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Rapid solidification
processes in aluminum alloys

Waldemar A. Monteiro

The Rapid Solidification processes in aluminum alloys produce significant microstructural modifications
including microcrystallinity, enhanced solid solubility, a minimum presence of coarse precipitation and be-
sides, a better mechanical properties of them comparing to the same alloys using ingot process (as cast).
This paper discusses the investigation of the microstructural and mechanical properties of the aluminum
alloys (3003; 7050, Al-9% Mg) rapidly solidified by melt spinning process where the cooling rate goes, to

106 K/s.

INTRODUCTION

Increasing demands for improved performance in pro-
perties of metallic alloys utilized in structural systems, al-
lied to the own weight of these materials, have lead to the
consideration of the light metal aluminum and its alloys
as prime candidates for this particular application. (1,2).
Processes applying the rapid solidification technology
had been largely utilized in aluminum alloys to achieve sin-
gular microstructures and to increase the range and
amount of the alloy elements. The rapid solidification
process produces in many cases materials with higher mi-
crocrystallinity that induce better mechanical properties,
increasing the corrosion resistance and also improves
their electrical properties (3). One of the simplest method
to realize the rapid solidification process (RSP) is the melt
spinning method (Figure 1). This method produces a long
metallic sheet with a thickness average of 60 ym and a
width of 10 mm.

There are a lot of other complementary techniques in
which the RS material is produced in the form of a strip
or aribbon. These processes involve the spreading of the
molten metal on a cold substrate that brings a rapid heat
transfer and consequently cooling rates are about 104108
K/s. The Figure 2 shows another 4 techniques for the
production of the strip (5).

The aluminum technology industry needs more flexibi-
lity in dimensions of the strip production like, for exam-
ple, a wide metallic strip. The Figure 3 brings a schematic
arrangement for making wide sheets (3). With this arran-
gement it is possible to reach sheets of 300 mm width or
more.

Molten aluminum alloys RS as ribbons have a higher
cooling rate and therefore a higher degreee of uniformity
compared to atomized material, but are not ideal for di-
rect compaction (Powder Metallurgy). This disadvantage

are overcomed when the ribbons have been mechanically
cut into pieces which can be used for PM processing (3).
Consequently, there are maintenance of the grain size re-
finement and a greater solubility of the second alloy ele-
ments, permitting a reduction in the thermomechanical
forming steps, getting an aluminum alloy that is more re-
sistant to corrosion and also mechanically with economy
of the process (4,5,6).

This paper presents a microstructural and mechanical
analysis of the aluminum alloys obtained by RSP (melt
spinning).

EXPERIMENTAL PROCEDURE

Commercial aluminum alloys (3003; 7050), and also from
laboratory (Al-9% Mg) were produced as ribbons, by melt
spinning process with a cooling rate of 104 to 106 K/s. Rib-
bons had an average thickness of 0.06 mm and an avera-
ge width of 3 mm (the metallic ribbons were obtained at
the Departament of Physics of Materials and Mechanics
from IFUSP-S&o Paulo).

For the characterization of the ribbons were utilized ten-
sile tests, microhardness and optical and electronic me-
tallographic observations. For the tensile test, a load cell
of 50 kgf in a Instron machine was utilized. The tensile
samples were selected utilizing the best and homoge-
neous part of the ribbon with no variation of the thickness
and width, the gauge length was 30 mm. For the micro-
hardness tests and for the optical metallographic obser-
vations, the ribbons were cold embedding with impregna-
tion epoxy. The indentation was realized with a 20 g load
in alongitudinal and cross section of the ribbon. An usual
polishig procedure was destinated for the samples utili-
zed for the microhardness tests and optical observations.
A final electrolitic polishing was utilized for the grain iden-
tification (Electrolite: 700 ml ethanol, 120 ml destiled wa-
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ter, 100 ml buthyl-glycol, 68 ml percloric acid). For the sam-
ple preparation for the transmission electron microscopy,
were prepared 3 mm diammeter discs which are electroli-
tically polished to obtain regions of the sample transmis-
sible to the electrons; the utilized equipment was a JEOL:
JEM 200C.

RESULTS

The chemical compositions of the prepared aluminum
alloys ribbons are listed in the table 1. The results of the
mechanical tests with the metallic ribbons are presented
in the table 2. There are also values from the literature (7)
for mechanical tests of the same alloys but obtained by
conventionally cast processing.

The choice of these aluminum alloys (3003; Al-9%Mg;
7050) is related principally to the fact that they present in-
creasing mechanical resistence, respectively; besides the
second elements of these alloys favour this hardening
condition. It is also important to reduce the size of the se-
cond phase particles; large particles can lower the recrys-
talization temperature by acting as nucleation centers. A
homogeneous and smali size dispersion of intermetallic
compounds insures adequate ductility in the final product
by increasing the strain hardening and this delaying loca-
lized deformation and necking, consequently, there are in-
crease in the fracture toughness of these alloys. The mi-
crostructure of the RS aluminum alloys presented a desi-
red microcristallinity. The Figure 4 shows the microstruc-
ture (cross-section) obtained by optical microscopy of the
3003 RS aluminum alloy where the grain size are well re-
duced. For a detailed observation, the Figures 5 and 6 pre-
sent electron micrographs (TEM) who bring better eviden-
ces of the grain refinement and a cellular structure with
fine segregation localized in the celular walls.
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Fig. 1-Shematic melt-spinning device: 1. quartz tube, 2.gas, 3.liquid
alloy, 4.nozzle, 5.jet, 6.puddle, 7.copper wheell, 8.ribbon, 9.gas
pressure, 10.induction coll(3).
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Fig. 2 - Another4 techniques forthe production of strip by rapid solidification. a. Planar Flow
casting (continuous ribbon with 3mm in width and until to 50 um in thickness); b. Melt
Drag (ribbns with thickness from 25 to 1000 xm); c. Melt Extraction; d. Double Roll
Quenching (partcicles or strips as thick as 200 um) (5).
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TABLE 1 — Chemical composition of the aluminum alloys:

ALLOY | %Si|%Fe|%Cu|%Mn|%Mg|%Cr|%Zn| %Ti |OTHERS| %Al
3003 |0,19.(0,65|0,14|0,90 | 0,01 {0,01|0,01|0,01 0,15 |[REST
219 |0,25|0,35|0,12 | 0,60 | 9.05|0.08(0.07|0.02 | 0.15 |REST
7050 |0,2|0,15|2,60| 0,10 | 2,50 |0,30|5,60(0,06 | 0,15 |REST

TABLE 2 — Mechanical 1 test of the aluminum alloys:

ALLOY | SOLIDIFICATION |UTS s ")’i'(':ﬁsrgMARDNESS
PROCESS (MPa) oo 2
Rapid
3003 | Solidification  |69.2+35 | 11 | 34,7+1,7
Conv. 50-56 68 | 28-31
Rapid 159,6+8,0| 8 | 66,2+3,3
219 Solidification
Conv. 80-95 3.4 | 5560
Rapid 207.8+9,5| 7 | 90,9+45
7050 | Solidification
Conv. 100130 | 45 | 65.70

Fig. 3-Schematic arrangement for making wide strip (3).
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In the Al-9%Mg rapidly solidified is again observed a
shortening of the grain size. The Figure 7 brings the opti-
cal microstructure where, due to te small grain size, is very
difficult to distinguish the grains. The Figures 8 and 9 show
electron micrographs (TEM) with presence of fine grains
and reduced precipitation (regarding the high percentage
of magnesium in this alloy).

Finally, in the 7050 RS is also observed the diminute
grain size, increased solid solubility and the presence of
precipitation that localizes at the grain sub-boundaries.

Fig. 4 - Microstructure of 3003 RS aluminum alloy optical metalo-
graphy, cross-section of the ribbon; the wheel surface corres-
ponds to the bottom of the micrograph.

Fig. 5- TEM micrograph of 3003 RS Al alloy; cellular sub-grain array
where the precipitation occurs at the wall cell.

Fig. 6 - TEM micrograph of 3003RS Al alloy; presence of precipitates

interacting with dislocation network.
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The Figure 10 presents a typical optical microstructure of
RS aluminum alloy ribbon. The Figures 11 and 12 bring the
electron micrographs of this alloy where, in some sub-
grains, the dislocations array and the low presence of pre-
cipitation, inside them, are seen.

In all the observed ribbons of the studied aluminum al-
loys by optical microscopy (cross-section), showed a zo-
ne with solidification of highly refined grain size, near the
wheel contact surface side, followed by a region with a co-
lumnar solidification structure who presented a light in-
clination of these grains towards the substrate velocity di-

Fig. 7 - Microstructure of AI-9%Mg RS alloy, opt. micrography, cross-
section of the ribbon; the wheel surface corresponds to the
bottom of the micrograph.
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Fig. 8- TEM micrograph of Al-9%Mg RS alloy; grains containing a dis-
location network with a low precipitation inside.

S i

Fig. 9 - TEM micrograph of Al-9%Mg RS alloy; grains presenting dis-
location arrays interacting with a fine precipitation.
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rection and finally a zone with an equi-axed solidification
structure at the side of the ribbon.

Another observed aspect was a small variation in the
cooling rate of the alloys during the process, changing the
microstructure of the ribbon, that increases the grain-size
and also the precipitation (8).

DISCUSSION AND CONCLUSIONS

The table 2 presents the data obtained in mechanical

Fig.10 - Microstructure of 7050 RS Al alloy, opt. met., cross-section of
the ribbon; the wheel surface corresponds to the bottom of the

micrograph.

Fig.11- TEM micrograph of 7050 RS Al alloy; cellular array where alow
density of precipitates inside the cells is present (the precipi-
tation occurs preferentially at the boundaries).

Fig.12 - TEM micrograph of 7050 RS Al alloy; a detail ot the sub-grains,
low presence of precipitation inside them.
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tests (tensile and micro-hardness) for the studied alloys.
Aluminum alloys produced by rapid quenching from the
melt have been shown, from this table, to exhibit impro-
ved structural characteristics and mechanical properties
as compared to conventionally cast alloys. The principal
reason for this improvement can be affirmed by the ob-
tained microstructure. Relating to this microstructural
changing (refined grain-size, higher extension of solid so-
lution, uniform dispersion of fine precipitates), will have
local deformations in the matrix, elastic modulus chan-
ge and also stacking faults appearance, that affect the dis-
locations movement and this determine the flow stress of
the alloy. In conventional solidification processes, the de-
gree of strength is limited to the low equilibrium solubi-
lity and by the tendency to segregation of many alloy ele-
ments.

Besides, the present dispersoid particle size is very cri-
tical because a very fine size distribution of dispersoid par-
ticipate only as hardener and not as void nucleation sites
(9, 10).

Relating to the transmission electron microscopy sam-
ple preparations, the electrolitic polishing process actua-
tes at both sides of the ribbon, then, regarding to this as-
pect, the observations are made only at the middle of the
ribbon thickness. The observed microstructure shows that
the subgrain-size is situated between 0.2 um and 1.5 um,
where an array of dislocations near the subgrains and al-
S0 a higher precipitation are present.

The structural refinement and an enhanced mechani-
cal properties of the aluminum alloys can be better clari-
fied with the microstructural parameters: refined grain si-
ze, cell strucuture with fine segregation inside, a more ho-
mogeneous distribution of the dispersoid particles with
low solubility and an increase of the solute solubility that
can leave to a subsequent additional precipitation.

Naturally persist, yet, problems in the rapid solidifi-
cation process who could be eliminated (for example, li-
mitation of the thickness of the ribbon).

As further mentioned, the rapid solidification could
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be one of the steps of the preparation of metallic alloys
by powder metallurgy; in this case it was necessary to cut
ribbons into flakes in order to make subsequent proces-
sing easier..

The melt spinning produces material with thinner oxi-
de layers than does air atomization, this indicates that melt
spun flakes should be recommended for heat treatable
aluminum alloys, where the lower oxide content and refi-
ged nzi;;rostructure improve the final properties of the pro-

uct (4).

ACKNOWLEDGMENTS

The author would like to thank Prof. F.PMISSEL and MSc M V.ALTOE
(IFUSP) for providing the rapidly solidified ribbon.

REFERENCES

1. Starke Jr. E. A., Aluminum alloys of th 70’s: Scientific solutions to
engineering problems. An invited review, Mat. Sc. and Eng. 29(1977),
pp99-115.

2.Lavernia, E, et allii, Rapidly solidified aluminum alloys: A market
assessment, J. of Metals, nov 1985, pp35-38.

3.Steeb, S and Warlimont, H (ed) Rapidly Quenched Metals (1985), El-
sevier Science Publishers BV., North Holland, Amsterdam, many
articles.

4.Duszczyk, J and Jongerburger. P, Properties of particles produced
by different rapid solidification techniques, Powder Metallurgy (1986)
vol 29 n 1, pp20-25.

5.Collins, L.E., Overview of rapid solidification technology-Canadian
Met. Quart., vol 25, n 1 pp59-72 (1986).

6.Froes, F.H. and Pickens, J.R., Powder Metallurgy of light metal al-
loys for demanding applications, J. of Metals, Jan. 1984, pp14-26.

7.Van Lancker, M., Metallurgy of aluminum alloys (1967), Chapman
and Hall Ltd, London.

8. Monteiro, W.A., A microestruturade ligas de aluminio solidificadas
rapidamente, Proc. XI Coloquio Soc. Bras. Mic. Elet., Caxambu, Bra-
sil, spt. 1987, pp255.

9.Williams, J.C. and Hirth, J.P, Rapid solidification processing: Prin-
ciples and Technologies lll, R. Mehrabian (ed), Nat. Bureau of Stan-
dards, 1983, pp135.

10. Russell, K.C., and Froes, F.H., Dispersoid formation and stability
in alloys, J. of Metals, march 1988, pp29-35. o




