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Effect of elements Y and Ce on high temperature
oxidation behavior of directionally-solidified Ni-based superalloy
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Abstract: The effect of rare earth elements Y and Ce on the oxidation behavior of Ni-based superalloy DZ444 at elevated
temperatures was studied by TGA method. The composition and morphology of the oxide films of DZ444 alloy were
measured by XRD and SEM. The results indicate that rare earth elements has no effect on the oxidation kinetics, which
obey parabolic law at 700, 850 and 950 C. However, the values of activation energy decrease from 257.6 kJ/mol to
246.8 kJ/mol when Y and Ce elements are added to the alloy. The oxide films of DZ444 alloy consist of three layers,
loose upper layer consists of TiO,, Cr,O3 and (CrgsTig12),03, compact intermediate layer is mainly Cr,Os, and discrete
internal oxides are Al,O;. The composition of oxide films is not changed by rare earth elements, which can easily
segregate on the surface of the alloy and accelerate the formation of protective oxidation film to prevent further oxidation.
Therefore, it can be concluded that the addition of rare earth elements Y and Ce can effectively inhibit the development of
internal oxidation.
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Table 1 Parabolic reaction rate constants k, at different
temperatures and oxidation active energy O, of superalloy

DZ444

Alloy  Temperature/C kp/(mgz-cmf“-h*') Qp/(kJ-molfl)

700 0.89X107°

DZ444B 850 2.10x107* 257.6
950 7.61X107°
700 1.09%X107°

DZ444C 850 2.09%X107 246.8
950 7.11%x107°
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Table 2 Phase constitution of on surface of oxidized DZ444
superalloy at 700 and 850 C for 100 h

Oxidized
Alloy Phase constitution
temperature/ C
700 Cr,03, TiO,, (CrygsTig.12)20
D7444B 203 2, (Cro.88T10.12)203
850 Cry03, TiOy, (CrogTig.12)203
700 Cr,03, TiO,, (CrygsTig.12)20
DZ444C 203 2, (Cro.88T10.12)203
850 Cry03, TiOy, (CrogTig.12)203
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Table 3 Phase constitution on surface of oxidized DZ444 superalloy at 950 “C for different times

Phase Constitution

Oxidized time/h
DZ444B DZ444C
1 Cry03(w), TiOy(w),Al,O3(W),(Cro g3 Tig.12)203(vw) Cry03(w), TiOy(w),Al,O3(w),(Cro g3 Tip.12)203(vw)
5 Cr,05(m), TiO5(m),Al,O3(vw),(Crg g3 Tig.12)203(W) Cr,05(m), TiO5(m), Al,O3(vw),(Crg g5 Tig.12)203(W)
25 Cry05(8),TiOx(8),(Cro 83 Tip.12)203(m) Cry05(8),TiOx(8),(Cro 85 Tip.12)203(m)
100 Cry05(vs), TiOx(v8),NiCryO4(vw),(Cro 83 Ti0.12)203(s) Cr,05(vs), Ti02(vs),(Cro 85 Ti0.12)205(s)

vw: very weak; w: weak; m: middle; s: strong; vs: very strong.

Fig. 4 Surface morphologies of superalloy DZ444 oxidized at 950 “C for different times: (a), (c), (¢), (g) DZ444B; (b), (d), (f), (h)
DZ444C; (a), (b) 1 h; (¢), (d) 5 h; (e), (f) 25 h; (g), (h) 100k
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Table 4 EDXS results of oxidation on superalloy DZ444 at
900 C for5h

Mass fraction/%

Element
Connector Particle
(¢ 30.98 36.87
Cr 55.40 18.56
Ti 10.82 42.89
Al 0.72 0.29
Ni 2.08 1.39
Total 100 100

F 5 Ni-Cr-Al B RMAFEMIATE AL N B3R )
2R BE
Table 5 Energy of eclement segregation on surface of

Ni-Cr-Al alloy with and without oxygen

Segregation energy/eV
Element
Without oxygen With oxygen
Al 0.099 —0.063
Cr 0.621 —0.393
Y —1.905 —2.291

24 SLESERR
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A LA T T30 B RE T 181 23 BT 45
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AN IAEAEIE N T AR S A 255 . WAL
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HEB NGRS, MK Cr0s J2 XA LA
15, HEMAEINY BUEROEE, . ZIBAEAE
Je G bREA R A BB fU 4 P, 950 CF,
DZ444B G4 M N EMNZ IR T DZ444C G411,
HAEHEL M TIN Pk, X DZ444C A4 %L

Table 6 Energy of oxygen adsorption on surface of Ni(111) and NiM(111)

M/(kJ-mol ") Ni

Al Y

E,q/(kJ-mol ") 273.603

369.604

292.803 325.443
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Fig. 5 Section morphologies of oxidation film and EDS element mapping results of superalloys DZ444 oxidized at different
temperatures for 100 h: (a), (¢), (¢€) DZ444B; (b), (d), (f) DZ444C; (a), (b) 700 °C; (c), (d) 850 C; (e), (f) 950 C
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Fig. 6 Microstructures of oxided films section and near oxidation film of DZ444 superalloy at 950 ‘C for 100 h: (a), (c) DZ444B,

(b), (d) DZ444C
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