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Abstract 

Hydrogen in aluminum alloys is generally considered to be a predominantly adverse gas. It affects cleanliness, 

porosity and other mechanical and foundry properties. Therefore is an effort to eliminate this gas as much as 

possible. This study will focus on comparing the efficiency of commonly available refinery gases, namely 

nitrogen and argon. For the purpose of the research, one specific shape of the impeller or refining head will be 

chosen. The comparison of degassing efficiency will be evaluated using known tests that are commonly 

available in every non-ferrous metal foundry with a focus on aluminum alloys. The evaluation will be 

demonstrated by the Density Index, a comparison of the microstructures and a test to assess the amount of 

inclusions in the alloy called Drosstes. 
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1. INTRODUCTION 

It is a well-known fact that the only gas that is able to dissolve in aluminum alloys is hydrogen, and this has 

been confirmed by several authors [1,2]. Hydrogen in aluminum and its alloys forms the so-called porosity, 

which is unfavourable in almost all cases. It results in a decrease in mechanical properties [3,4]. In order to 

reduce the porosity or hydrogen content, it is necessary to use one of the refining methods. For example, one 

study [5] applies ultrasonic vibration with a combination of argon blowing. However, according to another 

sources [6-8] the most used degassing methods are rotor devices, which reduce the hydrogen content to the 

desired values within a few minutes. The principle of the machine consists in blowing an inert gas into the 

molten alloy bath. The incurred gas bubbles are broken into very small bubbles by the high speed of the rotor, 

which float to the surface of the melt. Due to the flotation and the slow ascent speed to the surface, hydrogen 

diffuses into the bubbles with zero hydrogen partial pressure [9,10].  

Commonly used refining media are argon and nitrogen [11,12]. Some studies have reported that aluminum in 

combination with nitrogen can form nitrides. However, in foundry practice, this process is unlikely to occur due 

to thermodynamic conditions [13]. Regarding the degassing efficiency, the authors [11] concluded that argon 

is endowed withbetter degassing effects. 

This study will focus on comparing the degassing efficiency of argon and nitrogen as degassing media. To 

compare the individual results, the following tests will be used: determination of density index, microstructure 

evaluation and Drosstest to assess the amount of inclusions. 

2. MATERIALS AND METHOD 

For the research, AlSi7Mg0.3 alloy was chosen, which was melted in an electric crucible furnace with a volume 

of 250 kg, at 710 °C. The graphite rotor (Figure 1) was placed 150 mm from the bottom of the crucible. During 

degassing/refining constant speed of the impeller was chosen, 500 RPM. Two gases were selected as the 

refining medium, specifically nitrogen and argon. The flow rate of both refining media was set at 10.5 l/min. 
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Figure 1 The shape of the impeller used during the experiment 

In the first step (see Table 1), the alloy was melted and appropriate samples (sample 1) were taken for all the 

tests mentioned below. In the second step, the alloy was refined with argon (sample 2) for 6 minutes. In the 

next series, a new alloy was melted; again the necessary samples were taken (sample 3). Subsequently, 

refining with argon (sample 4) was carried out, in this case with half the time, for 3 minutes. The same 

procedure was carried out in the case of nitrogen refining (samples 5 - 8). Samples were taken from each 

operation for the following tests: Density Index (DI), microstructure evaluation and Drosstest.  

3. RESULTS AND DISCUSSION 

3.1.  Density Index (DI) 

For each operation 3 samples were taken under the same preparation conditions (30 mbar), from which the 

average result was calculated, see Table 1. A better overview is then obtained from the graphical 

representation, see Figure 2. 

Table 1 The average values of density index 

Samples 
Density 

index (%) 

Density (kg.m-3) Hydrogen content 

(m3H2/kg Al) underpressure atmosphere 

Sample 1 (After melting a new batch of alloy) 3.48 2.5448 2.6367 0.0136 

Sample 2 (Refining Ar2 6 min.) 0.53 2.6317 2.6459 0.0020 

Sample 3 (After melting a new batch of alloy) 4.37 2.5104 2.6253 0.0174 

Sample 4 (Refining Ar2 3 min.) 0.65 2.6252 2.6425 0.0024 

Sample 5 (After melting a new batch of alloy) 3.79 2.5134 2.6126 0.0151 

Sample 6 (Refining N2 6 min.) 1.61 2.6001 2.6427 0.0062 

Sample 7 (After melting a new batch of alloy) 3.99 2.5094 2.6139 0.0159 

Sample 8(Refining N2 3 min.) 2.20 2.5824 2.6405 0.0085 

The density index of the molten alloy (sample 1), intended for argon refining, was DI = 3.48 %. The refining 

process (sample 2) reduced this value to DI = 0.58 %. After melting the newly inserted charge (sample 3), the 

value was DI = 4.37 %. A 3 minutes refining process (sample 4) resulted in DI = 0.65 %. A partial conclusion 

can be drawn: the efficiency of the 6 and 3 minutes refining processes is almost the same when using argon 

as a refining medium. 
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The DI value of the molten alloy (sample 5), intended for refining with nitrogen, was DI = 3.79 %. By subsequent 

6 min refining (sample 6) the value was reduced to DI = 1.61 %. The newly loaded and molten charge 

(sample 7) with a value of DI = 3.99 % was subsequently refined (sample 8) for 3 minutes when the measured 

value resulted in DI = 2.20 %. From the previous results, a partial conclusion can be drawn when using nitrogen 

as a refining medium. From the values, it can be seen that the 3 minutes refining is not as efficient. Therefore, 

it is preferable to use twice the refining time, 6 minutes. 

Then if we compare the results obtained from the refining of each gas, argon vs. nitrogen, the words of the 

authors [14] can be confirmed: when using argon as a refining medium, the degassing of the molten alloy is 

many times more efficient. This statement is supported by the results of the density index measurements, 

where a six-minutes degassing with argon is many times more efficient.  

 

Figure 2 Density index comparison 

3.2.  Evaluation of microstructure 

The microstructures were evaluated on cast samples under standard conditions where the metal was cast into 

metal moulds at normal room temperature (25 °C). The casting temperature was set as in the case of refining, 

respectively 710 °C. All the following images of the microstructures (Figures 2 to 5) are taken with a scale of 

700 µm. In the first operation (sample 1)was taken a sample of the unrefined melt intendedfor 6 minutes argon 

degassing, see Figure 2 (left). The metal structure shows the presence of various inclusions/oxidation films 

and cavities mainly caused by hydrogen. The microstructure of the alloy prior to 6 minutes nitrogen refining is 

photographed in Figure 2, right. As in the previous case, oxide films and minor cavities can be observed. The 

subsequent 6 minutes refining/degassing resulted in a compact structure, see Figure 3, where the structure 

on the left is completely clear, on the right a small gas cavity can be seen. Figure 4 then shows the 

microstructure of the unrefined melt intended for the 3 minutes degassing. In both cases the presence of gas 

cavities can be seen. However, no oxide films are visible on the right. The melt was subjected to a 3 minutes 

refining/ degassing process to obtain better structural properties. If we compare the resulting microstructuresin 

term of the refining media efficiency, it is not clear which refining gas is more efficient. It can be argued that in 

this case of microstructure evaluation both media achieve comparable results for both 6 and 3 minutes 

refining/degassing. 
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Figure 2 Microstructure after melting, intended for 6 minutes argon refining/ degassing (left) 

Microstructure after melting, intended for 6 minutes nitrogen refining/degassing (right) 

  

Figure 3 Refining by argon, 6 minutes (left) Refining by nitrogen, 6 minutes (right) 

  

Figure 4 Microstructure after melting, intended for 3 minutes argon refining/ degassing (left) 

Microstructure after melting, intended for 3 minutes nitrogen refining/degassing (right) 

  

Figure 5 Refining by argon, 3 minutes (left) Refining by nitrogen, 3 minutes (right) 
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3.3.  Drosstest 

The evaluated photographs for the Drosstes test are shown in Figure 6. The samples were prepared under a 

vacuum of 8 mbar. The photographs show the number that corresponds to the appropriate step in Table 1. As 

expected, samples 1, 3, 5 and 7 correspond to the state before refining and a high incidence of inclusions on 

the surface can be seen. Samples 2 and 4 were refined with argon for 6 and 3 minutes, respectively. Samples 

6 and 8 were refined with nitrogen, also for 6 and 3 minutes. On closer examination, the results given in the 

previous tests can be clearly confirmed. Argon achieves better refining capabilities than nitrogen. The surfaces 

are less porous and more compact. Also as expected the refining time is evident on the samples. Those refined 

for 6 minutes contain fewer inclusions than those refined for half that time. 

 

Figure 6Amount of excluded inclusions 

4. CONCLUSION 

Thework was focused on the comparison of the refining efficiency of argon and nitrogen in AlSi7Mg0.3 alloy. 

The comparison was carried out using several tests: the DichteIndex evaluation, the microstructure evaluation 

and the Drosstest evaluation. Density Index - the results obtained indicate a high refining efficiency of argon, 

where the DI values for both 6 minutes and 3 minutes refining were several times lower. Differences between 

refining times were also noticed. In the case of argon, the results differed only in tenths of percent. However, 

for nitrogen refining the differences were several times higher.  
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Microstructure evaluation - In all cases of refined samples, no significant structural defects were observed in 

the photographs and it cannot be clearly determined which refining gas has the higher refining ability.  

Drosstest - Inclusion formation is evident on the samples prior to refining when the surface is rough and 

wrinkled. Subsequent refining then reduced the oxide films on the individual surfaces. A combination of 

argontogether with a longer degassing time is then suitable for refining purposes. The overall evaluation of the 

results shows that argon is highly effective and can be recommended as a refining medium. 
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