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Effect of CeO; on microstructure and
oxidation resistance of silicide coatings prepared on
Nb-silicide-based ultrahigh temperature alloy
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Abstract: Si-Ce co-deposition coatings were prepared on an Nb-silicide-based ultrahigh temperature alloy by pack
cementation processes at 1 150 C for 8 h. The effects of CeO, content in pack mixtures on the microstructure, constituent
phases and high temperature oxidation resistance of the coatings were studied. The results show that all coatings prepared
with different contents of CeO, in the pack mixtures are mainly composed of a (Nb, X)Si, (X represents Ti, Hf and Cr)
outer layer, a (Ti, Nb);sSiy transitional layer and an Al-rich diffusion zone, which are similar to that of purely siliconized
coatings. EDS analysis reveals that the distribution of Ce in the co-deposition coatings is not uniform. The content of Ce
in the Hf-rich (Nb, X)Si, phase transferred from (Nb, X)sSi;in the base alloy is higher than that in other phases. The
addition of CeO, in the pack mixtures not only refines the microstructure of the coatings, but also obviously catalyzes the
coating growth, especially when 3% CeO, (mass fraction) is added in the pack mixtures. Both scales formed on the Si-Ce
co-deposition coating and purely siliconized coating after oxidation at 1 250 ‘C for 50 h are mainly composed of TiO, and
Si0,. However, much finer TiO, rods are observed distributing evenly in the scale of the Si-Ce co-deposition coating
after oxidation. Thus, the Si-Ce co-deposition coatings enhance the high temperature oxidation resistance due to the
improved compactness of the protective oxide scale.
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Fig. 1 XRD pattern conducted on original surfaces (a) and cross-sectional BSE images of Si-Ce co-deposition coatings prepared
with pack mixtures containing different mass fractions of CeQO,: (b) 0; (c) 0.75%; (d) 1.5 %; (e) 3%; (f) 4.5%
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Fig. 2 Cross-sectional BSE image of microstructure of outer
layer in Si-Ce co-deposition coating prepared with pack
mixture containing 3% CeO,(mass fraction) (Arrow 1 indicates
that light-gray matrix is composed of (Nb, X)Si, but enriches
with Hf, arrow 2 indicates that dark matrix is also (Nb, X)Si,,
but is devoid of Hf, and arrow 3 indicates that the light-white
particles are still (Nb, X)Si, but with very high contents of both
Hf and Cr)
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Table 1 EDS analysis results of characteristic sites marked in

Fig. 2

. Mole fraction/%
Site
Al Si Nb Ti Cr Hf Ce
Arrow 1 047 66.02 19.45 9.16 0.67 4.15 0.08
Arrow 2 - 66.83 2255 856 091 1.15 -
Arrow3 039 66.13 951 7.63 5.13 11.06 0.15
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Fig. 3 XRD pattern (a) and cross-sectional BSE image (b) of

transitional layer and surrounding structure in Si-Ce co-
deposition coating prepared with pack mixture containing 3%

CeO, (mass fraction)
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Table 2 EDS analysis results of characteristic sites marked in Fig. 3(b)
Site Mole fraction/% Phase
Al Si Nb Ti Cr Hf Ce
Arrow 1 - 43.70 30.96 19.88 3.52 1.89 0.05 (Ti, Nb)sSi,
Arrow 2 1.35 42.57 29.89 17.48 0.68 7.89 0.14  Hf-rich (Ti, Nb)sSi,
Arrow 3 3.16 36.40 33.18 20.13 0.86 6.25 0.02 (Nb, X);Si;
Arrow 4 35.13 1.30 32.60 10.54 17.68 2.75 - (Cr, Al)»(Nb, Ti)
Arrow 5 16.73 2.29 44.35 33.15 1.62 1.77 0.09 Al, Nb-rich phase
120 ALk 6 TR Si 5 B ik 43.78% (/R 43 50),s
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Fig. 4 Variation of thickness for Si-Ce co-deposition coatings
prepared with pack mixtures containing different amounts of

CeO, powders
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Fig. 5 Cross-sectional BSE images showing both lower parts

of outer layers and transitional layers of coatings prepared with

pack mixtures containing 0 (a) and 3%CeO, (mass fraction) (b)
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Table 3 EDS analysis results of characteristic sites marked in Fig. 5

Mole fraction/%
Site Phase
Al Si Nb Ti Cr Hf Ce
Arrow 1 0.63 51.30 21.99 18.49 1.24 6.35 - (Nb, X)Si,
Arrow 2 - 57.44 23.66 12.24 0.87 5.71 0.08 (Nb, X)Si,
Arrow 3 0.22 43.81 34.64 16.86 3.00 1.47 - (Ti, Nb)sSi4
Arrow 4 - 43.70 30.96 19.87 3.52 1.89 0.06 (Ti, Nb)sSi4
Arrow 5 2.82 38.19 32.87 19.18 0.63 6.31 - (Nb, X)sSi;
Arrow 6 0.95 43.78 25.14 19.99 1.47 8.49 0.18 (Ti, Nb)sSi4
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Fig. 6
Nb-silicide-based alloy (a) and SEM image of surface of Si-Ce

BSE image of arc-melted microstructure of

co-deposition coating prepared at 1 150 ‘C for 1 h with pack

mixture containing 3% CeO, (mass fraction) (b)
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Fig. 7 XRD patterns conducted on surfaces of Si-Ce co-

deposition coatings prepared with pack mixtures containing 0
and 3% CeO, (mass fraction) after oxidation at 1 250 ‘C for
50 h
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Fig. 8 BSE images (a), (b) of surfaces and cross-sectional SEM images (c), (d) of scales formed on Si-Ce co-deposition coatings

prepared with pack mixtures containing 0 (a), (¢) and 3% CeO, (mass fraction) (b), (d) after oxidation at 1 250 C for 50 h

F 4 8 bR E R EDS s b g R

Table 4 EDS analysis results of characteristic sites marked in Fig. 8

Mole fraction/%
Site Phase
(6] Al Si Ti Cr Nb Hf Ce
Arrow 1 70.58 1.21 2.29 22.39 1.04 1.47 1.02 - TiO,
Arrow 2 65.89 6.48 26.12 1.16 0.09 0.22 0.05 - SiO,
Arrow 3 70.69 5.53 2.52 1.03 20.13 0.04 0.06 - Cr-rich oxide
Arrow 4 73.84 1.27 2.09 20.19 1.50 0.40 0.67 0.04 TiO,
Arrow 5 68.64 5.45 24.62 0.89 - 0.02 0.03 0.33 SiO,
Arrow 6 68.04 3.04 1.39 2.98 23.93 0.35 0.20 0.08 Cr-rich oxide
AR I 5 IR BRG B PE Rc s,  DRhin BA B
. fan i B A AT RE
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