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Abstract—The structure of GP-zones in an industrial, 7xxx-series Al–Zn–Mg alloy has been investigated
by transmission electron microscopy methods: selected area diffraction, conventional and high-resolution
imaging. Two types of GP-zones, GP(I) and (II) are characterized by their electron diffraction patterns. GP(I)-
zones are formed over a wide temperature range, from room temperature to 140–150°C, independently of
quenching temperature. The GP(I)-zones are coherent with the aluminum matrix, with internal ordering of
Zn and Al/Mg on the matrix lattice, suggested to be based on AuCu(I)-type sub-unit, and anti-phase bound-
aries. GP(II) are formed after quenching from temperatures above 450°C, by aging at temperatures above
70°C. The GP(II)-zones are described as zinc-rich layers on {111}-planes, with internal order in the form
of elongated�110� domains. The structural relation to theh�-precipitate is discussed. 2001 Acta
Materialia Inc. Published by Elsevier Science Ltd. All rights reserved.
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1. INTRODUCTION

Guinier–Preston, or GP-zones have been recognized
as microstructural elements in aluminum alloys since
the early work of Guinier [1] and Preston [2]. The
zones are formed by “natural aging” at room tempera-
ture, and in early stages of the industrially important
“artificial aging” at temperatures in a range 100–
180°C. However, their precise role in the formation of
hardening precipitates is still not clear in most alloys.
Transformation schemes quoted in textbooks or
review articles, e.g.

solid solution(a)→GP-zones→h�→h-MgZn2

(1)

for artificial aging in the Al–Zn–Mg precipitation
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hardening 7xxx-alloys, are simplifications. The equi-
librium phase,h, is a hexagonal Laves phase, with
a = 0.5221 nm,c = 0.8567 nm [3, 4]. A large number
of orientation relations to the aluminum matrix have
been reported [5, 6]. The main hardening precipitate
h�, is a metastable hexagonal phase, semi-coherent
with the aluminum matrix (a = 0.496 nm�[211]/2Al;
c = 1.40 nm�2[111]Al, whereaAl = 0.405 nm). Struc-
ture models forh� have been proposed from X-ray
diffraction [7], and recently from HRTEM [8]. Struc-
tural relations between the aluminum matrix,h� and
h-MgZn2 were discussed in [8, 9]. Evidence for
internal order in GP-zones in the system, and for the
existence of several types of zones was first presented
by Schmalzried and Gerold [10].

Early experimental studies of precipitate hardening
were interpreted in different ways. Graf [11] observed
GP-zones only at low-temperatures, and assumed that
a metastable hardening precipitate phaseh�, is formed
directly from the solid solution at temperatures above
100–120°C. On the other hand, Lorimer and Nichol-
son [12] proposed that GP-zones serve as nuclei for
h� in a two-stage aging process, whereas Pashleyet
al. [13] suggested thath� is formed from stable clus-
ters. Later Lyman and VanderSande [14] observed
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hexagonal, coherent particles in transmission electron
micrographs at early stages of aging at 150°C, as
possible precursors to h�.

In industrial praxis precipitation hardening is pre-
ceded by rapid quenching from a sufficiently high sol-
ution temperature, around 500°C, before a two-stage
aging treatment, e.g. at 100°C and 150°C. Several
investigators, [15–19], concluded that vacancies
retained during the quench must have a significant
role in the precipitation process. However, it seemed
that the quenched-in vacancies have little influence
on room temperature aging, and hence on the forma-
tion of GP-zones in the low-temperature region,
below 80–100°C. These observations were discussed
in detail by Katz and Ryum [18], in terms of vacancy-
rich clusters (VRC). It followed that the clusters must
be formed during or immediately after quenching, and
be stable enough to be active at subsequent aging at
150°C. Hence the precipitation sequence

solid solution(a)→VRC→h�→h-MgZn2 (2)

for aging at 150°C, when the specimen had first been
quenched to room temperature before the aging treat-
ment. In addition the equilibrium phase h can be for-
med directly from the solid solution. The sequence
(1) may also occur, notably after direct quenching to
the aging temperature. This description explained the
hardening response to aging over a wide range of
temperature conditions and solution pre-treatment.
However, the role and structure of zones and clusters
during the early stage of aging remained unclear. The
evidence for the existence of VRC were indirect, cf.
the remark in a recent review article [20]: “no direct
observation has ever been reported, e.g. on the size,
structure or composition of the VRC” .

Formation and growth of GP-zones in aluminum
alloys can be followed by several kinds of measure-
ments. Indirectly by mechanical measurements, such
as hardness and flow stress; electrical conductivity;
calorimetry (DSC) [21, 22]; positron annihilation [23,
24] magnetic susceptibility [25]. Structure infor-
mation has been obtained by diffraction methods
using either X-rays (including small-angle scattering,
SAXS) or electrons, and by electron microscope
imaging. In their early X-ray studies of the Al–Zn–
Mg system Schmalzried and Gerold [10] found strong
diffuse scattering around the matrix positions 100,
201, 003 etc. in natural aged alloys, and concluded
that the zones must be ordered. As a model they sug-
gested alternating {100} planes of Zn and Mg, as in
CuAu(I)-type ordering, and indicated that another
kind of zones may be formed at somewhat higher
temperatures. Subsequent studies by small-angle scat-
tering, e.g. [26], were aimed at estimating the zinc
content, by utilizing the difference between the scat-
tering amplitude of zinc and that of aluminum or
magnesium. Early electron microscopy studies in
conventional bright-field and dark field modes, and

diffraction [5, 6, 27] were concerned mainly with the
precipitate phases. TEM images revealing GP-zones
distributions were reported [16, 28]; less attention
seems to have been paid to their internal structure.
Later investigations confirmed the existence of a
high-temperature type [14, 29] as “spherical hexag-
onal zones” or as thin platelets on {111} [30, 31].
The first HRTEM images of GP-zones published for
this system are due to Mukhopadhyay [32], who
showed contrast effects attributed to spherical zones
with diameter 3–5 nm, from samples aged at room
temperature and 95°C. The contrast was either
enhanced or reduced relative to the surrounding
matrix; this was interpreted to be due to zones
enriched in either Zn or Mg, with no indication of
internal order. The composition of the zones has been
studied with atom probe (APFIM). Ortner [30]
reported an approximate composition Al6ZnMg,
while Hono et al. [33] found 20–25at% Zn, 10–15%
Mg, 2% Cu. Stiller et al. [34] found a large spread
in the Zn/Mg ratio around a mean value of 1.2 for
zones formed at 100°C.

We have undertaken structure studies with TEM of
the metastable precipitates and zones that occur dur-
ing artificial two-stage aging in the Al–Zn–Mg alloy
system. A new structure model for the metastable
phase h� has already been published [8]. In the
present article some results from electron diffraction
and high resolution microscopy of GP-zones in com-
mercial Al–Zn–Mg alloys in the 7xxx-series alloys
are reported. A survey of diffraction features
observed at the early stages in the aging treatment is
presented, and interpreted in terms of two types of
GP-zones, I and II. A model for the internal order in
GP(I)-zones is proposed. Possible models for GP(II),
and the relation to h� and h-MgZn2 are discussed on
the basis of HRTEM and electron diffraction evi-
dence.

2. EXPERIMENTAL

Several industrial Al–Zn–Mg alloys were included
in our investigations; the results reported here refer
to an AA7108-alloy with main alloying elements
5.36% Zn, 1.21% Mg and 0.16% Zr (wt%). Zr is
added in order to produce cubic Al3Zr dispersoids,
which produce sharp extra spots at the positions
100Al, etc. in the diffraction patterns. Prior to the
aging treatment the industrial alloys had been
extruded and solution treated at 480°C. Artificial
aging was performed according to industrial practice,
in two stages: 5 h at 100°C, followed by further aging
at 150°C. Specimens for electron microscopy (TEM)
investigations were prepared from material at differ-
ent stages during the double aging treatment, which
extended to so-called T6 (optimal hardness) and T7-
states (over-aged). Some samples were also studied
after natural (room temperature) aging. A major part
of the results presented here refer to the 100°C inter-
mediate stage. Another set of aging experiments were
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Fig. 1. Selected area diffraction patterns (SAED) from samples
aged to T6 state: 5 h at 100°C +6 h at 150°C. (a) [001]Al-
projection; (b) [112]Al-projection, (c) [111]Al-projection. Pre-
cipitate spots are from η�. Sharp extra spots at simple cubic

positions 100Al etc. are from the Al3Zr dispersoids.

performed at temperatures ranging from 70 to 140°C,
results from these will be reported elsewhere. The
TEM investigations included selected area electron
diffraction, conventional (CTEM) bright-field and
dark field microscopy as well as high resolution
microscopy (HRTEM). The following instruments
have been used: JEOL 200CX, 2000FX, 4000EX, and
LEO 912. The last one is equipped with an energy
filter, which has considerable advantages for rec-
ording weak and diffuse spots from precipitates in an
alloy matrix, and was used for the majority of the
reproduced diffraction patterns. TEM thin foils were
prepared by electropolishing in a mixture of 70%
methanol, 20% glycerol and 10% perchloric acid,
cooled to �20°C with liquid nitrogen. Some measure-
ments of hardness, electrical conductivity and yield
stress during room temperature aging are reported
in [35].

3. RESULTS

3.1. Electron diffraction

Electron diffraction patterns were taken in the
selected area (SAED) mode, after aging at different
temperatures, and at several stages during the indus-
trial double aging procedure. The main aluminum
projections used are �001�, �111� and �112�;
special attention was directed to diffuse scattering
features. Patterns from samples aged to the T6-state,
Fig. 1, (with reflections from the metastable harden-
ing phase h�), and from the over-aged T7-state,
Fig. 2, (with h-MgZn2 as the main precipitate) are
shown for comparison. In patterns taken from

Fig. 2. SAED patterns from T7 state, the 150°C aging extended
to 24 h. (a) [001]; (b) [112]; (c) [111] projection. Most precipi-
tate spots are here from η-MgZn2 in the orientations η1 and η2

[6].

samples aged at 100°C for 1.5–5 h, Fig. 3(a–c), two
characteristic patterns of diffuse spots were identified,
and associated with the GP-zones GP(I) and GP(II)
respectively. Diffraction patterns from GP(I) are best
viewed in the [001]Al projections, Fig. 3(a). Rows of
diffuse spots can be indexed as hkl = 1,(2n + 1)/4,0
in the aluminum reciprocal lattice, corresponding to
a tetragonal or orthorhombic anti-phase structure,
with a four-doubling along one cubic axis. The
strongest diffuse spots from GP(I) appeared at pos-
itions 1,1/4,0Al and 1,7/4,0Al. Similar, but weaker pat-
terns were observed also after room-temperature
(natural) aging.

Patterns associated with GP(II)-zones are shown in
Fig. 3(b), [112]Al, and Fig. 3(c) [111]Al projections. In
Fig. 3(c) strong diffuse spots appear slightly outside
{422}/3Al positions. The spots are frequently of com-
plicated shape. In Fig. 4(a), sets of three spots are
seen around the {422}/3Al positions, elongated in
three different �110� directions; the spots on the
radial �422�Al direction being the strongest. The
other two spots in the group could be the result of
double scattering via a 220-type matrix reflection.
The d-value 0.23 nm, corresponding to the strong rad-
ial spot, is 6–8% less than d422/3Al On tilting the
specimen, as shown by Fig. 4(b and c), we found the
diffuse spots to be intersections with strong �111�Al

diffuse streaks that extend between e.g. 111Al and
200Al The streaks can be seen also in �110�Al pro-
jections, Fig. 5(c), but here with much weaker con-
trast. It may be mentioned here that also spots from
the precipitate phase h� appear weaker when recorded
in �110�Al. A third feature of diffuse scattering is
seen in Fig. 5 (a and b), as arcs slightly inside the
200 matrix reflection. The arcs are visible in several
projections, most notable after short aging times, as
in Fig. 5(a).

The GP(I) and GP(II)-zones are formed in different
temperature ranges. GP(I) was found after aging at
room temperature, and up to about 140°C. GP(II)-
zones are formed mainly above 70°C; at lower tem-
peratures they have been observed only occasionally
in samples that had been aged for very long time
(several weeks or more). Type II patterns were not
found after quenching from temperatures at or below
450°C. This indicates that the GP(II)-zones depend
on a high supersaturation of quenched-in vacancies,

Fig. 3. SAED patterns along [010] from samples aged for 1.5
h at 100°C. (a) [001]-projection, with GP(I)-type diffuse spots
at positions {1,1/4,0} etc.; (b) [112] projection with diffuse
GP(II)-spots near {311}/2, and c: [111]-projection (unfiltered),
with GP(II)-spots near {422}/3 positions. (Indices refer to Al

matrix).
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Fig. 4. Examples of SAED-patterns with diffuse spots from
GP(II), near [111]-projection. Sample aged for 3 h at 100°C.
(a) (unfiltered): distinct three-fold split of spots around
{224}/3-type spots. (b) and (c) are from the same grain; (c)
tilted off [111] towards [332]-projection, the diffuse spots

remain.

as has been assumed for the “vacancy-rich clusters”
[17]. Considerable variations in the intensity of type
II-patterns occurred, even between grains in the same
sample. Differences in intensities between the three
sets of GP(II)-spots in a �111�-projection were
sometimes noted.

Fig. 5. SAED patterns with diffuse arcs and streaks. Samples
aged at 100°C (a) (unfiltered): aged 0.5 h, [411]-projection; (b)
aged 1.5 h, [001]-projection; (c) aged 1.5 h, [011]-projection

with weak �111� diffuse streaks.

3.2. Conventional electron microscopy. Bright-field
and dark-field images

GP(I) zones were imaged readily in �100�Al pro-
jections. In bright-field images, Fig. 6, the zones
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Fig. 6. Bright-field image of GP(I)-zones, [001]-projection.

appear with bright or dark contrast, depending on dif-
fraction condition. Typical zone size after 1.5 h aging
at 100°C were 1.5–3 nm, increasing only slowly with
further aging. At higher aging temperatures, the zones
are somewhat larger, 2–3 nm. The GP(II)-zones are
more difficult to image by diffraction contrast. A typi-
cal dark-field image taken in [111]-projection from
the strong diffuse spots at a 422/3-type position is
shown as Fig. 7. The contrast is irregular; individual
particles are difficult to discern.

3.3. High-resolution electron microscopy

High resolution images were taken in the Al-pro-
jections �100�, �110�, �111� and �211�.
Images obtained from T6-specimens in the last two
projections revealed h�-particles, as described by Li
et al. [8]. Specimens aged at 100°C for 1.5 h were
selected for imaging GP-zones. Contrast features in
the [110] projection, Fig. 8(a and b), were identified
as GP(II)-zones, which appear as thin objects parallel
to {111}-planes, 1–2 atom layers thick, 3–6 nm wide.
In �112�-projections no faults of this type could be
discerned. However, some larger particles about 10
nm wide and approximately 10 atom layers thick

Fig. 7. Dark-field image of GP(II)-zones taken with a diffuse
(422)/3-spot near [111] projection, showing weak, irregular

contrast.

Fig. 8. HRTEM images in [110] projection, showing GP(II)-
zones as {111}-layers on or two atoms thick in two magnifi-
cations, (a) and (b), note strain field on one side of zone; (c)
thicker zone or precipitate on (111)-plane, a possible transition

stage in the formation of h�.

were found, Fig. 8(c), with some resemblance to par-
ticles seen in micrographs from the T6-state [8].
These were assumed to be an early stage in the forma-
tion of h�-precipitates. In order to obtain further infor-
mation about the structure of GP(II)-zones, high-res-
olution images were recorded also in �111�Al

projections, with an aperture chosen to reduce contri-
bution from {220} matrix reflections. The contrast
from zones was very weak; only by careful inspection
of prints and negatives could fringes be seen in parts
of several small areas, a few nm wide, Fig. 9.
Measurement of fringe distances gave 0.23 nm, in
good agreement with the d-value deduced from the
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Fig. 9. HRTEM image of GP(II)-zones in [111]-projection (a)
with inset (b), showing the 0.23 nm spacing.

GP(II)-spots in �111�Al diffraction patterns.
HRTEM micrographs in �001�Al projections were
taken in an attempt to reveal GP(I); only some faint
contrast features were found. Some round areas with
contrast level different from the surrounding area
were seen, and may resemble those reported by
Mukhopadhyay [32].

4. DISCUSSION

Two types of GP-zones, GP(I) and GP(II), and
their domains of appearance, have been characterized
by their electron diffraction patterns. The two types
are best observed in the �100�Al and �111�Al pro-
jections respectively. The GP(I) patterns indicate fully
coherent zones, with internal order described by a
four-doubling of the aluminum cell in one cube direc-
tion. This can be compared with the atomic order sug-
gested by Schmalzried and Gerold [10], viz. an AuCu
(I)-type arrangement of alternate magnesium and zinc
planes. Their argument was based on strong diffuse
scattering around 100 positions in the reciprocal lat-
tice of the matrix, compared to the 110-type positions.
More details are seen in the electron diffraction pat-
terns; diffuse spots appear at 1,(2n + 1)/4,0Al, and can
thus be indexed as 110, with l = 2n + 1, in a tetra-
gonal or orthorhombic supercell. This suggests a per-
iodic anti-phase structure built from the AuCu(I)-type
basic unit [10], see Fig. 10. Note that the [001]Al pro-
jection shown will reproduce the observed intensity
differences along the 1l0 row of diffuse spots. The
intensity ratios for the 0l1 row will be different in

Fig. 10. Projected antiphase structure similar to CuAu (II)
along [001], consistent with the diffuse spots from GP(I)-zone,
cf. Fig. 3(a). Zn atoms as filled circles, Mg (or Al) as open

circles; hatched circles indicate disorder at these sites.

the other, [100]Al projection. However, faults and size
effects resulting from the differences in atomic radii
between Mg, Al and Zn may influence the intensities;
a more detailed model does not seem possible at this
stage. Attempts to observe these ordered zones by
HRTEM images in [100]Al projection failed, possibly
because the order is incomplete, as is indicated by the
width of the diffuse spots. The GP(I) zones are for-
med over a wide range of aging temperatures
(including room temperature), and quenching tem-
peratures. This is in contrast to GP(II), which were
found only after quenching from temperatures above
450°C. Atom probe observations [34] indicate that
both Zn and Mg are present in GP(I) zones, which
may be spherical [32].

The GP(II)-zones could be imaged quite readily by
HRTEM in �110�Al projections. The zones appear
as thin layers on {111}-planes edge-on, one-to-two
atoms thick, and 3–5 nm wide. Dark or bright contrast
on one side of the layers indicate an associated strain-
field. The diffuse diffraction spots seen just outside
the 422/3Al positions in �111� projections are con-
sistent with single {111} layer of atoms with scat-
tering power different from the matrix. These atoms
will most likely be zinc, as has been found by X-
ray analysis (XEDS) in TEM [30]. More details are
suggested by the triangular fine structure of the group
of three diffraction spots near each {422}/3, see Fig.
11(a): a tangential �110�-streak through the main
spots outside {422}/3, and streaks in the other
�110�-directions through the weaker satellites. The
streaking of the spots in three directions can be
explained by three different orientations of GP(II)-
zones on one set of {111}Al-planes. Or by three
domain orientations within the zones, which appears
more likely, and is consistent with HRTEM images
along �111�Al. The satellites may be the result of
double diffraction via matrix reflections.

Diffraction patterns and HREM images can then be
interpreted in this way: GP(II)-zones are planar {111}
sheets with high content of zinc. Within the sheets the
local order is associated with three sets of domains
elongated in �110�-directions, and with a spacing
between rows of atoms some 6–8% less than in the
aluminum matrix. We assume that this reduced spac-
ing, relative to the aluminum layers above or below
the sheet, is associated with the smaller radius of Zn-
atoms. This contraction must be accommodated to the
surrounding matrix in a coherent fashion, since there
is no indication of misfit. Two mechanisms may be
invoked: (i) the contraction can occur in domains
along three directions, which will reduce the average
reduction of spacing by about a half, or (ii) magnes-
ium atoms, with radius nearly 12% larger than alumi-
num, can produce local lattice expansion and relieve
part of the strain from the contraction due to zinc. The
latter mechanism is similar to the model previously
suggested for the transition between the aluminum
matrix and the h�-precipitate [8]; see Fig. 12, where
displacements of the atoms in the planar Zn-layer
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Fig. 11. Elements in a possible GP(II)-model. (a) sketch of
observed diffuse spots around {224}/3 positions, cf. Fig. 4(a),
large circular spots are matrix reflexions; (b) suggestive mosaic
domain structure within one GP(II)-zone: Zn-rich rows along
three �110�-directions; (c) large Mg-atoms (large filled
circles) in neighbouring layer may relieve the �211�-contrac-
tion between the zinc-rows. The triangular net (three �110�-
directions) indicate one (111) layer in the matrix. Vacancies
may be incorporated in the zones, as indicated by small

squares.

Fig. 12. Model of the relation between aluminum matrix and
h�, after Li et al. [8]. The hexagonal net of lines represents
aluminum matrix positions in one {111} plane. Large circles
indicate Mg atoms in the layer above this plan, at positions
corresponding to the h�-structure. Resulting shifts of Zn-atoms
relative to “ ideal” positions of Al matrix are indicated by

arrows, to produce one Zn-layer of h�.

from their original, matrix positions are associated
with the Mg-atoms in the neighboring layer, see [8]
for further details. GP(II) is assumed to be a precursor
to h�, and it seems likely that a similar mechanism
occurs here, in a less ordered fashion. Some aspects
of tentative models are sketched in Fig. 11. Figure
11(b) serves to suggest that Zn-rows in three �110�
directions may occur in one {111} GP(II)-zone. In
Fig. 11(c) the displacement of Zn-atoms from the
ideal matrix lattice positions in the sheet is compen-
sated by atom displacements associated with Mg-
atoms in the layer above (or below). Note that when
the proposed ordering of the Mg-atoms and associated
Zn-displacements are completed, the h� precipitate
becomes hexagonal, and coherent with the matrix.
The formation of GP(II) may be linked with
quenched-in vacancies from the solution treatment,
presumably in the form of VRC, or vacancy-related
clusters; this is tentatively included in Fig. 11(c) by
some vacant positions.

Thicker GP(II) zones were occasionally observed
in the [011] projection, consisting of 4–6 atom layers,
Fig. 8(c). These zones may represent transition stages
between GP(II) and h�. Together with the fact that
GP(II) is formed only after quenching from a suf-
ficiently high solution temperature. This is seen as
supporting the sequence (2) as a major transformation
route; however, with the GP(II) inserted as an inter-
mediate stage:

solid solution(a)→VRC→GP(II)→h�→h-MgZn2

(3)
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The origin of the diffuse arcs shown in Fig. 5 is not
clear, but their general shape suggests that they are
associated with atomic displacements. The radius of
the arcs corresponds to 0.233 nm, i.e. to d111,Al, with
some angular variation. From the appearance in dif-
ferent projections, we can reconstruct an extended
curved streak in the {110} reciprocal plane. The dif-
fuse arcs are most prominent in the very early stage
of the aging at 100°C—before a strong GP(II)-pattern
has developed. The diffuse arcs were not observed
after RT-aging, it is therefore suggested as an early
stage of GP(II)-formation, possibly originating from
the “vacancy-related clusters” .

The combination of these studies and the HRTEM-
work on the structure of h� reported earlier [8] offers
a structural description of the formation of the main
hardening precipitate, with equation (3) as the most
important precipitation sequence during two-stage
aging. The vacancy-related cluster has not been
observed, see however Curratis et al. [36] who noted
that Frank loops are formed after quenching from
temperatures above 490°C in an Al–Zn–Mg alloy.
The diffuse streaks or arcs seen after very short aging
time at 100°C may indicate that an early association
of the clusters at this temperature may initiate the for-
mation of GP(II)-zones. The distribution of GP(II)-
zones is difficult to evaluate by TEM-method, the dif-
fraction contrast is poorly defined, as seen from the
dark-field image in Fig. 7. Diffraction observations
indicate appreciable variations in the content of
GP(II)-zones in the material, even between grains in
the same sample. This may be due to variations in
the vacancy or VRC-content at the start of GP(II)-
zone formation, resulting from local vacancy sinks. It
should be mentioned that the hardening precipitate h�
can be formed also in situations where GP(II) was
not found, viz. after quenching from lower solution
temperatures. Hence several precipitation sequences
may operate. The structural features of the GP(II)
zones revealed by the diffraction patterns can be dis-
cussed in relation to the precipitation sequence (3) for
h� and h: the formation of zinc-rich {111} layers may
depend on associated magnesium atoms that can
relieve local strain. When the magnesium atoms are
ordered, and several GP(II)-zones associate to form a
thicker zone, the zinc-atoms move into positions cor-
responding to the Zn/Al-plane in h�, often with con-
siderable disorder within the h�-precipitate [8]. In that
paper a model for further atomic displacements dur-
ing transformation to the equilibrium phase h-MgZn2

was suggested. At the lower end of the sequence (3)
there is still little direct evidence on the nature of the
vacancy-related cluster. A detailed discussion was
given by Katz and Ryum [18]: the VRC are formed
by quenching from a temperature that is sufficiently
high to produce a vacancy super-saturation above a
critical value, depending upon alloy composition. For
the clusters to develop into GP(II)-zones it appears
that the temperature has to be raised to about 100°C,

which then may be associated with the mobility of
magnesium.

5. CONCLUSION

The two types of GP-zones in the Al–Zn–Mg alloy
system are characterized by their electron diffraction
patterns. GP(I)-zones are formed over a wide tem-
perature range, from room temperature to 140–150°C,
independently of quenching temperature. The zones
are coherent with the aluminum matrix, with internal
ordering of Zn and Al or Mg on the matrix lattice,
based on a AuCu(I)-type sub-unit, and periodic anti-
phase boundaries. GP(II) are formed after quenching
from temperatures above 450°C, by aging at tempera-
tures above 70°C. Based on diffraction evidence the
GP(II)-zones are described as zinc-rich layers on
{111}-planes, with internal order in the form of elon-
gated �110� domains. HRTEM-images along
�110� and �111� direction are consistent with this
interpretation. Structural relation of GP(II) to the pre-
viously published model for the h�-precipitate is dis-
cussed.
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