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ABSTRACT. An atomiser is designed for the production of nanostructured, fine-sized metal powders. The alloy is firstly 
induction-melted under argon atmosphere. The break-up of the superheated melt into spherical droplets is carried out in a 
tubular ultrasonic resonator under argon or helium atmosphere. Rapid solidification of the atomised melt is the result of 
convective cooling. Droplet size is governed by the ultrasonic parameters of newly developed transducers, powered by a 
multifrequency generator. Thanks to such an innovative ultrasonic device, it is possible to control melt break-up further than 
previous works. Once optimised, this method is expected to be commercially viable for the production of special powders for 
advanced powder technology processing. 
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1. Introduction 

The latest developments in metal powder processing require specific properties of the powder itself. Indeed, 
in a process like Metal Injection Moulding (MIM), the control of powder particle size, shape, internal porosity 
and surface chemistry is an important issue. Appropriate fine powder fabrication methods have therefore to be 
developed. Most of the world production is carried out by melt atomisation, i.e. the break-up of molten metal 
into discrete droplets, using essentially the dynamic energy of water or gas jets. Two-fluid atomisation provides 
high production rates, rapid solidification, and the possibility to control powder properties. It is however not 
commercially viable for fine powder atomisation because of the huge fluid consumption required to achieve 
mean particle diameters below 20 µm. The use of ultrasonic vibrations is a possible alternative to high pressure 
two-fluid atomisation. Although its limits have been reported in the literature, ultrasonic atomisation can now 
take benefit from newly developed transducers and power sources. Based on this new technology, a prototype 
atomisation facility has been designed. The way it operates is hereby presented. 

2. Ultrasonic atomisation (a brief review) 

2.1. The principle of capillary-wave atomisation 

 

Figure 1. Capillary-wave atomisation 

A thin layer of a liquid, wetting the surface of a solid resonator which vibrates vertically to its surface plan, 
forms a chessboard-like pattern of stationary capillary waves (Lierke et al., 1967). This phenomenon occurs 
when the vibration amplitude A exceeds a threshold value. On further increase of the amplitude, ligament break-
up of the liquid follows and droplets are hurled from the crests of the capillary waves. Many ultrasonic atomisers 
for the production of liquid fogs have been developed, including atomisers for molten metals (Ensminger, 1988). 
In the latter case, the substrate shall be heated at melt temperature. Droplet size d depends on the theoretical 
wavelength λ for the capillary waves so that: 

 

d = k.λ = k.(8πσ/ρf2)1/3                [1] 

 

λ is function of both the liquid surface tension σ, the liquid density ρ, and the vibration frequency f 
(Rayleigh, 1945). k is determined empirically for each liquid and frequency range. From [1], it appears that the 
use of ultrasonic frequencies promotes finer droplet sizes. Peskin and Raco carried the analysis of capillary-wave 
atomisation further than the previous works (Peskin et al., 1963). The derived theory probably is the most 
general to date to describe this mechanism at ultrasonic frequencies. Drop size is correlated to transducer 
frequency, transducer amplitude, liquid physical properties, and liquid-film thickness. If transducer amplitude is 
negligible with respect to film thickness, a simplification leads to [1]. By modelling capillary-wave atomisation 
in the general case, the authors show that atomisation is governed by ultrasonic forces for low flow rates. For 
instance, up to 4 litres per hour per square centimetre of vibrating surface for molten silver atomised at 20 kHz 
(Lierke et al., 1980). Beyond a limiting value, fluid dynamic forces cause larger drop sizes. 
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2.2. Limitations in ultrasonic atomisation 

The acoustic activity of a conventional “Langevin” transducer is attenuated by the mechanical load attached 
to it (see section 3.1). Material selection for both the acoustical wave-guide and the resonator consequently is 
rather limited, but there are restrictions on dimensions as well (Dunkley et al, 1994). As a result, the resonator 
has to be located as close to the transducer as possible. Such a configuration is critical in molten metal 
atomisation, where the resonator shall be heated at melt temperature, which might damage the transducer. 

Attenuation decreases the vibration amplitude of the resonator, thus reducing the amount of wave crests 
where ultrasonic atomisation occurs. In order to maintain a viable atomising efficiency, the flow rate has to be 
increased which, as shown by Peskin and Raco (see section 2.1), causes large drop sizes. 

3. New ultrasonic device 

3.1. Newly developed “Hammer” transducers 

 

Figure 2. Conventional “Langevin” transducer         Figure 3. “Hammer” transducer 

Figure 2 shows the design of a conventional transducer. The front mass is coupled to the back mass via a 
tensional bolt and the piezoelectric ring elements in the middle of the transducer. The load is coupled to the front 
mass and therefore influences the resonance response. Long-distance propagation of the acoustic signal is 
prevented. On the contrary, in a “Hammer” transducer (see Figure 3), the resonant mass element is independent 
of the acoustic load. This transducer indeed uses a minimum of two series driven piezoelectric elements to drive 
a fixed resonator mass element that is clamped between the piezoelectric rings. The piezoelectric elements are in 
turn sandwiched between a front and back mass and held together by a central bolt, making the central mass to 
be the predominant resonant mechanism (Prokic, 2000). 

3.2. Multifrequency generator 

A “Hammer” transducer has a multi-resonant characteristic that is well suited to multifrequency driving over 
a significant bandwidth. It can thus be powered by a multifrequency generator. Sensors of acoustical activity 
complete the new ultrasonic device, measuring the resonator characteristic and creating regulation-feedback 
between the resonator and the power supply. As a result, the frequency of the resonator oscillations sweeps a 
relatively wide range, up to about ± 30% of the resonance (20 kHz). The location of the oscillations anti-nodes 
(wave crests with maximum amplitude) varies approximately 100 times per second within a length of several 
centimetres. This widens the ultrasonic atomisation area, minimises the impact of flow rate on the atomisation 
mechanism, and allows a better drop size control. 
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4. Ultrasonic atomiser 

The developed atomiser is rather similar to existing units. However, the new ultrasonic device allows the 
transducer to be kept outside the vessel. Consequently, the melting point of the material to be atomised is no 
longer a limiting factor for the process. Provided that there exist a resonator material with appropriate acoustic 
properties and mechanical strength, any molten metal can be atomised. 

 

Figure 4. Atomiser (left), induction melting unit, transfer tube, transducer and tubular resonator (right) 

The atomisation vessel comprises a hemispheric upper cap and an asymmetric cone. Since ejected droplets 
have quite lower velocities than gas atomised droplets, the dimensions can be reduced to 1.2 metres diameter and 
2 metres height. Fast cooling rates are achieved under circulating argon or helium atmosphere. Inert gas 
consumption is low in ultrasonic atomisation, since gas is not the atomising medium. This allows the unit to be 
hermetically tight, which guarantees environmental security. The crucible capacity is 1 litre in this prototype 
atomiser. In view of technology transfer to industry, however, a continuous supply of the melt is foreseen, 
increasing the energy efficiency of the process (a few Watts per litre of melt). 

5. Conclusion 

The atomiser presented in this paper is destined for the production of special powders for advanced powder 
technology processing. It takes benefit from the latest developments in ultrasonic technology. The most 
clamorous result so far is the atomisation of magnesium alloy AZ63 into spherical powder containing particles 
down to 1 µm in size (argon atmosphere, 150°C melt superheat, titanium alloy Ti-6Al-4V tubular resonator). 
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