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A new process for atomization of 
metal alloys 

D. A P E L I A N * ,  M. C. FLEMINGS,  R. M E H R A B I A N  
Department of Metallurgy and Materials Science, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, USA 

A laboratory apparatus was constructed to atomize metal alloys by forcing them through 
sintered ceramic disc filters. The process combines filtration of oxides and/or 
undesirable second phase particles with atomization. Sintered AI203 and SiO, disc filters 
with average pore sizes in the range of 36 to 150 gm were used. The effectiveness of 
various filters in removing "synthetic inclusions" from AI -T i -B melts was studied. 2 to 
10 pm size TiB, particles were successfully filtered out. Atomization experiments were 
done with pure aluminium and 7075 aluminium alloy. Spherical powders, 150 to 2000 I~m in 
size, of 7075 aluminium alloy with secondary dendrite arm spacings between 4 to 8 gm, 
were cold compacted and extruded into a billet. Room temperature longitudinal properties 
of the billet in T6 condition were: YS 80 x 10 ~ psit, UTS 94.3 x 10 ~ psi, elongation 15% 
and R.A. 42%. 

1. Introduct ion 
An atomization process that combines filtration 
of metal alloys with powder production will be 
described. The process entails atomization of an 
alloy by forcing it through porous ceramic 

filters. Experiments were carried out on alumin- 
ium alloys to determine the governing param- 
eters of the process, and the effectiveness of the 
filter media in removing inclusions from the 
melt. An extrusion billet made from these 
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Figure 1 Schematic drawing of apparatus used in this study. 
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TABLE I Procedure and experimental results of filtration of AI-Ti-B alloys 

Run no. Co-Ti C0-B TF C~F-Ti C~F-B C~-Ti CF-B Filter description 

35 5.0 1.0 725 6.3 1.3 0.3 0.1 One sintered A1203, pore 
size 87 to 100 `am 

41b 0.51 0.11 750 0.816 0.162 0.318 0.022 One sintered A12Oz, pore 
size 87 to 100 ~.m 

42b 0.54 0.13 750 1.34 0.34 0.264 0.01 One sintered A1203, pore 
size 36 to 40 `am 

42d 0.54 0.13 750 1.56 0.30 0.24 0.01 One sintered Al~O3, pore 
size 36 to 40 ,am 

56 0.54 0.13 750 0.48 0.06 0.37 0.04 One sintered quartz, 
pore size 90 to 150 ~tm 

57 0.54 0.13 750 0.63 0.140 0.31 0.023 Three sintered quartz, 
pore size 90 to 150 ixm 

58 0.54 0.13 685 0.530 0.093 0.24 0.01 One sintered A1203, pore 
size 87 to 100 `am 

irF: Filtration temperature (~ C). 
C0-Ti, C0-B : titanium and boron compositions of the initial charge alloy, respectively (wt ~). 
C~F--Ti, C~F-B : titanium and boron compositions of non-filtered metal above filter, respectively (wt ~)  
CF-Ti, CF-B : titanium and boron compositions of filtered metal, respectively (wt ~).  

powders  was tested for  mechanica l  propert ies .  
In  general ,  for  p roduc t ion  o f  high qual i ty  

powders  of  many  al loys (iron, cobal t ,  and  nickel- 
base superal loys  being examples) ,  surface oxides 
are undes i rable  because they cause poo r  bond ing  
of  the part icles.  Iner t  gas or  hydrogen  en t r apped  
as poros i ty  is undes i rable  because it is compac ted  
at  high t empera tu re  and hot-pressur ized and can 
subsequent ly  expand  in service at  high tempera-  
ture leading to fai lure of  the material .  Secondary  
part icles  formed in the melt ,  such as inclusions, 
are undes i rable  because they too  result  in lower 
mechanical  p roper t ies  of  the final par t .  

Of  all the var ious  powder  manufac tur ing  
processes avai lable  the par t icu la r  process  to be 

described is unique  because:  (i) f i l t rat ion o f  
undesired oxides,  inclusions,  and  foreign par-  
ticles occurs p r io r  to powder  d rop  format ion ,  
and (ii) the process can be carr ied out  in high 
vacuum. 

2. Apparatus and procedure 
A schematic  drawing  o f  the appa ra tus  for the 
p roduc t ion  o f  meta l  powders  th rough  ceramic 
filters is shown in Fig. 1. I t  consists of  a pressure 
vessel within which a crucible is p laced con- 
taining the metal  charge and a filter assembly 
located below the charge. R.f. induct ion  heat ing 
is employed  within the chamber .  The chamber  is 
10 in. d iameter  by 8 in. high. I t  is placed at  a 

Figure 2 Microstructure 'of non-filtered and filtered metal from run 35, Table I. (a) Non-filtered metal above the 
"cake", • 500; (b) filtered metal, • 200. 
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height of 7 to 8 ft. to allow a long enough free- 
fall distance for the metal powders to solidify. 
The liquid metal, which is melted in situ, is 
atomized by pressuring the chamber with an 
inert gas. 

The crucible is mounted on the base of the 
chamber by six bolts utilizing an asbestos 
insulating gasket. With this construction, upon 
pressurization, the crucible is under pressure 
from all sides except the bottom, and a pressure 
differential is set within the crucible between the 
melt and the lower chamber. 

The filter media employed (sintered discs of 
alumina or quartz) is completely contained 
within a graphite filter assembly, which in turn is 
mounted in the crucible with a taper fit. Hence, 
pressurization of the top of the melt forces 
liquid metal down through the filter (Fig. 1). 

Atomization experiments were done with 
99.99 ~ aluminium and 7075 aluminium alloy of 
7 .3~  Z n - 3 . 2 ~  M g - 2 ~  Cu-0 .25~  Cr nominal 
composition. The effectiveness of the ceramic disc 
filters in removing particles from a melt, prior to 
atomization was also studied. TiB2 "synthetic 
inclusions", 2 to 10 [am in size, x+ere precipitated 
from an A1-Ti-B alloy prior to filtration. The 
non-filtered metal above the disc filter and the 
filtered metal were chemically analysed and 
metallographically examined. 

Filter materials were A120~ porous disc 
filters of 36 to 40 [am and 87 to 100 [am pore sizes 
and sintered quartz discs of 40 to 90 [am and 90 
to 150 [am pore sizes. The filters were ~ 1�88 in. 
diameter and ~3/16 in. thickness. 

The procedure was to melt about 200 g alloy 
in a nitrogen atmosphere and superheat it to 

900~ The power was then gradually 
decreased reducing the melt temperature to a 
predetermined level, TF. In the filtration studies 
the A1-Ti-B phase diagram was utilized, and the 
temperature T F was chosen such that coarse 
TiAla and fine TiB2 particles precipitated in the 
melt. The melt was held at this temperature for 
15 min. Inert gas pressure above the melt was 
increased to ~30  psi and the emitting liquid 
streams from below the filter were captured in a 
copper-chill mould. Table I lists the A1-Ti-B 
alloys and the filters employed. 

In the atomization experiments melt tempera- 
ture, TF, was chosen to be above the liquidus 
temperature of the alloys. The pressure above the 
melt was gradually increased until metal drops 
(powders) started to exit from the filter. The 
pressure differentials employed for successful 
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Figure 3 Microstructure of non-filtered and filtered metal 
from run 58, Table I. (a) "Cake" formed above the 
filter, platelets are TiAI~ particles, • 75; (b) filtered 
metal, • 75. 

atomization were 2 to 6 psi depending on melt 
temperature and filter pore size. Size distribution 
curves of the resulting powders obtained from the 
various filters were determined by sizing (sieve 
analysis) and weighing of the powders. 

Pound lots of spherical powders of 7075 alloy 
produced, as described above, were cold 
compacted under 20 000 psi pressure into a 
3 in o.d. by 2 in i.d. 6061-T6 aluminium can. This 
extrusion billet was heated to a solutionizing 
temperature of 476~ held there for 1 h and 
furnace cooled. Subsequently, it was sealed, 
soaked at 300~ for 4 h and extruded at the 
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Figure 4 TiB2 particles observed in retention sites within 
sintered ceramic disc filters. (a) Surface site, run 56, 
Table I, • 500; (b) constriction site, run 57, Table I, 
• 500; (c) cavern site, run 41, x 500. 

same temperature at a reduction ratio of  20 to 1. 
Ten tensile test specimens were machined 

f rom the billet. These were solutionized at 
475~ for 2 h and aged at 129~ for 24 h prior to 
testing. 

3. Results and discussion 
3.1. Fi l trat ion 
Table [ summarizes the experimental results. 
Both the ti tanium and the boron  composit ions of  
the non-filtered metal above the filter bed 
increased due to retention of  intermetallics 
precipitated above Tv. The AI -T i -B  provisional 
phase diagram proposed by Maxwell and 
Hellawell [1 ] was used to determine filtration 
temperature, TF. 

In run 35, Table I, Al-5  % T i - i  % B alloy was 
filtered at 725~ Both the TiB~, 2 to 10 gm in 
size, and the coarse TiAI, ,  up to 1000 gm in 
length, had already precipitated out  at this 
temperature. The difference between the filtered 
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Figure 5 SEM views of pure AI powders emerging from a 
sintered A120.~ filter. (a) • 23; (b) x 208; (c) • 75. 

and non-filtered metals can be seen by com- 
paring the microstructures of Fig. 2a and b. 

In the Al-0.5~o T i -0 .1~  B alloys TiAI~ 
precipitates out prior to filtration if filtration 
temperatures is below ~750~ For example, 
Fig. 3a and b show microstructures of the 
"cake" formed above the filter and the filtered 
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metal from run 58, Table I. As expected, some 
TiA13 particles were also retained above the 
filter, due to the lower filtration temperature of 
685~ 

In general, TiB2 particles were retained in the 
"cake" above the filter and within the filter 
itself. Retention sites within filters have pre- 
viously been characterized as (i) surface sites, (ii) 
crevice sites, (iii) constriction sites, and (iv) 
cavern sites [2]. Fig. 4 shows TiB2 particles 
retained in the various sites of the sintered 
ceramic disc filters. 

3.2. Powder  formation 
An SEM view of spherical metal drops (powders) 
emerging from the pores of a sintered A12Oa 
disc, with an average pore size of 87 to 100 lam, 
is shown in Fig. 5a. The neck region of one of the 
powders is shown in Fig. 5b. The exiting stream 
of liquid metal becomes spherical in shape due 
to surface tension forces, and subsequently drop 
detachment occurs. Hauser et  al. [3] have 
investigated the steps of formation and detach- 
ment of drops from the end of vertical tubes. 
They show that a waist forms first and rapidly 
necks down into a stem which then breaks off 
close to the top of the drop. Harkins and Brown 
[4] have derived an expression for drop forma- 
tion using a force balance between gravity and 
surface tension. These types of analyses, however, 
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Figure 6 Size distributions of spherical 7075 A1 alloy 
powders made utilizing A1203 filters with an average pore 
size of 87 to 100 I~m. Melt-temperature (a) TF = 700~ 
(b) TF = 742~ 

do not take into account formation of an oxide 
skin or solidification of the droplet. 

Experimental observations showed that suc- 
cessful formation of spherical powder particles 
depends on detachment of the liquid drops from 
the filter prior to growth and coalescence of 
adjacent drops. Conditions that permit liquid 
drops exiting from adjacent pores to coalesce 
result in formation of large liquid drops that do 
not completely solidify in flight and splat in the 
collector container. The different variables that 
affect formation and subsequent solidification of 
the powder particles are: (a) pressure differential 

across the ceramic filter, (b) superheat in the 
melt, (c) the wetting angle between the melt and 
the ceramic filter, and (d) the average pore size of 
the ceramic filter. 

3.2.1. Pressure 
A large number of available pores in the bottom 
of the filter are not utilized during drop (powder) 
formation (Fig. 5a). Liquid metal preferentially 
flows through paths of least resistance, causing a 
channelling phenomenon to occur. Increasing 
the pressure differential leads to utilization of a 
greater number of pores. However, increasing the 
pressure head, above a critical maximum causes 
consolidation of drops from adjacent pores (i.e. 
Jess than one drop diameter apart) (Fig. 5c). In 
the extreme case, consolidation of many liquid 
drops results in formation of large drops, or 
streams, which do not completely solidify in 
flight and splat against the collection container 
forming flakes. 

3.2.2. Superheat 
Direct observations of drop formation through 
magnifying lenses located below the filter, have 
shown that formation of consolidated large 
drops, or streams, can be correlated to superheat 
in the melt. In general, increasing the superheat 
in the melt results in formation of larger drops 
before detachment from the filter occurs. Sieve 
analysis of spherical powders of 7075 aluminium 
alloy produced from melts at 700 and 742~ are 
shown in Fig. 6a and b, respectively. 

3.2.3. Wetting 
Increased wetting between the ceramic filter and 
the molten alloy has an adverse effect on 
successful production of spherical powders. It 
was found that A1203 filters were more amenable 
to atomization than the SiO2 filters. Liquid 
aluminium wets SiO2 much more readily than it 
does AlcOa [5]. Hence, liquid drops spread out 
more easily on the SiO2 filters, leading to 
formation of consolidated drops. 

3.2,4. Filter pore size 
The diameters of atomized powders decrease 
with decreasing average pore size of the filters 
used. As expected, pressure differentials required 
are higher for the finer pore filters. 

a.a. St ructures  of atomized powders  
Fig. 7a shows an SEM view of 150 to 300 p.m 
size pure aluminium powders made using a 87 to 
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Figure 7 SEM views of atomized pure (99.99~) A1 
powders made utilizing an A1203 filter with average pore 
size of 87 to 100 p.m.(a) x 50;(b) and(c) • 590. 

100 g m  average pore  size AlcOa filter. Occa- 
sionally powders  with stems or tips not  com- 
pletely detached were also observed (Fig. 7b). At  
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a higher magnification, surface irregularities such 
as ripples, folds, and waves are observed (Fig. 
7c). These are caused when the initial oxide layer 
tries to accommoda te  deformat ion  experienced 
by the drop  as solidification, shrinkage, and 
flight instabilities occur. 

Fig. 8a and b show an SEM view and a 
representative microstructure,  respectively, of  a 
7075 a luminium alloy powder.  Measured  secon- 
dary dendrite a r m  spacings were between 4 to 
8 gm, indicating cooling rate of  ~ 103~ sec -1 
[6]. 

3.4. Extrusion billets 
Spherical powders  of  the 7075 a luminium alloy 
ranging in size f rom 100 to 2000 lain, obtained 
with the A12Oa filters were cold-compacted  and 
hot-extruded into a billet. The billet was heat- 
treated to a T6 condit ion as previously des- 
cribed. The transverse and longitudinal micro- 
structures of  the extruded billet are shown in Fig. 
9. 

R o o m  tempera ture  average tensile properties,  
f rom multiple tests in the longitudinal direction, 
w e r e : Y S  = 80 x 10 ~ p s i , U T S = 9 4  x 10 ~psi, 
elongation = 15 ~ ,  R.A. = 42 ~ .  

4. Conclusions 
(1) A new process for  product ion  of  metal  alloy 
powders  was developed. The  process combines 
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Figure 8 Atomized powder of 7075 AI alloy made 
utilizing an A1203 filter with average pore size of 87 to 
100 pm, - applied pressure and melt temperature 5 psi 
and 745~ respectively. (a) SEM view, • 110, (b) photo- 
micrograph of a polished and etched cross-section, • 100. 

filtration of  oxides and undesirable second phases 
with atomization.  Sintered A1203 and SiO~ disc 
filters with pore sizes in the range o f  30 to 150 
lain were used. 

(2) TiB2 "synthetic inclusions" of  2 to 10 
um size range were successfully filtered f rom 
A1-Ti-B alloys. The particles either accumulated 
above the filter and formed a "cake" ,  or were 
entrapped at retention sites within the filters. 

(3) Pure aluminium and 7075 aluminium alloy 
were atomized by forcing them through the 
sintered ceramic disc filters. The A120 3 filters 
were found to be more  amenable to successful 
droplet formation.  

Figure 9 Microstructure of 7075-T6 extrusion made from 
atomized spherical powders, • 100. (a) and (b) are 
transverse and longitudinal cross-sections, respectively. 

(4) For  a given sintered disc filter successful 
format ion of  metal powders below the filter is a 
critical function of  the pressure differential 
across the filter. Pressure differentials used in this 
study were in the range of  2 to 6 psi. 

(5) Size range of  powders is influenced by the 
amount  of  superheat in the melt. Increasing 
superheat results in format ion  of  larger powders. 

(6) The longitudinal room temperature tensile 
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properties of a 7075-T6 extrusion made from the 
atomized powders were : YS = 80 x 103 UTS 
94 x 103 psi, e longat ion = 1 5 ~ ,  R.A. = 4 2 ~ .  
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