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Microstructure and mechanical properties of Ni;Al based intermetallic
designed based on 'cluster plus connected atom' model

Liu Lin, Xu Yanan, Tian Quanwei, Teng Zongyan, Xu Zhaohui, Wang Yinong’

(School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China)

Abstract: The room temperature brittleness of Ni;Al intermetallic compounds significantly limits its ap-
plication. Accordingly, in this paper, the composition and structure of Ni;Al intermetallic compounds
are analyzed, and the composition is designed by the 'cluster plus connected atom' model. Six alloys
were designed by replacing some Ni on the cluster shell with Co and Fe and replacing some connecting
atom Al with Ti. Simultaneously the microstructure and mechanical properties of these alloys were
characterized. The results show that the microstructures of all six alloys are composed of the Ni;Al
phase (y' phase), NiAl phase (BCC), and a small amount of eutectic precipitated third phase, and the
formation of the Ni;Al phase is confirmed by TEM analysis. The alloy designed in this paper has im-
proved room temperature strength, hardness, and plasticity compared to the Ni;Al intermetallic com-
pound. The reason is that the formation of the Ni;Al phase as the matrix improves the strength and hard-
ness. When a small amount of BCC phase precipitates in the Ni;Al matrix, it helps further to improve
the strength and hardness of the alloy. In comparison, the high concentration of BCC decreased the
strength and hardness and increased the plasticity.

Key words: Ni;Al intermetallic compound, "clusters plus connected atoms" model, phase analysis,
mechanical properties
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Table 1 Alloy composition list based on cluster plus linked atom model

e JE J5F 5 /% JNBJE B 5 E 53 /% JNBJE i BT E 43 /%
1 [Al-(Nis-Cos-Fe)]AlTi, Nij; sC03125F€25AL, 5T 5 (Niy; 5C03,55F€425A115Ti 5 5)osBs Niy12C0s44F e sAlLgsTiy, B4
2" [Al-(Nig-Cos-Fe)]ALTi Nis; 5C0s,25F e 25ALg 75 Tis 2 (N3 5C03; 55F €5 25Al1g 75Tig 25)0sB Ni,>,C0ss3Fes Al ;Tis By s
3" [Al-(Ni,-Co,-Fe)]AlTi, Niy375C0,5F e 25Al 5 Tz 5 (Nig3 75C05F e 25A11, 5 Thy5)0sBs NisCoysFessAlgsTiy By
4 [Al-(Ni,-Co,-Fe)]ALTi Niy325C05F e 25Al g 75Tl o5 (Niz375C055F € 5AL 1 75T 25)osBs Niy,C0s5:Feq Al ; Tis By s
5 [Al-(Nig-Co,-Fe)]AlTi, NisyCo,5.75Feq25AL 5Tz s (NisyCo0yg75F e 25AL, 5T 5)0sB, Nis; 9C03,Fes sALs;Tiy, 5By
6" [Al-(Nig-Co,-Fe)]ALTi NisyCoyq.75Feq25AL g 75T 25 (NisgC0,575F €4 25AL 5 75 Tig 25)osBs Nis;3C0s,.Feq Al ;Tis By s
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Table 2 Actual chemical compositions of each alloy %

B Ni Co Fe Al Ti
1 41535  33.998 6.14 6.666 11.661
2 42519 35496 6331 10.099 5.555
3 47.751 27.994  6.835 6.409 11.011
4 49.099 28429  6.502 10.084 5.886
5 54601  21.197 6371 6.36 11.471
6 56407 21356  6.468 9.97 5.799
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Fig. 2 XRD diffraction pattern of as-cast alloy
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Fig.3 Metallographic map of as-cast alloy
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Fig. 4 EPMA mapping analysis of 1* and 2” alloy
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Table 3 Volume fraction of each phase in the alloy

PN R H0 % _
NiAlKH Ni, Al =M
1 29 65 6
2" 46 50 4
3* 27 68 5
4 44 52 4
5" 8 88 4
6" 42 54 4

101 nm
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Fig. 5 The bright field phase (a and m) of 1” alloy in different regions, the selected area electron diffraction pattern (b, k, n)
of positions i and ii and iii, the high-resolution image of position i and the FFT image (c) of region II in the figure, the
high-resolution image of position ii and the FFT image (1) of region III in the figure, the high-resolution image of posi-
tion iii and the FFT image (o) of region V in the figure, and the composition distribution (d-J) of the region I, region-

al IV component distribution (p-u)
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Fig. 6 The left figure shows the tensile and compressive curves of Ni,Al intermetallics at room temperature, the right fig-
ure shows the room temperature compression curve of the alloy designed in this paper
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Table 4 Microhardness of alloy

A4 BHMEEHV)  JERMEE/MPa  RKIEGE%
1 558 1350 29
2* 500 1200 30
3 528 1250 34
4 484 1050 35
5 508 1100 37
6" 470 900 37
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