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Device for atomizing a melt stream by means of a gas 

This patent application claims priority to German patent application DE 10 

2019 214 555.8, the contents of which are incorporated herein by refer- 

	

5 	ence. 

The invention relates to a device for atomizing a metallic, intermetallic or 

ceramic melt stream by means of a gas to form a spherical powder with the 

features given in the preamble of patent claim 1. 
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With regard to the background of the invention, it is to be stated that metal 

powders are used in numerous fields of technology on an industrial scale 

for the production of components or functional layers. Examples include 

sintered steels, hard metals, contact materials, permanent magnets, ceram- 

	

15 	ics and thermally sprayed layers. 

Particularly in the field of additive manufacturing and metal injection 

molding, special requirements are placed on the sphericity and particle size 

distribution of the powders, as these are a necessary prerequisite for further 

	

20 	processability. Four basic technologies have become established for the 

production of spherical metal powders, plasma-assisted atomization of 

wires - see WO 2011 054113 Al, plasma spheroidization of powders with 

irregular surfaces - see EP 1 689 519 Bl, the Plasma Rotating Electrode 

process - see US 5 147 448 A, and gas atomization of liquid melts. 

25 

The latter is also applicable to certain ceramics and includes a variety of 

different methods for producing the liquid melts: 
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• VIGA (Vacuum Induction Gas Atomization - inductive melting in 

ceramic and cold crucibles) 

■ EIGA (Electrode Induction Gas Atomization - inductive crucible-

less melting of metallic or intermetallic rods) 

	

5 	• PIGA (Plasma Inert Gas Atomization - plasma melting in a cold 

crucible) 

In crucible-based melting methods, the pouring stream to be atomized can 

be generated by tilting the crucible (pouring), by a bottom outlet of the cm- 

	

10 	cible or by melting a rod (electrode). The preferred melting method is se- 

lected according to specific properties of the material to be melted. For ex-

ample, high-melting-point metals or alloys with an affinity for oxygen can-

not be melted in ceramic crucibles because the crucible materials cannot 

withstand the process temperatures or are reduced by the melt. 

15 

All atomization methods of free fall liquid melts by means of an atomizing 

gas have an influence on the sphericity and the gas porosity of the resulting 

powder particles, as can be seen from the technical article Schulz G., 

"Laminar sonic and supersonic gas flow atomization - the NANOVAL pro- 

	

20 	cess", World Congress on PM & Particulate Materials, Advances in PM, 

1996, 1, pp. 43-54. To date, it is not possible to produce gas atomized pow-

ders free of satellites on the powder particle surfaces and without generat-

ing gas porosity, which is state of the art by means of PREP or plasma at-

omization. PREP and plasma atomization, however, have serious disad- 

	

25 	vantages in terms of economy and are therefore significantly more expen- 

sive than gas atomized powders. 
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Among the gas-assisted atomization methods, a basic distinction is made 

between different designs of free-fall atomization (free-fall nozzle, close- 

coupled nozzle) and gas-jet-guided atomization using a Laval nozzle. 

	

5 	A device for atomizing a melt stream by means of a gas to form spherical 

powder having the features indicated in the preamble of patent claim 1 with 

such a Laval nozzle is known from WO 2015/092008 Al and comprises a 

melt chamber, a powder chamber, an induction coil in the melt chamber, 

and a Laval atomizer nozzle with convergent-divergent nozzle profile ar- 

	

10 	ranged in a nozzle plate and interconnecting these two chambers. 

Through the atomizer nozzle, the melt stream, radially enveloped by a pres-

surized atomizing gas and inductively generated from the melt material in 

the melt chamber by the induction coil, is introduced into the nozzle due to 

	

15 	the effect of gravity, and split into fine droplets in and after the atomizer 

nozzle. These solidify into the powder particles to be produced. 

In this context, it has been shown that the powder particles produced with 

this method require improvement with regard to satellite formation and the 

	

20 	development of gas porosity. 

It is an object of the present invention to provide an atomizing device for 

gas atomization of liquid metal- and ceramic melts that largely avoids sat-

ellite formation and the development of gas porosity while providing maxi- 

	

25 	mum economic efficiency. 

This object is achieved according to the characterizing part of claim 1 by 

the use of a novel gas jet-guided atomizer nozzle having an exclusively 

convergent nozzle profile having nozzle flanks which have circular-arc- 



4 

shaped cross-section, and therefore the atomizing gas and the melt stream 

and the droplets produced therefrom reach a velocity which is at most 

equal to, preferably below the acoustic velocity of the atomizing gas. The 

gas velocity of the atomizing gas thus does not exceed the speed of sound 

	

5 	during the atomization process, in contrast to the known Laval atomization. 

It has been found that with such a nozzle profile, qualitatively improved 

powder particles can be produced with maximum economic efficiency, 

while avoiding satellite formation and gas porosity as far as possible. 

10 

Preferred further embodiments of the invention are given in the dependent 

claims. For example, the surface of the nozzle plate on the nozzle outlet 

side can be flat and oriented perpendicularly to the flow direction of the 

melt stream. A pronounced edge is thus formed on the nozzle outlet side, 

	

15 	from which an additional swirling effect is produced which supports the 

formation of particles from the melt stream. 

According to a further preferred embodiment, the induction coil can be de-

signed to be height-adjustable. 

20 

In an advantageous manner, this height adjustability of the coil allows the 

free fall height of the pouring stream forming the melt stream to be varied 

up to the nozzle. Since the melt temperature decreases with increasing drop 

height, in particular due to the emission of radiation power, the viscosity of 

	

25 	the melt can be changed upon entry into the nozzle and thus the resulting 

particle size distribution can be controlled in a targeted manner. 



5 

It should be noted that the coil height adjustability can be used separately 

from the rest of the present invention in atomizing devices having other 

types of atomizer nozzles while achieving the advantages described. 

	

5 	According to a further preferred embodiment, the induction coil may be of 

conically narrowing design in the direction of the atomizer nozzle, with a 

cylindrical rod of the material to be atomized being arranged coaxially in 

the induction coil for generating the melt stream. 

	

10 	Further dependent claims relate to parameters for the design and dimen- 

sioning of the nozzle profile, with which particularly good results are ob-

tained for the powder particles produced, in terms of quality. To avoid rep-

etition, reference is made to the embodiment example. 

	

15 	In order to be able to adapt the atomizing device according to the invention 

as rationally and quickly as possible to different purposes of use, in a fur-

ther preferred embodiment the atomizer nozzle can be arranged in a sepa-

rate nozzle insert which is detachably seated in the nozzle plate. 

	

20 	Further features, details and advantages of the invention will be apparent 

from the following description of an exemplary embodiment with reference 

to the accompanying drawing, in which 

Fig. 1 	shows a schematic axial section of an atomizing device. 

25 

The main components of the atomizing device shown in the drawing are a 

melt chamber 1, a powder chamber 2 (also called an atomizing chamber), 

an induction coil 3 arranged in the melt chamber 1, and a nozzle plate 4 ar-

ranged between the two chambers 1, 2, in which an atomizer nozzle 5 
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serves to interconnect these two chambers 1, 2. The nozzle plate 4 is flat on 

the outlet side 16 and oriented perpendicularly to the flow direction of a 

melt stream 8. 

	

5 	In the melt chamber 1, which is under an argon pressure pl, the material to 

be atomized is partially introduced into the conical induction coil 3 with 

three windings in the form of a cylindrical rod 7 provided with a 45° tip 6, 

as is basically known, for example, from DE 41 02 101 Al. The conicity of 

the induction coil 3 corresponds to the conicity of the tip 6 of the rod 7 to 

	

10 	be atomized. The tip 6 and in particular the surface of the tip 6 is induc- 

tively heated by medium-frequency current flowing through the induction 

coil 3 until a molten phase is formed at the surface. This melt stream 8 runs 

down the conical surface and drips off the tip 6 in the form of a continuous 

pouring stream. The mass flow of the pouring stream forming the melt 

	

15 	stream 8 can be varied over a wide range between 0.4 kg/min and 2.5 

kg/min via the electrical power inductively coupled in. A melt stream be-

tween 0.8 and 1.5 kg/min is considered particularly suitable for atomiza-

tion. During atomization, the rod 7 rotates slowly about its axis of sym-

metry S and moves continuously downward. The diameter D of rod 7, 

	

20 	which can be between 30 and 200 mm, and the set lowering speed deter- 

mine the respective melt rate. Rod diameters D between 80 and 150 mm 

have proved to be particularly favorable from a process engineering point 

of view. 

	

25 	A linear suspension 9, shown only schematically in the drawing, provides 

the height adjustability H of the induction coil 3, by means of which the 

free fall height of the pouring stream up to the nozzle and thus, as men-

tioned above, the viscosity of the melt as it enters the nozzle can be varied. 

Distances between the atomizer nozzle 5 and the induction coil 3 of 3 to 



7 

100 mm have proven to be technically useful. At smaller coil distances, 

there is a risk of voltage flashover from the coil to the nozzle; at larger dis-

tances, there is a risk of splitting of the pouring stream before it enters the 

nozzle opening. Horizontal coil windings have also proven to be particu- 

	

5 	larly advantageous, since they prevent the casting flow from being de- 

flected by electromagnetic forces when it leaves the coil magnetic field, in 

contrast to rising coil windings. 

The rotationally symmetrical atomizer nozzle 5 is located with its center in 

	

10 	the axis of symmetry S of rod 7 and coil 3 having the distance H below the 

lowermost winding in the induction coil 3. It is arranged in a separate noz-

zle insert 11, which is detachably seated in the nozzle plate 4, and is indi-

rectly cooled by pressing with the pressure pl onto the water-cooled nozzle 

plate 4. The melt stream 8 is radially enveloped by the gas flowing from 

	

15 	the melt chamber 1 into the powder chamber 2, constricted and accelerated 

through the circular opening of the atomizer nozzle 5 to at most the speed 

of sound at the nozzle outlet. The driving force for this is the positive pres-

sure difference between the gas pressure in the melt chamber pl and the 

gas pressure p2 in the powder chamber 2. This pressure difference is at 

	

20 	least 0.2 bar, at the highest 25 bar. Technically particularly advantageous 

pressure differences are in the range between 2 bar and 10 bar. 

Even at high pressure differences pl - p2, the atomizing gas V in the atom-

izer nozzle 5 is accelerated at most to the speed of sound due to the exclu- 

	

25 	sively convergent nozzle shape, since in the supersonic range a convergent 

nozzle profile acts as a diffuser and slows the gas down again. The higher 

the pressure difference pl - p2, the sooner the acoustic velocity limit is 

reached in the nozzle profile. As a consequence, the gas flow is not lami-

nar, since the gas pressure immediately at the nozzle outlet is a function of 
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the pressure difference and significantly higher than the ambient pressure 

p2 in the powder chamber. 

The atomizing gas causes pressure and shear stresses in the jet-shaped melt 

	

5 	stream 8, constricting and accelerating the latter. The melt velocity in the 

melt jet decreases radially from the outside to the inside. After leaving the 

atomizer nozzle 5, the compressive and shear stresses are instantly relieved 

by the rupture of the melt jet filament 12 into individual droplets which so-

lidify in the atomizing chamber to form spherical powder particles. Surpris- 

	

10 	ingly, this does not require a laminar gas flow or gas velocities greater than 

the speed of sound. On the contrary, atomization exclusively in the sub-

sonic range improves the sphericity of the powder particles and reduces the 

gas porosity compared to the known LAVAL atomization. This is achieved 

by an exclusively convergent nozzle profile, in which the nozzle flanks 13 

	

15 	are circular arc-shaped in cross-section in the form of a pitch circle having 

a radius R of 2 to 15 mm, preferably of 5 mm, and a height h of the atom-

izer nozzle 5, which is smaller than the convergence circle radius R. A tan-

gent T at the nozzle outlet has an angle W of < 90 ° with respect to the noz-

zle outlet side. In the specific embodiment example, the height h is 4.5 mm 

	

20 	with a radius of convergence R of 5 mm. The diameter of the nozzle d can 

vary from 2 to 20 mm. In the embodiment example, the nozzle diameter d 

is 10 mm. With these parameters, a d50 - value of 50 gm is achieved in a Ti 

alloy powder at a pressure of pl = 4.5 bar and p2 = 930 mbar. 

	

25 	Furthermore, the nozzle insert 11 is made of a material specific to the spe- 

cies to be atomized, for example TiAl or titanium. Its diameter E can be be-

tween 20 and 200 mm, preferably 140 mm. 
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The rod 7, for example, can be a so-called EIGA electrode having a diame-

ter D of up to 150 mm. In the embodiment example shown, a diameter D of 

115 mm has been selected. 

	

5 	For the induction coil 3 in the form of an internally cooled, conical coil 

made of copper with a pitch of 45°, the internal diameter I of the uppermost 

winding 14 can be up to 170 mm, specifically for example 130 mm, and 

the vertical distance G of the uppermost, middle and lowermost coil wind-

ings 14, 15, 10 can have a dimension of 3 to 20 mm, preferably 8 mm. The 

	

10 	diameter F of the coil tube may be 10 to 30 mm, preferably 16 mm. A rec- 

tangular cross-section is also possible. 

The distance H between the underside of the induction coil 3 and the noz-

zle 5 is 10 mm. 
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Patent claims 

1. A device for atomizing a metallic, intermetallic or ceramic melt stream 

by means of a gas to form a spherical powder, comprising 

	

5 	a melt chamber (1), 

a powder chamber (2), 

an induction coil (3) in the melt chamber (1), 

a melt material, preferably melt rod (7) in the induction coil (3) and 

an atomizer nozzle (5) interconnecting the melt and powder cham- 

	

10 	bers (1, 2) and being arranged in a nozzle plate (4) for the melt 

stream (8) melted off from the melt material by the induction coil 

(3), 

characterized in that 

the atomizer nozzle (5) has an exclusively convergent nozzle pro- 

	

15 	file having nozzle flanks (13) which have a circular-arc-shaped 

cross-section, and therefore both the atomizing gas (V) and the 

melt stream and the droplets generated therefrom reach a velocity 

which is at most equal to, preferably below the acoustic velocity of 

the atomizing gas (V). 

20 

2. A device according to claim 1, characterized in that the surface of the 

nozzle plate (4) on its nozzle outlet side is flat and oriented perpendicu-

larly to the flow direction of the melt stream (8). 

	

25 	3. A device according to claim 1 or 2, characterized in that the induc- 

tion coil (3) is adjustable in height. 
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4. 	A device according to any one of the preceding claims, characterized 

in that the induction coil (3) is of conically narrowing design in the di-

rection of the atomizer nozzle (5), wherein a cylindrical rod (7) of the 

material to be atomized is arranged coaxially in the induction coil (3) 

for generating the melt stream (8). 

A device according to any one of the preceding claims, characterized 

in that the nozzle profile is rotationally symmetrical and the atomizer 

nozzle (5) has a diameter (d) at the point of smallest cross-section of 3 

to 15 mm, preferably of 6 to 12 mm, particularly preferably of 10 mm. 

A device according to any one of the preceding claims, characterized 

in that the cross-sectional profile of the nozzle flanks (13) is formed 

by a pitch circle arc having a radius (R) of 2 to 10 mm, preferably of 5 

mm. 

A device according to any of the preceding claims, characterized in 

that the tangent (T) at the nozzle outlet has an angle (W) of < 90 ° with 

respect to the nozzle outlet side. 

A device according to any of the preceding claims, characterized in 

that the height (h) of the atomizer nozzle (5) is between 2.5 and 9.5 

mm, preferably 4.5 mm. 

A device according to any one of the preceding claims, characterized 

in that the atomizer nozzle (5) is arranged in a separate nozzle insert 

(11) detachably seated in the nozzle plate (4). 
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