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Abstract: The influences of heat treatment on stress corrosion cracking (SCC), fracture toughness and strength of 7085 aluminum
alloy were investigated by slow strain rate testing, Kahn tear testing combined with scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). The results show that the fracture toughness of T74 overaging is increased by 22.9% at the
expense of 13.6% strength, and retrogression and reaging (RRA) enhances fracture toughness 14.2% without reducing the strength
compared with T6 temper. The fracture toughness of dual-retrogression and reaging (DRRA) is equivalent to that of T74 with an
increased strength of 14.6%. The SCC resistance increases in the order: T6SRRA<DRRA~T74. The differences of fracture toughness
and SCC were explained on the basis of the role of matrix precipitates and grain boundary precipitates.

Key words: 7085 aluminum alloy; heat treatment; stress corrosion cracking; fracture toughness

1 Introduction

Al-Zn—Mg—Cu alloys have been widely used as
structural material in aerospace due to their low density,
excellent stress corrosion resistance and fracture
toughness [1]. The combinations of high strength, well
stress corrosion cracking (SCC) resistance and fracture
toughness are contradictory, and it is significantly
influenced by composition and heat treatment [2—8]. For
example, high content of Cu increases SCC resistance
with the decrease of fracture toughness [2], Zn and Mg
increase the strength while decrease the corrosion
resistance, T7x over-aged temper increases SCC
resistance at the expense of strength [8].

Varieties of aging heat treatment are put forward to
improve SCC resistance and fracture toughness.
Retrogression and reaging (RRA) increases SCC
resistance and fracture toughness without decreasing the
strength [6,9]. The repetitive-RRA improves SCC
resistance with similar strength compared to RRA temper
[10]. However, these reports in the references are mainly
focused on AA7075 and AA7050, or without considering
the relationship among strength, fracture toughness and

SCC [11-16]. AA7085 has been developed as the new
generation of high-strength thick plate with slow quench
sensitivity [17,18]. The superiority may be ascribed to
the relatively high zinc coupled with low content of
copper and magnesium in comparison with the other
Al-Zn—Mg—Cu alloys [6,13,15]. Although some works
have been done for AA7085 [19-21], especially the
strength and electrochemical properties of AA7085
under different heat treatments, there is little information
available in the references about the relationship among
SCC, fracture toughness and strength of AA7085. The
purpose of this work is to investigate the effect of heat
treatment on SCC, fracture toughness and strength of
AAT085.

2 Experimental

The present study was carried out on thick hot
forged AA7085 plate with chemical composition of
Al-7.5Zn—1.6Mg—1.5Cu—0.12Zr-0.06Fe—0.02Si (mass
fraction, %). Heat treatment procedures are listed in
Table 1.

The SCC susceptibility was evaluated using the
slow strain rate test (SSRT) and tested at a strain rate of
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Table 1 Heat treatment procedures used for 7085 aluminum

alloy
Temper Heat treatment
T6 120°C, 24 h
T74 (110 °C, 6 h) + (160 °C, 10 h)

RRA (120 °C, 24 h)+ (180 °C, 0.5 h) + (120 °C, 24 h)
(120 °C, 24 h) + (180 °C, 0.5 h) +

DRRA
(120 °C, 12 h) + (180 °C, 0.5 h) + (120 °C, 24 h)

3.3x107"s ™" in air and in 3% NaCl (mass fraction)+0.5%
H,0, (volume fraction) aqueous solution, respectively.
Rectangular tensile specimens with a gauge length of 30
mm and a width of 6 mm were used. The susceptibility
to SCC was calculated by the ratio of loss of elongation
(LE). The expression was defined as follows: lgspr=
lcon/lair, Where lcq, is the elongation in air, l; is the
elongation in corrosion solution. Fracture toughness tests
were carried out in longitudinal-transverse according to
Kahn method. The test was done by pulling a notched
thin specimen (2.54 mm in thickness) at constant speed,
with no prior fatigue crack initiation, but a tip radius
lower than 0.025 mm. The notch resistance was
characterized by the unit initiation energy (UIE).
Mechanical properties test was performed on smooth
plate specimens by an Instron 3369 testing machine at
room temperature with tensile speed of 2 mm/min. The
gauge length and width of the specimen were 25 mm and
6 mm, respectively.

Microstructures were studied by TEM (JEOL-
2100F) operated at 200 kV. Thin foils for TEM were
prepared by mechanical polishing to 100 pm and final
twin-jet electro polishing in the solution of 25%
HNO;+75% CH;0H (volume fraction) at —25 °C.

3 Results

3.1 Effects of heat treatment on SCC

Figure 1 shows the results of slow strain rate testing
in atmosphere and in 3% NaCl + 0.5% H,0, under
different heat treatments. It is found that both tensile
strength and elongation of the samples in the 3% NaCl +
0.5% H,0, solution are lower than those in atmosphere,
indicating the alloy has the SCC susceptibility.

In order to understand the relationship between heat
treatment and SCC better, Issrr is an efficient method to
evaluate the SCC resistance of aluminum alloy [22]. The
higher the lgsrr is, the better the SCC resistance is.
Figure 2 shows the Igsrr under different heat treatments.
It shows that the Igsrr increases in the order:
T6<RRA<DRRA~T74. In other words, T6 temper shows
the highest SCC susceptibility. The SCC resistance of
DRRA temper is higher than that of T6 and RRA, while
it is similar to that of T74.
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Fig. 1 SSRT curves of AA7085 under different heat treatment:
(a) In air; (b) In 3% NaCl + 0.5% H,0,
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Fig. 2 Issgr of AA7085 under different heat treatments

3.2 Effects of heat treatment on fracture toughness

Figure 3 shows the fracture toughness of AA7085
under different heat treatments. For T6 temper samples,
the unit initiation energy (UIE) is 148 N/mm. Compared
with the T6 temper, the fracture toughness of RRA and
T74 temper are increased by 14.2% and 22.9%,
respectively. The fracture toughness of DRRA temper
specimen is higher than that of T6 and RRA specimen,
which is increased by 24.3% and 8.9%, respectively.
Meanwhile, the fracture toughness of DRRA specimen is
similar to that of T74 specimen.
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Fig. 3 Fracture toughness of AA7085 under different heat
treatments

The fracture morphologies of AA7085 under
different heat treatments are shown in Fig. 4. The
fracture surfaces are characterized by large dimples, and
the fracture mode is combined with transgranular and
intergranular failure for T6 temper specimen (Fig. 4(a)).
The fracture surfaces of the T74 temper samples are
different from those of T6 temper samples. The size
of dimples and the amount of intergranular failure

obviously decrease. The fracture mode is high energy
transgranular failure with small dimples (Fig. 4(b)).
However, for the RRA temper samples, they also exhibit
some amount of intergranular fracture, and the fracture
mode is predominantly transgranular with occasional
intergranular failure along grain boundaries (Fig. 4(d)).
The fracture morphology of the DRRA temper is similar
to that of the RRA temper (Fig. 4(d)).

3.3 Effects of heat treatment on strength

Figure 5 shows the mechanical properties of
AA7085 under different heat treatments. For the T6
temper, the ultimate tensile strength (UTS) and yield
strength (YS) are 582 MPa and 530 MPa, respectively.
Compared with the T6 temper, the UTS and YS of the
T74 temper specimen are decreased by 9.6% and 13.6%,
respectively. The UTS and YS of the RRA temper
specimen are 578 MPa and 528 MPa, respectively, which
are slightly lower than those of T6 temper specimen, but
significantly higher than those of T74 temper specimen.
The UTS and YS of DRRA temper specimen are similar
to those of the RRA temper specimen, but higher than
those of the T74 temper specimen, which are increased
by 9.3% and 14.6%, respectively.
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Fig. 4 Fracture morphologies of AA7085 under different heat treatments: (a) T6; (b) T74; (c) RRA; (d) DRRA
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800 4 Discussion
Tb 115
=g, . . . . .
6001 — =P The major microstructural evolution during aging
- 7 B heat treatment of Al-Zn—Mg—Cu alloy is associated with
% 55 — ] 110 %c' the size, distribution and the content of matrix
£ 400t 2; 2 precipitates and grain boundary precipitates (GBPs).
o]
§ /> E" Figure 6 shows the TEM images of the alloy under
2] j) 15 ﬁ different heat treatments. At T6 temper, high density
200F ?; precipitates are distributed homogeneously within matrix,
7% and GBPs are small and continuously distributed (Figs.
0 7 0 6(a) and (b)). Compared to T6 temper, the size of
T6 T74 RRA  DRRA precipitates within the matrix increases remarkably (size
Fig. 5 Tensile properties of AA7085 under different heat of 16—27 nm), GPBs are coarser and more sparsely
treatments [21] distributed in the T74 temper sample (size of 40—65 nm,
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Fig. 6 TEM images of AA7085 under different heat treatments: (a, b) T6; (c, d) T74; (e, f) RRA; (g, h) DRRA [19]
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interparticle spacing of 30—70 nm) (Figs. 6(c) and (d)).
At the RRA temper, fine precipitates are distributed
homogeneously within matrix (size of 5-9 nm) and
relatively coarser precipitates distributed discontinuously
on grain boundaries (size of 20—30 nm, interparticle
spacing of 20—45 nm) (Figs. 6(e) and (f)). Precipitates
within the matrix are similar to RRA temper (size of
6—10 nm) while GBPs become more discrete and coarser
(size of 30—40 nm, interparticle spacing of 25—50 nm) in
the DRRA temper sample (Figs. 6(g) and (h)).

Most recent evidences indicated that the GBPs
characteristics play an important role on the SCC
resistance, such as the size, interspaces and copper
content of GBPs. The copper content of GPBs is difficult
to precise determine since the size of GPBs is several
nanometers. Therefore, the copper content of GPBs was
deduced form Ref. [23]. It was reported that the content
of Cu in GBPs was related to aging temperature [23].
The higher the aging temperature is, the higher the
copper content of GBPs is. For T6 temper samples, the
highest SCC susceptibility is attributed to lower copper
and continuous distribution of GBPs. The former leads to
corrosion crack initiation as it provides large differences
of potential between matrix and GBPs, while the latter
promotes stress corrosion crack propagation. The
improved SCC resistances of RRA, DRRA and T74
temper samples compared with those of the T6 temper
can be attributed to not only the increase in size and the
interspaces of GBPs, but also the increase in copper
content of GBPs. The two factors decrease the difference
of potential between the matrix and GBPs, and increase
the SCC resistance.

The fracture toughness mechanisms during aging
heat treatment are mainly associated with the strength
difference between the matrix and grain boundary [2,26].
The mainly microstructure characters on the strength
difference between the matrix and grain boundary are
related to the size and amount of matrix precipitates and
grain boundary precipitates, and the width of precipitate
free zone [24—27]. For T6 temper sample, it shows the
lowest fracture toughness, and fracture mode combined
with transgranular and intergranular failure. It is
attributed to small homogeneously precipitate within
matrix, which produces a larger difference in the yield
strength between matrix and grain boundary (Figs. 6(a)
and (b)). The fracture toughness of T74 temper is higher
than that of T6 temper, and the transgranular fracture is
the main fracture mode. It can be explained that the
matrix strength decreases because the size of matrix
precipitates increases and the amounts of precipitates
decreases (Figs. 6(c) and (d)). Therefore, the yield
strength difference between the grain interior and grain
boundary is reduced. However, the sample of RRA
temper exhibits higher fracture toughness than that of the

T6 temper, which is ascribed to grain boundary
precipitates  discontinuity and decreased  stress
concentration on grain boundary (Figs. 6(e) and (f)). The
high fracture toughness of the DRRA temper is attributed
to the coarsened precipitates in matrix which decreases
the difference between the matrix and grain boundary
compared with RRA temper samples (Figs. 6(g) and (h)).

5 Conclusions

1) Compared with T6 temper, the fracture toughness
of T74 temper is increased by 22.9% at the expense of
13.6% strength while RRA increases fracture toughness
without sacrificing the strength.

2) DRRA keeps the strength similar to RRA temper,
and the fracture toughness is equivalent to T74 temper.

3) The SCC resistance increases in the order:
T6<RRA<DRRA=T74
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