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[Introduction] 
Nickel or iron base alumina forming FCC alloys, which have various microstructures, have been widely 
applied for components used at high-temperature. The various microstructures, such as different grain 
size, precipitation size, and number density, significantly affect mechanical properties of alloys. Besides 
the mechanical properties, high-temperature oxidation resistance is also an essential factor for high-
temperature applications. High-temperature oxidation resistance depends on the formation of slowly 
growing protective oxide scales, such as Al2O3. However, the effects of the microstructure on the 
protective Al2O3 scale formation have not been understood. Understanding the impact of microstructure 
on the protective Al2O3 scale formation may lead to the new approach of oxidation resistance and 
mechanical properties simultaneous enhancement. This study focuses on the effects of microstructure 
on the oxidation performance of γ + β	two-phase NiFeCrAl alloys. 

 
[Experimental Procedures] 
Model alloys of nominal composition (in at.%) Ni-(0, 20, 30, 40)Fe-20Cr-10Al was prepared by argon 
arc-melting. The alloy ingots were then homogenized in a vacuum at 1200oC for 48 hours and slowly 
cooled to room temperature. Then, 0-Fe and 20-Fe alloys were heat-treated in a vacuum at 800oC for 25 
hours and then quenched. Meanwhile, for 30-Fe and 40-Fe alloys, each alloy ingot was divided into four 
parts and heat-treated in a vacuum with four different conditions as explained in table 1 to obtain 
different microstructures. 
 

Table 1. Heat treatment of 30-Fe and 40-Fe composition alloys 
Representative alloy Heat-treatment 

A 1100oC for 25 hours - Quenched 
B 1100oC for 25 hours – Quenched - 800oC for 25 hours - Quenched 
C 1100oC for 25 hours – Quenched - 1000oC for 25 hours – Quenched 

D 1100oC for 25 hours – Quenched - 1000oC for 25 hours – Quenched - 
800oC for 25 hours - Quenched 

After the heat-treatment, the alloys were examined using SEM, XRD, and EPMA. Approximately 1-
mm thick test samples were cut from each ingot for the oxidation test. The samples were then mirror-
finished and ultrasonically cleaned in acetone before the 4 hours and 100 hours oxidation test at 800oC. 
The analysis was done by using TG, SEM, and GD-OES. 
 
[Results] 
After heat-treatment, 30-Fe and 40-Fe alloys 
consisted of two phases, β-NiAl precipitates in the 
γ-(Fe, Ni) matrix, with different precipitates area 
fraction (f!

"), which is related to precipitates volume 
fraction, and different Al content in the matrix (C!#

$ ). 
Fig. 1 reveals that alloy with lower precipitates 
volume fraction has a higher C!#

$  and a better 
oxidation performance. It indicates that the 
microstructure affects the oxidation performance by 
affecting the “effective” C!#

$ .  
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Fig. 1 Mass Gain After 100h 
oxidation (30-Fe) 


