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Abstract 

The work is dedicated to obtaining a complex Al-Mn-Fe master alloy for precise alloying high-manganese 

steels with aluminum high content as well as for making additions during aluminum alloys production. The 

addition of aluminum large quantity to steel during steelmaking is an especially difficult task, because of the 

low density and melting temperature of aluminum. A complex Al-Mn-Fe master alloy with more high density 

and melting temperature then aluminum may be proposed as an alternative for metal aluminum at precise 

steel alloying. Such master alloy also may be useful for preparing traditional cast aluminum alloys and special 

creep-resistant Al-based alloys. In this investigation, the master alloy was prepared via electron-beam casting 

technology (EBCT) with using cheap raw materials like ferromanganese and aluminum scrap. It was 

established there is a possibility to obtain an alloy with a high content of main components and low content of 

carbon due to the process peculiarities. The prepared master alloy Al-17Mn-4Fe has a density of 3.8 g/cm3 

and a specific structure, that contains phases with a significantly higher melting point than pure aluminum. 
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1. INTRODUCTION 

During the last decade, a lot of attention was paid for problems connected with high-strength austenitic steels 

with twinning induced plasticity (TWIP) for automotive and other industries. Such steels have high hardening 

properties, excellent ductility (up to 95 %), and may significantly reduce the weight of constructions [1-5]. 

Usually, they can contain (wt. %) 17-34 Mn, 3-14 Al, 1-3 Si, 0.01-1 C [5-7]. 

But a lot of specific problems arise in their production. In particularity, a necessity alloying with a significant 

amount of manganese and aluminum causes problems during steelmaking. Using of ferroalloys has limitations 

because of high carbon content, phosphorous presence, and some other admixtures. For example, 

ferromanganese may contain 1-8 wt. % of carbon, ferrosilicon may contain 0.2-1 % wt. of carbon, 

ferroaluminum may contain up to 0.2 % wt. of carbon and up to 0.5 % wt. of copper. The phosphorous content 

in these ferroalloys may vary from 0.05 % wt. to 0.7 % wt. On the whole that limiting to use them for the final 

precise adjusting of the chemical composition of steels. 

As a rule, aluminum added for alloying in the form of pure metal, but in case of introducing large portions, 

some technical problems caused by aluminum physical properties arise. The most widely used method for 

precise alloying steels with active elements consists of using a feeding wire. The wire may be filled with alloying 

elements, compacted inside an iron shell. But in some cases, using bulk parts of master alloys is preferable 

including for steel alloying with aluminum. That makes the task of developing special master alloys on the base 

of aluminum and technologies for their preparation relevant. 
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Such master alloys also may be very useful for producing Al-based alloys. New machines and constructions 

require new heat resistant aluminum alloys and their creation is connected with a significant content of Fe and 

Mn. Such alloys mostly belong to casting materials, so they have to consist of eutectics. At the same time, 

alloying components should be almost insoluble in matrix metal and form intermetallic phases, stable up to 

450 °C and higher. [8-11]. Manganese, iron, nickel, cobalt, and a few other elements are mostly attractive for 

achieving such goals. Thus, the production of not very expensive master alloys with a high amount of main 

alloying components is an important task too. 

In this regard, the possibility of obtaining a complex Al-Mn-Fe master alloy for precise alloying via electron-

beam casting technology (EBCT) was explored. The EBCT technology was developed in the Physical and 

technological institute of metals and alloys (National academy of science of Ukraine) refers to vacuum 

technologies, which uses a high energy independent heating source [12]. The method provides an ability of 

selective melting of metal charge components that were charged together. Melt homogenization provides by 

an electro-magnetic stirring system, which is important when remelting compounds with sharply different 

densities. 

The main idea was to obtain Al-Mn-Fe master alloy by remelting a cheap charge, composed of ferroalloys and 

different kinds of scrap, with maximal manganese assimilation and carbon removing. 

2. EXPERIMENTAL PROCEDURE AND RESULTS  

EBCT was used to prepare Al-Mn-Fe master alloy with using ferromanganese FeMn75 and waste 

electrotechnical aluminum. Graphite crucible with the charge was deposited inside the water-cooling section 

copper holder. The melting process occurred slight growth of electron-beam heating power from 10 to 45 kW. 

Liquid melt has been sintered for 10 minutes under average e-beam heating power about 40 kW. 

Because of Mn high evaporation rate under vacuum and high carbon content in ferromanganese (up to 6-8 

wt.%) special technological decisions were necessary. EBCT method allowed us to meet the tasks via its 

specific technological abilities, such as independent heating source and electromagnetic stirring, which 

provides significant local overheating of melt under continuous heat-mass transfer. During the process, heavy 

Fe-Mn parts of charge are deposited at the bottom of the crucible and covered by liquid aluminum. That 

protects Mn from rapid evaporation. The energy efficiency of the whole process is quite high because of low 

needed energy and high heat isolation. 

Aluminum has been deposited at the bottom or graphite crucible ferromanganese – at the top of the aluminum 

charge. The melting process included crucible preheating at the same time with ferromanganese due to the e-

beam scanning regime. After aluminum started melting, e-beam was focused at the center of the crucible. 

Then, overheating to 800-900 °C was provided at the same time with electromagnetic stirring. Convective melt 

flows a high temperature-induced Fe and Mn diffusion into liquid aluminum. Heavy carbides and light-weight 

oxides were separating from a liquid melt, according to treatment time and temperature. The top layer of 

insoluble admixtures was protecting Al and Mn from intensive evaporation. After reaching a temperature of 

about 1,100-1,200°C, the liquid melt has been poured into a steel mold. Cylindrical ingot with 38 mm diameter 

and 320 mm length has been obtained (Figure 1). It contained (wt. %) Al-17Mn-4.2Fe and its density was 3.8 

g/cm3. 

Structure and phase composition of the obtained ingot was also explored. The specimen was taken from the 

central part of the ingot, ground, polished, and itched in acid solution: 94 ml H2O, 2.5 ml H2SO4, 2 ml HCl, 1 

ml HNO3, 0.5 ml HF. The microstructure was evaluated by using SEM Tescan Vega-3, equipped with Bruker 

console, that makes able to investigate the local chemical composition of structural elements. Structures are 

shown in Figure 2 and local chemical composition is given in Table 1. 
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Figure 1 Experimental Al-Mn-Fe master alloy ingot 

 

Figure 2 Microstructure of master alloy in back scattered electrons with marked areas for local chemical 

composition investigation 

Table 1 Chemical composition of phases, according to marked areas 

Point 
Elements (wt. %) 

Phase (1) 
Al Fe Mn Mg Si 

1 59.6 8.02 30.4 0.22 0.38 γ2-Al8(MnFe)5 

2 72.24 5.44 20.84 0.3 - HT-Al11(MnFe)4 

3 95.77 0.24 1.8 0.3 0.1 Al-based solid solution 
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The master alloy structure consists mainly of three zones. Dendritic-like grains have a composite structure 

when the most high-temperature phase is coated by the familiar phase, formed mainly because of the 

concentration gradient, which was forming during crystallization. Due to chemical composition, it seems, that 

areas 1 and 2 seem to match γ2-Al8Mn5 and HT-Al11(MnFe)4 phases respectively [13]. Such phases can 

content some volumes of Fe. There are two very important features about γ2 and HT phases – they are stable 

up to ~1,000 °C [13,14] and they are surrounding significant volumes of aluminum. 

X-ray diffraction analysis was performed by Rigaku Ultima IV device. It confirmed the presence of high-

temperature γ2 and HT phases and also showed the absence of carbides and oxides inside master alloy 

specimens.  

Such characteristics are useful to prevent the quick dissolution of master alloy bulk in top layers of slag or 

liquid steel while alloying. At the same time, small grain size (50-250 μm) may provide quick assimilation of 

alloying elements after the feeding master alloy piece is melted. Such characteristic is also useful for Al-based 

alloys, which have an average melt preparing temperature around 820-850 °C. 

3.  CONCLUSIONS 

Low density, melting point, and high reactivity of aluminum complicates its insertion and assimilation in liquid 

steel. To improve the effectiveness of the high-manganese steels alloying with aluminum it is proposed to use 

Al-Mn-Fe master alloys. 

In laboratory conditions, Al-17Mn-4Fe master alloy was obtained via the EBCT technic with using cheap raw 

materials. In experiments, electrotechnical aluminum scrap and screenings of ferromanganese were used as 

a charge, which is significant from the point of the final product cost. 

The EBCT technic provides good enough assimilation of manganese from a charge. 

The obtained metal had a relatively high density of 3.8 g/cm3. Phase composition referred by two connected 

high-temperature phases γ2-Al8Mn5 and HT-Al11Mn4, which are stable up to ~1,000°C. They also are 

surrounded by some volumes of aluminum, which may prevent its quick melting and dissolution after master 

alloy addition inside the liquid steel.  

Supposed to that such Al-Mn-Fe master alloys may also be helpful in producing the new creep-resistant Al-

based alloys. 
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