MISSOURI
s Missouri University of Science and Technology

Scholars' Mine

Materials Science and Engineering Faculty

Research & Creative Works Materials Science and Engineering

01 Jan 1983

Comments On A Paper By Baik And Raj

Hollis P. Leighly
Missouri University of Science and Technology

Follow this and additional works at: https://scholarsmine.mst.edu/matsci_eng_facwork

b Part of the Metallurgy Commons

Recommended Citation

H. P. Leighly, "Comments On A Paper By Baik And Raj," Scripta Metallurgica, vol. 17, no. 5, pp. 681 - 682,
Elsevier, Jan 1983.
The definitive version is available at https://doi.org/10.1016/0036-9748(83)90404-0

This Article - Journal is brought to you for free and open access by Scholars' Mine. It has been accepted for
inclusion in Materials Science and Engineering Faculty Research & Creative Works by an authorized administrator
of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including reproduction for
redistribution requires the permission of the copyright holder. For more information, please contact
scholarsmine@mst.edu.


http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/matsci_eng_facwork
https://scholarsmine.mst.edu/matsci_eng_facwork
https://scholarsmine.mst.edu/matsci_eng
https://scholarsmine.mst.edu/matsci_eng_facwork?utm_source=scholarsmine.mst.edu%2Fmatsci_eng_facwork%2F3099&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/288?utm_source=scholarsmine.mst.edu%2Fmatsci_eng_facwork%2F3099&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1016/0036-9748(83)90404-0
mailto:scholarsmine@mst.edu

Scripta METALLURGICA Vol. 17, pp. 681-682, 1983 Pergamon Press Ltd.
Printed in the U.S.A. All rights reserved

COMMENTS ON A PAPER BY BAIK AND RAJ
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Department of Metallurgical Engineering
University of Missouri-Rolla
Rolla, MO $54)1

(Received February 10, 1983)

A pumber of papers involving the oxidation of aluminum alloys containing magnesium have been pub-
lished. Scamans and Butler (1), for example, used electron microscopy to study the development of MgO
and MgAl,0, in severa: aluminum-magnesium alloys. The spinel, MgAl,0 4, was the primary oxidation
product in an Al-5% Mg alloy. They suggested that magnesium is depleted from the metal at the metal-
oxide interface and thus forms the oxide crystals. Forsvoll and Foss (2) found a similar depletion of
magnesium during the oxidation of Al-Mg alloys. Dobson et al. (3) used electron microscopy to follow the
oxidation of thin foils of three aluminum-magnesium alloys. They found that dislocation loops formed by
quenching grew with time at temperatures occasioned by surface oxidation. This indicated that the
vacancies, which were injected into the metal during oxidation, created a vacancy supersaturation that
assisted loop growth,

Baik and Raj (4) performed an internal friction study on an aluminum-5 wght % magnesium alloy
containing 90 ppm copper and 1. 26 x 103 ppm iron. The damping peaks for specimens annealed in air
were reduced 50°C by heating the same specimens in vacuum. In fact, these investigators observed that
this process was reversible. To explain these observations, they surmised that when the copper oxidized
it formed copper oxide in the grain boundaries, and this increased the temperature of the damping peaks.
Subsequent heating in a vacuum reduced the copper oxide to elemental copper. This heating was at a tem-
perature high enough to allow the copper to diffuse from the grain boundaries and thereby improve the
homogeneity.

Both aluminum and magnesium are very strong reducing agents, which are often used for the reduc-
tion of exotic metals. Grauer and Schomaker (5) calculated the oxygen partial pressure at 800°K for
aluminum-magnesium alloys at equilibrium. For an aluminum-5% magnesium alloy, MgO is the oxide
that will form. The partial pressure of oxygen in equilibrium with this alloy at 800°K is 10~64. This
indicates that aluminum and magnesium atoms have an extremely strong affinity for oxygen. Baik and Raj
(4) determined for an aluminum-5% magnesium containing 90 ppm copper that aéu - Poy = 4x10-23, (In
this equation, a9u is the activity of copper.) They assumed that 10-6< aCu<10"4. This means that
40<PO,<4x10~/. By comparing these values with the data from Grauer and Shomaker (5), one is led to
the conclusion that any copper present in the alloy used by Baik and Raj (4) at 5830K would have existed
only in the elemental state. It is recognized that there is a temperature difference between the two ex-
periments, but it is trivial when one considers the magnitude of the difference between the values of the
partial pressure of oxygen. Had it been possible to oxidize copper in aluminum, then the Hoope's process
(6) would not have been needed to reduce the impurity levels in aluminum to less than 10 ppm. Injecting
oxygen into molten aluminum would have been sufficient to oxidize any copper impurity.

Biak and Raj (4) observed a precipitate, which vanished during beam heating. With 5 wght % mag-
nesium in aluminum, the alloy would have formed significant amounts of Mg5Alg, because the solid solu-
bility of magnesium in aluminum at low temperatures is low (7) (1.9 wght % at 100°C). Baik and Raj (4)
stated that the temperature rise occasioned by beam heating would have influenced the thermodynamic
equilibrium between copper oxide and aluminum. (Beam heating will cause a relatively small rise in tem-
perature.) Fisher (8) developed an expression for beam heating that Leighly et al. (9) corrected. If it is
assumed that Baik and Raj (4) used a 100 keV electron microscope with a beam current of 204 amp, the
worst case for beam heating would cause a temperature rise in an aluminum alloy of ~.219C. This would
oceur if the electron beam were near the crossover of the condenser lens and at the center of the electron
microscope specimen.
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One is left with a need to understand the difference observed by Baik and Raj (4) between speci-
mens heated in air and in vacuum. Because they did not specify the humidity level of the air that was
present during the annealing process, one must assume that water vapor was present. Gel'man et al.
(10) showed that substantial amounts of hydrogen are in solution in aluminum after the aluminum has been
heated in water vapor. This results from the reaction: 2Al + 3HgO + AlyOg + 6H. When Py,0 = 2.4kpPa
which is the saturation of water vapor in air at 20°C, they found that the solubility of hydrogen in alumi-
num was roughly twice that observed in dry hydrogen at 1 atm (11). Heating the sample in a near perfect
vacuum would remove the hydrogen very rapidly, hence the change in internal friction observed by Baik
and Raj (4). In recently conducted experiments in which ESCA was used, a very large content of magnes~
ium was observed in the surface oxide formed on an aluminum-500 ppm magnesium alloy (12) heated to
5809C in very dry air. This indicates that the depletion of magnesium from the alloy is significant and
would have left a very large vacancy supersaturation.

Because uncertainties exist in the interpretation of Baik and Raj's results (4), the experiments
should be repeated and the variables controlled to improve the understanding of the experimental results.
Two approaches could be used:

1. The specimens could be heated in either very dry air or humid air to determine if hydrogen from
the aluminum-~water vapor reaction causes the experimentally observed changes in internal friction.

2. The specimens could be heated in a high purity inert gas, such as nitrogen or argon, either very
dry or with water vapor present to determine whether hydrogen alone causes the change in the
internal friction or oxidation plays a role.

A comparison of the internal friction results of the above experiments should explain the cause for
the differences in internal friction observed by Baik and Raj (4) for specimens annealed in air and in
vacuum.
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ADDENDUM: Reply received from Baik and Raj on February 28, 1983

Leighly has correctly pointed out that the pg, in our experiments was
never low enough to reduce the oxides of magnesium “and aluminum, and that
cuprous oxide could not have been thermodynamically stable relative to these
oxides. We also agree that the scenario where dissolution and ex-solution or
hydrogen produces a shift in the internal friction peak deserves serious
consideration. Either elemental hydrogen or a hydride of magnesium would be
capable of causing the shift. We thank Leighly for his well thought out
comments. (Baik and Raj 2/22/83)
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