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Influence of Ti addition on
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Abstract: The high temperature oxidation behaviors of Nb-Si-Ti(15%—26%, mole fraction)-Hf-Al-Cr and Nb-Ti (0—50%)
alloys at 1250 C were analyzed utilizing oxidation weight gain method. The scale morphology and composition were

studied by X-ray diffractometry (XRD), transmission electron microscopy (TEM) and EDS analysis. The relationships

among the Ti content and the oxidization products and their Pilling-Bed-Worth ratio (PBR, ¢) values were further studied.

The results show that as the Ti content in the Nb-based alloys increases, the oxidization products transform from Nb,Os

to TipNbyoOy first, then to TiNb,O- and finally to TiO,. Their corresponding PBR values decrease in sequence. With the

decrease of PRB values, the growth stress decreases, the integrity improves and failure cycle lengthens in the oxide film.

Therefore, the high temperature oxidation resistance of the Nb-based alloys is significantly improved.
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Table 1 Nominal compositions of Nb-based alloys

Mole fraction/%

Alloy No.

Nb  Si Ti Hf Al Cr
1 57 16 15 8 2 2
2 47 16 22 8 3 4
3 47 16 25 8 2 4
4 48 14 26 8 2 2
5 100 - 0 - - -
6 50 - 50 - - -
7 667  — 3333 - - -
8 75 - 25 - - -
9 80 - 20 - - -
10 8333 -~ 1667 - - -
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Fig. 1 Oxidation mass gain versus Ti content in
Nb-Si-Ti(15%—26%)-Hf-Al-Cr alloys
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Fig. 2 XRD patterns of Nb-Si-Ti-Hf-Al-Cr alloys: (a) Nb-
14Si-26Ti-8Hf-2Cr-2Al; (b) Nb-168Si-15Ti-8Hf-2Cr-2 Al
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Fig. 3 TEM image of Nb-Si-Ti-Hf-Al-Cr alloy after oxidation

&2 B3R EDS Mg
Table 2 EDS results of points shown in Fig. 3
Mole fraction/%
Position
O Nb Si Ti Hf Cr Al

A4 63.54 2451 183 835 1.01 046 0.30
B 5871 20.50 296 13.09 1.68 140 1.67
C 6256 29.13 176 353 1.09 077 1.15
D 66.65 25.88 0.83 483 095 045 0.40
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Fig. 4 Oxidation mass gain and PBR versus different Ti

contents in Nb-Ti alloys oxidized at 1250 C for 3 h
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Fig. 5 XRD patterns of Nb-Ti alloys: (a) n(Nb):n(Ti)=1:1; (b)
n(Nb):n(T1)=2:1; (c) n(Nb):n(Ti)=3:1; (d) n(Nb):n(Ti)=4:1; (e)
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Table 3 Structure parameters of four oxides and two pure

metals

Structure 14 Z nri 7N

Nb,Os 1360.549 14 0 2
TipNb;(Oy9 1117.022 2 2 10

TiNb,O, 803.2939 6 1 2
TiO, 62.9 2 1 0

Ti 66.9 4 - -

Nb 75.7 4 - -

V stands for unit cell volume; Z stands for or number of
structural unit in single cell; ny stands for number of Ti ion in

unit cell; nyy, stands for number of Nb ion in cells.
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