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An investigation on effect of rotary
degassing-ultrasonic method on high
pressure die casting products
R. Haghayeghi

A new rotary degassing-ultrasound system was implemented and compared with Impeller+N2. The results suggest an
enhanced hydrogen removal from the melt with a one third of required time for degassing by Impeller+N2. The gas removal
increased by 20% in comparison with rotary impeller. Inclusions reduced significantly by 3 and 6 times compared to impeller+N2 and non-treated melt, respectively. Better cavitation dispersion, increased bubble surface area, less dross formation
and better floatation rate contributed to better degassing and inclusion removal. For the first time, the ultrasonic melt treatment was performed on 400 Kg melt whereas the maximum volume ever been treated was 200 Kg.
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INTRODUCTION
Al-Si-Cu alloys are appropriate candidates for automotive
applications. Many components such as ladder frame or
engine block are produced from this group of aluminum alloys. A major problem in these alloys is porosity formation.
This is related to various factors like the obstruction of feeding channels by β-Al5FeSi phase as well as the segregation
of copper by formation of constitutional undercooling ahead of the eutectic/liquid interface and establishment of eu-

tectic mushy zone [1]. In addition, intermetallic compounds
precipitate at last stages of solidification, that is when feeding is critical and permeability is the lowest [1]. This further
could contribute to porosity formation. Alloying elements
would have an effect on porosity formation. Previous re-
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searches [1-3] have shown the deleterious effect of Fe-Cu
interaction on increasing the porosity content in Al-Si-Cu
alloys. Hence, finding a solution to the above is required. In
this research, the effect of rotary degassing ultrasonic process in a large pool of melt respecting previous researches
[4,5] has been analyzed. It was compared with impeller degassing and its effects on porosity formation in a high pressure die casting (HPDC) process were discussed.
Experiment
About 400 kg of molten metal of Al-9 wt.%Si-3 wt.%Cu-1.3
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wt.%Fe (TLIQUIDUS=620 oC) melted in an electrical furnace. It

evidenced how the sonotrode’s position affects the acou-

was transferred to degassing vessel at 700±5 oC. Two separa-

stic streaming and the grain morphology of the solidified

te processes were implemented to degas the melt, namely a

material [6]. In the other approach, the impeller was applied

rotary furnace-sonication system and an impeller degassing

at a rotation speed of 750 rpm for 10 min where the N2 was

where N2 was blown from the bottom of the impeller (Figure

inserted at 5 Lit/min during the degassing process (Figure

1). The sonication was applied by an air-cooled piezoelectric

1b). In each process, the treated melt was transferred to a

transducer at frequency of 25 kHz, amplitude vibration of 25

cold chamber die casting machine with a locking force of 22

μm and an input power of 1 KW for 3 minutes. Simultane-

MN for producing a shock tower (10 Kg) with minimum thi-

ously, the vessel was rotating (2 rpm) with a circular plate

ckness of 1.6 mm. The plunger speed changed from 0.3 m/s

underneath where the ultrasonic horn was located at 2/3 of

to 4.3 m/s with the intensification pressure of 97 MPa. The

the radius of degassing tank (Figure 1a). This position was

vacuum was applied after 110 mm of the plunger movement

determined based on preliminary experiments which have

and the casting temperature was 680 oC.

Fig.1 – (a) The rotating furnace-sonication system; (b) Impeller with nitrogen degassing, (c) Shock tower.
The quality of molten bath was measured via reduced pres-

sure test (RPT) [7] and an image analyzer software examined
several pictures (100×100 μm ) on RPT samples. The density

on sub-size specimens drawn from the castings at defined
locations based on ASTM B557 M-15.

2

(D) of each RPT specimen was measured by Archimedean

RESULTS AND DISCUSSION

method defined by the equation: D=Wa/(Wa−Ww), where Wa

The RPT results and the comparison between the degassing

spectively. Measurement of inclusions was carried out by

had a similar quality before degassing. The rotary vessel-ul-

and Ww are the specimen’s weights in air and in water, re-

PoDFA on 3 kg samples for each degassing method. Tensile

tests were performed according to ISO 6892-1 A standard
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methods are shown in Figure (2). As observed, both melts
trasound resulted in better degassing efficiency compared
with the impeller+N2.
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Fig.2 – Density index of molten metal before and after degassing with two different methods.
By rotary Vessel-Ultrasound, the density index decreased

efficiency.

with the impeller+N 2, the value decreased from 10.5%

Furthermore, the rotary vessel-ultrasound system could

med nearly 20% higher in degassing efficiency in compa-

acoustic pressure, the cavitation bubbles are exploded

from 10.3% to 2.6% whereas by performing degassing
to 4.6%. This indicates that rotary ultrasound has perfor-

rison with the rotary impeller in one third of the time. It

is known that in both impeller and ultrasonic techniques,

cavitation degases and clean the melt. The reason of better degassing by ultrasound is based on the bubble density. An investigation by Eskin et al. [8] suggests a bubble

density of 1 × 1011 m−3 with initial radii of 1 μm is produced

by using a frequency of 17.7 kHz [8]. Such a high density

of bubbles with increased surface area would improve the

gas diffusion and further gas removal. The rotary system
causes better spread of the bubbles throughout the melt

help for removal of the inclusions. By variation in the
and split into two smaller bubbles where a jet stream releases. The inclusions collide with the jet stream and the

local variation of the acoustic pressure ruptures the oxide
films and inclusions. Therefore, they are attached to the

bubbles and float to the melt surface. Smaller bubbles
with higher surface tension would contribute in removal

of fine Al oxides. Kang et al. [12] has demonstrated the flo-

atation rate of inclusions would increase by 6 times through the cavitation bubbles. Comparatively, the impeller by

N2 process inclusion reduction is a win/lose process. The

to minimize shielding and attenuation effects where the

forced convection helps the agglomeration of the inclu-

stic cycle, the Bjerknes force attempts to bring the bub-

gas blow increases the probability of the attachment of in-

frequency of 25 KHz is applied. In addition, in every acoubles together whilst each of the bubbles creates a strong
velocity field in the surrounding that gives rise to bubble

spacing. These alternate attempts provide a steady state
condition in which the distance between the bubbles re-

sions and their sedimentation whereas at the same time

clusions to a bubble and its floatation. The PoDFA analysis
(Figure 3) suggests the rotary vessel-ultrasonic method is

more effective in comparison with impeller+N2 to remove
inclusions. This could be attributed to the small velocity

mains nearly constant [9]. Therefore, more bubbles are

of forced convection in impeller system and poor wet-

Another reason of better degassing by ultrasonic is due to

untreated melt the values have improved for impeller+N2.

available for hydrogen diffusion and further gas removal.

tability of inclusions. Nevertheless, in comparison with

higher dross formation by impeller where the dross acts

The significant amount of carbides is due to graphite im-

gen molecules which is significant at above 600oC [10].

bon decreased to 0.09 mm2/kg. With respect to the initial

as an accumulator of hydrogen by adsorption of hydro-

peller whereas for ultrasonic treatment the amount of car-

The dross level by rotary vessel-sonication system was

content, the amount of aluminium oxides was decreased

system competes with new design which was offered by

ler+N2, respectively.

245 gr whereas for rotary impeller was 1300 gr. The rotary

ref [11] where 25% increment was observed on degassing
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by 6 and 3 times by using ultrasonic treatment and impel-
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Fig.3 – PoDFA analysis of untreated, impeller+N2 and ultrasonically treated melts.
The microstructure of the diecast alloy at untreated, tre-

nic system presented YS and UTS of 210 and 303 MPa and

(4). More porosity are seen close to the intermetallic par-

nement/modification as described in ref [14]. Impeller+N2

ated by impeller+N2 and rotary system is shown in Figure

elevated elongation to 6% due to primary/eutectic Si refi-

ticles (e.g. Al 15(Fe,Mn)3Si2). The β-phase particles are po-

and untreated melt presented value of 180 and 165 for YS

By application of rotary process, the intermetallic size

process and untreated melt, sequentially.

tential sites for porosity formation regardless of the alloy

composition and the type or size of the β particles [13].
has decreased considerably. The rotary vessel-ultraso-

and 288 and 273 MPa for UTS, respectively. However, the
elongation was not higher than 3% and 1% for impeller

Fig.4 – Microstructure of diecast AlSi9Cu3(Fe) alloy: (a,b) untreated; degassed with (c,d) impeller+N2 and (e,f)
rotary vessel-sonication.
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CONCLUSION

technique the formation of undesired composition from

degassing and inclusion removal. The results suggest

proves accordingly.

A rotary sonication-ultrasonic technique was offered for

20% improvement for degassing and 2 times enhancement in oxide removal compared with impeller+N2. The

YS, UTS and elongation was increased considerably. Moreover, 400 Kg of molten metal was treated whereas the

maximum ever reported was 200 Kg. By the suggested

the impeller decreases significantly and melt quality im-
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