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Abstract Super alloys, which can be divided into three categories, i.e. Ni-base, Co-base, and Fe-base alloys, are widely used
for high temperature applications. Since superalloys contain many alloying elements and precipitates, their chemistry and
processing parameters need to be carefully designed. In this study, we designed a new Ni alloy to prevent corrosion due to
water vapor and gases at high temperatures. The new alloy was designed using the theoretical value of the resulting energy
electronic state calculation(DV-Xa method). The components that were finally used were Cr, Mo, and Ti, with Ni as a base.
For these alloys, elements were selected in order to compare their values with that of the average theoretical basis for an Inconel
625 alloy. Finally, two kinds of Ni alloy were designed: Ni-28Cr-4Mo-2Ti and Ni-20Cr-10Mo-1Ti.

Key words energy electronic state calculation, alloy design, DV-Xo method, Md, Bo, Ni alloy, Inconel 625.
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Fig. 1. Parameter used for alloy design: the d-orbital energy level
(Md), the bond order(Bo).

Table 1. List of Md and Bo values for various elements of Ni. (M.
Morinaga at al.).

Element Md(eV) Bo
3d Ti 2.271 1.098
\Y 1.543 1.141
Cr 1.142 1.278
Mn 0.957 1.001
Fe 0.858 0.857
Co 0.777 0.697
Ni 0.717 0.514
Cu 0.615 0.272
4d Zr 2.944 1.479
Nb 2.117 1.594
Mo 1.55 1.611
5d Hf 3.02 1.518
Ta 2224 1.67
W 1.655 1.73
Re 1.267 1.692
Others Al 1.9 0.533
Si 1.9 0.589
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Fig. 2. Md - Bo diagram of showing the developed Ni alloys.

Table 2. List of Ni alloys and its composition.
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HASTELLOY C-27

Ni Alloys Composition
Heat-resistant 1 INCONEL ALLOY 601 Ni-23Cr-14Fe-1.4Al
2 INCONEL ALLOY 617 Ni-22Cr-12.5Co0-9Mo-1.2A1
3 INCONEL ALLOY 800 Ni-21Cr-46Fe
4 INCONEL ALLOY 800HT Ni-21Cr-46Fe-1A1-0.08C
5 INCONEL ALLOY DS Ni-18Cr-40Fe-2.2Si
Heat-resistant 6 INCONEL ALLOY 600 Ni-15.5Cr-8Fe

Corrosion-resistant 7 INCONEL ALLOY 625 Ni-21.5Cr-9Mo-3.6(Nb+Ta)
8 INCONEL ALLOY 718 Ni-19Cr-18.5Fe-3Mo-5.1(Nb+Ta)
9 INCONEL ALLOY X-750 Ni-15.5Cr-7Fe-2.5Ti-0.7Al-1(Nb+Ta)

Corrosion-resistant 10 NICKEL 200 Ni-0.08C

11 MONEL ALLOY 400 Ni-31.5Cu
12 MONEL ALLOY K-500 Ni-29.5Cu-2.7A1-0.6Ti
13 INCONEL ALLOY 825 Ni-2.2Cu-21.5Cr-30Fe-3Mo
14 INCONEL ALLOY C-276 Ni-15.5Cr-5.5Fe-16Mo-3.8W
15 INCONEL ALLOY G-3 Ni-2Cu-22.2Cr-19.5Fe-7Mo
16 HASTELLOY B-2 Ni-1Co-1Cr-2Fe-28Mo-1Mn-0.01Si
17 HASTELLOY B-3 Ni-3Co-1.5Cr-3W-28.5Mo-3Mn
18 HASTELLOY C-22 Ni-2.5C0-22Cr-3W-13Mo
19 HASTELLOY C-276 Ni-2.5Co-15Cr-4.1W-5.5Fe-16Mo-1Mn
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Table 3. Md and Bo values for Ni-Cr-Mo-Ti alloys.

Alloy composition(wt%) Md Bo

Ti Ni-20Cr-5Mo-1Ti 0.85919 0.72749
Ni-20Cr-5Mo-2Ti 0.87473 0.73333
Ni-20Cr-5Mo-3Ti 0.89027 0.73917

Mo Ni-20Cr-8Mo-1Ti 0.88418 0.7604
Ni-20Cr-10Mo-1Ti 0.90084 0.78234
Ni-20Cr-9.5Mo-1.5Ti 0.904445 0.779775
Ni-20Cr-10Mo-0.5Ti 0.89307 0.77942

Cr Ni-30Cr-3Mo-ITi 0.88503 0.78195
Ni-30Cr-5Mo-1Ti 0.90169 0.80389
Ni-28Cr-4Mo-1Ti 0.88486 0.77764
Ni-28Cr-4Mo-2Ti 0.9004 0.78348
Ni-22Cr-5Mo-ITi 0.86769 0.74277
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