kk S A= A (1)
SEM 14

Fig. 1 SEM images of Fe-2%Ni-1%Cu-0.6%C-0.3%Fe,05:
(a) Premix; (b) Green body
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Fig. 2 Green body and sintered body density of
Fe-2%Ni-1%Cu- 0.6%C-xFe,05; material
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R 2 B4 Fe-2%Ni-1%Cu-0.6%C-xFe,0; 411 C #1 O
s
Table 2 C and O content of sintered Fe-2%Ni-1%Cu-0.6%C-

xFe,0; alloys

Mass fraction/%

X/%
o C
0 0.017 0.51
0.30 0.011 0.50
0.60 0.006 0.48
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TR 2 T 5 3 SR Pk A ik o T RS T 3 e Tl 4 1)
Fe,0; ki, T HAR MR, AR
T (V480 T T 2 A IR S P T A . 1 2 R O
I T SRR 0.35 um 18] Fe,05 B7E AU FIRIL i,
400 C R 3 min 1A JRERIAH] 91.4% . AWFFR
(1) Fe,O3 My AR K25 2 4824, 7F 400 CIBLIGR BN B,
IIATLE AR FLBR N SR 185 BT Fe,O5 kL
A PR S, I8 R IR F6203—>F6304—>F6[17]: Jiig
DEY i = SR R R S IR Bl e o s W 7/ i
TS VNN P VAR /N TP (¢ e e N2 B S A1
A AR UL FZ b THT N 119 Fe,O5 B I 1 BE A B 38
Jio BRI A, 700 °C B R C TFARA4L
58, IARANIIE SR A — e AU, i
IR JRAR T4 Fe,O5 MUK LL K LR 2 1HI H1 4
), HikFEk Fe,0;—Fe;0,—~FeO—Fel', A,
/DRI Fe,O5 B VS INAT B T-BRAR B S5 44 KL )4
T,

UbAh, BegiARL Y C b Fe,05 U8 It n
WEAT YD, IX SR IR R Fe,O5 AL TR Co SR
i, TCWRERNINT Fe,Os RN Fe,O5 K3 AR
SEREL, BT C ERAERAE 0.5% 454, T4 L
C i, XN TRBHAN B S5 A o s 4 2k &
B g R IR %

24 BRESEWMNTRE

KA [F] Fe O3 WS N IR 2 SIAE 11204 1090+
1050 CHe4h 1 h, LA 1120 “CEE4E 0.5 h, 2R MlkEe
ShRIpTE R, A AR 3 A,

3 AT B4 1) Fe-2%Ni-1%Cu-0.6%C-xFe,05 54
SRERETiHE
Table 3  Bending strengths of Fe-2%Ni-1%Cu-0.6%C-

xFe,0; alloy sintered at different conditions

Bending strength/MPa

x/% (1050 C, (1090 C, (1120 C, (1120 C,
1 h) 1h) 1h) 0.5 h)
0 942 1078 1163 1048
0.15 981 1101 1179 1077
0.30 1039 1139 1208 1116
0.45 1035 1130 1198 1111
0.60 1024 1121 1190 1102
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2.5 Fe, O BURIRIBNEREE 1T H
2.5.1  PPRHGEGE IR A ) 5 5 AR Ak

HHEWTTUA Fe,O5 ¥y ARAE Fe-2%Ni-1%Cu-0.6%C
FERE BB GE 72, TN Fe,O5 ViR H 0.3% 5 R i
I Fe,05 ) Fe-2%Ni-1%Cu-0.6%C s hillFE i #:1 7%} Lk
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Fig. 3 Change of rushing strength curves of Fe-2%Ni-1%Cu-

0.6%C-xFe,0; material sintered with sintering temperatures
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Fig. 4 Crushing fracture morphologies of Fe-2%Ni-1%Cu-0.6%C-xFe,0; samples sintered at different temperatures for 5 min:
(a) x=0, 600 C; (b) x=0.3%, 600 C; (c) x=0, 750 C; (d) x=0.3%, 750 C; () x=0, 900 C; (f) x=0.3%, 900 C



F25 BH 10

BB, A TR Fe,O5 3 AE Fe-2%Ni-1%Cu-0.6%C ¥y A YA G A kE b () Bh e 4l 5 v 2725

55 Fe,O5 I N 0.3% 1R ity BT 1 FEA Ky JkL [ 4ty i
Tt KRR B ING &L A . MiEETEE 750 CHRE(L
Bl 4(c)FI(d)), PRIFE A LT be gl 2k 241 )
PEIX, BEHIkest CHFah. Bbah, WSI0 T AN Fe,O; Fi
AR ity S AR RORSE ] (1030 1 DX T AR B KT R
I FexO5 ¥y AKE S B X, 2% B 2 Stk 2 hor 1)
PRAEE AR Ry, XS T4 Fe05 ik
Pl R BHT A AN Fe ik, HARTIREE . Al TR RCE
ZHCER NPT, NI RAFE T ) bed . il
ILFIF] 900 CHY, ARIFN FeO5 IR B 1458 H
O NERIRIE(LE 4(e)), UHWIREHGE AR AL
Ko MIAINT Fe,Os K W LI £t i B %
HRSHOK,  F0RL [a] R 256 B 2 5 AR I FeyO5
PIRE S (LI 4()), X155 18] 3 bl R it o B2 1) AR 4k
3.
253 BRETMEHOALBRERAE

MEE 1120 CHeSh 1 h J5 & & MFLBRIESE, 455w
K5 fis. HIE S nJLUEH, RESID Fe,05 HIREZS T
it LB AR AN MR FERLR, 40 MRS L Bty A7 W
SIRA, T Fe,O3 A IIEA 0.3%058 45 B i FLER
TR, FLBRR MR D . X RN Fe,05 i
RO E AR ALBRI A A AL 1(b)), bedtid
TR Fe,Os BURIHE IS, (R YN T, g
PEGUAN Fe ¥ph i JsFAER 5K ST 9K 3] R4 T

@ ‘W.
c" : o- ; i
. - = ¥
} ] ﬂ ‘ho
» $ .0 e‘ ]
|«
bt - ¢
@
» S Pl
o 3 g & ™
° e
« % A g d, ;
- .' e -
L -
- g
o R |
> . - .
- 'x. ¢ 10 ym

5 Fe-2%Ni-1%Cu-0.6%C-xFe,0; b4k 75 4 LB FE S
Fig. 5 Pore morphologies of Fe-2%Ni-1%Cu-0.6%C-xFe,0,
alloys sintered at 1120 ‘C for 1 h : (a) x=0; (b) x=0.3%
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