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Abstract

The alloys based on intermetallic phases involving aluminum belong to group of heat resistant materials. Their
physic-chemical and mechanical properties allow to apply them in the operating conditions in corrosive
environment and elevated temperature. Research conducted for many years has shown that these materials
can work in temperature to 1100 °C. The paper presents the morphology of oxides formed during oxidation
Fe40AI5Cr0.2TiB alloy in 700 °C during 300, 1000 and 2000 h in the air and water vapor environment. In
addition, the material was after casting and after plastic processing. The study allows to define the surface
condition and morphology of corrosion products carried out using scanning electron microscopy together with
EDS X-ray microanalysis.
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1. INTRODUCTION

Fe-Al intermetallic compounds are regarded as promising materials for industrial applications because of their
low cost, low density, high specific strength, high temperature strength, as well as excellent oxidation and
corrosion resistance [1-3]. Aluminides enriched by iron, thanks to the Al2O3 layer formed on their surfaces, are
resistant to high temperature oxidation and sulfurization. Recent studies showed also that alloys of iron
containing 36-38 at% aluminum are very resistant to carbonizing at 1000 °C in the environment simulating
ethylene pyrolysis and steam reforming [4,5]. Binary FeAl alloy has a B2 crystal structure which exists over a
wide range of compositions, from about 36 at% Al to 50 at% Al at room temperature and maintains its B2
structure to its melting point [6]. These characteristics allow considerable solubility for third element additions
and offer a potential of producing an acceptable material by alloying. However, different alloying elements will
play different roles in the oxidation resistance of FeAl alloy. The investigations on the effect of some alloying
elements, such as Hf, Zr, Y, Si, B, on the oxidation behavior of FeAl alloy have been reported by some
researchers [7-9]. In order to overcome problems with their low ductility, a lot of effort have been made so far
in the area of their mechanical behavior at room and high temperatures, putting emphasis on the relationship
between their microstructure and mechanical properties. Nowadays, hot and warm working of as-cast Fe-Al
ingots by forging, rolling or extrusion in the range of 600-1100 °C, i.e. in the B2-A2 structure regime, is used
to produce rod, wire, sheet and tube products [10-12]. In the paper, the results of the tests on the comparison
of the oxidation resistance of Fe40AI5Cr0.2TiB alloy in the state after casting and after plastic processing were
presented. The oxidation process was carried out in the environment of air and water vapor.

2, RESEARCH MATERIAL AND METHODOLOGY

The test material was an alloy based on Fe40AI5Cr0.2TiB intermetallic phase after casting and after plastic
processing by extrusion. The chemical composition of the material is shown in Table 1. The smelting process
was carried out in a vacuum, followed by homogenization annealing at 1050 °C for 72 h. The processed refined
alloy was obtained by extrusion using technology that is patent protected [13]. From the test alloy, samples
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were made by means of spark erosion cutting in cylindrical shape. The diameter of the samples was 6 mm
and their height was 2 mm. Samples before oxidation were ground on 600 grit abrasive paper and degreased
in acetone. The samples were then subjected to an oxidation process in the air and steam environment during
300, 1000 and 2000 h in the post-cast condition and after plastic working. The oxidation process was carried
out at 700 °C. Observations of the material surface condition after the oxidation process were carried out using
the Hitachi S-3400 scanning electron microscope. The X-ray chemical composition (EDS) microanalysis of
corrosion products and the base material was carried out. Before the oxidation of samples, their weight was
measured on the WAW 100/ C / 1 scale by RADWAG. Samples for testing were oxidized in the ceramic cups
with Al203 and placed in an oven in air and steam environment at atmospheric pressure at 700 °C. Then after
the set time (300, 1000 and 2000h), the samples were re-weighed to determine their weight change.

Table 1 Chemical composition alloy Fe40AI5Cr0.2TiB

Fe40AI5Cr0.2TiB Al cr Ti B Fe
(Wt%) 23.66 5.77 0.15 0.015 rest

3. EXPERIMENTAL RESULTS

The paper specifies the change in the mass of oxidation samples, and the results of measurements are
presented in Tables 2 and 3. An attempt was made to determine the corrosion kinetics of the material however
due to the too large spread of results and a small number of measurements (three), the determination of the
course of the oxidation process is not representative. From the information contained in the literature, it
appears that the oxidation of the Fe40Al alloy in the air environment is parabolic, whereas for the environment
of water vapor this relationship has not been determined so far. Tests of oxidation of the alloy on the FeAl
intermetallic phase lead to the conclusion that the material after heat resistance test is covered by a
heterogeneous (discontinuous) layer in both air and water vapor oxides. After oxidation at 700 °C in the air
atmosphere after casting, the surface of the alloy covered with oxides was relatively small compared to the
surface of the material after oxidation in the steam environment, especially after a long time of resistance in
the furnace (Figures 1, 2). Scratches visible on the surface of the alloy are the result of the preparation
consisting of grinding the sample before corrosion tests on the abrasive paper. In order to avoid the influence
of the surface condition on the course of the oxidation process, all tested samples were prepared using the
same method as the initial state of the material, and any observed surface effects of the tested alloy were
changes occurring as a result of oxidation. The high aluminum content in the tested material facilitates the
formation of a thin, passive layer of Al2Os oxides, which form a tight, high-melting layer that prevents further
corrosion of the material. Analysis of the material surface after oxidation for individual variants showed that on
the plastically processed material a greater number of areas coated with corrosion products were observed.
The oxidation environment had a much greater influence on the corrosion resistance of the alloy. The
conducted state surface studies show that in the environment of water vapor Fe40AI5Cr0.2TiB alloy is subject
to corrosion much faster than in the air environment (Table 2, 3). In addition, along with the prolongation of
the oxidation time, an increase in the oxide phase was observed (Figure 2), which in the case of alloys based
on the FeAl intermetallic phase is slower than in the case of corrosion products on other materials designed
for high temperature operation depending on the temperature and time of the oxidation process. Figure 3
presents the results of the analysis of chemical composition in individual areas of the sample. It was found that
there are areas covered with oxides on the surface and areas included in the alloy. At all three points in
Figure 3, the X-ray spectrum is similar, for the examples in the paper the spectrum for point 3 is shown. In the
case of Fe40AI5Cr0.2TiB alloy the water vapor oxidation process is selective. Due to the low molecular oxygen
pressure of the H2-H20 mixture, usually only one oxide of the component of the material can be formed under
these conditions.
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Table 2 Change in mass of oxidation samples (in g/cm?) after oxidation in air environment at 700 °C

time 300 h 1000 h 2000 h
after casting 1.12:10* 4.67-10* 5.02:107?
after plastic processing (pp) 1.68-10* 4.77-10* 5.75-1072

Table 3 Change in mass of oxidation samples (g/cm?) after oxidation in water vapor environment at 700 °C

time 300 h 1000 h 2000 h
after casting 1.28-10* 5.05-10* 1.02-:102
after plastic processing (pp) 1.83-10* 8.84-10* 1.66-102

300h

2000h

1000h

after casting

after plastic processing

Figure 1 Surface condition of the alloy Fe40AI5Cr0.2TiB after oxidation in the air environment at 700 °C
in the state after casting and after plastic processing

In the case of an alloy based on the FeAl intermetallic phase, Al203 monophase scale is formed both in the air
and in the water vapor [14, 15]. It is the only aluminum oxide that can be produced on the surface of the alloy
due to the high affinity of aluminum and oxygen. The resulting passive layer usually has good protective
properties, since oxides of metals showing high chemical and oxygen affinity have very little defect of the
crystal lattice. Despite the presence of Fe and Cr alloys, the resulting oxides of these metals have several
orders of magnitude higher corrosion rates than FeAl forming Al2O3 protective scale. Therefore, aluminum in
Fe40AI5Cr0.2TiB alloy can oxidize selectively, forming stable Alz03 oxides on the alloy surface [16].

The formation of cavities is the result of aluminum consumption and its loss in FeAl. Figure 4 shows the scale
morphology of Fe40AI5Cr0.2TiB alloy plastically processed after oxidation at 700 °C for 1000 h in a water
vapor environment. A similar morphology of the oxide layer was observed in the case of a cast alloy both in
the air environment and water vapor for the remaining oxidation times. The morphology of Al20s oxides
depends on the temperature of the oxidation process. In the tests carried out, they are in the form of small
needles. This phenomenon results from different varieties of allotropic aluminum oxide. The determination of
morphology of corrosion products for particular types of Al203 structure was made in [14].
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Figure 2 Surface condition of the alloy Fe40AI5Cr0.2TiB after oxidation in the water vapor environment
at 700 °C in the state after casting and after plastic processing
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Figure 3 X-ray microanalysis of chemical composition (wt%) in micro-areas for alloy after plastic processing,
oxidation in air during 300 h

In addition, after the oxidation of the alloy at 700 °C for 1000 and 2000 h, along with the oxidation layer, partially
descaled sites were observed (Figure 4). The cause of delamination of the scale may be stresses arising as
a result of its build-up or thermal stresses (caused by the difference of thermal expansion coefficients of
aluminum oxide and FeAl) occurring during cooling of the alloy from the oxidation temperature. This hypothesis
is confirmed by the results of microanalysis of the chemical composition shown in Figure 5. They indicate that
the oxide layer (area 2) contained mainly oxygen and aluminum and a small amount of chromium and iron,
while area 1, on which the scale was exfoliated, had a chemical composition similar to the composition of the
tested alloy. This means that the material did not have time to oxidize again and the detachment of the scale
could have occurred as a result of heat stress during cooling.
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Figure 4 Morphology of Al2O3 oxides after oxidation for 1000 h in the environment of water vapor
Fe40AI5Cr0.2TiB alloy after plastic processing
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Figure 5 X-ray microanalysis of chemical composition in micro-areas for alloy after plastic processing,
oxidation in water vapor during 1000 h

4, CONCLUSION

The tests have shown that Fe40AI5Cr0.2TiB alloy has a higher resistance to oxidation at 700 °C in the air
environment than water vapor. It has also been shown that the material after crystallization has greater
corrosion resistance at 700 °C in both air and water vapor environment. Corrosion products have morphologies
of fine needles and are found on all samples tested in this work. The explanation of the differences between
the course of Fe40AI5Cr0.2TiB alloy oxidation compared to classic engineering materials designed for high
temperature operation requires further research.
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