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Summary

History of Ultrasonic Processing in Metallurgy ðUltrasonic Treatment of Light Alloy Melts

Theoretical foundations

Å Cavitation, temperature, amplitude, frequencyé

Reality & Practice 

Å How can I control the process?

Å Can I control the process with my equipment?

Å What the best characteristics of òUltrasonic Activityó are?

Å Design solutions applied in treatment of Light Alloy Melts

V Results of MMM technology applied in processing of aluminum alloys

©2001 -13 MP Interconsulting, mpi@mpi-ultrasonics.com

Part 1

Part 2

How can I control the cavitation?

Some ideas/proposals
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History of Ultrasonic Processing in Metallurgy ðUltrasonic Treatment of Light Alloy Melts
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Time line
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Designs

Lab Trials.

é

Suggestions!

Questions ?

Quality of casting

Mechanical properties

Understand the mechanisms involved

Industrial applications

Aim
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CAD

FEA
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What the differences between us and Others are?

History of Ultrasonic Processing in Metallurgy ðUltrasonic Treatment of Light Alloy Melts

Multi-frequency, pulse-repetitive, frequency, 

phase and amplitude modulated, bulk-wave 

excitation.

Elimination of ultrasonic standing waves gives 

spatially uniform processing of liquid metals.

Capability to drive ultrasonically any arbitrary 

solid body shape, or large mechanical system at 

high energy, if needed.

MMM (=) Multi-frequency, Multi-Mode, Modulated 

sound waves.

Standing waves break ceramic sonotrodes,

while creating spatial zones of very high

and very low acoustic activity.

Fixed frequency sound waves

weOthers

... State change...
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To solve:

Multifrequency, Multimode, Modulated sound waves.
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Theoretical foundations

ÅCavitation ðconsequence of an external action (in this case ultrasonic field)

ÅAcoustic streaming

Ultrasonic 
vibrations 

in 
metallurgy
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How can I controle 

cavitation?

(seePart 3)
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ÅGrainrefinement with significantly improved and 3D uniformly distributed micro-crystallization.

ÅDisintegration, elimination, wetting and dissolvingof non-metallic and metallic inclusions, making smooth

intermetallic transitional areas.

ÅAlloysmixing with nano-particles, increasingdensity of alloys,varyingpercentagesof alloy ingredients.

ÅImproving chemical, mechanical and physical properties and corrosion resistance, e.g. in Al-Li alloys and

other aerospacealloys.

ÅAlloysõdensity increaseuntil theoretical limits .

Advantages of Acoustic Processing

Theoretical foundations
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Principle:

Supplying acoustic energy to a melt, in order to induce cavitation and 

initiate Sonocrystallization:

(i) A great number of small cavities developed inside the liquid.

(ii) Diffusion of hydrogen from the melt to developed bubbles

(iii) Large bubbles coagulate and float to a surface of liquid pool

Besides degassing, the development of cavitation promotes

significant undercooling and formation of numerous

solidification nuclei.

Si and 

Intermetallics 

modification

Refinement 

of 

a-Al 

Degassing

Grain refinement exerts a positive influence on several

properties of cast aluminum, namely: porosity, shrinkage

distribution, intermetallics distribution and mechanical

properties.

Theoretical foundations - Continuous and Static Casting with Ultrasound 

Improve 

Mechanical

Properties
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Application of acoustic waves in treating of melt  

aluminum alloys. A promising future
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What is the role of casting / foundrymen in 

improving the properties of aluminum 

alloys?

Å Control of melting process.

Å Melt treatment: degassing, microstructure refinement and modification.

and...

Å Assessment of variables which could contribute to improved castings. 
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Application of acoustic waves in treating of melt  

aluminum alloys. A promising future
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Ultrasound above the threshold of acoustic cavitation can be introduced into a molten metal (e.g. during the
continuouscasting process),this way promoting:

Degassingof liquid metals using high intensity ultrasonic activity.

Ultrasonicgrain modification technology(improvingmicro crystallization).

Ultrasonicfiltering and refining of molten metal.

Ultrasonicmixing and homogenizingof liquids is exceptionallyefficient.

Liquids and liquid metals that do not mix in normal conditions can also be mixed in number of combinations, homogenizedand/or alloyed in
high intensity ultrasonic reactors,or in certain ultrasonicallyoptimized casting process.
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Reality & Practice 

How can I control the processé

Using the MMM Technology

Can I control the process with my equipmenté

Yes, using MMM Technology (cavitation control)

What are the best characteristics of òUltrasonic Activityó...

Depends, but using MMM Technology you can chose

Ultrasonic generator 

AMMM

A
 (

%
)

P
 (

W
)

1
2 3

4

5

1 High frequencyUltrasonicgenerator 2 UltrasonicTransducer

3 Waveguide 4 Load (mediumé) 5 Sensor

MMM Technology was developed 

by MPInterconsulting.

Based in Switzerland MPI has 

clients around the world.

MPI offers products, R&D services 

and consultancy in high power 

Ultrasonics, a range of top quality 

ultrasonic cleaningand 

sonochemistryequipment and 

special equipment development 

for new applications
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http://www.mpi-ultrasonics.com/mmm-ultrasonic-clean.html
http://www.mpi-ultrasonics.com/mmm-sonochemistry.html
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Reality & Practice ðControl Options 

Ultrasonic generator 

AMMM
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1 High frequencyUltrasonicgenerator 2 UltrasonicTransducer

3 Waveguide 4 Load (mediumé)5 Sensor
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Based on specific Lab View, multi-windows monitoring software (where we can monitor several of 

significant parameters related to cavitation in a time and frequency domains).

UltrasonicGenerator

ControlPanel
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Design options 
applied in processing of Light Alloy MeltsCAD

FEA
FEA
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Design options 
applied in processing of Light Alloy Melts

Diameters from 35 to 60mm.

Length from 1HWL to 4HWL.

FEA

Sonotrodematerial:

Special Alloy resistant to wear with high 

amplitudes of vibration.
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Weight = 12 kg of Al alloy

Protecting box
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Different Design options 
applied in processing of Light Alloy Melts

Laboratory 

Foundry of 

University of 

Minho 

(Mechanical 

Department)
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Different Design options 
applied in processing of Light Alloy Melts

in Industrial environment

Degassing 

treatment

Grain 

refinement
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Design options 
applied in processing of Light Alloy Melts

Light Alloys Furnace 

Ultrasonically optimized
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Results of MMM technology in processing of 
Aluminum alloys

www.UltrasonicMetallurgy.com

Results obtained with 

MMM Technology

Degassing

Refining Modification

a-Al Si

Intermetallics

Porosity

If we really understand the problem, 

the answer will come out of it, 

because the answer is not separate 

from the problem.
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Some of our experimental results

0 min

1 min
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Samples

RPT tests
Samples

Porosity

0 min

1 min

3 min

5 min

Static Casting, Ultrasonically Assisted
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Al-Cu

Static Casting, Ultrasonically Assisted
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ingot

Some of our experimental results
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6.63 W/cm 2

3.97 W/cm 2

2.20 W/cm 2

Static Casting, Ultrasonically Assisted

Effect of temperature and ultrasonic power in Al-Si-Cu processing

Some of our experimental results
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Samples

Refinement

Modification

Static Casting, Ultrasonically Assisted

Optical microscope 

(OM) and Scanning 

Electron Microscope 

(SEM) with 

quantitative 

metallographic 

analysis capability 

were used to evaluate 

the shape and grain 

size of constituents

Al-Si-Cu after ultrasonic 

processing 

Al-Si-Cu before ultrasonic 

processing 

Some of our experimental results
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The long needles of b-Al5FeSi (light

grey needles uniformly distributed in

Figure 5 (b)) were, in some cases,

more than 200 mm long, as a

consequenceof the high Fecontent in

the alloy
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According to the microstructures

shown in Fig.1, it appears that the

supply of acoustic energy to the melt

during the stage of solidification has

a high potential to change the

morphology of eutectic silicon. In

fact, the silicon lamellar/acicular

morphology, typical for unmodified

alloys (Fig.2) was transformed into a

fibrous structure with rounded edges,

compact and shaped polygons

(Fig.3), of ultrasonically modified

alloys.

Fig. 1
Fig. 3Fig. 2
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AlSc AlSc+US

AlScMg AlScMg+US
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Tcasting=700ºC

AlSi7Mg

Treatment With MMM Technology

Tradicional Treatment

Application of ultrasonic

treatment during cooling

of casting in sand mold.

mailto:mpi@mpi-ultrasonics.com


©2001 -13 MP Interconsulting, mpi@mpi-ultrasonics.com

Continuous Casting, Ultrasonically Assisted
The efficiency of ultrasonic treatment (UST)

dependson many factors, namely the ultrasonic

parameters, such as amplitude and frequencyof

vibration, the degassing conditions (melt

treatment temperature and processing time),

the alloy composition, the material purity, and

volume, all of great importance in the obtained

results.

The Figure presents the as-cast microstructure

of the Al-Mg-Mn alloy processed by different

refinement techniques at different

temperatures. From Figure it is clear that

ultrasonic treatment had a significant effect on

the microstructure morphology of the as-cast

alloys and the final microstructure depends on

the UStreatment temperature, when compared

with microstructure obtained after conventional

treatment (refinement with 1kg/ton of Al5Ti1B).

Effect of liquid temperature on the microstructure after casting Al-Mg-Mn: (a-c) with 1kg/ton of Al5Ti1B; (d-

f) with  MMM Ultrasonic Technology. (a) and (d) casting at 700C;  (b) and (e) casting at 685ºC; (c) and (f) 

casting at 670ºC.

Laboratory tests
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Position 1

Position 2

Position 3

Porosity PorosityPorosity

Porosity

T=684ºC

T=698ºC

T=705ºC

Trial Tests
(real conditions)

A5xxx - Aluminum alloy from scrap
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Position 1
Porosity PorosityPorosity

Trial Tests
(real conditions)

A5xxx - Aluminum alloy from scrap
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DC Casting Simulation!

Trial Tests
(real conditions)

A5xxx - Aluminum alloy from scrap
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Trial was conducted on an industrial scale using the same alloy, according to the experimental results obtained in laboratorial scale. The Figure 

shows the contrasts of electronic microscopy microstructure of samples processed by traditional process (degassing by argon and refinement by 

addition of 1kg/ton of Al5Ti1B) (Fig. 1) and processed by MMM technology (regarding degassing and refinement) (Fig. 2). Fig. 1 shows the 

microstructure of the cross-section of alloy in which is clearly observed center zone segregation. 

Besides the strong chemical

segregation at the center of

the strip (Fig. 2) and the

crystals homogeneously

distributed (Fig. 3), the SEM

analysis revealed the co-

existence of other

intermetallic phases, as

presented in Fig. 2a and 3a,

which morphology, EDS X-

ray spectra suggest

presenceof the composition

of AlMnFeSi.

(Fig. 2a)

(Fig. 3a)

(Fig. 2) (Fig. 3)

When compared with the microstructure of the

non-US processed samples (conventional

process), the phases present in the US-treated

samples (Fig. 3a) revealed a more uniform

distribution, and their morphologies were

significantly different.

Microstructures of strips of 
Al-Mg-Zn alloy after twin-roll 

casting

Continuous Casting, Ultrasonically Assisted
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