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Abstract: Rapidly solidified (RS) AZ31 magnesium alloy ribbons were made using melt spinning technique. The

results show that its microhardness increases with the wheel speed, and after heat treatment, the microhardness of

the ribbons produced at 1 600 1/ min also increases. Rapid solidification leads to reduction of grain size. When the

wheel speed reaches 1600 r/ min, no M g7 Ali» phase precipitates, while heat treatment at 200 C leads to precipitati

on of Mgi7Ali» phase. AFMn intermetallic compounds with size no larger than 10 nm appear in as spun ribbons. The

corrosion potential of the as-cast ingots is lower than that of the as spun ribbons.
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1 INTRODUCTION

In recent years, magnesium alloys have been
used in automotive, aerospace and electronic indus-
tries where mass reduction is an important require-
ment. Magnesium alloys show light mass, high
stiffness, high specific strength, good dimensional
stability and damping capacity'"™'. Magnesium is
the lightest space structural metal, but its low me-
chanical properties and poor corrosion resistance
limit its applications'®™ . Refinement of micro-
structure through rapid solidification processing
can result in stronger, easily workable and more

19190 " How ev-

corrosion resistant magnesium alloys
er, rapid solidification processing of magnesium al-
loys poses critical challenges due to the very high
chemical reactivity of magnesium metal itself and a
number of its important alloying elements. The a
vailable literature on rapidly solidified magnesium
"5 and no significant work
has been undertaken so far. In the present study,
the technology of processing of rapidly solidified
(RS) ribbons in an alloy based on Mg-AlFZn sys-

tem has been established. The ribbons are charac

alloys is very sparse

terized through metallographic and X-ray diffrac
tion techniques. The effect of the wheel speed on
thickness and microhardness is also studied. The
corrosion resistance of the ribbons is measured.

2 EXPERIMENTAL

Alloy of Mg3% Al1% Zn-0. 2% Mn was pre

pared in steel crucible in an electric resistance fur-
nace. Magnesium, aluminium and zinc metal ingots
of 99.9% purity were used. Manganese was added
as AF10% Mn hardener. The melt was poured into
30 mm-diameter steel moulds and ingots were cast
under the protective cover of SF¢ gas. These ingots
were proof machined. RS ribbon making experi
ments were carried out using melt spinning tech-
nique. The 25 mm- diamater specimens, cut from
test bars, were charged into the cylindrical quartz
glass tube of the melt spinning unit and the cham-
ber with the tube was evacuated to a vacuum level
of 133 Pa. Subsequently, argon was purged and
vacuum level was brought to 13300 Pa. The alloy
was melted through induction heating, in the tube
under argon atmosphere. The molten alloy was
then pressurized to 0. 7 MPa with argon gas to
force the metal through 0.3 mm X 10 mm orifice at
the bottom of the tube. The speed of the copper
wheel (350 mm-diameter), was varied between 500
(9. 16 m/s) to 2200 r/min (40. 30 m/s) and RS
ribbons were produced. The ribbons produced at a
wheel speed of 1 600r/ min were heated to 200 C
for 2 h. The ingots and ribbons were mounted,
polished and etched with 3% nital for metallo-
graphic analysis. The ribbons in asspun and heat
treatment conditions were twin-jet electropolished
for TEM analysis. Microhardness of ribbons,
measured using Vickers pyramid indentor at a load
of 0.98 N. X-ray diffraction study was carried out
using Co Kq radiation. Corrosion resistance of the
ribbons and the ingots were compared through
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measuring their corrosion potential.

3 RESULTS AND DISCUSSION

3.1 Effect of wheel speed on thickness and micro-

hardness

Chemical compositions of the magnesium alloy
are listed in Table 1. Cooling rate during liquid to
solid transformation increases with the increase of
wheel speed. In general, increased cooling rate
leads to refinement of microstructure, enhance-
ment of solubility of solutes, etc, and thus im-
proves the properties' " . The effect of wheel speed
on thickness of ribbons is given in Table 2, which
shows that as the wheel speed is increased, the
ribbon thickness is inherently decreased. It is also
clear from Table 2 that an increase in wheel speed

Table 1 Chemical composition of magnesium
alloy( mass fraction, %)

Al Zn Mn Fe Mg

3.5 0.9 0.2 0.015 Bal.
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Table 2 Effect of wheel speed on ribbon
thickness and microhardness

Wheel speed/ Thickness/  Microhardness/
(r* min ") Um 9.8 MPa

Ascast ingots — 50.1
500(9.2 m/s) 300 59.5
800( 14.7 m/s) 245 62.2
1 600(29.3 m/s) 84 65.6
2200(40.3 m/s) 62 67.3
1600, 2h at 200 C — 68.7

Values in parentheses indicates corresponding linear speed.

results in an increase of microhardness.

3.2 Effect of wheel speed and heat treatment on
microstructures and phase transformations

X-ray diffraction results(Fig. 1(a), Fig. 1(b))

reveal the presence of M gi7Ali> phase under the as

cast and the rapidly solidified at the wheel speed of

800 r/min, but no Mgz Ali» phase precipitated

when the wheel speed reached 1600 r/ min(Fig. 1
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Fig.1 XRD patterns of ingots and ribbons
(a) —As cast; (b) —As spun (800 r/ min);
(¢) —Asspun (1600 r/ min); (d) —Asspun (1600 r/ min), 2h at 200 C
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(¢)). When the ribbons produced at 1 600 r/ min
were heated at 200 C for 2 h, the Mgi7 Ali2 phase
precipitated again(Fig. 1(d)).

The quantity of Mgi7 Alix decreases with the
increase of wheel speed. Because the solidification
of the RS ribbons is very fast, M gi7 Ali2 phase has
no time to precipitate. So, the faster the cooling
rate, the less the M gi7Alia phase. When the wheel
speed reaches 1 600 r/ min, no Mgi7Alix phase can
be found. Heat treatment at 200 C for 2 h leads to
precipitation of M gi7Ali2 phase and takes away the
solute from the matrix.

Microstructures ( Fig. 2(b)) of asspun rib-
bons, processed at wheel speed of 800 r/min,
shows fine grain size (6 ~ 15 Bm) compared to 100
~ 150 Pm obtainable through as-cast of this alloy
(Fig. 2(a)). TEM morphologies of ribbons pro-
cessed at speed of 1600 r/ min shows the grain size
is 172 HPm (Fig. 3(a)) and is finer than that of the
800 r/ min. All these indicate that the increase of
the microhardness is a direct manifestation, resul-
ting from reduction of grain size.

Fig. 2 Microstructures of AZ31 magnesium alloy
(a) —As cast; (b) —As spun (800 r/ min)

From the Mg-Al phase diagram, the AZ3l1
magnesium alloy consists of ®Mg (hexagonal crys-
tal structure, space group P63/ mme, a= 0. 32094
nm and ¢= 0. 521 05 nm) and BMgi» Al ( cubic
crystal structure, a= 1.056 nm) phases. Fig.2 (a)
shows typical microstructure of AZ31 magnesium
alloy in cast state. Many Mgi7 Ali2 eutectic phase

Fig.3 TEM morphologies of ribbons processed
at speed of 1 600 r/ min

precipitates along grain boundaries in cast state,
visible as ‘ necklace’ type structure. The length of
the BMgi7 Al ranges from tens of micrometers to
one hundred micrometers and the width is about
10 Pm. Those large Mgir- Ali2 phase with ‘ neck-
lace’ type structure was harmful to the workability
of the AZ31 magnesium alloy'". The quantity of
Mgi7 Ali> clearly decreases and is invisible in RS
ribbons (Fig.2(b)). Moreover, smallsized AFMn
intermetallic compounds were observed in as-spun
ribbons(Fig. 3(b)). These AFMn compounds dis-
tribute homogenously in the ®a Mg matrix and the
size is no larger than 10 nm. AFMn intermetallic
compound is a brittle phase and it is harmful to the
properties of materials in cast state. But in as-spun
conditions, the homogenous distribution and small
size make it become a strengthening phase.
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Fig. 4 shows Mgi7Ali2 phase precipitated after
heated at 200 C for 2 h, which is consistent with
the XRD results in Fig. 1. The precipitates are
hard and contribute to the high hardness values' "' .
On the other hand, the size of BMgi7 Al, precipir
tated becomes smaller clearly after heat treatment.
The length of BMgi7Ali» is between two and four
hundred nanometers and the width is about twenty
five nanometers. The tiny Mgz Aliz precipitated is
very beneficial for the improvement of the ribbons
properties. So after heat treatment, the micro-
hardness of the ribbons produced at the wheel
speed of 1 600 r/ min increases (T able 2).

‘(’d)

0.5 um

Fig.4 TEM morphologies of ribbons heat
treatment at 200 C

3.3 Corrosion resistance of ribbons and ingots
The corrosion potential of the asspun rib-
bons, processed at wheel speed of 1 600 r/ min, is
about — 1. 550 V (Fig. 5(a)), but that of the as
cast ingots is about — 1.60V (Fig.5(b)). The mi-

nor the corrosion potential, the more easily the

oV

A%

material can be eroded. So the RS magnesium alloy
ribbons have a better corrosion resistance than the
as-cast ingots. Increased cooling rate of the RS
leads to refinement of microstructure, enhance
ment of solubility of solutes, etc, and thus in-

crease the corrosion potential.
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Fig. 5 Corrosion potential of AZ31

magnesium alloy at different times
(a) —As cast; (b) —As spun (1600 r/ min)

4 CONCLUSIONS

1) The ribbon thickness is decreased and the
microhardness is increased as the wheel speed in-
creases. After heat treatment, the microhardness
of the ribbons produced at the wheel speed of
1 600 r/ min also increases.

2) Rapidly solidification leads to small grains.
A s spun ribbon processed at wheel speed of 800 r/
min, shows fine grain size (6 = 15 Bm). Ribbons
processed at speed of 1 600 r/ min shows the grain
size finer (1~ 2 Hm) .

3) When the wheel speed reaches 1600 r/ min,
no Mgi7 Ali» phase precipitates, while heat treat-
ment at 200 C leads to precipitation of the Mgir-
Aliz phase. No larger than 10 nm AFMn interme
tallic compounds appeared in as-spun ribbons.

4) The corrosion potential of the as-cast in-
gots is lower than that of the as-spun ribbons.
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