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Hydrogen trapping and repelling in an
Al-6 wt% Zn-2wt% Mg alloy
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Hydrogen trapping in an Al-6 wt % Zn-2 wt % Mg alloy aged up to typical stages in the age-
hardening curve has been studied by measuring the tritium release rate after charging. The
distribution of hydrogen in the aged alloy has been studied by tritium electron microautoradio-
graphy. It has been found that the Guinier—Preston zones in the alloy do not act as trapping
sites but as a repeller for hydrogen, and that 1’ precipitate does not trap hydrogen, but the
interface between the matrix and n precipitate acts as a trapping site for hydrogen. Dislocation
has been found to be capable of trapping hydrogen, while trapped hydrogen by the grain

boundary has not been observed.

1. Introduction
Al-Zn-Mg is known as one of the strongest age-
hardenable aluminium alloys and it is widely used as a
high-strength structural material. However, the sensi-
tivity of this alloy to stress-corrosion cracking is rela-
tively high, and it has been connected with the behavi-
our of hydrogen [1, 2]. The precipitation process of
a supersaturated Al-Zn-Mg alloy is known to be
[3-6]: supersaturated solid solution — sphere-like
Guinier-Preston (GP) zone — plate-like metastable
precipitate (n’ phase, MgZn,) — plate-like or rod-like
equilibrium precipitate (n phase, MgZn,), and wide
variations of metallographic microstructure, as well as
lattice defects such as dislocations and grain bound-
aries, can be formed by ageing a supersaturated alloy.
Thus, it is very interesting to examine the interactions
between hydrogen and each of the microstructures.
Tritium electron microautoradiography is a unique
and useful technique which can provide visual in-
formation on the interrelationship between hydrogen
distribution and microstructure. Tritium emits only
low-energy B-rays with a continuous energy spectrum
(maximum energy 18.6keV) with a half-life of
12.3 year. The maximum range of the B-rays of tritium
through photographic emulsion (silver bromide) and
aluminium is 2.5 and 2.7 pm, respectively, and 99% of
the energy is absorbed on passing through these ma-
terials by about 0.4 pm [7]. Thus, the spatial resolu-
tion for the tritium distribution in the specimen of the
autoradiograph is very high. A sensitive film is ad-
hered to the specimen and exposed to the B-rays from
tritium charged in the specimen. The film is then
developed, and the distribution of silver grains in the

film is examined by an electron microscope. So far,
this technique has been applied by us to pure alumi-
nium and aluminium alloys such as Al-Mg-Si [8, 9]
and Al-Cu [9] to identify the trapping and repelling
sites of hydrogen in them.

In the present work, first the age-hardening curve of
the alloy at 160 °C has been determined. Secondly, the
intensity of trapping hydrogen in the specimens aged
up to typical stages in the age-hardening curve has
been studied by measuring the tritium release rate
after charging. Finally, the interrelationship between
hydrogen distribution and microstructures with lattice
defects and precipitates has been investigated by
trittum electron microautoradiography.

2. Experimental procedure
A sheet of Al-6 wt % Zn-2 wt % Mg alloy was sup-
plied by Sumitomo Light Metal Industries Ltd. Con-
tents of zinc and magnesium in it were 598 and
2.03 wt %, respectively. The main impurities were Fe:
0.01 and Sii < 0.01wt%. Foil specimens 5mm
x 5 mm x 0.2 mm in size were scaled in a glass tube
with argon gas and were solution heat-treated at
500°C for 7.2 ks and then quenched into ice water.
Subsequently, the specimens were aged at 160°C in an
oil bath. After ageing, the specimens were kept in a
refrigerator at — 10 °C. Hardness of the specimen was
measured by a Vickers microhardness tester at room
temperature with 200-1000 g loading. All the readings
were averaged on eight impressions.

Tritium and hydrogen were charged into the speci-
mens at room temperature by the cathodic charging
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method. The electrolyte was 0.5~ H,SO, aqueous
solution containing tritium of 3.7 x 10*3> Bqm ™3, the
current density and charging time being 100 Am~2
and 3.6 ks, respectively. After charging each specimen
was rinsed with water and ethyl alchohol and put into
a scintillator solution (Scintisol 500) within 5 min after
the charging and held in it for 24 h. The radioactivity
of tritium released from the specimen into the scintii-
lator solution was measured for 2 h by a liquid scintil-
lation counter.

For the tritium electron microautoradiography,
tritium and hydrogen were charged into the specimens
by the same method as above. After charging, each
specimen was kept at — 10°C for 3 days to release
excess hydrogen and to attain an equilibrium distribu-
tion of hydrogen. Discs 3 mm in diameter were cut
from the specimen and polished into thin foils by the
twin jet method using a solution of 7 parts C,H;OH
and 1 part HCIO, as an electrolyte at 0°C. The
electrolytic voltage was 30 V. A sensitive film made of
a monolayer of fine silver bromide grains 0.06 um in
diameter was prepared on collodion thin films by the
wire-loop method from a nuclear photographic emul-
sion (Konica NR-H2). One or two drops of isoamyl
acetate were put on the specimen to adhere the sensi-
tive film to the specimen. The set of the sensitive film
and the specimen was kept in a dark box maintained
at — 10°C for 6 days to expose the sensitive film to
the B-rays emitted from tritium in the specimen.

After exposure, the sensitive film on the specimen
was developed to turn the silver bromide grains ex-
posed by the B-rays into metallic silver grains. Thus,
information on the distribution of hydrogen in the
specimen could be obtained by observing the distribu-
tion of silver grains in the autoradiograph. To make
simultaneous observation of both the hydrogen dis-
tribution and the microstructure of the specimen, the
specimen and the autoradiograph adhered to it were
observed at the same time by transmission electron
microscopy (TEM, Jeol-200B) at an accelerating vol-
tage of 200 kV.

3. Results and discussion
Fig. 1 shows the age-hardening curve of the Al-6 wt %
Zn-2 wt % Mg alloy aged at 160°C. The hardness
value .of the as-quenched specimen was 50. After an
incubation time of about 100 s, the hardness starts to
increase gradually and has a plateau of about 65
during ageing for 2 ks. Beyond the plateau region, the
hardness increases again rapidly to a value of about
100 which forms a second plateau including a max-
imum at the ageing time 100 ks, and finally decreases
gradually with ageing time. According to studies on
the precipitation process of the alloy [3-5], the first
hardness plateau during the ageing for 2 ks is due to
the formation of GP zones and n’ precipitates. The
second plateau including the maximum of hardness is
mainly due to the formation of " and n precipitates.
The over-ageing after the maximum is due to the
growth of n precipitates.

Tritium release experiments are shown for the as-
quenched specimen and also for aged specimens at
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Figure I Age-hardening curve of Al-6 wt % Zn-2 wt % Mg alloy
aged at 160 °C after quenching from 500 °C.
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FigureZ Radioactivity of tritium released from Al-6wt%
Zn-2 wt % Mg alloy measured by a liquid scintillation counter.

typical states in Fig. 2. Tritium charging for all the
specimens was carried out under the same conditions.
As shown in Fig 2, the radioactivities of tritium re-
leased from the as-quenched specimen and from the
specimen .aged for 100 ks are much lower than those
from the specimens aged for 10 and 500 ks. High
radioactivity of released tritium from a specimen
means that most of the previously charged tritium is
released and only a part of the tritium remains in the
specimen, and vice versa. Fig. 2 shows that the in-
tensities of trapping hydrogen in both the as-quenched
specimen and the specimen aged for 100 ks are strong,
while on the other hand those in the specimens aged
for both 10 and 500 ks are weak. Thus, in the as-
quenched specimen, it appears that vacancy-rich clus-
ters [6] trap hydrogen. The trapping power in the
aged specimens decreases with the formation of GP
zones and 1’ precipitates. However, as shown in Fig. 2,
with an increase of n precipitates the trapping power
increases, but it again decreases with the growth of n
precipitates in the over-aged state.



Figure 3 Tritium electron microautoradiograph of Al-6 wt %
Zn-2 wt % Mg alloy aged at 160°C for 1 ks after quenching. A
silver grain is observed at the end of a dislocation, as shown by the
arrow.

Fig. 3 shows a tritium electron microautoradio-
graph of Al-6 wt% Zn-2wt% Mg alloy aged at
160 °C for 1 ks after quenching. Sphere-like GP zones
with a high density are observed. However, silver
grains are only rarely seen and a definite relationship
between the sites of the silver grains and those of the
GP zones is hardly found. This suggests that the GP
zones in this alloy have no trapping power for hydro-
gen. The silver grain indicated by the arrow appears to
be located at the termination of a dislocation on the
surface of the specimen. According to Gerold and co-
workers [3, 10], the GP =zones in" Al-6wt%
Zn-2 wt % Mg alloy have coherency with the matrix
lattice and cause a compressive elastic stress field in
the matrix around them. This compressive stress field
acts as a repeller for hydrogen, as in the case of the GP
zones in Al-Mg-Si alloy [8, 9]. In contrast to the GP
zones in Al-Zn-Mg and Al-Mg-Si alloys, the GP
zones in Al-Cu alloy cause a tensile elastic stress field
in the matrix around them. This tensile stress field
also acts as a trapping site for hydrogen [9].

Fig. 4 shows a tritium electron microautoradio-
graph of Al-6 wt% Zn-2wt% Mg alloy aged at
160°C for 10 ks after quenching. A so-called pre-
cipitate-free zone is observed on both the sides of the
grain boundary which lies from the upper left side to
the lower right side. Apart from the precipitate-free
zone, plate-like ' precipitates with a high density are
observed. Silver grains are observed at the interface
between the matrix and the large unresolved rod-like
1 precipitates. However, no silver grain is observed in
any other location, suggesting that n’ precipitate as
well as the GP zone does not trap hydrogen. This is
consistent with the finding that n precipitate has
coherent interface boundaries with the aluminium
matrix but has no stress field around itself in the
matrix [11].

Fig. 5 shows a tritium electron microautoradio-
graph of Al-6 wt % Zn-2 wt % Mg alloy aged at
160 °C for 100 ks after quenching to attain the state of
maxium hardness (Fig. 1) by the precipitation of plate-
like n" and plate-like or rod-like n. Silver grains are

Figure 4 Trittum electron microautoradiograph of Al-6 wt%
Zn-2 wt % Mg alloy aged at 160 °C for 10 ks after quenching. Silver
grains are observed at the interface between the matrix and the
unresolved rod-like n precipitates, as shown by arrows.

Figure 5 Tritium electron microautoradiograph of Al-6 wt%
Zn-2 wt% Mg alloy aged at 160°C for 100 ks after quenching.
Silver grains are observed at the interfaces between the matrix and n
precipitates, as shown by arrows.

observed at the interface between the matrix and n
precipitates but not at the interfaces between the
matrix and n’ precipitates which exist with a high
density. The equilibrium n precipitate has incoherent
interphase boundaries with the aluminium matrix. It
has been found that three types of orientation relation
between the matrix and m precipitates are mainly
observed out of the eleven possible types [12, 13]. In
the present experiment, however, determination of the
orientation relation between them has not been car-
ried out.

Fig. 6 shows a tritium electron microautoradio-
graph of Al-6 wt% Zn-2wt% Mg alloy aged at
160 °C for 500 ks after quenching to obtain over-aged
state (Fig. 1). In Fig. 6, large 1 precipitates on the grain
boundary are observed, and a few silver grains are
observed at the interfaces between the matrix and 1
precipitates, as shown by arrows. However, no silver
grain is observed on the high-angle grain boundary of
the matrix itself if the n precipitate does not exist. This
indicates that the trapping power of the high-angle
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Figure 6 Tritium electron microautoradiograph of Al-6 wt %
Zn-2 wt % Mg alloy aged at 160 °C for 500 ks after quenching, A
few silver grains are observed at the interfaces between the matrix
and m precipitates, as shown by arrows.

grain boundary is very weak or negligible. This is
probably due to zero or very weak elastic interaction
between the grain boundary and hydrogen.

4. Conclusions
The present experimental results are summarized as
follows:

1. Dislocation in aluminium alloys acts as a trap-
ping site for hydrogen and also acts as a short-
circuiting diffusion path for hydrogen.

2. The GP zones in Al-6 wt % Zn-2 wt % Mg alloy
do not act as a trapping site but as a repeller for
hydrogen. n' precipitate does not trap hydrogen.

3. The interface between the matrix and n pre-
cipitate acts as a trapping site for hydrogen.

4. The high-angle grain boundary in the matrix
itself has zero or very weak trapping power for
hydrogen.
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