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Microstructures and Mechnical Properties of Ni-Al-Fe Ternary Alloys

Dap-Chun Choi" and Dae-Sung Bae

Abstract

Mechanical properties and microstructures of the Ni-Al-Fe and Ni-Al-Fe-(B, Zr) alloys which containing 10~30at.%Fe,
0.1at.%B and/or 0.1at.%Zr have been investigated. The experimental results showed that the microstructures of Ni25Al1 were
changed from a single phase 7 to dual phase yand 3 by addition of 27at.%Fe. Ni45Al, however, kept the single § phase even
though Fe was added upto 30at.%. The hardness of Ni25Al were increased from HgB 70 to HyC 39 by addition of 27at.%Fe. In
the case of Ni45Al which have HyC 37, the hardness was decreased by 10at.%Fe addition, but increased with 30at.%Fe. The yield
strength and ultimate compressive strength in the compressive test have showed a similar trend with the hardness change. The
strain to fracture was 14% at maximum and achieved in Ni25Al-27at.%Fe and Ni25Al-27at.%Fe-0.1at.%B alloys. The Ni43Al
showed arelatively low strain to fracture as 4%. The impact absorption energy of Ni25Al increased from 0.74 kg-m to 1.81 kg-m
by addition of 27at.%Fe. In case of Ni45Al, the addition of 10at.%Fe and 10at.%Fe with small amounts of B and Zr did not
change significantly the impact absorption energy of 0.60 kg-m, whereas the addition of 30at.%Fe with small amounts of B and
Zr increased it slightly. In fracture tests, both of two basic materials showed the same intergranular fracture but by adding Fe it
changed to the cleavage fracture mode or co-existing of cleavage and intergranular fractures.
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Table 1. Chemical compositions of Ni-Al alloys.
Alloy Chemical Composition (at.%)
No. Ni Al Fe B Zr
(a) bal. 25
(b) bal. 25 27
(c) bal. 25 27 0.1
(d) bal. 25 27 0.1
(e) bal. 45
43) bal. 45 10
(g) bal. 45 30
(h) bal. 45 10 0.1
(i) bal. 45 30 0.1
)] bal. 45 i0 0.1
(k) bal. 45 30 0.1
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(e) Ni-45Al1-30Fe

Fig. 1. SEM micrographs of Ni-Al alloys heat treated at 1000°C for 7days.
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Fig. 2. X-ray diffraction patterns of Ni-Al alloys ; (a) Ni-25Al,
(b) Ni-25A1-27Fe, (c) Ni-45Al, (d) Ni-45A1-10Fe, (e)
Ni-45A1-30Fe

A71e gl W3k XRDEMZAHAE vehdiy,
0.1at% B ¥ Zr2] A7k A% ¥MEI= A7
%2 7Tk =)zt glol vehlA] edsketk. Fig. 2(a)
o] Ni2SARME #4727 ¢ peakite] EAllaL Sl
o ol Ni-Al 294 Aei=e] 25at.%ARIA L1,74

=
=2

(56)

ATFEE ZFe y(NBADRAELE. EAsls 2l o 28
gl & 4= e} T2]3 Fig. 2(b)2] Ni2SAR7Fedt
FL ¥ EE afc i}l B2AATRE] BNIAD
peako] VBRI QlEd] o) Fig. 39 AF2ellAe] 3
A AE(16]) 2 A@%S wt.%Z Al
y+B9 2% EREA LR AT Yr Aoz
R1E 4= 9lom | S.Guhas {51 Ni-20Al-30Feihaol
A, TsauS[912 Ni-25Al-xFe FZ2FFoNA $AAFS
D T PBTER), Al dHe yEAA
feco)+ 713 B FATA |, e FAH YA
fecye] MEAdol FAIAALe] pAF Z1A el A3
3 ¥ sy glel. a8y Tsaueb Yeh[13]: Ni-
25A1-xFedtas ofdA=lshd y e pIAM=E
L= g A EF o R FAEE R ER
35at.%°|3}2] Fedleds Zte 3] $A1gAbe] %399
< 3 AABE AR+ A +yHAEHE FE
PPN (B QA+ 71IA)E W ERiekT ¥ sk
ek A B dFdME Avkx 9708
1000°ColA 797 T3t A=)t F x=4ssd7] o
Foll Fe-25A18MF2 2 yAolvd, Fe-25A1-27Fedh&



Ni-Al-Fe 3941359 nyz2 @ 7144 B4 - HA - w4

- 359 -

\

T146841AL

(120040
\/eo(An

70 [:1¢] 90

Fig. 3. Ternary phase diagram of Ni-Al-Fe system at room temperature (wt.%);

A 1 Ni-25A1-27Fe(Ni-13.5wt.%Al-30.2wt.%Fe) B : Ni-45A1-10Fe(Ni-27.5wt.%Al-12.7wt.%Fe)
C : Ni-45AI-30Fe(Ni-27.9wt.%Al-38.5wt.%Fe) D : Ni-27Al-22Fe(Ni-14.7wt.%Al-24.8wt.%Fe)

E : Ni-8Al-53Fe(Ni-4wt.%Al-54.2wt.%Fe)
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Element .
. Ni Al Expected Phase
1 Point
1 76.7 23.3 ¥ (NizAlD
2 74.7 25.3 ¥'(NisAD
3 76.3 23.7 ¥ (NisAD
’ Element .
) . Ni | Al | Fe | Expected Phase
Point
> :
\ 1 51.1}26.6]22.3] B(NiFe)(AlFe)
2 39.1{ 7.8 |53.1 ¥x(NiAlL,Fe)+B

' e,

39.1( 7.6 {53.3 v(Ni,ALFe)+8

Ni Al | Fe | Expected Phase

42.8 | 45.711.5| B(NiFe)(AlFe)

44.8 | 43.8111.4| B(Ni,Fe)(AlFe)

44.9]144.810.3] B(NLFe)(AlFe)

Ni Al Fe | Expected Phase

23.9]46.6 | 29.5] B(NiFe)AlLFe)

24.0145.6|30.4| B(NiFe)ALFe)

3 23.6145.5130.9| B(NiFe)(AlFe)

(d) Ni-45A1-30Fe

Fig. 4. Energy Dispersive X-ray Spectroscopy (EDS) data of Ni-Al alloys.
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Fig. 5. Rockwell hardness of Ni-Al alloys ; (a) Ni-25Al, (b)
Ni-25A1-27Fe, (c) Ni-25A1-27Fe-0.1B, (d) Ni-25Al-
27Fe-0.1Zr (e) Ni-45Al, (f) Ni-45Al-10Fe, (g) Ni-
45A1-30Fe, (h) Ni-45A1-10Fe-0.1B, (i) Ni-45A1-30Fe-
0.1B, (j) Ni-45A1-10Fe-0.1Zr, (k) Ni-45A1-30Fe-0.1Zr
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Fig. 6. Yield Strength(YS) and Ultimate Compressive Strength

(UCS) at 1.67 X 10%S of Ni-Al alloys ; (a) Ni-25Al,
(b) Ni-25Al-27Fe, (c) Ni-25A1-27Fe-0.1B, (d) Ni-
25A1-27Fe-01Zr (e) Ni-45Al, (f) Ni-45A1-10Fe, (g) Ni-
45A1-30Fe, (h) Ni-45Al-10Fe-0.1B, (i) Ni-45A1-30Fe-
0.1B, (j) Ni-45A1-10Fe-0.1Zr, (k) Ni-45A1-30Fe-0.1Zr
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Fig. 7. Strain to fracture at 1.67 X 10°%/S of Ni-Al alloys ; (a)
Ni-25Al, (b) Ni-25A1-27Fe, (¢) Ni-25A1-27Fe-0.1B,
(d) Ni-25A1-27Fe-01Zr () Ni-45Al, (f) Ni-45A1-10Fe,
(g) Ni-45A1-30Fe, (h) Ni-45A1-10Fe-0.1B, (i) Ni-45Al-
30Fe-0.1B, (j) Ni-45A1-10Fe-0.1Zr, (k) Ni-45Al1-30Fe-
0.1Zr
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Fig. 8. Impact absorption energies(kg-m) of Ni-Al alloys ; (a)
Ni-25Al, (b) Ni-25A1-27Fe, (c) Ni-25A1-27Fe-0.1B, (d)
Ni-25A1-27Fe-0.1Zr (e) Ni-45Al, (f) Ni-45A1-10Fe, (g)
Ni-45A1-30Fe, (h) Ni-45Al-10Fe-0.1B, (i) Ni-45Al-
30Fe-0.1B, (j) Ni-45Al-10Fe-0.1Zr, (k) Ni-45A1-30Fe-
0.1Zr
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Fig. 9. Fracture surfaces of Ni-Al alloys
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