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Abstract; The hot corrosion behavior of the second generation nickel base single crystal superalloy
DD421 coated with 90 % (mass fraction)Na, SO, +10% NaCl (molten at 750 °C) and pure Na, SO, (solid
state at 750 °C) was investigated by salt coating method in 750 °C atmosphere (without SO,
atmosphere). The results show that in the corrosion medium of molten mixed salt, the sulfidation
reaction is mainly caused by the corrosion of liquid molten salt. After 100 h of hot corrosion, the main
corrosion products are typical simple oxides (Al,O;, Cr,O;, TiO,) and Ni/Cr/Ti sulfides. However,
in the pure Na, SO, solid salt hot corrosion experiment, the corrosion products of the alloy after 100 h
of hot corrosion are basically the same as those in the mixed salt test, but the thickness of the
corrosion layer is relatively thinner and the size of sulfide is relatively larger. Combined with
thermodynamics and microstructure analysis, it is clear that the alloy elements can react with solid
Na, SO, salt in the corrosion environment without SO, atmosphere.
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Table 1

Nominal compositions of single crystal superalloy

used in the experiments (mass fraction/ %)
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Fig. 1 Hot corrosion kinetics curves for the experimental

alloys coated with mixtures of Na; SO, +NaCl salt

and pure Na, SO, salt corroded at 750 ‘C
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Fig. 2 Macroscopic morphologies of the experimental alloys
coated with mixed salt (a) and pure Na; SO, salt (b)

after hot corrosion at 750 “C for 100 h
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Fig. 3 XRD patterns of the corrosion products of the experimental alloys coated with mixtures of

Na; SO, + NaCl salt and pure Na; SOy salt after hot corrosion at 750 °C for 100 h

(a) XRD patterns of corrosion products; (b) comparison of complete XRD patterns of Niz Al
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Fig. 4 Cross-section morphologies of the experimental alloys coated with mixed salt (a) and

pure Na; SO, salt (b) after hot corrosion at 750 ‘C for 100 h
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Fig.5 Cross-sectional EDS analysis results of alloy coated with mixed salt after 100 h of hot corrosion
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Table 2 Standard Gibbs free energy of oxidation

reaction for alloy elements at 750 C

Reaction AGrsoc /(k] « mol™1)
4/3A1+0:(g)=2/3Al,0; —902. 217
Ti+0; (g) =TiO; —758. 600
4/5Ta+0;,(g)=2/5Ta,0; —638. 328
4/3Cr+0,(g)=2/3Cr,0; —577.017
2/3W+0:(g)=2/3WO; —386. 706
2/3Mo+0: (g)=2/3Mo0; —325.109
2Co+ 0, (g) =2Co0 —323. 841
2Ti+ 0, (g) =2TiO —293.110
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M + NaCl (1) + O, = Na-M-oxide +Cl,  (5)
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Fig. 7 Hypothetical phase diagram of the
NaCl/Na; SO, system!!5]

M+ Cl, = MCI, (6)
MCl, + O, = M-oxide + Cl, (7)
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Table 3 Standard Gibbs free energy of oxidation reaction and

Al,Cr,Ti and oxides reacting with solid Na, SO, at 750 C

Reaction

AG7s50 ¢ / (k] + mol 1)

8/3A1+20,(g)=4/3Al1,04 —1804. 434
2Ti+20,(g) =2TiO; —1517. 200
8/3Cr+20,(g)=4/3Cr, 03 —1154.033
8/3Al+Na; SO (s) =4/3Al, 03 +Na, S(D —1122.107
2Ti+ Naz SO, (s) =2TiO; + Nay S(D —834. 874
8/3Cr+Na SO, () =4/3Cr; O3 + Na, S(D —471.707
Al O3 + Na;y SO, () =2NaAlO; +SO; (g) 236. 950
6 TiO2 + Nay SO, (s) = Nay Tig O15 +SO; (g) 154,692
Cry O3 +Naz SO (s) =Nay Crz Oy +SO5 () 325. 647
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Fig. 8 Schematic diagram of the reactions during corrosion process
of alloy with pre-coated solid Na; SOy salt corroded at 750 C

(a)at the beginning of corrosion;(b)at the later

stage of oxide layer formation
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