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Figure 3. SEM images of corroded surface of (a) MgosY> RS ribbon immersed in 0.17 M
NaCl aq for 15 min, (b) Mge725Zn¢75Y > for 60min and (c) MgosZn,Y, for 15 min.

This suggested that uniform gradual corrosion occurred on the corrosion-resistant
Mgo725Zn975Y2 RS alloy ribbon. In the binary MgogY, RS alloy, the MguYs
intermetallic compound formed and promoted galvanic corrosion. In the ternary Mg-Zn-
Y alloys, added Zn in the MgysY, RS alloys suppressed formation of the MguYs
compound because the a-Mg matrix formed a supersaturated solid solution with Zn and
Y. However, excessive Zn addition caused slight local corrosion, due to an increase in
cathodic reactions (4-6).

A preliminary investigation for exploring the effect of adding a fourth element
revealed that adding Al, Si or Nd to the Mgo7,5Zn75Y2 RS alloys improved corrosion
resistance, as shown in Figure 4. Al-containing Mgo725Zn¢ 75Y2 RS ribbons exhibited the
highest corrosion resistance. Therefore, we attempted to fabricate the RS ribbon-
consolidated Mgo725.yZn¢ 75Y2Aly (at.%) alloys.
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Figure 4. Effect of fourth additional element on corrosion properties of Mgo725Zn975Y 2
alloys.

Downloaded on 2016-09-15 to IP 130.203.136.75 address. Redistribution subject to ECS8efms of use (see ecsdl.org/site/terms_use) unless CC License in place (see abstract).



ECS Transactions, 16 (32) 81-88 (2009)

RS Ribbon-consolidated Mg-Zn-Y-Al Alloys

Figure 5 shows changes in the corrosion rate of the RS ribbon-consolidated Mg-
Zn-Y-Al alloys as a function of Al content. The corrosion rate of the alloys decreased
with increasing Al content.
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Figure 5. Changes in the corrosion rate of RS ribbon-consolidated Mg-Zn-Y-Al alloys as
a function of Al contents.

Figure 6 shows SEM images of corrosion products on the surface of RS ribbon-
consolidated Mgo725Zn075Y2 and Mgoe75Zn975Y2Alp s alloys. Plate-like Mg(OH), was
uniformly formed on the surface and grew perpendicularly to the substrate alloy. The
corrosion product from the Al-containing alloy was smaller than that from the Al-free
alloy.

Figure 6. SEM images of corroded surface of (a) Mgo7.25Zn¢75Y2 and (b) Mgoe.75Zn9.75Y 2
Alps RS ribbon-consolidated alloys. Specimens were immersed in 0.17 M NaCl aq for 1
h, open to the air at 298 K, pH = 6.8.
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In the anodic polarization curves for the RS ribbon-consolidated Mgo7.25Zn¢ 75Y>
and Mgos75Zno75Y2 Algs alloys, the breakdown potential of Al-containing Mg-Zn-Y
alloys clearly shifted towards the noble direction, as shown in Figure 7. It was notable
that Mg-Zn-Y-Al exhibited a wide passivity region. In general, if the cathodic reaction
on an Mg-based alloy is rapid, the open-circuit potential may exceed the breakdown
potential, resulting in localized corrosion such as filiform corrosion under the open-
circuit potential. In the case of RS ribbon-consolidated Mg-Zn-Y-Al alloys, no filiform
corrosion occurred under prolonged immersion.
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Figure 7. Anodic polarization curves for the Mgy725Zn975Y2 and Mgos 75Zn9 75 Y 2Alp s RS
ribbon-consolidated alloys in a 0.1M NaCl neutral aqueous solution.

Nordlien et al. (16-17) reported that the film formed in water has a three-layered
structure consisting of a hydrated inner layer, a dense intermediate layer and a top layer
with platelet-like morphology. Added Al reduced the thickness of the innermost and
outermost layers, and all layers become dehydrated and enriched in aluminum oxide.
More recently, Hara et al. (18) reported the formation and breakdown of surface films on
Mg alloys in NaCl aqueous solution. They showed that the films formed on an Mg-Al-
Zn alloy AZ91D have the protective ability to passivate the substrate materials. The shift
in the breakdown potential towards the noble direction was due to the barrier layer in the
surface films formed during immersion. Also, in the case of Mg-Zn-Y-Al RS alloys,
refinement of the outermost plate-like Mg(OH), product layer accompanying passivity
suggested that the modification of the composition and structure of surface films was
caused by the addition of Al, resulting in improvement of the resistance to local
breakdown of the films on the RS alloys.

TEM observation gave us information on the inner microstructure of RS ribbon-
consolidated Mg-Zn-Y and Mg-Zn-Y-Al alloys. Figure 8 shows low magnification-
TEM images of the RS ribbon-consolidated Mg97,25Zn0.75Y2, Mg96.752n0,75Y2A10.5, and
Mgos 75Zn975Y2Al; s alloys. The Al-free Mgo725Zn975Y2 alloy consisted of submicron
grains ranging in size from 300 to 600 nm. A stacking fault-like LPSO phase precipitated
in the matrix grains (4, 9). In contrast, 0.5 at.% Al-containing Mgos 75Zn975Y2 Aly s alloys
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consisted of a-Mg, LPSO and small amount of spherical ALY particles, although grain
size did not change. Addition of excess Al caused the formation of profuse ALY
intermetallic compounds in the grains and grain boundaries and the LPSO phase
disappeared.

Figure 8. TEM images of (a) Mg97,25Zn0.75Y2, (b) Mg96_7521’1()_75Y2A1()_5 and (C)
Mgos 2571975 Y 2Al; s RS ribbon-consolidated alloys.

The mechanical properties, as well as the corrosion resistance, of Mg-Zn-Y-Al
alloys were investigated by tensile testing. The alloys exhibited high yield strength of
more than 500 MPa. However, elongation of the alloys was influenced by changes in Al
contents. Excessive Al addition caused poor ductility due to profuse ALY formation. We
found that the optimum composition, that exhibited excellent corrosion and mechanical
properties, was Mgog 75700 75 Y 2Alp 5 (at.%).

Conclusions

High-strength and highly corrosion-resistant Mgog75Zn075Y2Alys alloy was
developed by consolidation of rapidly solidified ribbons. Results obtained in this study
are summarized as follows:

1. On the basis of preliminary investigation, Mgy7,5Zng75Y> RS alloy exhibited high
corrosion resistance. Co-addition of Zn and Y to Mg resulted in the formation of a
single-phase supersaturated solid solution without precipitation of the harmful Mgy Ys
compound, thus improving the corrosion resistance of the alloy.

2. A small amount of added Al in Mg-Zn-Y RS alloys enhanced corrosion resistance;
passivation behavior was observed in the dynamic anodic polarization measurement. A
shift in the breakdown potential towards the noble direction was due to the formation of a
barrier layer in the surface films by the added Al.
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