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Formation and evolution of
oxide strengthening phase in iron-based superalloy
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Abstract: The formation, evolution and the enhancing effects of the oxide strengthening phase on the iron-based alloy
Fe-14Cr-3W-5Ti-3Y-2.20 (mass fraction, %) were studied by X-ray diffractometry, scanning electron microscopy, energy
spectrum analysis, DSC analysis, optical microscopy and microhardness test. The results show that, during the
mechanical alloying process, TiH,, YH, and Fe,0; can dissolve in the atomized powder Fe-14Cr-3W. The Ti,Y,0- phase
will precipitate at 950 “C during the following pressing and sintering processes, the enhancing effects are not obvious and
the microhardness is about 250HV. When sintered at 1 100 ‘C, the compactness of the sintered alloy increases, the

enhancing effects of the oxide strength phase are improved, and the microhardness increases to 798 HV by the dispersion

phase. The precipitation phase grows and the microhardness decreases with increasing sintering temperature.
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Fig.1 Morphologies of as-received raw powders and gas-atomized Fe-14Cr-3W powder: (a) Gas-atomized Fe-Cr-W powder;

(b) TiHy; (c) YH,; (d) FeyO3
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Fig.2 XRD patterns of unmilled powder (a) and milled
powder for 48 h (b)
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Fig.3 Morphologies of mechanically alloyed powders after
milling for 48 h (a), backscattered electron image (b) and EDS
spectrum of MA powders (c)
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Fig.4 DSC curve of powders milled for 48 h at

ball-to-material ratio of 50:1



1146 rp AT 4 2R 2010 6

Wk 728 “C5 1050 “C MR A ] g2 BT Rl A

(BRI 3 LI, % BOR M LA S 950 C o i ::(F;;fiér)z o,
°o—Y,Ti,0,

2.2 JREETERE K

B 5 T A BRI 5 A PR 2 R 3 FEE 2 45 s 1 A1300 Cyl
AR T LS thaf LUR 71 850 CHFFR T 47 AL150 C, |
FEHEAR Fe-Cr AHATHI WSS, IE TR (Fe, Cr),05 #l; Al0s0C,
950 °CHf H BB AT S0, B Ti, Y0, 4. IX 57E DSC A\ 950C|
SrHTH 950 °CALTTAR HH IR ARG S SR TiyY,0, e
(T R — 200 . BESSIRBEM 1150 CTH@ % 1300°C o ; 6'0* - =
I, B8 HiAHF= 4, (Fe,Cr),05 F TiyY,0, HIFH A 20/(°)
B B L B TR 2 5 2R RHIIEREEE AR A ) XRD it

Bl 6 B WEREE R A IR BE ST AF ) WAL Fig.5 XRD patterns of as-sintered alloys after sintered at
Bl 6 &, KEgm/Eo 1050, 1080 THE, LE4iH different temperatures

6 BREER AR IRPESTFE AN R BRES 48 h J5 1 G 20
Fig.6 Microstructures of sintered alloys prepared by powders milled at different temperatures for 48 h: (a) 1 050°C; (b)1 080 C; (c)
1100 °C;(d) 1120 'C; (e) 1 150 C; (f) 1 300 'C
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Fig.7 Vickers microhardness of sintered alloys at different

temperatures
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Fig.8 SEM image of alloy sintered at 1 100 ‘C
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Table 1 EDS analysis results of particle 4 in Fig.8
Element Precipitation Matrix
wi% x/% w/% x/%
W 5.32 1.64 5.12 1.60
Y 9.62 6.16 1.50 0.97
Ti 17.68 21.00 2.84 3.41
C 23.21 25.40 10.20 11.28
Fe 43.87 44.69 80.35 82.74
3 it
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