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Abstract 

The paper presents the study of the influence of the most important slag oxides on the 

distribution of manganese between slag and metal ΦMn in the electric arc furnace (EAF) 

steelmaking. The higher yield of manganese would help to save the energy costs and  the 

consumption of relatively expensive ferromanganese alloy. The plant data from 48 EAF 

campaigns were statistically evaluated. The graphical results in accordance with the majority of 

references confirmed the positive effect of basicity, %CaO, %Al2O3 growth and %FeO decline 

on the manganese yield (decrease of ΦMn). Better conditions for higher Mn yield also help 

dephosphorization efficiency.    
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1 Introduction 

Manganese is one of the most important and common alloying elements. Addition of manganese 

improves the mechanical properties of the steel (tensile s trength, hardness, hardenability, 

toughness). The presence of manganese also helps to eliminate detrimental sulphur [1, 2]. 

Ferromanganese is very common alloying input, but it´s expensive [2]. Moreover, after its 

addition in the liquid steel it cools down the melt. This results in higher energy consumption [3, 

4]. It´s possible to achieve partial ferromanganese saving by the reduction of manganese from 

the MnO-bearing slag in the electric arc furnace (in further EAF). For example by adding 

cheaper manganese ores, wastes from manganese production, etc. [2, 5]. Thanks to this, the 

fluidity of EAF slag could be improved too [6]. The ideally suitable option could be the 

utilization of existing Mn from the EAF charge and reduction of MnO within the 

dephosphorized steel melt in the decarburization stage [7, 8, 9].    

Generally, nearly 80wt% of manganese from the EAF charge is lost in the slag during the usual 

production of low-carbon steel grades in the electric arc furnace [10]. Its content in the metal is 

usually equal or less than 0.06 wt% (time EAF tapping) [11]. MnO contents in the EAF slag 

range from 2 to 9 wt% [10, 11]. MnO is known as a basic substance and that´s why it doesn´t 

form a stable compounds in the EAF slag of basic character. This oxide is very s imilar to FeO, 

so sum (%MnO + %FeO) is often used within steelmaking slags [12, 13]. MnO is more basic 

than FeO and activity of MnO in the slag increases with the basicity, whereas activity of FeO in 
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the slag behaves in opposite manner [2, 3]. The manganese oxide is unstable. It greatly depends 

on the temperature i.e. the increase in temperature results in the decomposition of MnO [10, 14, 

15]. Except of temperature, the distribution of Mn between slag and metal expressed as Φ Mn = 

(%MnO)/[%Mn] is also a function of other parameters. ΦMn decreases with the basicity or 

%CaO growth [7, 10, 15, 16, 17]. However according to [4, 18], the inverse effect of basicity 

was observed. Alumina has no negative effect on Mn yield [17]. Silica reacts with MnO and thus 

lowers Mn yield [2]. Rising iron oxide contents are increasing ΦMn values [2, 4, 7, 8, 16, 19, 20]. 

The diffusion of Mn from metal to slag-metal interface is the rate-limiting step in the kinetics of 

manganese oxidation [15]. Oxidizing effect of FeO is even accelerated with basicity growth [8]. 

According to [17], the graphical relationship ΦMn = f(%FeO) shows a presence of maximum, i.e. 

after exceeding a certain value of %FeO the values of Φ Mn will be slightly decreased. For 

example, EAF slag containing 3 - 20 wt% MnO, with B2 = (%CaO)/(%SiO2) ~ 2, has its 

maximum ΦMn value at ~ 35 wt % FeO [17]. The reduction rate of manganese oxide is 

intensified with increasing of MnO activity in the EAF slag and rise of temperature [21]. 
 
 

2 Materials and methodic 

The influence of major EAF slag compounds on the manganese distribution between slag and 

metal ΦMn was graphically investigated based on the EAF plant data. The average values from 

48 EAF campaigns were treated. Minimal and maximal average values of this statistical set are 

showed in  Table 1. ΦMn or ΦP  values were calculated as a (%MnO)/[%Mn] ratio or 

(%P2O5)/[%P] ratio, respectively. 
 

Table 1  Minimal and maximal values of selected EAF slag and metal constituents, 48 EAF 

campaigns. 

 (%CaO ) (%MgO ) (%Al2O 3) (%SiO2) (%FeO ) (%MnO ) (%P2O 5) [%C] [%Mn] [%P] 

min. 

wt% 
16,655 1,857 2,913 9,170 27,526 4,780 0,435 0,057 0,039 0,006 

max 

wt% 
34,403 6,601 6,352 14,961 51,250 5,951 0,882 0,082 0,083 0,012 

 
 

The basicity B2 was calculated as a binary basicity B2 = (%CaO)/(%SiO2). %FeO represents the 

sum of %FeO and %Fe2O3. The slag and metal samples were manually taken by EAF operator 

from the slag door area approximately at ~ 1550 – 1560°C, 7-12 minutes before EAF tapping. 

The metal samples were analyzed by spectrometry. The slag samples were then analyzed by X-

ray spectrometer.  
 
 

3 Results and discussion 

At first, the graphical relationships of ΦMn versus %CaO (Fig.1), binary basicity B2 (Fig.2) were 

constructed. It was shown that ΦMn values are decreasing owing to rise of %CaO content of the 

EAF slag. Also rise of binary basicity caused decline of Φ Mn values. So, these graphs 

demonstrated that Mn yield is higher with increasing of basic compounds (especially CaO) of 

EAF slag. This result is in agreement with the majority of references [7, 10, 15, 16, 17]. There 

wasn´t registered any negative influence of basicity like it was presented in [4, 18]. High 

basicity is also needed for effective dephosphorization. It´s well known that higher magnesia 

contents in the EAF slag are favorable for EAF hearth refractory lining. 
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Fig.1  Manganese distribution ΦMn as function of calcium oxide content in the EAF slag  

 

 

 
Fig.2  Manganese distribution ΦMn as function of binary basicity B2 of EAF slag 

 

 

 
Fig.3  Manganese distribution ΦMn as function of alumina content in the EAF slag  
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Fig.4  Manganese distribution ΦMn as function of iron oxides content in the EAF slag  

 
 

 
Fig.5  Manganese distribution ΦMn vs. phosphorus  distribution Φp 

 
 

There was found a relationship between ΦMn and alumina content in EAF slag. It could be seen 

from the Fig.3 that rise of %Al2O3 content favors Mn yield. This phenomenon can be elucidated 

by the fact that alumina is a commonly used fluidizer of EAF slags. 

The graphical relationship of ΦMn versus %FeO demonstrated strong oxidizing effect of rising 

iron oxide content in the EAF slag (see Fig.4). This means that increasing of iron oxides content 

in the EAF slag lowers Mn yield (i.e. rising ΦMn values). This fact corresponds with the results 

of other authors [2, 4, 7, 8, 16, 19]. There wasn´t spotted any maximum point in the curve like it 

was mentioned in [17]. 

Finally, the relationship between manganese distribution Φ Mn and phosphorus distribution ΦP  

was investigated (see Fig.5). The ΦP  represents quantitative parameter of dephosphorization, i.e. 

ΦP = (%P2O5)/[%P]. Since phosphorus is very detrimental element for steel mechanical 

properties, ΦP values should be reached as high as possible. The curve from the Fig.5 shows  that 

the highest ΦP  values are achieved when ΦMn values are as low as possible. Thus, both higher 

Mn yield and better phosphorus removal could be achieved by certain conditions (high B2 

basicities, optimal %FeO content, low slag viscosity). 
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4 Conclusions 

This article deals with the influence of important EAF slag compounds on the manganese 

distribution between slag and metal ΦMn and eventually the relationship between ΦMn and ΦP is 

studied. The plant data from 48 EAF campaigns were statistically evaluated. The graphical 

relationships in agreement with the majority of references proved that higher Mn yield requires 

high calcium oxide content, high B2 basicity levels and  lower %FeO content. No negative effect 

of basicity or no maximum within the ΦMn = f(%FeO) function were observed. It was shown that 

higher %Al2O3 is helpful for Mn yield. Last graph proved close relationship between manganese 

and phosphorus oxidation. From the aforementioned results, it can be concluded that  both 

effective dephosphorization and high Mn yield require management of EAF technology in the 

way of higher B2 ratios (B2 ≥ 2,4) and optimizing of %FeO content in the EAF slag (%FeO 

shouldn´t exceed 35 wt%). Some negative factors, that could scatter the results, must be 

mentioned: manual sampling, sample contamination, oxygen jet used before sampling, vicinity 

of oxy-fuel burner, problems with scrap quality, etc.  
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