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Abstract: Tensile properties, fracture characteristics and microstructures of 7055 aluminum-based alloy containing Ag
after T6, T73 and RRA treatment were investigated. The results show that RRA treatment retains strength of 7055 T6
with higher electrical conductivity close to that of 7055 T 73 alloy, but its elongation decreases greatly. SEM fractographs

reveal that intergranular cracking and sheartype transgranular cracking are both presented on the fracture appearance of

7055 T6 specimen. After T73 treatment, the fractographs mainly consist of dimple type transgranular cracking with mr

nor intergranular cracking. For 7055 RRA specimen, intergranular cracking dominates with minor dimples on the fracture

surface. The type and size of precipitates, width of grain boundary and the ability of precipitates to impede dislocation mo-

tion vary with heat treatment regimes. T hree frature models were built on the basis of microstructural analyses.
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1 INTRODUCTION

AFZirMg Cu aluminum-based alloys, which can
give the highest ageing strength among aluminum al-
loy series, have extensive applications in aerospace in-
dustry. But in T6 condition, the alloys is susceptible
to stress corrosion cracking ( SCC). Conventional
overageing treatment, for example, T73, can im-
prove stress corrosion resistance ( SCR), but with
10% ~ 20% loss of strength. Recently developed ret-
rogression and reageing( RRA) treatment can also en-
hance SCR without loss of strength, and receives ex-

[179]

tensive attention . However, RRA treatment of-

ten causes decrease in ductility, which is more serious
in the higher Zn content alloys' > .

In the present work the tensile fracture appear
ance of 7055A1 alloy containing minor Ag in T6,
T73, RRA tempers was investigated, and the corre-
sponding fracture models on the basis of the analyses

of TEM microstructures were established.
2 EXPERIMENTAL

The experimental materials were 7055A1 alloy
sheets cold rolled to 2 mm-thick, and the chemical
compositions was listed in Table 1. Specimens with a
gauge length of 90 mm and a gauge width of 18 mm

were machined from the sheets. Solution treatment

was carried out at 470 C for 1 h followed by water
quenching. Three heat treatment regimes were used:
1) T6, 120 C, 24 h; 2) RRA, T6+ 180 C, 45
min+ T6; and 3) T73, 108 C, 8 h+ 160 C, 18 h.
Electrical conductivity was tested using double bridge
method. After the measurement of the electrical con-
ductivity, tensile specimens with a gauge size of 34
mm( length) X 8 mm(width) were machined from
the electrical conductivity specimens and tested on
CSS machine. Tensile fractographs were observed on
KYKY-2800 scanning electron microscopy. TEM
films were prepared from the gauges and grips of the
tensile specimens respectively. Microstructures were

observed on H-800 transmission electron microscope.

Table 1 Chemical compositions of studied
7055A1 alloy( mass fraction, %)

Zn Mg Cu Zr Fe Si Ag Al

7.36 2.04 2.29 0.12 0.1 0.06 0.5 Bal

3 RESULTS

3.1 Mechanical properties and electrical conduc
tivity
Tensile properties and electrical conductivity of
7055A1 alloy under three ageing conditions are listed
in Table 2. The data in Table 2 suggested that en-
hanced strength and ductility in 7055 T6 alloy were
received, but with reduced electrical conductivity. In
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comparison with 7055 T6 alloy, strength of 7055
RRA alloy remains unchanged and electrical conduc
tivity increases. However, the ductility of 7055 RRA
alloy decreases markedly. Though the ductility and
electrical conductivity of the alloy increases compared
with 7055 T6 alloy, the strength of 7055 T 73 alloy
reduces greatly. The measurement of the electrical
conductivity is often used as a criterion of the resis-
tance of AFZn-Mg-Cu alloy to SCC in practical appli-
cations. Usually, 38% (TIACS) is accepted as the low-
er limit of AFZn-Mg-Cu alloys unsusceptible to
SCC!”'. From the data listed in Table 2, 7055RRA
and T73 alloy are not prone to SCC, but 7055 T6 al-
loy has higher susceptibility to SCC.

Table 2 Tensile properties and electrical
conductivity of 7055A1 alloys under

three ageing conditions

Heat T ensile Yield El " Electrical
; tea ; strength,  strength, 0%??71011’ conductivity/
reatment g /MPa 0, ,/ MPa ¢ % (IACS)
T6 635.1 612.4 8.7 32.4
RRA 635.6 623.7 5.4 38.1
T73 526. 4 498.6 11.2 42.1

3.2 SEM fractography

SEM fractographs of 7055T6, T73 and RRA
alloys are given in Fig. 1. Fig. 1(b), (d) and (f)
show high magnification observation of the square
parts in Fig. 1 (a), (c) and (e), respectively. Both
transgranular shearing ledges and secondary cracks
were distributed on the fracture surfaces of 7055-T6
alloy (Fig. 1(a) and ( b)). 7055 T73 alloy has typi-
cal dimple-type fracture characteristics and broken
second phase particles are found within the dimples.
Secondary cracks distributed along grain and sub-
grain boundaries reduce markedly ( Fig. 1 (¢) and
(d)), which suggestes that the ductility of 7055-T 73
alloy has been improved. The rock-type fractography
of 7055 RRA alloy with small dimples on the grain
boundaries reveals that the cracks propagate along
grain boundaries ( Fig. 1(e) and (f) ). The above anal-
yses of the fractography show that, under the three
conditions of 7055-T6, T73 and RRA, both trans
granular and intergranular fracture characteristics si-
multaneously appeare on the tensile fractography.
How ever, the proportion of transgranular cracking

Fig.1 TEM fractography in 7055T6, T73 and RRA.
(a) and (b) —T6; (c¢) and (d) —T73; (e) and (f) —RRA
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varies with heat treatment regimes and the corre
sponding elongation of the alloy alters, that is, O&r73
> Or6> Orra(Table 2).

3.3 TEM microstructures

TEM microstructures of 7055T6, RRA and
T73 alloy are shown in Fig. 2. Figs. 2(a), (c¢) and
(e) present microstructures in the grips of tensile
specimen, revealing non-deformed microstructures.
Figs. 2(b), (d) and (f)suggest deformed microstruc
tures within the gauge of the tensile specimen. The
precipitates in 7055-T 6 alloy are finely and uniformly
dispersed inside the grains. Grain boundary precipi
tates are coarse and continuously dispersed, and the
width of grain boundary is very narrow. After tensile

deformation, the parallel lath-type structures occurred
inside the grains, as shown in Fig. 2(b). After RRA
treatment, both matrix precipitates and grain bound-
ary precipitates further coarsened, suggesting that the
precipitates grew and corresponding grain boundary
widened( Fig. 2(c)). The parallel lath-type structures
still remain inside the matrix( Fig. 2(d)). After T73
treatment, the precipitates within the grains and at
grain boundaries grow and the width of grain bound-
ary further increases( Fig. 2(e)). Dislocations dis-
tribute homogeneously in the deformed matrix, and there
are no lath-type structures( Fig. 2(f)).

TEM microstructures exhibiting dislocation mo-
tion are shown in Fig. 3. From Fig. 3(a), regu
lar sliding bands with included angle of 60° shows

Bs o8
L3 ;ill_l ;mj

o

Fig.2 TEM characteristics of precipitates, dislocations and grain boundary after different treatments
(a) and (b) —T6; (c) and (d) —RRA; (e) and (f) —T73

Fig. 3 Disloction motion
(a) —T6; (b) —T73
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that disloctoins slide repeatedly along a lattice direc
tion on a lattice plane. As for FCC AFZrMg-Cu al-
loys, sliding planes and sliding directions are close
packed { 111} and (110) respectively. The main
strengthening phases, GP zones, T (MgZn,) and 1
(MgZny) of AFZirMg-Cu alloys are also precipitated
on {111} planes. Therefore, the precipitates in the
grains are sheared by sliding dislocations. No regular
sliding bands are seen in 7055-T73 alloy and disloca
tions pass through the matrix by Orowan mechanims,
which suggests homogeneous deformation in 7055
T73 alloy, as shown by arrow in Fig. 3(b).

4 DISCUSSION

4.1 Microstructures

It is known that, the matrix precipitates of Ak
ZirMgCuT6 alloy mainly consist of coherent GP
zones riched in Zn and M g elements and small amount
of semrcoherent [ (MgZn,) phases. Coarse and nom
coherent T M gZny) phases distribute continuously on

1191 " Grain boundary is very narrow

grain boundaries
(Fig. 2(a)). Overageing treatment. such as T73.
promotes the precipitation of coarse and non-coherent
N phases inside the matrix!'” . The strength of 7055
T73 alloy decreases due to the increase of the spacing
between Tl particles and the growth of their sizes.
The width of grain boundary increases and at grain
boundary Tl phases become coarser and discontinuous
( Fig.2(e)), which causes 7055 T 73 alloy unsuscep~
tible to SCC.

As for 7055 RRA alloy, the solvus of GP zones
shifts from 130~ 140 C to almost 200 C as a result
of the minor addition of Ag''"!, therefore, a majority
of GP zones do not reverse, but transform into u
phases during 180 C retrogression. Small part of GP
zones w hose sizes were smaller than the critical value
can reverse and appear in the form of solute atoms.
The T precipitates do not reverse during the first T6
treatment, because the solvus of T is beyond 250 C.
Therefore, a part of 1 phases remain and another
part of T[ phases maybe transform into T phase. In
the course of reageing, the solute atoms which form
during retrogression precipitate again in the form of
GP zone and T phase. The majority of T phases af-
ter retrogression remain and the remainder transforms
into Tl phases. As a result, the major strengthening
phase in RRA alloy consists mainly of I phases, par
tial GP zones and Tl phases (Fig. 2(c)).
hand,
strength of the alloy; On the other hand, the volume

On one
the precipitation of Il phases lowers the

fraction of T phases increases and the strengthening
potential of T[ phases is greater than that of GP zones
and Tl phases, so it can compensate the strength loss
as a result of the precipitation of T phases''> .

Therefore, RRA treatment can receive the strength

similar to that of 7055 T6 alloy. Tl phases at grain
boundary do not reverse during retrogression, on the
contrary, the width of grain boundary and the spac-
ing among Tl phases at grain boundaries increases,
leading to SCR of 7055-RRA alloy close to that of
T73 treatment.

4.2 Fracture modelling

As mentioned above, the types and sizes of
strengthening precipitates and width of grain bound-
ary vary with heat treat regimes and correspondingly
the properties of the alloys change. After T6 treat-
ment, matrix precipitates mainly consist of GP zones
and partial T phases. The two precipitates are coher-
ent with the matrix to some degree and can be
sheared off by dislocations during tensile deforma-
tion' ™. When dislocations move along a lattice direc-
tion on a lattice plane, the precipitates are sheared off
and the volume of the precipitates decreases, as
shown in Fig. 3(a). Therefore, the resistance to dis-
location motion reduces, which leads to repeated mo-
tion of dislocation on the lattice plane. As a result,
the localized deformation bands occur, as shown in
Figs. 2(b) and (d). This is in agreement with the re-
sults in Ref. [ 15]. The localized deformation bands
intersect with grain boundaries and form grain bound-
ary steps. Because of very narrow grain boundary,
the strength difference between the matrix and grain
boundary is negligible. The repeated motion of dislo-
cations form pilesup near grain boundaries. Stress
concentration formed by dislocation pilessup can pro-
duce cracks initiation along grain boundaries and steps
simultaneously, avoiding the simple cracking along
grain boundaries. Therefore, the ductility of 7055 T6
increases. Cracking along steps on grain boundaries
causes shear-type transgranular fracture, as shown in
Figs. 1(a) and (b).

After T73 treatment, the coarsening of Tl phases
at grain boundaries and the widening of grain bound-
ary decrease the strength near grain boundary. How-
ever, the precipitation of coarse Il phases inside the
matrix also lowers matrix strength. Strength differ-
ence between matrix and grain boundary is also small,
leading to relatively homogeneous deformaion within
the matrix and grain boundary. Furthermore, when
sliding dislocations encounter nomncoherent Il phases
within the matrix, dislocations can not shear Tl phas-
es, but piled up before I phases. When stress con-
centration exceeds the resistance of Il phases, piled-up
dislocations can continue to move( Fig. 3(b)). The
dislocation sliding modes can lower the extent of
stress concentration near grain boundaries and en-
hance stress within grains. The stress causes crack
initiation at the interface between coarse secondary
phases and the matrix, so the dimple-type transgran-
ular cracking occurs and the elongation of 7055T73
alloy is enhanced.
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The strengthening precipitates mainly consist of
1{ phases, partial GP zones and T phase after RRA
treatment. Due to the presence of shearable GP zones
and T phases, repeated sliding of dislocations still
produce pilessup at the grain boundaries, and cause
stress concentration near grain boundaries. M ean-
while, after RRA treatment matrix strength main-
tains and grain boundary strength decreases. Strength
difference between matrix and grain boundary be
comes larger, which causes the localized deformation
near grain boundaries under the combined roles of ap-
plied stress and stress concentration produced by dis-
location pilessup. Correspondingly, the elongation of
7055RRA reduces. When deformation is localized
near grain boundaries, microcracks initiate at the in-
terface between grains and coarse Tl phases at grain
boundary, producing grain boundary dimples, as
shown in Figs. 1(e) and (f).

On the basis of the above analyses, three fracture
models can be established, as shown in Fig. 4.

Shearable
precipitate

(@)

Nonshearable
precipitate

(b)

Shearable
precipitate

©

Fig. 4 Schematic illustration of deformation
and fracture model of 7075A1 alloy under

different treatments
(a) —T6; (b) —T73; (¢) —RRA
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