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Abstract. Ultrasonic processing is known to be an efficient means of aluminium 
melt degassing with additional benefits of being economical and environment 
friendly. This paper describes the performance of ultrasonic degassing in preparing 
melt for low pressure die casting (LPDC). Efficiency of ultrasonic degassing is 
compared with conventional Ar rotary degassing by direct measurements of 
hydrogen concentration in the melt with a Foseco Alspek-H probe and by reduced 
pressure test in different stages of the casting process. Significant reduction in dross 
formation along with similar efficiency of hydrogen degassing was shown for 
ultrasonic degassing as compared with conventional Ar rotary degassing. 
Mechanical properties, microstructure and porosity level of the components 
produced by LPDC after both degassing techniques are determined. Results show 
that the components produced after ultrasonic degassing treatment have similar 
hardness, tensile properties, porosity level and microstructure as the components 
degassed with conventional Ar rotary degassing.  

Introduction  

The practical importance of degassing for liquid aluminium comes from the highly variable 
solubility of hydrogen that is relatively high in liquid aluminium and very small in solid 
aluminium. As a result, during solidification, the excess hydrogen precipitates and in most 
cases gets trapped between solid aluminium grains, forming gas porosity or adding to 
shrinkage porosity. Oxides present in the melt in a form of particles or films further 
contribute to the porosity. This porosity is a major casting defect that causes poor ductility, 
low fatigue resistance and strength of a casting. 

Hydrogen finds its way into liquid aluminium through atmospheric moisture (water 
vapour reacts with aluminium to produce alumina and hydrogen) and hydrocarbon 
containing gases in furnace atmosphere. Liquid metal in a melting furnace can be 
supersaturated in hydrogen and tend to naturally degas to the so called quasi-equilibrium 
hydrogen level that is a function of atmospheric pressure, temperature and humidity. In the 
industry, various methods are used to accelerate the hydrogen precipitation (degassing), 
including stirring, inert gas purging and vacuum. Ultrasonic degassing has the advantage of 
being able to reach hydrogen levels 50% lower than the quasi-equilibrium concentration. 
This level of degassing is inevitably followed by natural regassing to the quasi-equilibrium 
levels but can be retained if casting follows shortly after degassing is finished.1-3 
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In these works, practical issues such as equipment selection (water cooled magnetostrictive 
transducers) and sonotrode materials selection (Nb and Nb based alloys) were solved and 
justified, and several practical recommendations were made regarding the schemes of 
degassing and the number of sonotrodes per treated volume. Kapustina4 gave a thorough 
analysis of ultrasonic degassing mechanisms in water and concluded that the most 
important role is played by the oscillations of the bubbles in the acoustic field, while 
ultrasonic cavitation takes the supportive role in the intensification of the bubble formation 
and the acceleration of bubble/liquid interfacial diffusion. Early investigations conducted 
by Altman et al.5 demonstrated that the removal of hydrogen from aluminium alloys 
depends greatly on the acoustic power transferred to the melt and on the development of 
cavitation. 

Experimental 

Ultrasonic degassing equipment  

The experiments were conducted using a prototype specifically designed to treat large 
volumes of molten aluminium. The device allowed movement of the ultrasonic transducer 
and the wave guiding system vertically and circumferentially, as shown in Fig. 1. The 
ultrasonic equipment used in the experiments was composed of a 5 kW USGC-5-22 MS 
ultrasonic generator, a 5 kW MST-5-18 water cooled magnetostrictive transducer, a 
titanium booster (all supplied by Reltec, Russia) and a niobium tip.  

 

 
Fig. 1. Functioning scheme of ultrasonic degassing mechanism 

 

Melt treatment procedure  

An AlSi7Mg0.3 (A356) alloy modified with 200 ppm of Sr was melted and heated up to a 
temperature of 725±5°C in a resistance furnace with an inner crucible with a diameter of 
500 mm and a depth of 500 mm (Nabertherm, Germany). The total amount of melt was 150 
kg. In order to acquire more information and be able to compare the degassing efficiency of 
the ultrasonic degassing treatment with the conventional Ar assisted degassing by a Foseco 
rotary degasser, it was decided to increase the initial hydrogen content in the melt. A tablet 
of Hydral (Al(OH)3) was added to the molten metal before the degassing treatment. 
Measurements of the hydrogen content with an Alspek H Mini probe (Foseco, Germany) 
and a reduced pressure test (MK, Germany) were made before and after the Hydral tablet 
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was applied, after the degassing procedure in the melting furnace and after the melt transfer 
to a casting furnace.  

The degassing process was performed using two different methods: a conventional 
Foseco degassing unit with Ar purging (Foseco degassing unit (FDU)) and the ultrasonic 
prototype. These two cleaning methods were separately applied to a 150 kg melt under the 
same melting conditions (including Hydral addition). The ultrasonic and rotary degassing 
treatments were both applied for 15 min with a melt temperature of 725±5°C. The 
following parameters were used for the ultrasonic treatment, assuring cavitation conditions 
in the melt: 

(i) Vibration amplitude: 25 mm 
(ii) Vibration frequency: 17.5 kHz 
(iii) Rotating velocity of the sonotrode: 1 rev min-1 
(iv) Vertical movement: 30 mm up and down 
(v) Sonotrode’s tip depth below the melt surface: 40-70 mm 
 

The conventional Foseco rotary degassing unit introduces very fine bubbles of a dry inert 
gas (Ar) into the melt through a spinning graphite rotor that generates the bubbles at the 
base of the melt volume. Argon was applied for 15 min with a flowrate of 6 L min-1 and a 
rotational speed of 600 rev min-1. 

Component casting and evaluation 

The production of the cast components was made using a LPDC unit (Kurtz AK92). For the 
casting production melt was transferred from the melting furnace, where degassing was 
performed to the LPDC furnace. A double cavity step plate mould developed by 
Österreichisches Gießerei Institut (ÖGI) was used to cast the specimens (Fig. 2). 
 

 
Fig. 2. Step plate mould (left) and casting (right) 

 
The mould temperature at the start of each casting process was 260°C. The step plate 
mould was finished by an isolating coating (DYCOTE F140). Measurements of the air 
pressure, humidity and temperature were made during melting, degassing and casting 
processes. From each part, the hardness was measured, and four tensile bars were machined 
from the 10 mm step according to DIN 50125–B 5x25. In the subsequent tensile tests 
according to EN 10002-1, 0.2% yield strength Rp0.2, tensile strength Rm and elongation at 
fracture A were determined in a universal testing machine (Zwick Roell 250 kN). 

In addition, the microstructure of the parts was evaluated with an optical 
microscope (Olympus BX51). The porosity was measured following VDG P 201 ‘Volume 
deficits of castings made of non-ferrous metals’ on the basis that the images were taken in a 
defined 25-fold magnification. The pores detected in the image are coloured red, and the 
surface components in relation to the detection frame (ROI (Region of Interest)) are 
evaluated by percentage. The respective ROIs have to be selected in a way to cover a 
maximum possible area, and they must be adapted to the contour of the subregions. The 
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accuracy is specified as ±0.1%. The grain size was characterised by the linear intercept 
method on images obtained with an optical microscope with polarised light. 

 

Results and discussion 

Melt quality and dross formation 

Dross formation was monitored by skimming the melt surface, weighing and visual 
examination. The results are compiled in Table 1. 
 

Table 1. Dross formation  

 
Weight 

Comment 
[g] [%] 

After FDU 1800 1.20 Extremely high metallic content 

After US 340 0.23 Low metallic content 

 
Ultrasonic processing, on the contrary, creates very small cavities that are turned into 
hydrogen bubbles, with the flow direction downwards. These bubbles then grow in the 
acoustic field, extracting hydrogen dissolved in the liquid phase, and naturally float to the 
surface without turbulence and surface disturbance. As a result, dross formation is limited. 

Ar rotary degassing is known for additional cleaning of the melt of oxide inclusions 
that adhere to the bubble surface and float along to the surface. According to literature, 
ultrasonic degassing has a similar effect, where the oxide inclusions are associated with 
cavitation bubbles. Cleaning of the melt of oxide inclusions, therefore, cannot explain the 
massive difference in dross formation in the two tested degassing techniques. 

The gas content in the molten metal after applying conventional Ar rotary degassing 
is lower than that after ultrasonic degassing (0.31 vs 0.41 mL/100 g). However, the final 
hydrogen content, once the metal is transferred to the LPDC crucible, remains on the same 
level for both processes (0.47 vs 0.45 mL/100 g). This actually shows that the tendency to 
melt regassing is higher in the case of the conventional process, which can also be related 
to the dross formation.2,6 It should also be noted that the reduced pressure test (RPT) results 
may reflect the decreased porosity that is not only due to the decreased hydrogen 
concentration but also due to the decreased amount of oxide inclusions. 

 

Microstructure and porosity 

The microstructures of the cross-sections of castings produced after both cleaning 
procedures are typical for this type of alloy and consist of the primary Al solid solution and 
((Al)+Si) eutectic. The eutectic silicon phase is fully modified and very finely distributed. 

Figure 3 shows the porosity analysis performed on the polished specimens. It can be 
observed that the porosity present in both specimens is on the same level (1.7% for after 
rotary degassing and 1.5% after US degassing), corroborating that the degassing efficiency 
obtained with the ultrasonic degassing prototype is comparable to the degassing efficiency 
of a mature industrial technology such as the rotary degassing. It also shows that the 
difference in RPT results is likely to be related to a higher residual oxide concentration in 
the ultrasonically degassed samples and does not play a decisive role in the porosity 
formation. 
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Fig. 3. Foseco degassing unit sample: porosity=1.7% (left); ultrasonic sample: porosity=1.5% (right) 

 
The grain size in the castings produced after either degassing technology shows a smaller 
grain after ultrasonic treatment, as can be seen in Figure 4. Literature extensively reports 
grain refining after ultrasonic treatment.3,7 However, grain refinement typically requires the 
presence of some grain refining substrates that can be activated by cavitation processing. In 
this work, the high temperature with melt superheating exceeding 100°C at which the 
ultrasonic treatment was applied, the absence of specially added grain refining agents and 
the subsequent melt transfer to the LPDC crucible clearly limited the grain refining effect 
of the ultrasonic treatment. 
 

 
Fig. 4. Results of the grain size measurements 

 

Mechanical properties 

The average hardness values of the castings produced after both treatments are 54–
56 HB, which is around the minimum hardness of 55 HB 5/250 required by EN 1706:2010 
for this alloy. The standardised tensile properties listed in EN 1706 are only valid for 
separately cast test bars. In castings, the ultimate tensile strength and 0.2% yield strength 
should be a minimum of 70% and the elongation a minimum of 50% of the values required 
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for the separately cast test bars. Figure 5 presents the average tensile properties of 
specimens tested for each degassing process. The tensile strength and the 0.2% yield 
strength are similar for the rotary and US degassing samples taken from castings. The US 
degassing samples have a higher elongation than the impeller degassed samples. With 
taking into account the very small variation in grain size in the samples produced after 
either degassing method, this level of properties shows that the amount of defects that can 
influence the strength and ductility, e.g. pores and oxide inclusions, is at least similar after 
both degassing techniques. In comparison to the required values in EN 1706:2010 for the 
samples taken from the components, the tensile strength Rm, the 0.2% yield strength Rp0.2 
and the elongation A were significantly higher than the minimum requirements. 

 

 
Fig. 5. Tensile properties using rotary degassing unit (Impeller) vs. ultrasonic technology 

 

Conclusions 

From the results obtained in the present study, the following conclusions can be inferred: 
1. Ultrasonic degassing performed using a single ultrasonic source and a prototype level 

set-up is able to achieve similar degassing performance as a mature, commercially 
available Ar rotary degasser for an appreciable melt volume of 150 kg. 

2. The melt surface is much less disturbed during ultrasonic degassing as cavitation 
bubbles are formed within the metal and the flow is directed downwards. As a result, 
much less dross formation is observed as compared to Ar rotary degassing. 

3. The mechanical properties of castings produced after ultrasonic degassing or Ar rotary 
degassing are similar with some tendency of improved ductility after ultrasonic 
degassing. 
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