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ABSTRACT: The work aims to prepare the Fe-based alloy containing nano-NiAl phase with B2 structure by mechanical
alloying and hot-press sintering and then study the effects of different nano-NiAl contents (30%, 40%, 50%, and 60%) on the
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microstructure and mechanical property of alloy. Ni powder and Al powder were used as raw materials to prepare B2 nano-NiAl
powder by high-energy ball milling. The NiAl powder and Fe powder were mixed and sintered by vacuum hot-pressing sintering
furnace to obtain the block sample. Scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), X-ray
diffraction (XRD) and transmission electron microscopy (TEM) were used to observe microstructure and analyze phases.
Hardness, density, compressive strength and oxidation resistance (600 ‘C) of Fe-based alloys with different contents of NiAl
were tested. Hardness and compressive strength of alloy increased firstly, and then decreased with NiAl content. When NiAl
content was 50wt.%, hardness and compressive strength of alloy were 35.2 HRC and 2,530 MPa respectively and the density
was 6.68 g/cm’. The compressive strength of the alloy increased by 239.6% and the density decreased by 14.5% when compared
with those of alloy not added with NiAl. When =600 ‘C and /=1200 min, the surface oxidation weight gain was reduced by
37.9% compared with that of pure iron. NiAl phase size was about 100~200 nm and the phase had the most uniform structure
and the highest density. Nano-NiAl with B2 structure can effectively reduce the density of iron-based alloy and improve the
mechanical properties. However, the mechanical properties of the alloy are greatly reduced, when NiAl content is too high, since

nano-NiAl phase with B2 structure is a hard and brittle phase.
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Fig.1 SEM images and XRD patterns of NiAl powder: a) low magnification scanning;
b) high magnification scanning: ¢) XRD patterns
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Tab.1 Process parameters of hot-pressed sintering nano-NiAl/Fe alloys

Parameter name Numerical value

Parameter name Numerical value

Pressure/MPa 20
Mold inner diameter/mm 30
Vacuum degree/Pa 3~4

Heating rate/(°'C -min") 3~10
Holding time/min 60
Maximum temperature/‘C 1050
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Fig.2 X-ray patterns of Fe-based alloys with different
nano-NiAl contents
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Tab.2 EDS analysis of Fe-based alloys with different
NiAl contents

Test point Element/at.%
Al Fe Ni (0]
1 3.13 94.43 0.78 1.67
2 40.06 5.13 53.82 1.99
3 10.62 43.33 17.83 28.22
4 62.04 3.73 0.63 33.60
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Fig.3 SEM micrographs of Fe-based alloy with different NiAl contents
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Fig.4 TEM micrographs of Fe-based alloy with 60%NiAl: a) Transmission picture; b) Spectral analysis
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Fig.5 TEM micrographs of Fe-based alloy with 50% NiAl: a) Mixed microstructure; b) B2 structure

2.3 N1FERE

2 3 NWAEYK NIAl SIS R,
2 3 AT, A4 ERE NiAl e, 'K
TR AR, 76 NiAL 1R800 50%K, A 1k
S KAE (35.2HRC ), Z2lifkimy 3.7 45,

#3 AEGKNA SEREGETE
Tab.3 Hardness of Fe-based alloy with different
nano-NiAl contents

w(NiAl)/% Hardness (HRC)
0 9.5
30 27.0
40 31.5
50 352
60 32.5
3000
—— W(NiAD=0%
2500 | — WANIAD=30%
—— wNiAD=40% ﬂ
— w(NiAD=50%
« 2000 F —— Ww(NiAD)=60%
% 1500 &
2 e
(J/:) — b
1000 | ‘
500 | W
0 1 1 1 1
0 0.04 0.08 0.12 0.16 0.20
Strain/%
a N J7-RiAE Lk
6

ANFEYHK NiAL Eﬁ%&%ﬁ%ﬂﬁ IARTEAER
HEREE . PUEREERE NiAl S 28tk ith 2 g 6 i
No BN A AR E IS A E S LRI EE,
AF NiAl F& T, BRIES SN FHEEE LT 97%

L. thiE 6 fTLIEH, A4r%ER NiAl &1
HENT R ET AL, AiAk AT N 7.53 glem’, 24 NiAl

() A B0R S0%KT, 54k, %E’J&f“ REAG
T 14.5%, K7 6.44 g/em’®, FEFE NiAl A9,
B EMNPUEIRIE op BWIEA, 2 NiAl 1408
50%HF ik B KM (2530 MPa ), #4148k ( 0,,=745 MPa )
HWINT 239.6%. 24 NiAl R4k, 54 o B
BEORFEEE MBS/, 24 NiAl B RESECN 60%M,
o0,=1501 MPa,

HEMHRS RMALCRED], WHEE A

8.0
2500 2502 2530
f 7.53 176
2000 _
472% 2
7. 03 2
z1500F 1501 168X
1202 6.72 f\
1000 | wt—4l64
{ 6.43
745
500 L L 1 1 L L 6-0
10 20 30 40 50 60

W(NIAD/%
b WAL, BUEREE HhZR

ANTEIEAK NIAL 5 i Bk 5 4 A9 0 ) - AR 5 B . Bt M i 2 fH 2

Fig.6 Stress-strain and density, compressive strength curves of Fe-based alloys with different nano-NiAl contents:
a) Stress-strain curves; b) Density and compressive strength curves
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