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ABSTRACT 

Room-temperature tensile properties of as-cast Fe3Al-based FA-129 alloy were 
investigated. Tensile properties were obtained in the as-cast condition in air, oxygen, and 
water-vapor environments, and after homogenization at 70,900, and 120O0C. 
Transmission electron microscopy (TEM) was used to characterize ordered phases and 
dislocation structure, and optical metallography and scanning electron microscopy (SEM) 
were used to characterize the grain microstructure and fracture morphology. Tensile 
properties in the as-cast condition exhibited an environmental effect; tensile ductilities in 
oxygen atmosphere were greater than those obtained in laboratory air. Homogenized 
samples of FA-129 alloy exhibited almost twice the ductility found in the as-cast condition. 
Microstructural characterization of the homogenized samples and comparison of the as-cast 
and homogenized microstructures provided clues that helped to explain the poor ductility in 
the as-cast state. 

INTRODUCTION 

In recent years, alloys based on Fe3Al have received considerable attention due to 
their wear, oxidation, and sulfidation-resistance properties.14 However, the bulk of the 
work, involving both alloy development and studies on their corrosion, deformation, and 
fracture behavior, have been on samples in the wrought condition.14 Before iron- 
aluminide alloys can be developed for structural applications on a large scale, it is important 
to characterize the as-cast microstructure and mechanical properties of iron-aluminide 
alloys, both from the view of further processing and for use as cast components. The first 
phase of this research characterized the various components of cast structure in FA-I29 
alloy.l** This phase of the research characterized the as-cast mechanical properties of 
Fe3Al-based alloys. Room-temperature tensile properties of as-cast Fed-based FA- 129 



alloy were investigated in air, oxygen, and water-vapor environments. Room-temperahue 
tensile properties of FA-129 alloy are also investigated after homogenization at 700,900, 
and 1200OC. Finally, tensile properties are correlated with the microstructure and fracture 
morphology, and some observations are made about tensile properties, in particular, the 
ductility in the as-cast condition. 

DISCUSSION OF CURRENT ACTIVITIES 

Experimental Procedure 

Vacuum-induction melts of Fe3Al-based FA-129 alloy (Fe-28% AI-5% Cr- 
0.5% Nb-0.28 C) were prepared (all weights indicated are in atomic percent and refer to 
nominal compositions) and cast into graphite molds of dimensions 25 x 150 x 100 mm or 
32 x 180 x 110 mm (see Fig. 1). Coupons (15 x 15 x 89 mm) machined from the fust 
ingot were homogenized at 700,900, and 120OOC for l h  and air-cooled, and undersized 
tensile specimens (6.4 mm d i m  by 25.4 mm gauge length) were machined from the 
coupons. All homogenized specimens were tested in laboratory air. From undersized 
specimens machined from the second ingot, two specimens each were tested in water-vapor 
environments (water-vapor pressure corresponding to water at room temperature and 
0.01 or 0.05 MPa total pressure), in oxygen environment (0.07 MPa pressure), and in 
laboratory air (30% humidity). Screw-driven Instron test machines were used for a l l  
tensile tests, and tests were conducted at room temperature and at a strain rate of 0.003 s-1. 

Tensile Properties of As-Cast Alloys 

Figure 2 compares tensile properties for tests conducted in air, oxygen, and water- 
vapor environments. The alloy exhibited similar strength values in air and water-vapor 
environments, approximately 200 MPa for yield strength and 300 MPa for ultimate tensile 
strength. Ductility values, as measured by total elongation, are also similar, and 
comparatively low, about lS%, although values in the water-vapor environment were 
marginally lower than those in air. In the oxygen environment, the alloy exhibited yield 
strength very similar to that in air and water-vapor environments. However, both ultimate 
tensile strength at 400 MPa and total elongation at 3% were significantly higher in the 
oxygen environment. The results point to the existence of an environmental effect due to 
hydrogen present in water vapor, and parallel those obtained earlier for wrought materials.4 
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Fig. 1. Dimensions of graphite mold used for iron-duminide alloy ingots. 
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Fig. 2, Room-temperature tensile properties in air, oxygen, and water vapor 
environments for FA- 129 alloy: (a) yield and ultimate tensile strength, and (b) total 
elongation. 



Figure 3 shows tensile properties for samples homogenized at 700,900, and 
120OOC for 1 h. The yield strength increases with homogenization temperature, possibly 
due to niobium going into solution. Ultimate tensile strength and total elongation are also 
higher in the homogenized condition than in the as-cast condition, exhibiting a maximum at 
a homogenization temperature of 900°C. Total elongation for the sample homogenized at 
900°C is 396, almost twice the total elongation obtained in the ascast condition. 

Microstructural Characterization 

Tensile specimens were examined visually with a low-power microscope and the 
fracture behavior was characterized by scanning electron microscopy (SEM). In addition, 
samples were examined by transmission electron microscopy ("EM) in order to determine 
the fine-scale microstructure and the type and extent of ordered phases. 

and also did not change when tests were conducted in different environments, including 
air, water vapor, and oxygen. SEM fractography indicated that the typical fracture mode 
for these specimens was a mixture of transgranular cleavage and intergranular failure. The 
typical fracture morphology is shown in Fig. 4. These results are similar to those found 
previously in a study of as-cast FA-129.5 While homogenization heat treatments did not 
discernably affect the final failure mode, there did Seem to be a measurable effect of these 
heat treatments on the propensity for secondary cracking along the specimen gauge surface 
away from the fracture area; homogenized specimens exhibited fewer secondary cracks 
along the gauge relative to the as-cast specimens. This does indicate that the heat treatments 
are reducing crack initiation somewhat, consistent with the observed increases in uniform 
elongation and ultimate tensile strzngth. 

"EM studies of the finer scale microstructures of these specimens showed some 
small differences between the as-cast and the various heat treated specimens of FA- 129, but 
not much differences between the various homogenization heat treatments. Figure 5 shows 
a typical comparisons of the as-cast material with a specimen heat treated at 900°C for lh. 
The matrix of the as-cast material was entirely D@ phase, with a domain size range of 30 to 
110 n Fig. 5(u)]. The matrix of the homogenized specimens also appeared to be mainly 
the DO3 phase, with a finer domain size (10 to 60 n) than the ascast material [see 
Fig. 5(b)]. There was, however, no measurable difference in ABP structure among the 
various heat treatments. Both the ascast and homogenized samples exhibited low 

The fracture mode at room temperature was similar for the different heat treatments 
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Fig. 3. Room-temperature tensile properties for FA- 129 alloy tested in air, and after homogenization at 700,900, and 
12OoOC: (a) yield strength, (b) ultimate tensile strength, and (c) total elongation. 
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dislocation densities (see Fig. 6). However, the as-cast material typically had a dislocation 
density that was nonuniform, with regions of loose dislocation networks, and large 
portions of grains without any dislocations [Fig. 6(a)]. Usually, the ascast material had 
denser tangles of dislocations immediately adjacent to coarse NbC precipitate particles. 
There were also some minor differences in details of the dislocation structures between the 
as-cast and the various heat-treated specimens that may also be relevant to the differences 
found in mechanical properties. The as-cast matetial appeared to have a significant density 
of 4-fold superdislocations, with most segments being wavy and many of the partials 
showing some separation and slip-traces in the foil. By contrast, the heat-treated 
specimens, particularly those that were heat-treated at 700 and WOC, showed mainly 2- 
fold superdislocations with straight, smooth segments [Fig. 6(b)]. While more work is 
needed to analyze these minor differences in detail, these preliminary observations could 
suggest a rationale for the observed mechanical properties differences. 

- 

Conclusions 

There is a defrnite effect of heat-treatment that improves the ductility and ultimate 
tensile strength of the as-cast FA-129 iron-alumhi& alloy. While heat-treatments for 1 h at 
700,900, and 1200°C all provide some margin of improvement, the largest effect is 
observed at 900°C. While heat-treatment does not affect the inherent fracture mode 
(transgranular cleavage and intergranular separation), it does reduce the propensity for 
secondary cracking along the gauge surface. Such an effect is consistent with better 
resistance to crack initiation, which is also consistent with increases in uniform plastic 
strain and ultimate tensile strength. TEM analysis of the frne-scale matrix microstructures 
of these specimens indicates that while heat-treatment does not radically change the 
microstructure, there are some observable differences between the heat-treated and ascast 
microstructures that may ultimately help explain the mechanical properties differences. AU 
of the heat-treated specimens have a finer DO3 domain structure; furthermore, subtle detail 
differences (2-fold vs 4-fold superdislocations and residual stresses) in the microstructure 
may also contribute to the measured properties differences. 
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