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Microstructures of Si-Cr co-depositing coatings prepared on
Ti-Nb-Si based ultrahigh temperature alloy
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Abstract: The Cr-modified silicide coatings were prepared on Ti-Nb-Si based ultrahigh temperature alloy by Si-Cr
co-deposition processes at 1 250, 1 350 and 1 400  for 10 h, respectively. The results show that the Si-Cr co-deposition
coatings have multi layer structure. The phase constituents of outer layers and intermediate layers of the coatings change
with increasing co-deposition temperatures. The outer layer and intermediate layer of the coating prepared at 1 250  for
10 h consist of (Ti, X)sSi; (X represents Nb, Hf and Cr elements) and (Ti, X)sSi4, respectively. The transitional layer of
this coating is very thin and composed of (Ti, X)sSiz;. The content of Cr increases significantly in the outer layer of the
coating prepared at 1 350  for 10 h, and (Nb; 9sCry ¢5)Cr,Si3 ternary phase forms in this layer besides (Ti, X);sSi3 phase.
The intermediate layer is composed of (Ti, X)sSiy and (Ti, X)sSi; phases, and the transitional layer composed of (Ti,
X)sSiz phase is thickened obviously. (Nb; 9sCry o5)Cr,Siz ternary phase is the single phase constituent in the outer layer of
the coating prepared at 1 400  for 10 h, and the intermediate layer is composed of (Ti, X)sSi; thoroughly. Discontinuous
(Nb, Ti);Si blocks are also found between the transitional layer and substrate. The influence of temperature on the
diffusion ability of Cr atoms is greater than that of Si atoms in the Si-Cr co-deposition processes investigated.
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Fig.1 SEM image(a) and XRD patterns(b) of Si-Cr co-deposition coating prepared at 1 250  for 10 h
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Table 1 EDS mapping analyses results of different layers in Si-Cr co-deposition coatings prepared at 1 250, 1 350 and 1 400  for
10h
Pack cementation Mole fraction/%
Coating layer
temperature/ Si Cr Nb Ti Hf Al
Al 36.84 4.92 27.39 28.88 1.96 -
1250 A2 43.40 2.54 20.71 30.47 2.88 -
A3 36.00 2.47 17.51 39.22 4.81 -
Bl 29.45 21.22 27.79 20.36 - 1.18
B2 38.59 4.79 23.90 29.40 3.33 -
130 B3 44.13 2.50 20.78 30.01 2.59 -
B4 37.81 1.17 20.77 37.14 2.35 0.75
Cl 27.49 29.75 21.02 21.73 - -
1400 C2 38.37 4.92 23.69 30.55 2.25 0.23
C3 37.51 0.93 22.59 35.61 2.33 1.03
A3 is determined by point scanning analyses.
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Fig.3 SEM image(a) and XRD patterns(b) of Si-Cr

co-deposition coating prepared at 1 350  for 10 h
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Table 2 Main phase constituents of different layers in Si-Cr co-deposition coatings prepared at 1 250, 1 350 and 1 400  for 10 h

Pack cementation temperature/ Coating layer Phase constituent
Outer layer, Al (Ti, X)sSis
1250 Intermediate layer, A2 (Ti, X)s5Siy
Transitional layer, A3 (Ti, X)sSi3
Outer layer, B1 (Nb 95Cry 05)Cr,Si3, (Ti, X)sSi3
(Ti, X)sSi3
1350 Intermediate layer, B2 and B3
(Ti, X)sSiy
Transitional layer, B4 (Ti, X)sSi3
Outer layer, Cl (Nb1_95Cr1_05)CrZSi3
1400 Intermediate layer, C2 (Ti, X)sSi3
Transitional layer, C3 (Ti, X)5Si3
(B2+B3) (Ti, X)sSi3  (Ti, X)sSiy Cr
B4 14 pm (Ti, X)sSi; 2) 1 250 10 h (T,
1 400 Cr X)sSi; (Ti, X)5Si4 (Ti, X)5Sis
Cr 1350 Cr
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