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1-Introduction

Iron aluminides have found significant presence in
industrial applications such as heat exchangers, construction
pipes, transportation industries, furnace manufacturing, filter
production, automotive, and aerospace due to their properties
such as resistance to oxidation and corrosion, low costs, and
easy production methods.

The oxidation resistance of iron aluminides is due to the
formation of a resistant alumina layer on their surface. In the
Fe-Al system, the oxidation behavior depends on the
aluminum content and the oxidation temperature. Additives
such as yttrium, chromium, zirconium, titanium and silicon
have been used to improve the properties of iron aluminides.
Copper is another element that has been used to enhance the
oxidation resistance of iron aluminides. For example, three
compounds A|65CU20F615, A|78CU7F€‘15, and A|goCU5Fel4Si1
have been synthesized from elemental raw materials and their
corrosion properties have been investigated.

It has been found that AlgCuxFeis has the highest

corrosion resistance. Also, the AlgsCuxFeis compound has
shown higher hardness than AlzsCusFeis and AlgoCusFe14Sis.
This research has shown that the presence of copper can affect
the corrosion behavior of Fe-Al compounds. In the Al-Cu
binary phase diagram, various compounds of copper
aluminides can be produced by the reaction of aluminum and
Copper.
Furthermore, it has been observed that the presence of copper
in the system reduces the amount of aluminum required to
form an Al,O3 layer. The presence of copper is effective in
reducing the required oxygen concentration, facilitating the
diffusion of aluminum outwards, and reducing oxidation at
1000°C.

A review of available research sources showed that
researchers have not conducted a coherent study on the effect
of different amounts of copper on the oxidation behavior of
FeAl. Therefore, the innovation of this research is that it has
been observed that the oxidation resistance of FeAl can be
increased by using the optimal amount of copper. Therefore,

the aim of this research was to investigate the effect of
different copper ratios on the oxidation of iron aluminide at
different temperatures.

2- Experimental Method

Initially, equal molar ratios of iron (10 microns, 99.5%) and
aluminum (325+ mesh, 99.95%) powders were mixed to
produce FeAl.

Then 2%, 7% and 12% mol% copper (relative to the
amount of aluminum in the mixture of each sample) were
added. The amount of 2% copper was chosen to achieve a
state where copper could dissolve into aluminum, 7% copper
was chosen to have the sample in the hypoeutectic region and
12% copper was chosen to target the eutectic point (based on
the Al-Cu binary phase diagram).

Sample 1 was kept as a witness sample in which only FeAl
could be produced. The samples were compressed in a
cylindrical mold with a diameter of 1 cm, the pressure of
which was 300 psi. This compression was applied to ensure
sufficient contact between the powders.

Then, the samples obtained from the pressing stage were
synthesized for 5 hours at 950°C in an argon environment.
After this process, the samples were oxidized in air at
temperatures of 600°C, 700°C, and 800°C for periods of 20,
40, 60, 80, and 100 hours.

3- Results and Discussion

To investigate the oxidation behavior of the samples, the
mass changes during the oxidation process were analyzed.
The results showed that at low oxidation temperature
(600°C), the presence of copper led to a significant difference
in mass gain. By increasing the oxidation temperature to
800°C, a decrease in the difference in mass gain between the
sample containing and without copper was observed.
Another difference observed in the results obtained from
the three oxidation temperatures is that during 100 hours of
oxidation at the high oxidation temperature (800 °C), the
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curve has approached the horizontal state, indicating the
development of stable oxidation resistance, but at a
temperature of 600 °C it seems that the thickness of the
protective alumina layer has not yet reached its maximum
value and is growing.

The other result that is evident at all three oxidation
temperatures is that the sample with 12% copper shows a
distinct behavior compared to the samples containing 2% and
7% copper, in such a way that its resistance to oxidation is
even lower than the sample without copper.

Fig. 1. Scanning electron microscope images of samples
subjected to oxidation at 800°C for 100 hours (a. Sample 1, b.
Sample 2, c. Sample 3, d. Sample 4).

Further investigations were carried out using an electron
microscope (Fig.1). It should be noted that the oxidation
study in this study was not conducted by creating a protective
layer to the surface oxidation. Rather, the copper element was
added to the entire sample and the oxidation resistance of the
entire sample was considered. Therefore, the method of
studying the progress of oxidation was not to examine the

thickness of the surface layer.

To investigate the protective alumina formed, the internal
free surfaces were focused on and these locations were
evaluated. In the copper-free sample (Fig. 1a), FeAl is the
dominant phase and alumina is formed due to oxidation at the
free surfaces.

In the sample containing 2% copper (Fig. 1b), in addition
to FeAl, the CuAl; phase was also formed, which, according
to the previously mentioned research, contributes to oxidation
resistance.

In the sample containing 7% copper (Fig. 1c), the
formation of this phase is also visible, while the alumina layer
is also formed on the free surfaces, as in the previous copper
ratio. In the sample containing 12% copper (Fig. 1d), the
presence and formation of oxide compounds (such as Fe;Qs,
and Cu0) is visible. This indicates that this sample could not
show good oxidation resistance.

The compounds in each sample were finally examined
using XRD analysis. As shown in Figure 2, in sample 1 the
only visible phases are FeAl and alumina, which indicates
that an alumina layer has been formed on it due to the
oxidation of FeAl.

In sample 2, where 2% copper was added, the CuAl, phase
was formed. Earlier, research was mentioned that showed that
the presence of this phase has a positive effect on oxidation
resistance. This is probably why the oxidation resistance
increased in the sample containing 2% copper.

The CuAl; phase is also visible in the sample containing
7% copper. Therefore, this sample also shows greater
oxidation resistance compared to the sample without copper.

In the sample with 12% copper, in addition to the previous
phases, the presence of copper and iron oxide compounds is
also evident. A phenomenon that was not observed in the
previous samples. This finding confirms the discussions
presented earlier. That is, this sample does not have resistance
to oxidation, copper and iron oxides were not capable of
being produced. The detection of CuAl; in the XRD results
can be attributed to the formation of this phase during the
synthesis stage.
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Figure 2: XRD results obtained from samples subjected to oxidation at 800°C for 100 hours.
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Alterations in the Oxidation Characteristics and Microstructure of FeAl Resulting from the Addition
of Copper, Along with the Identification of the Optimal Quantity of Copper to Achieve the Maximum
Enhancement in Oxidation Resistance

Razieh Khoshhal Seyed Vahid Alavi Nezhad Khalil Abad

Abstract Multiple elements have been shown to enhance the oxidation resistance of iron aluminides. In this context,
the influence of copper on the FeAl oxidation resistance was investigated. The findings demonstrated that the oxidation
resistance of this kind of iron aluminide is greatly increased when the optimal quantity of copper is used. Samples
containing 2 %, 7 %, and 12 % copper (depending on the amount of aluminum in each sample) were used to assess how
different copper concentrations impact the oxidation behavior of FeAl. Compacted powder samples with equal molar
ratios of iron and aluminum and the above-mentioned amounts of copper in each sample, after synthesis at 950°C, were
oxidized at 600°C, 700°C, and 800°C for 20, 40, 60, 80, and 100 hours. It was observed that at all tested temperatures,
samples with 2 and 7% copper showed less weight gain than the free copper sample. Nevertheless, a higher rate of
oxidation was the outcome of raising the copper content to 12%. It's important to note that the samples with 7% copper
outperformed the samples with 2% copper in terms of oxidation resistance. Furthermore, a detailed analysis of the
resulting compositions and microstructures was conducted.

Keywords Copper, Iron Aluminide, Oxidation, Weight Gain, Micro-Structure.
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