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Electron metallography of the aluminium —water
vapour reaction and its relevance to
stress -corrosion susceptibility

G. M.SCAMANS, A.S. REHAL

Alcan Laboratories Limited, Banbury, Oxon., UK

The reaction of filmed surfaces of aluminium and certain aluminium alloys with water
vapour saturated air at 70° C has been morphologically studied at high resolution using

a JEOL 100C Temscan. Electron-transparent specimens, reacted for up to 24 h, have been
examined using a combination of SE (secondary electron) and STE (scanning
transmission electron) imaging modes to examine both the surface attack detail and the
underlying microstructure of precisely located areas. Reaction on filmed surfaces is
initiated by a hydrogen-induced blistering of the amorphous oxide film, the fracture of
which results in the development of pseudoboehmite and bayerite on the bared metal
surface. Alloying additions of magnesium localize the breakdown reaction at grain
boundary—surface intersections, although this effect can be controlled by raising the
solution heat treatment temperature to 550° C. The localization of the reaction results in
hydrogen penetration of grain boundaries in magnesium-containing alloys, and this
promotes a loss of grain-boundary strength and may lead to alloy failure by stress-

corrosion cracking.

1. Introduction

Certain important groups of aluminium alloys,
notably the 7000 series AlZnMg alloys, become
hydrogen-embrittled on exposure to water vapour
and this phenomenon, which is described as stress-
corrosion cracking when observed under the con-
joint action of stress and environment, severely
limits their usage [1,2]. Thus an understanding of
the reaction with water vapour is of considerable
importance, particularly as highly susceptible
alloys may fail in environments as apparently in-
nocuous as ambient air. In order to understand the
reaction on the ternary AlZnMg alloy, it is first
necessary to study the behaviour of pure alu-
minium and then to observe how this is modified
by additions of zinc and magnesium, both singly
and in combination, Additionally, in order to
stimulate the reaction, both increases in tempera-
ture and humidity are appropriate as such changes,
ie. to 70°C and 100% 1.h., have been shown to
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cause acceleration of cracking without changing
the embrittlement phenomenon [1].

Background information for this study was first
obtained from a study of the literature on the alu-
minium-water reaction at 70° C, concentrating on
work reported where pre-filmed surfaces were the
starting condition rather than “clean” surfaces.

1.1. The reaction of aluminium with water

The reaction of aluminium with water in the liquid
phase has received significant attention for over
fifty years and the results of this considerable
amount of work have recently been comprehen-
sively reviewed [3]. Basically, the reaction of alu-
minium with water at 70° C produces a duplex
film consisting of a layer of pseudoboehmite next
to the metal and a layer of bayerite crystals in
contact with the solution [3, 4]. Pseudoboehmite
is an aluminium oxyhydroxide similar to boehmite
(AIOOH) but containing more water, whereas

2459



bayerite is a form of aluminium hydroxide
(Al(OH);). However, pseudoboehmite and bayer-
ite are thermodynamically metastable phases at
70°C and 1 atm. pressure, the equilibrium phase
being gibbsite. Significantly, the formation of
either 1 mole or pseudoboehmite or bayerite
involves the production of 1.5 moles of hydrogen.

The reaction on filmed surfaces involves an
induction period at 70° C of the order of a minute;
this is followed by a period of rapid growth, which
is then superceded by much slower growth after
ten minutes. During the induction period the
amorphous oxide film thickens to about 100 A [4]
and is penetrated by either protons, hydroxyl ions
and/or water until conditions for hydrolysis are
established and a soluble aluminium species is
produced. Dissolution is then accompanied by the
simultaneous precipitation of hydrous oxide which
subsequently transforms to pseudoboehmite.

When a layer of pseudoboehmite has formed, the

rapid growth rate period ends and further growth
must occur by diffusion through this layer, the
need for dissolution to occur as a stage in the
reaction being inferred from studies involving the
ageing of hydroxide gels which similarly produce
pseudobeohmite [5]. The rate-determining step
during the slow growth stage is probably the
inward diffusion of water rather than the outward
migration of AP* ions which suggests that new
hydrous oxide develops under the existing film
[6]. The mode of bayerite formation is not clear
but this is also considered to involve a dissolution
and precipitation process, presumably of the
pseudoboehmite surface in contact with the
solution. Measured film thicknesses are of the
order of 2 to 3um and growth ceases where the
surface is covered by bayerite [7].

The bayerite crystals are not embedded in the
surface nor joined to the pseudoboehmite and may
be removed by mechanical means or with adhesive
tape. They appear as cones, wedges, rods and hour-
glass figures and these diverse shapes have been
given the general classification of somatoids {3].
Pseudoboehmite takes the form of platelets which
appear as fibrils or needles when viewed by trans-
mission electron microscopy. Bayerite and pseudo-
boehmite are therefore readily identifiable by their
characteristic morphologies.

The reaction of aluminium with water vapour
as opposed to water at 70° C has received little
attention. Vedder and Vermilyea [8] concluded
from their vapour-phase studies at 90 to 100° C
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that condensation was essential for hydroxide
growth to occur and that additionally the induction
period was greatly extended and the growth rate
was much reduced; for example the induction
period increased to 27h, and after 70h reaction
the weight gain was only equivalent to that
achieved within 25 min in liquid water. No mor-
phological information was reported in this work
although it was suggested that the same dissolution/
precipitation processes which form pseudo-
boehmite and bayerite were in operation.

2. Experimental

2.1. Techniques

The electron microscope employed (the JEOL
Temscan 100C) offers a unique advantage for the
study of surface reactions in that both surface
features and underlying microstructure of pre-
cisely located areas may be imaged sequentially.
Thus the initial reaction sites could be examined in
detail together with the underlying microstructure
using SE (secondary electron) and STE (scanning
transmission electron) imaging respectively. This
mode of microscope operation has been termed
combined SE/STE imaging. Significantly, the
resolution in the SE mode at 100kV accelerating
potential is about 50 A, which means that high
quality scanning electron micrographs may be
obtained at magnifications comparable to those
normally used in transmission microscopy (TEI
transmission electron imaging).

Oxide and hydroxide film thicknesses were
also monitored by ellipsometry performed on bulk
specimens given similar surface preparative treat-
ments to the electron-transparent specimens [9].
These specimens were examined in a conventional
scanning electron microscope at 30kV.

2.2. Materials and specimen preparation

The compositional analysis of the d.c. cast ingots
used in this study are shown in Table L. The start-
ing material was coldrolled sheet of the listed
alloys (0.5 mm), together with superpurity alumi-
nium (99.99%), This material was either annealed
(Al 15min at 310°C) or solution heat treated

TABLE I Compositional analyses of alloys (p.p.m.)

Cast no. Fe Mg Si Ti Zn B
A <0.01 15 <0.01 0.010 430 12
B 0.11 <0.001 005 0.01 5.1 14
C 0.11  5.11 0.055 0.01 0.001 8




Figure 1 Stero pair of micrographs of surface film blisters on a bulk specimen of superpurity aluminium after reaction
with WVSA at 70° C. Note the hemispherical nature of the blisters and the dark circular islands of reaction after

blister fracture (arrowed).

(AlMg, AlZn 30 min at 450° C, AlZnMg 30 min at
465° C) and cold-water quenched. The AlMg alloy
was also solution treated for 30 min at 350 and
550° C prior to cold-water quenching.

In order to prepare electron-transparent speci-
mens, 3mm discs were punched from the sheets
and ground mechanically to 0.2 mm. Disc speci-
mens were then prepared in the usual manner but
employing fresh polishing solution made from
Analar reagents and using a rigorous rinsing
schedule in successive baths of methanol. The pre-
pared specimens were monitored by light micro-
scopy to ensure that no surface artifacts, i.e. dust

particles, polishing solution residue, etc., were
present after the rinsing treatment. After prep-
aration, specimens were stored in a desiccator at
room temperature for a minium period of 24 h in
order for the normal amorphous 7y-Al,Q5 air-
formed film to develop.

2.3. Specimen exposure and examination

Exposure to water vapour saturated air (WVSA) at
70°C was achieved by placing the specimens
horizontally on a perspex holder in a humidity
chamber at 100% r.h., under conditions where
condensation of water vapour on the specimen

Figure 2 Detailed examination of a single reaction site in both (a) SE and (b) STE imaging modes. On superpurity
aluminium there is no preferential siting of the defilming process.
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Figure 3 Combined (a) SEI and (b) STEI images of a reaction site on an aged AlZnMg alloy after 5 min reaction at
70° C. Note both the small crystallites and the larger crystals in (a) and that the larger crystals only are visible in (b)

(as arrowed).

surface was observed. After exposure the speci-
mens were examined immediately in the electron
microscope using a liquid nitrogen cold trap at the
specimen area to minimize surface contamination.
Specimens were first examined using secondary
electrons (SEI) and then transmitted electrons
(STEI and TEI) in order that the surface micro-
structure could be imaged before surface artifacts
due to contamination were produced. Subsequent
imaging in transmission was not sensitive to -this
contamination. The SEI mode also enabled the
reaction on electron-transparent regions to be
compared with that on thicker areas.

The bulk specimens for ellipsometry and
conventional SE imaging were given similar surface
preparative treatments and were exposed to WVSA
for up to six days at 70° C.

3. Results

3.1. Initiation

The earliest stages of hydroxide nucleation at
70° C were studied on specimens of superpurity
aluminium. Exposure to WVSA at 70° C resulted
in the random nucleation of circular “islands” of
hydroxide within the first minute of reaction.
Increased exposure times produced both further
nuclei and lateral expansion and coalescence of
existing islands until the specimen surface was
covered in a hydroxide layer. The initial hydroxide
growth was therefore rapid, but became progress-
ively slower as less and less surface area was avail-
able for “island” nucleation. Thereactionrate then
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depended on the rate of thickening of the hydrox-
ide “islands”. The reasons for the “island” growth
morphology were initially not obvious and it was
first thought that an “island” developed where a
droplet condensed on the surface. However, close
examination of reaction sites showed them to be
regions where the surface had been effectively
defilmed by a blistering mechanism. Blister visi-
bility was greatly enhanced by thickening the
amorphous surface film by storage in dry air after
electro-polishing. This storage treatment did not
affect the reaction kinetics. Regions where droplet
formation did occur rapidly produced a much
thicker hydroxide layer which extended over the
area of droplet surface coverage. Conditions here
were more typical of total immersion in water and
such areas were regarded as artifactual in the
context of the present study. No blisters or reac-
tion sites were observed in the absence of conden-
sation.

Initiation of reaction by surface film blistering
is shown in the stereo pair of scanning electron
micrographs in Fig. 1. This bulk specimen was held
in dry air for 30 days after electro-polishing prior
to reaction with water vapour at 70° C. On this
specimen the majority of blisters in the surface
oxide are unbroken and appear as hemispherical
domes when viewed in stereo. Where blisters have
burst a dark circular “island” of reaction can be
seen on the surface (as arrowed). Fig. 2 shows a
similar reaction site on a thin foil specimen which
was exposed to WVSA for Smin at 70° C after



Figure 4 Close-up of a reaction site on an aged AlZnMg alloy. Note the underlying grain boundary in the STEI image
(b) and the dark contrast at the blister periphery in the SEI image (a).

holding for 48 h at ambient temperature following
electro-polishing. The secondary electron image
(Fig. 2a) shows clearly the fractured surface film
at the circumference of the reaction site, and
surface film debris that has also collapsed onto the
“island”. The dark contrast is due to the low
secondary electron emissivity of the thin hydrous
oxide layer formed on the bared metal surface.
The parallel lines are due to an electro-polishing
artifact which is a feature of the underlying metal
as the lines continue through the defilmed region.
The scanning transmission image (Fig. 2b) barely
discerns the reaction site, showing it to be a
wholly surface feature, and this examination of
the underlying microstructure could reveal no
obvious metallurgical feature which had enhanced
attack nucleation.

During exposure in dry air at room temperature
after electro-polishing the surface film was ob-
served to thicken from a value of less than 20 A
immediately after electro-polishing to approxi-
mately 50 A after 48 h and to 150 A after 30 days.
Surface film thicknesses were determined by direct
measurement on fractured blister walls and ellip-
sometric measurements on bulk specimens [9]. A
standard treatment of 14 days at ambient tempera-
ture and 0% r.h. was instigated for subsequent
experiments. This treatment gave a film thickness
of less than 100 A.

3.2. Alloying effects on blistering and
hydroxide nucleation

Reaction of the alloy specimens in WVSA at 70° C
also resulted in surface film blistering and defilm-
ing and similar reaction kinetics were determined.
A typical reaction site on a thin foil specimen of
the ternary AlZnMg alloy is shown in Fig. 3. In
this case the alloy was artificially aged before thin
foil preparation and was reacted for 5min at
70° C. The surface film blister has again burst and
rapid hydroxide growth has occurred on the de-
filmed area although the hydroxide layer is clearly
duplex in nature (cf. Fig. 2). The larger hydroxide
crystals, i.e. those visible under both SE and STE
imaging modes (these are arrowed on the micro-
graph) produced single crystal electron diffraction
patterns which were consistent with bayerite,
although a full identification was not achieved.
The STE image reveals the zinc and magnesium-
rich precipitates in the underlying alloy and the
thicker surface film renders the reaction site more
clearly visible as compared to Fig. 2b.

A second example of the reaction on the
ternary alloy, again in the aged condition, is shown
at higher magnification in Fig. 4 after 5min ex-
posure. The SE image reveals the small crystallites
which are about 200A in diameter, the dark
structureless regions of blister wall debris and the
larger hydroxide crystals, which are probably
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bayerite. Again, only these large (about 1500 A)
crystals are observed in the STE image. The STE
image does however show an underlying grain
boundary. At the circumference of the reaction
site in the SE image the surface film shows dark
contrast over a region approximately 2000A
wide. This feature, which was frequently noted,
was attributed to decohesion of the amorphous
oxide—metal interface by hydrogen generated
on the reaction site.

Preferential reaction at grain boundary—
surface intersections was a characteristic of the
reaction on both the magnesium-containing alloys
whereas the aluminium—zinc binary alloy behaved
similarly to pure aluminium. This grain-boundary

attack selectivity was found to be a strong func-
tion of solution heat treatment temperature. The
reaction on the Al-Mg binary alloy after solution
heat treatment at 350 and 550° C is shown in Fig.
5. At 550° C random attack nucleation has occur-
red, whereas at 350° C there is a very strong selec-
tivity of the attack at grain boundary—surface
intersections, although it is of interest to note that
not all the grain boundaries are attacked (see
arrows). Some of the non-attacked boundaries
were of low angle, and although unreacted high-
angle boundaries were frequently discerned, an
identification of the boundary type which pro-
vided this immunity was not achieved at this time.
In both cases the specimens were reacted for

Figure 5 Effect of the temperature of solution heat treatment on the localization of reaction at grain boundary—surface
intersections on the AIMg alloy after 10 min reaction at 70° C. At 350° C the attack is localized, although not all the
grain boundaries are reacted, as shown in (a) and (b). At 550° C there is no preferential reaction siting and a general
decrease in reactivity, as shown in (c) and (d).
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Figure 6 Development of the reaction site after 30 min at 70° C on the aged AlZnMg alloy. Note the development of
pseudoboehmite from the small crystallites in (a) and the underlying grain boundary junction and the small bayerite

crystals arrowed in (b).

10min at 70° C. Heat treatment at 350° C also
produced a general increase in surface reactivity as
compared to treatment at 550° C. The intense
reaction at grain boundaries was also observed
after solution heat treatment at 450°C. It was
attempted to measure magnesium segregation to
grain boundaries as a function of solution heat
treatment temperature using X-ray microanalysis;
however, no significant increase in magnesium at
the grain boundary could be detected. The white
circular marks on Fig. Sc are due to surface
contamination during microanalysis.

3.3. Hydroxide growth
A later stage of the reaction on the aged AlZnMg

alloy is illustrated in Fig. 6, which shows a speci-
men after 30min at 70° C. At this stage the hy-
droxide layer is sufficiently thick to become
visible under STE imaging conditions. -Again
reaction has occurred preferentially at a grain
boundary—surface intersection, and there is evi-
dence of a decohered region at the ‘‘sland”’
extremity. At this stage the reaction site is com-
pletely covered in a pseudoboehmite layer which
appears to have developed from the small crystal-
lites as shown in Figs. 3 and 4. The “bayerite”
crystals are obscured on this reaction site but may
just be discerned in the STE image (see arrows).
This' was not typical and such crystals could be
observed, in the SE mode, on most reaction sites.

of the foil. Both the bayerite and pseudoboehmite exhibit their characteristic morphologies.
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Figure 8 Transmission electron (TEI) image of the grain
boundary penetration of bayerite after 24 h reaction of
the aged AlZnMg alloy at 70° C.

After extended reaction times the hydroxide has
the morphology shown in Fig. 7 which shows a
specimen after 24 h reaction. The pseudoboehmite
now exhibits its characteristic platelet morphology
which appears as fibrils or needles in the STE
image. Bayerite crystals or somatoids are obviously
on both surfaces of the foil and there was some
tendency for grain boundary penetration to occur
as is shown in Fig. 8 using conventional TE imag-
ing.

Hydroxide penetration into grain boundaries
was only observed on specimens of the magnesium-
containing alloys. However, for all the alloys stud-
ied, the crystalline hydroxide which develops in-
to the characteristic bayerite somatoids was
observed to nucleate and grow from the metal—
oxide interface and not from the pseudoboehmite
layer. This conflicts with reported observations
made on hydroxide films grown under conditions
of total immersion at 70° C

These conclusions were substantiated by ion-
etching of thick hydroxide films grown on bulk
specimens as shown in Fig. 9. The stereo pair of
micrographs shows the pillars of bayerite extend-
ing from the metal surface. The pseudoboehmite
has been preferentially etched away under the
action of the ion beam and shadows of the bayer-
ite somatoids are seen on the eroded surface.
Cracks have developed in the thin remaining
pseudoboehmite layer under the action of the ion
beam. The small crystallites from which the
pseudoboehmite platelets develop are apparent in
this layer.

3.4. Effect of grain boundary attack
localization

The effect of the iocalization of attack at grain

boundary—surface intersections on the under-

lying microstructure was studied more con-

veniently using conventional TE imaging as,

although the reaction sites themselves cannot be

Figure 9 Stereo pair of micrographs of an ion-etched hydroxide film on an aged AlZnMg atloy after 6 days reaction at
70° C. Note that the bayerite crystals have grown from the metal—oxide interface.
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discerned, evidence for hydrogen penetration of
grain boundaries is readily apparent, as shown in
Fig. 10 for an AlMg alloy specimen reacted for
10min at 70° C. Fig. 10a, with the foil highly
tilted and the grain boundary at high angle to the
electron beam, shows hydrogen bubbles imaged by
strain field contrast fully contained within the thin
foil. Figs. 10b and ¢ show the same grain boundary
at a lower tilt angle under conditions of progres-

sively weaker diffraction excitation. Significantly,
in Fig. 10c bubbles can be seen on matrix dislo-
cations where pipe diffusion of hydrogen away
from the grain boundary has occurred. A detailed
examination of hydrogen bubbles in AlZnMg reac-
ted with WVSA at 70° C has already been pub-
lished [10].

With increased exposure times the reaction sites
could be imaged as shown in Fig. 11 where again a

Figure 10 Bubbles of molecular hydrogen on grain boundaries of an AlMg alloy after 10 min reaction at 70° C. Note the

bubbles on dislocations in (¢) (arrowed).
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high density of bubbles had developed on the grain
boundary. Such reaction sites gave selected-area
diffraction patterns characteristic of pseudo-
boehmite. Prolonged irradiation with the beam
produced both an increase in bubble size and
density, together with dislocation ejection.

4. Discussion

In the present study it has been shown by the use
of combined SE/STE imaging together with
conventional SE imaging that the initiation of
reaction of aluminium and certain of its alloys
with water vapour saturated air at 70° C involves a
defilming process which is achieved by surface film
blistering. The initial surface film presented to the
water vapour must closely resemble the natural
oxide, which can be described as a compact barrier
layer approximately 10 A thick covered with a
more permeable layer of thickness 50 to 100 A
dependent on storage time at room temperature
[11]. The barrier layer has been described as
glassy or amorphous {12], but does in fact exhibit
an electron diffraction pattern which can be inter-
preted as poortly ordered v-Al,03. This, according
to Pryor {13] is due to the incorporation of a
small number of aluminium ions on anion sites in
the pseudo-spinel lattice. Pryor has also suggested
that the barrier layer contains an excess of alu-
minium ions and associated bound electrons to
preserve neutrality on cation sites [13]. The start-
ing film however differs from the natural oxide, as
the use of electro-polishing as a surface preparative
tréatment must result in the incorporation of per-
chlorate ions from the polishing solution [15].

Figure 11 Pseudoboehmite islands at grain
boundary—surface intersections on the
AlMg alloy after 100 min reaction at
70° C. Bubbles of molecular hydrogen are
imaged on the grain boundary by their
characteristic strain fields.
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This is unavoidable as the nature of the study
involves the preparation of electron-transparent
specimens, and alternative methods of preparation
would introduce further, more serious, artifacts.
Reaction of the surface film with water vapour
saturated air must involve rapid hydration of the
film to produce a hydrous oxide (i.e. the precursor
of pseudoboehmite) and protons. That this reac-
tion is limited at the barrier layer is suggested by
the fact that films with initially thicker porous

layers are penetrated and blistered in the same
time (i.e. within a few minutes) as freshly prepared

films. This ease of hydration of the surface film is
not surprising for the reaction is readily reversible
as, for example, when pseudoboehmite is heated in
air at 300° C it is dehydrated to a poorly crystal-
lized y-Al,05 [3]. Protons produced at the barrier
layer are attracted to the metal—oxide interface
which is negatively charged due to the aluminium
in excess in the adjacent oxide. At the metal—
oxide interface they can be readily discharged and
combined to form molecular hydrogen. This
process effectively decoheres the interface and
surface film blistering is initiated. Blisters are
pressurized by the hydrogen gas and extra material
for the blister wall is provided by the low density
hydrous oxide after the mechanism described by
Flower for the reaction of silicon with water
vapour [16]. This is shown schematically in Fig.
12a. The compact barrier layer cannot be pen-
etrated by the gas molecules, and hence a high
pressure of gas (perhaps of the order of 100atm.
[16, 17]) can develop within the blister.

Growth of the blister proceeds discontinuously,




as has been similarly reported by Bargeron and
Givens [17] from their studies of the reaction of
anodically oxidized (800A) aluminium surfaces
in aqueous chloride media. Their observations,
together with the present work and the work of
Flower [18] on the electron radiation induced
aqueous corrosion of aluminium, suggest blister-
ing of surface films may be a general mechanism
of corrosive attack initiation in both aqueous
electrolytes and water vapour systems. Discon-
tinuous growth is achieved by continued under-
pinning of the metal—oxide interface by protons
until the bond strength is sufficiently weakened
for a burst of blister expansion to occur.

The blister fracture, together with the observed
hydroxide growth, is depicted schematically in

(a) INITIATION

- WATER .VAPOUR  : - 7’

Figs. 12b and c. Although the final hydroxide
film is duplex, it differs from that reported under
total immersion conditions at 70° C in that the
bayerite somatoids penetrate into the metal
rather than being sited above the pseudoboehmite.

The observed effect of magnesium additions
both singly (AlMg) and in combination with zinc
(AlZnMg) in causing preferential reaction at grain
boundary—surface intersections and penetration of
hydrogen and of bayerite must be due to its segre-
gation to grain boundaries. Although such grain
boundary segregation was not discerned in the
present work, recent work by Green ef al. [19]
using electron spectroscopy has directly shown a
magnesium-enriched zone, less than 10 A wide, at
grain boundaries in AlZnMg alloys at a level of
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Figure 12 Schematic diagram of reaction occurring at the metal—oxide interface.
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segregation that would be beyond the resolution

of X-ray microanalysis. This work {19] did not

include the effect of solution heat treatment
temperature on magnesium segregation. However,
Taylor and Edgar [20] have shown, from anodic
film studies, that magnesium segregation in
AlZnMg alloys decreases as the SHT temperature is
raised, and that stress-corrosion cracking suscepti-
bility is correspondingly diminished. Barrier layer
anodic oxidation is affected by underlying alloy
composition and regions of magnesium segregation
produce a thinner final oxide layer. This leads to
grain boundary grooves on the surfaces of AlZnMg
alloys after solution heat treatment at low tem-
peratures. Magnesium segregation, and hence
hydrogen penetration and stress-corrosion suscep-
tibility {21], can therefore be controlled by rais-
ing the solution heat treatment temperature. The
enrichment of magnesium at grain boundaries
must lead to its incorporation in the initial surface
film above a boundary site, and this must stimu-
late hydration and blistering on exposure to
WVSA. The fact that not all boundaries are prefer-
ential reaction sites even after solution heat treat-
ment at 350° C probably means that magnesium
segregation depends on grain boundary type, and
may possibly be controlled by alloying additions
or treatments which maximize the right type of
boundary.

5. Conclusions

The reaction of filmed aluminium surfaces with
water vapour saturated air at 70° C is initiated by a
hydrogen-induced blistering of the amorphous
oxide film. Fracture of the blister results in the
development of a circular patch of hydrous oxide.
Pseudoboehmite and bayerite nucleate and grow
from this “island” of hydrous oxide. The bayerite
nucleates at the metal-hydrous oxide interface,
and not above the pseudoboehmite as previously
reported under conditions of total immersion.
Alloying additions of magnesium localize the
breakdown reaction to grain boundary surface
intersections and this leads to boundary pen-
etration of both hydrogen and bayerite, although
this can be prevented by solution heat treatment
at 550° C. This may provide a means of control of
stress-corrosion susceptibility in AlZnMg alloys.
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