


significantly increased over pure Nb by judicious choice of alloying. Figure 5(b) shows the role 

of silicide phase in improving the oxidation resistance of complex alloys. All alloys show a 

two-stage oxidation reaction with an initial slow oxidation region followed by a rapid linear 

oxidation region. The second stage can be described as a breakaway oxidation reaction where 

rapid oxidation and oxide spallation occurs. Alloys containing ~10at%Mo were found to be 

more spallation-resistant in comparison to other alloys. The onset of the breakaway oxidation is 

strongly temperature dependent and occurs earlier in time as the temperature is raised as 

illustrated in Figure 6. Role of different alloying elements upon oxidation kinetics have been 

discussed in earlier papers [10,22]. Results of weight change data such as those in Figure 5 and 

6 can be analyzed by using the equation, n
Ktw , where w is the weight change per unit 

area, t is the reaction time; K and n are constants. The oxidation reaction kinetics is then 

characterized as linear, parabolic, cubic, etc. depending upon the value of the exponent n.  

Wagner showed that the kinetics of oxidation can be treated as a diffusion problem and a 

simple parabolic law (i.e. n = 0.5 in equation above) derived to explain the kinetics of the 

reaction [26,27]. The oxidation of pure Nb in oxygen (at partial pressures high enough to form 

Nb2O5), as well as static air, follows a parabolic law at short times (i.e. n = 0.5) and becomes 

linear at longer exposure times. The oxidation kinetics of Si-containing, multicomponent Nb 

alloys appear to be somewhat different from those of Nb-Ti-Al base where the value of n was 

found to be usually very close to unity [16,17] indicating much faster oxidation kinetics. This is 

best seen in Figure 4 where the values of the kinetic law exponent, n, of Nb-Ti-Al alloys are 

compared with those of Nb-Ti-Si alloys. It must be cautioned that in the cyclic-oxidation 

experiments performed here, weight changes reported do not account for any weight losses due 

to spallation and thus the value of the exponent n in the kinetic law deduced from these data 

may actually be somewhat less than the true parameter. 

Figure 5: (a) Comparison of cyclic oxidation (in static air) behavior of Nb and a solid solution 

alloy at different temperatures. (b) Oxidation of silicide bearing alloys.
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Figure 6: Influence of temperature on the kinetics of cyclic oxidation of an Nb-26Ti-12.6Si-

5Ge-1.Al-1.9Hf-6.7Cr-0.4Sn alloy. 

Figure 7: Comparison of experimentally determined values of the kinetic exponent, n, for a 

number of multicomponent Nb alloys. Data from Perkins, Chiang and Meier [17] is shown with 

filled square symbols whereas our data is shown using open symbols. Perkins, Chiang and 

Meier study [17] used several alloys having the composition (25-40) at% Nb- (23-32) at% Ti – 

(22-44) at% Al with other additions. Data for Si-bearing alloys show n ~ 
1
/3 while for the Al-

rich alloys n~1. 
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