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Abstract: The aim of this study is to investigate the surface quality of the melt spinning wheel, which was changed
from smooth type to textured structure, to atomize liquid metal to form powders. The effects of melt spinning process
parameters like wheel speed, gas ejection pressure, molten metal temperature, nozzle-wheel gap and wheel surface
quality on the morphological and microstructural features of 6060 aluminum alloy powders and ribbons were
investigated. It was observed that ribbon type material was obtained with the smooth wheel and the powder was
produced with textured type. The sizes of produced ribbons with smooth surface wheel varied in the range of
30-170 pm in thickness, 4—8 mm in width, and 0.5-1 m in length. The average powder size of the powders
manufactured using the textured wheel was in the range of 161-274 um, depending on the process parameters.
Increasing the wheel speed, melt temperature and decreasing gas ejection pressure, nozzle—wheel gap resulted in the
decrease of both ribbon thickness and powder size. The microstructures of the powders and ribbons were the equiaxed
cellular type, and the average grain sizes diminished with decreasing the ribbon thickness and powder size. The
maximum cooling rates were 2.00x10° and 1.26x10* K/s for the ribbon with thickness of 30 um and for the powder
with size of 87 um, respectively.
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fabricate metallic alloys with better physical and
mechanical properties. The unique properties of
rapidly solidified alloys with metastable structures
make this class of materials attractive both for
fundamental research and for numerous industrial

1 Introduction

Material scientists have been striving for many
decades to develop new materials which are

stronger, stiffer, more ductile and lighter than
conventional materials. New materials require low
processing cost and show unique properties of high
tensile strength, high stiffness and low density.
Improved properties can lead to extended lifetime,
energy savings and cost reduction. One way of
achieving the above objectives is to use rapid
solidification technique [1,2]. Rapid solidification
process has distinct advantages over conventional
ingot metallurgy to meet the increasing demand for
high performance materials [1,3]. It is widely
believed that rapid solidification processing can

applications [1,4—8]. There are many advantages of
rapid solidification technique and some of them
have the ability to form novel metastable crystalline
and amorphous phases, increase solubility limits of
alloying elements, excellent homogeneity due to
extremely low level of segregation, and refine the
structure to nanocrystals and nanoparticles [9—12].
Rapid solidification method is particularly attractive
for aluminum alloys because solid solubility of
alloying elements is limited and can be extended
via rapid solidification process [3,13]. The extended
solid solution and formation of the second phase
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particles improve the strength, wear resistance and
thermal stability of these alloys [7,10].

The melt spinning method is one of the
well-known techniques among various rapid
solidification methods developed over the past few
decades. This process is the most common
technique that can significantly modify the structure
of material [9,14]. It has also gained much
importance commercially and it is the most popular
method in both academic and industrial
perspectives due to its mass production capability to
produce wide, thin, and uniform ribbons directly
from the melt with good surface finish. The process
is used extensively for production of various kinds
of metallic alloy ribbons. In this process, the metal
is firstly melted in a crucible by induction heating
and then the molten metal is ejected through a
nozzle and impinges on a rotating wheel. The
narrow spacing between the nozzle end and the
wheel surface causes a puddle to form. Upon
contacting, the molten metal rapidly solidifies, and
a continuous ribbon is removed from the puddle.
Formation of continuous ribbon is achieved when a
dynamic equilibrium is established in the puddle.
Several process parameters such as wheel speed,
melt temperature, nozzle—wheel gap and ejection
pressure influence the size and shape of produced
ribbons [15-23].

The 6060 aluminum alloy contains magnesium
and silicon as major addition elements. This alloy
exhibits excellent formability, satisfactory strength,
weldability, good surface properties, and a
relatively good corrosion resistance. Proper
combination of these properties makes this alloy
commercially very attractive and candidate material
for various utilizations such as applications in
aerospace, body sheets in automotive industry,
electrical and electronic industries. The 6060
aluminum alloy has been studied extensively
because of its technological importance and
increase in strength by precipitation hardening heat
treatment [3,7,24-28].

In the present study, production of 6060
aluminum alloy ribbons by melt spinning method
and effects of primary process control parameters
such as wheel speed, gas ejection pressure, and
distance from nozzle end to wheel surface on the
sizes of the ribbons were investigated. For this
purpose, a number of experimental runs were
performed. On the other hand, as it is well known

that the production of ribbon with melt spinning
method is an interim process and these ribbons are
subjected to secondary processing routes such as
high energy ball milling to obtain useful powders.
This process needs more energy and time and
increases production cost. It is clear that obtaining
powder directly from melt spinning method will
reduce manufacturing cost and shorten processing
routes. Taking into consideration of these facts,
production of powder with melt spinning method
was performed. For this purpose, the surface quality
of melt spinning wheel was changed from smooth
type to textured structure to atomize liquid metal to
form powders. In use of the textured surface wheel,
the melted metal impinges to textured surface wheel,
and so powders are formed with different sizes.
Above mentioned melt spinning process parameters
such as wheel speed, gas ejection pressure, and
distance from nozzle end to wheel surface were also
experienced for powder production.

2 Experimental

The material used in this study is 6060
aluminum alloy with the following nominal
composition (wt.%): 0.35-0.6 Mg, 0.3-0.6 Si,
0.1-0.3 Fe, 0.15 Zn, 0.1 Cu, 0.1 Ti, 0.1 Mn, 0.05 Cr,
Al bal. The experiments were performed using a
laboratory scale single roller melt spinning device
operating in 1x10~> Pa vacuum atmosphere (Fig. 1).
During the experimental trials, one parameter was
changed while others were kept constant. Each run
was carried out by melting the alloy in a boron
nitride crucible having rectangular slit shape. The
length and width of the slit shape nozzle were kept
constant with 10 mm X 0.6 mm. Four different
wheel speeds of 26, 34, 43 and 52 m/s were
employed to study the effect of wheel speed on the
sizes of the ribbons and powders. The distances
from nozzle end to the wheel surface were chosen
as 1, 2, 3 and 4mm. Four different melt
temperatures of 700, 750, 800 and 850 °C were
examined. Gas ejection pressures of 0.6x10°,
0.8x10°, 1.0x10° and 1.2x10° Pa were used to
investigate the effect of gas pressure on the sizes of
ribbons and powders. The temperature of the melt
was controlled by an infrared thermometer
positioned on top of the crucible. Quench wheel
which had 40 mm in width, 270 mm in diameter
and made of copper, was rotated using an external
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Fig. 1 Schematic illustration of melt spinning device

AC motor and the tangential speed of wheel was
controlled by a digital control unit placed out of the
chamber. Before each run, the chamber was
evacuated by a turbomolecular pump up to
1x10° Pa and backfilled with high purity argon gas
and then evacuated to maximum vacuum to wipe
out the air. The melted alloy was ejected through
the nozzle onto the rotating wheel by introducing
high purity (99.999%) argon gas flow with different
pressures given above through the hexagonal boron
nitride crucible.

In the present study, different from studies
made in Refs. [8,16,19], the surface structure of the
melt spinning wheel was changed from smooth type
to textured form to search the effect of wheel
surface quality on the shape and structural
properties of resultant product. As shown in Fig. 2,
the textured wheel has teeth on the surface and in
this respect, it looks like a gear. In this sense, the
main objective with this type of wheel surface is to
produce powder directly instead of ribbon by
atomization mechanism. When the liquid metal
contacts with the wheel surface, it enters the gaps
among teeth and easily adheres the surface through
the teeth. The centrifugal energy of the wheel is
transferred to the liquid metal by way of strong
adherence of the liquid metal to the wheel surface
and finely it is atomized into droplets and solidifies
to form powder.

The morphologies and the microstructural
properties of the produced ribbons and powders
were analyzed by using SEM (Zeiss model).
Samples were cold mounted in a two-component
epoxy resin for microstructural examinations. The
mounted specimens were ground with 1000, 1200
and 1500 grit sandpapers. Then, these samples

Fig. 2 Surface morphologies of melt spinning wheels:
(a) Smooth surface wheel; (b) Textured surface wheel

were polished with 1 pum and 0.25 um diamond
solution. The prepared samples were etched with
sodium hydroxide solution (10 g sodium hydroxide
and 90 mL distilled water) for 20—90 s. The phases
in the melt-spun powders and ribbons were
characterized by X-ray diffraction (XRD) apparatus
of Panalytical X’pert’ powder model with Cu K,
radiation. The mean particle sizes and size
distributions of melt spun powders were analyzed
by laser particle size analyzer of Malvern
Mastersizer Hydro 2000 model.

3 Results and discussion

Photo images of melt spun ribbons produced
under different processing conditions were shown in
Figs. 3(a) and (b). As can be seen from the figures,
the produced ribbons had continuous form and their
sizes were varied with process parameters. The
width, length and thickness values were 4—8 mm,
0.5-1 m and 30—170 um, respectively. Primarily,
the ribbon thickness rather than length and width
was affected significantly by process parameters.
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Fig. 3 Photo images of produced ribbons under different processing conditions of wheel speed of 26 m/s, gas ejection

pressure of 1x10° Pa, nozzle end to wheel surface distance of 1 mm, and melt temperature of 700 °C (a), wheel speed of

52 m/s, gas ejection pressure of 1.0x10° Pa, nozzle end to wheel surface distance of 1 mm, and melt temperature of

700 °C (b), and surface morphologies of air side (c) and wheel side (d) of produced ribbons under processing conditions

in (a)

The surface morphologies of air side (non-
contact) and wheel contact of produced ribbons
under processing conditions in Fig. 3(a) were
shown in Figs. 3(c) and (d), respectively. Both
surfaces were different from each other significantly.
The wheel contact surfaces of the ribbons were
relatively smooth and almost mimics the quench
wheel surface. However, this surface was
characterized by many fractures which were formed
along flow direction during solidification process
(Fig. 3(d)). These fractures resembled solidification
shrinkages and they can be explained in terms of
insufficient contact between the melt and wheel
surface. In other words, the wheel speed was too
high to give sufficient contact time for the melt to
complete solidification. In this regard, the fractures
represented regions of high thermal contact
resistance at the wheel/melt interface as a result
of poor contact between the ribbon and the
wheel surface [19]. The air side (non-contact)

surface of the ribbons was relatively rough and
exhibited liquid metal flow lines which
solidified freely running parallel to the rotation of
the wheel direction and did not have any fractures
(Fig. 3(c)).

As stated above, the surface structure of melt
spinning wheel was changed from smooth type to
textured form to search the possibility of producing
powders directly instead of ribbons. As a result,
powders were successfully produced. Morphologies
of produced powders were shown in Fig. 4. As can
be seen from Fig. 4, predominantly various shaped
powders were obtained and the powder shape
changed to be flaky when the powder size got
larger.

Experimental results showed that the ribbon
width and length sizes were not affected by process
conditions and the melt spinning parameters
virtually affected the thickness values. In order to
study the influence of the processing parameters on
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the thickness of the melt-spun ribbons, a number of
experimental trials were carried out, in which one
parameter was changed while the others were kept
constant. Figure 5(a) showed the variation of ribbon
thickness as a function of wheel speed. During
these trials, the gas ejection pressure, nozzle—wheel
gap, and melt temperature were kept constant as
1x10° Pa, 1 mm, and 700 °C, respectively. As could
be seen from Fig. 5(a), the increase of wheel speed
from 26 to 52 m/sresulted in the decrease of ribbon
thickness from 119 to 60 pm. This could be
explained by energy which was given by liquid
metal with centrifugal force effect. The thickness of
melt puddle decreased due to increasing centrifugal
force transferred to liquid metal with increasing
wheel speed, and thin ribbons were obtained. These
results were in good agreement with those results
obtained by melt spinning method in Refs. [29-31].

The effect of gas ejection pressure on the

Fig. 4 Morphologies of 6060 aluminum alloy powders produced with textured surface wheel at different sieve fractions:
(a) 36—45 pum; (b) 45—63 pm; (c) 63—90 pm; (d) 90—125 pm; (e) 125-180 um; (f) 180—250 pum

thickness of the melt-spun ribbons was given in
Fig. 5(b) for gas pressures of 0.6x10° 0.8x10°,
1x10°, and 1.2x10° Pa. The experimental trials were
carried out at a wheel speed of 34m/s, a
nozzle—wheel gap of 1 mm, and a melt temperature
of 700 °C. As could be seen from Fig. 5(b), the
ribbon thickness increased continuously with
increasing gas  ejection  pressure.  Similar
observations have been reported in Refs. [15,16].
56, 67, 87 and 92 um thick ribbons were obtained at
gas ejection pressures of 0.6x10°, 0.8x10°, 1x10°
and 1.2x10° Pa, respectively. The thickness of the
melt puddle on the wheel became large with
increasing gas ejection pressure and subsequently
led to the increase in ribbon thickness. Melt puddle
was formed over wheel associated with increasing
ejection pressure. The more the molten metal mass
over the wheel was, the thicker the ribbons were
obtained [15,16].
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Fig. 5 Relationship between ribbon thickness and melt spinning processing parameters: (a) Wheel speed; (b) Gas
ejection pressure; (c) Melt temperature; (d) Nozzle—wheel gap

Figure 5(c) showed the variation of ribbon
thickness as a function of melt temperature. During
these trials, the other melt spinning parameters
were chosen as follows: wheel speed 34 m/s,
nozzle—wheel gap 1 mm, and gas ejection pressure
1.0x10° Pa. It could be seen from Fig. 5(c) that the
ribbon thickness decreased with increasing melt
temperature. The average ribbon thicknesses of 93,
87, 62 and 55 pum were obtained at melt
temperatures of 700, 750, 800 and 850 °C,
respectively. It was obvious that the viscosity and
surface tension of molten metal decreased with
increasing temperature and this facilitated thin melt
puddle on the wheel surface [32,33].

The wvariation of ribbon thickness with
nozzle—wheel gap was given in Fig. 5(d), keeping
other parameters constant (wheel speed 34 m/s,
melt temperature 700 °C, and gas ejection pressure
1x10° Pa). As could be seen from Fig. 5(d), the
average ribbon thickness increased continuously
with enhancing nozzle—wheel gap. The increase of
the ribbon thickness might be attributed to the
instability of melt puddle because the effect of

gas pressure was weakened with increasing
nozzle—wheel gap [34]. In other words, more stable
and thinner melt puddle could be obtained with
narrow nozzle—wheel gap. Ribbons with 71, 74, 77
and 88 pum in thickness were produced with 1, 2, 3,
and 4 mm nozzle—wheel gaps, respectively.

It was well known that the melt spinning
process with a smooth surface wheel was used
primarily to produce thin and continuous ribbons.
Different from conventional applications, powder
production experiments with textured surface wheel
(Fig. 2(b)) were performed in this study. One kind
of atomization was implemented with textured
surface wheel and powder products were achieved.
This approach also made it possible to use the melt
spinning device as a centrifugal atomization unit.
Above mentioned melt spinning process parameters
were used exactly to produce powders and to reveal
the effects of these parameters on the mean powder
size and size distribution. The effects of wheel
speed on the mean powder size (ds)) and size
distribution are given in Figs. 6(a) and (b),
respectively. As can be seen from Figs. 6(a) and (b),
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the mean powder size decreased, and powder size
distribution shifted towards to lower values with
increasing wheel speed from 26 to 52 m/s. This
could be explained in terms of energy phenomena.
The centrifugal energy of wheel increased with
increasing wheel speed. As a result, the liquid metal
was atomized with higher energy and finer particles
were obtained. The average powder size (dso)
values at wheel speeds of 26, 34, 43 and 52 m/s
were found to be 274, 220, 181 and 177 pm,
respectively.

The variation of mean powder size and powder
size distribution at gas ejection pressures of 0.6x10°,
0.8x10°, 1.0x10°, and 1.2x10°> Pa was represented
in Figs. 6(c) and (d), respectively. The experimental
runs were carried out at a wheel speed of 34 m/s, a
nozzle—wheel gap of 1 mm, and a melt temperature
of 700 °C. As was the case in ribbon production, the
mean particle size was coarsened with increasing
gas ejection pressure. This could be attributed to
increasing thickness of the melt layer on the wheel
surface. The melt layer was enhanced with
increasing gas ejection pressure and the centrifugal
energy of the wheel was shared by more liquid
metal. As a result of this, produced particles were
coarsened. The ds, values at O.6X105, 0.8><105,
1.0x10° and 1.2x10° Pa gas ejection pressures were
obtained to be 161, 176, 220 and 253 um,
respectively.

Figures 6(e) and (f) respectively showed the
effects of melt temperature on the mean powder
size and size distribution, keeping the wheel speed
at 34 m/s, nozzle-wheel gap at 1 mm, and gas
ejection pressure at 1.0x10° Pa. It could be seen
that the mean powder sizes decreased rapidly with
increasing melt temperature from 700 to 850 °C.
The mean powder sizes at temperatures of 700, 750,
800 and 850 °C were found to be 229, 220, 209 and
195 pm, respectively. This could be attributed to
decreasing viscosity and surface tension values of
molten metal with increasing temperature and this
helped the disintegration of liquid metal to finer
particles.

The effects of nozzle—wheel gap on the mean
powder size and powder size distribution were
given in Figs. 6(g) and (h), respectively, keeping
other parameters constant (wheel speed 34 m/s,
melt temperature 700 °C, and gas ejection pressure
1.0x10° Pa). It can be observed from Figs. 6(g) and
(h) that the coarse powders were obtained with

increasing nozzle—wheel gap. The mean powder
sizes of 184, 207, 218 and 223 pum were obtained at
nozzle—wheel gaps of 1, 2, 3 and 4 mm,
respectively. The textured surface point at the
contact place between wheel and liquid metal could
cause this change of the average powder size from
impact effect, impact speed at textured parts on
wheel and spread semi-solid powders.

The microstructures of the produced ribbons
with different thicknesses were given in Figs. 7(a)
and (b). As could be seen from Figs. 7(a) and (b),
the overall microstructure of produced ribbons was
characterized by fine-grained equiaxed cells. It was
also observed that the microstructure of the ribbons
was not changed through the cross section of the
ribbon. In other words, the distribution of the grains
was homogeneous from top to the bottom of the
ribbon. On the other hand, the mean cell sizes
varied with ribbon thickness and smaller cell sizes
were obtained with thinner ribbons. This meant
that cooling rates of thinner section ribbons were
higher than those of thicker ones. The mean cell
sizes of 30, 41, 55 and 85 um thick ribbons were
measured to be 0.51, 0.55, 0.63 and 0.75 pm,
respectively.

Figures 7(c) and (d) show the microstructure
of the melt-spun powders obtained by means of
SEM. The powder microstructure was formed as
equiaxed grains as it was the case for ribbons, and
the mean grain sizes varied depending on powder
size. By comparing the microstructures of powders
and ribbons, it was observed that ribbons had finer
grain sizes than powders. The mean grain sizes for
87, 102, 128 and 160 pm powders were measured
to be 1.50, 1.59, 1.68 and 1.80 um, respectively.

The variation of the mean grain sizes and
cooling rate of ribbons and powders was given in
Figs. 7(e) and (f), respectively. Some empirical
equations were proposed by different authors for
the estimation of cooling rates. The following
equation was used for 6xxx series of aluminum
alloys [24,35,36]:

0=3.57x10*d **¢ (1)

where 6 is the cooling rate (K/s) and d is the mean
grain size.

Substituting above mean grain size values into
Eq. (1), the cooling rates of 30, 41, 55, and 85 um
thick ribbons became 2.00x10°, 1.65x10°, 1.16x10°
and 0.74x10° K/s, respectively. On the other hand,
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Fig. 7 Microstructures of ribbons with thicknesses of 30 um (a) and 55 pm (b), and powders with sizes of 87 um (c)
and 160 um (d), and variation of cooling rate and mean grain size with ribbon thickness (e) and powder size (f)

the cooling rates of 87, 102, 128 and 160 um
powders were calculated as 1.26x10%, 1.08x10%,
0.95x10*, and 0.79x10* K/s, respectively.

For further investigation of microstructural
features of powders and ribbons, SEM, EDS and
XRD analyses were employed for the ingot alloy,
powders and ribbons. The microstructure of the
starting 6060 alloy was examined to find out
microstructural properties and phase distribution
prior to melt-spinning production. Figure 8(a)
showed the microstructure of the ingot alloy. It
could be seen that the alloy had relatively coarse
grains (mean grain size was about 80 pm) because
of slow cooling during solidification process and it
consisted of two distinct phases. It was easily
observed that Al-rich matrix phase dominated the
microstructure and there were small amount of

second phase particles of AlgFe,Si dispersed in
Al-matrix. The chemical composition of AlgFe,Si
phase determined from EDS spectra (Fig. 8(b)) was
found to be 70.39 at.% Al, 9.78 at.% Si, 18.99 at.%
Fe, and 0.83 at.% Mg. This analysis resulted in an
Fe/Si mole ratio of 1.95, with the probable
stoichiometry of AlgFe,Si in good agreement with
the accepted stoichiometry of a-AlFeSi [37,38].
Small amount of Mg,Si phase was detected by
means of XRD analysis but this phase was not
visible in the SEM image.

SEM images and EDS analyses of ribbons and
powders were given in Fig. 9. Contrary to three-
phase structure of ingot alloy, the microstructures of
powders and ribbons involved only a(Al) phase.
EDS results proved that the compositional
differences between the grain interior and the grain
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Fig. 8 SEM image of 6060 ingot alloy (a), EDS analysis results of Region 4 in (a) showing AlgFe,Si phase (b),
elemental mapping of AlgFe,Si phase (c), elemental mapping of Al (d), Si (e), Mg (f) and Fe (g) (¢ in (b) represents

error values)

boundary were insignificant. This suggested the saturated Al phase because of rapid solidification of
extended solid solubility of Mg, Fe and Si elements the ribbons and powders during melt spinning
in the aluminum matrix, thus creating super- process.
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Fig. 9 SEM images of AA6060 alloy ribbon (a) and powder (e), high magnification microstructures of same ribbon (b)
and powder (f), EDS spectra of grain interior (Region A4 in (b)) of ribbon (c) and powder (g), and EDS spectra of grain

boundary (Region B in (b)) of ribbon (d) and powder (h)

In order to investigate the effect of rapid
solidification on phase structure, 6060 alloy ingot
and melt-spun samples of powders and ribbons
were examined by the X-ray diffraction (XRD)
(Fig. 10). It is crucial to emphasize that the XRD
patterns were in good agreement with micro-
structures given in Fig. 9. XRD pattern of ingot
alloy shows a(Al) and intermetallic Mg,Si and
AlgFe,Si phase peaks. The obtained Mg,Si and

AlgFe,Si peaks are of very low intensities;
thisindicates that the observed peaks are usually
connected with low volume fractions of Mg,Si and
AlgFe,Si phases in the bulk material [39]. In the
literature, the preferred orientation of the crystal
may affect the peak height in a certain plane. For
the 6060 ingot alloy, the diffraction peak intensity
for (002) plane at 26=44.5° is higher than that for
(111) plane at 26=38.2°. The reason may be related
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Fig. 10 XRD patterns of AA6060 ingot alloy, powders
and ribbons

to the production method of the material. Since the
6060 alloy is produced by the extrusion method, the
peak intensities may vary depending on the
extrusion direction [40]. High cooling rate obtained
in rapid solidification has also a significant
influence on phase structures of powders and
ribbons. When the solidification rate increases, no
intermetallic Mg,Si and AlgFe,Si phase peaks in the
melt-spun powders and ribbons are observed. This
means that the solidification rate is high enough to
retain most of alloying elements in the a(Al) matrix
as solid solution. High cooling rate obtained in
rapid solidification has also substantial influence on
the microstructure of the a(Al) phase by increasing
lattice strain. The lattice parameter of a(Al) phase
decreases with participation of Fe, Mg and Si
elements in solid solution and the decrease of the
size has been suggested to be related to the closest
distance of Fe, Mg and Si atoms. These elements
which are dissolved in a(Al) phase are expected to
decrease the equilibrium lattice parameter value
for (002) plane from 0.405822 nm for ingot alloy
to 0.405606 nm for melt-spun powder. Further
decrease of lattice parameter of a(Al) phase to
0.403728 nm for melt-spun ribbon was observed
and it can be related to the solid solubility extension
values of Fe, Mg and Si [41]. On the other hand,
rapid solidification in melt spinning process has
also a significant influence on the a(Al) phase by
means of increasing lattice strain. The crystallite
lattice strain can be calculated from the broadening
of X-ray diffraction peaks by considering the full
width at half maximum (FWHM) of the all

individual peaks. As can be seen from Table 1,
lattice strain for (002) plane is 1.5x107 for ingot
alloy and it increases to 2.0x10 and 2.5x10° for
melt-spun powder and ribbon, respectively.

Table 1 Effect of cooling rate on crystal properties of
AA6060 ingot alloy, powders and ribbons

Sample FWHM of a&:;::gteer/ Cr};?;ael/hte Lattice
P anie) P strain
nm nm
Ingot 19505 0405822 64.09  1.5%10°
alloy
Powder 023175 0405606 5579  2.0x107
Ribbon 027953  0.403728  44.66  2.5x107°

4 Conclusions

(1) Increasing the wheel speed and melt
temperature resulted in the decrease of both ribbon
thickness and powder size of rapidly solidified
AA6060 alloy. Opposite results for gas ejection
pressure and nozzle—wheel gap were obtained.
Higher gas ejection pressures and nozzle—wheel
gap resulted in larger ribbon thicknesses and
powder size.

(2) Various types of powder shapes including
ligamental, irregular, and flaky were obtained
through the textured wheel. The ligamental and
irregular shapes changed to flaky with increasing
powder size.

(3) The microstructures of manufactured
ribbons and powders were determined by coaxial
cells. The mean grain sizes of 30, 41, 55 and 85 um
thick ribbons were measured as 0.51, 0.55, 0.63 and
0.75 um, respectively. The mean cell sizes of 87,
102, 128 and 160 pm powders were found to be
1.50, 1.59, 1.68 and 1.80 um, respectively.

(4) Decreasing ribbon thickness and powder
size resulted in an increase in cooling rate. The
cooling rates of 30 um thick ribbon and 87 pm
powder were calculated to be 2.00x10° and
1.26x10* K/s, respectively.

(5) The melt spinning parameters such as
wheel speed, gas ejection pressure, melt
temperature and distance among wheel and nozzle
do not affect the powder shape.
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