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Experimental observations on dislocation-stacking fault (SF) interactions in nanostructured (NS) Al and Al alloys
have received very limited attention albeit some available theoretical studies using molecular dynamic simu-
lations in the published scientific literature; consequently, the effect of the SFs on strength and ductility remains
poorly understood. In an effort to address this question, the present study reports a type of configurations
comprising one or several full dislocation(s) and a SF in a NS Al alloy processed by high-pressure torsion. The
configurations were identified and studied using high resolution transmission electron microscopy. The calcu-

lations reveal that the two partial dislocations enclosing the SF generate high magnitudes of components of stress
in the position of the full dislocation(s), indicative of strong full dislocation-SF interactions. This finding suggests
the potential of the SFs to enhance both strength and ductility of NS Al and Al alloys by impeding dislocation slip

and entrapping dislocations.

1. Introduction

Over the past two decades, the microstructural features in the na-
nostructured (NS) and ultra-fine grained face-centered cubic (FCC)
metals and alloys with medium to high stacking fault energy, especially
twins and stacking faults (SFs) that can be rarely observed in their
coarse-grained (CG) counterparts, have been widely studied [1-6].
These studies have been primarily motivated not only by the presence
of the two microstructural features as the indications of unique de-
formation mechanisms [1-6] but also by their effects on mechanical
properties including strength and ductility [2,7-9]. It has been well
documented that the presence of twins can simultaneously improve
strength and ductility of NS metals and alloys, which originates from
the dislocation interactions with and accumulations at, twin boundaries
[5,6,10]. In order to provide insight into the underlying mechanisms,
the dislocation-twin interactions have been extensively studies experi-
mentally [5,10-12] and theoretically [6,13]. However, inspection of
the published scientific literature shows that, to date, the studies on
dislocation-SF interactions have received very limited attention. In a
related study [14,15], Yamakov et al. investigated the interaction be-
tween a dislocation and an extrinsic SF in NS Al using molecular dy-
namics (MD) simulations, revealing that the dislocation can pass
through the extrinsic SF. In another related study by Wei et al., the MD
simulations of the interactions between a screw dislocation and SFs in

NS FCC metals show that the screw dislocation can either annihilate the
intrinsic and extrinsic SFs or pass through them, depending on the
stacking fault energy and stress level. In view of the above discussion,
there is lack of experimental studies on dislocation-SF interactions. In
an effort to solve this problem, a NS FCC Al alloy processed by high-
pressure torsion (HPT) was investigated using transmission electron
microscopy (TEM) and high resolution TEM (HRTEM) in the present
study. A type of configurations comprising one or several full disloca-
tion(s) and a SF were observed. By calculating the stress field(s) in the
position of the full dislocation(s) that are generated by the two partial
dislocations in the SF, the dislocation-SF interactions were analyzed
and discussed.

2. Materials and methods

A widely used commercial 7075 Al alloy with the composition of Al-
2.47n-2.9Mg-0.67Cu-0.14Cr (at%) was implemented in the present
study. The alloy was first solution treated at 480 °C for 5h, and then
quenched to room temperature in water. A disk with a thickness of
0.8 mm and a diameter of 10 mm was subjected to HPT for 10 revolu-
tions under an applied pressure of 6 GPa with a rotation rate of 0.2
revolution per minute. Microstructure in the as-HPT alloy was char-
acterized via TEM and HRTEM (model: Fei-ETEM) operated at 200 kV.
The TEM/HRTEM specimens were prepared by mechanical grinding to
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Fig. 1. (a) The typical TEM BF micrograph of the HPT Al alloy, showing mi-
crostructure with grain sizes ranging from 20 to 180 nm, and (b) the HRTEM
micrograph of a nano-sized grain, showing the presence of SFs marked using
ellipses.

20-30 um in thickness followed by twin-jet polishing to electron
transparency using a solution of 5vol% perchloric acid and 95 vol%
ethanol at —20 °C.

3. Results

Fig. 1 demonstrates the typical planar-view TEM bright field (BF)
micrograph of the NS Al alloy processed by HPT. Fig. 1a shows grain
sizes ranging from ~ 20 to ~ 180 nm, with the average grain size being
~ 80 nm. The HRTEM micrograph of a nano-sized grain is displayed in
Fig. 1b, showing a high density of intragranular SFs as marked using the
white ellipses. Based on analysis of a series of HRTEM micrographs, the
widths of SFs fall in the range from 1.2 to 6 nm with an average width
of 2.7 nm, and the density of SFs is estimated to be ~ 2.4 x 10'®* m ™2,

Careful inspection of Fig. 1b reveals the presence of full dislocations
very close to some of the SFs. In a HRTEM micrograph obtained on the
[110] axis as shown in Fig. 2a, a full dislocation F, marked using “T”
can be observed, which is positioned very closely to a 2.9 nm wide SF
enclosed by two partial dislocations P,; and P,, marked with “T”. The
distances between dislocations F, and P,;, and between dislocations F,
and P,, are 0.51 nm and 3.25 nm, respectively. In order to discern the
atomic images more clearly, the inverse fast Fourier transformation
(IFFT) micrograph of Fig. 2a is also provided in Fig. 2b. By drawing

Materials Science & Engineering A 734 (2018) 224-228

Fig. 2. The configuration comprising a full dislocation F, and a 2.9 nm wide SF
enclosed by two partial dislocations P»; and P,,: (a) HRTEM micrograph with
the SF and dislocations F,, P»; and P, marked using white “T”, and (b) the IFFT
micrograph of (a) with three Burgers circuits surrounding dislocations Fs, Po;
and P,,.

Burger circuits surrounding the three dislocations in Fig. 2b, the pro-
jection vectors of their Burgers vectors on plane (110) can be measured
as %[112] a, %[112] a and %[HZ] a, where a = 0.405 nm is the lattice
constant of Al, corresponding to dislocations F», P»; and P,,. Then, their
Burgers vectors can be determined to be %[101] a, %[121] a and %[211] a
by matching these measured projection vectors with the calculated ones
of the Burgers vectors of all of the possible full and partial dislocations
present in FCC Al that are shown in the well-established Thompson
tetrahedron [16]. Inspection of the published scientific literature re-
veals that a dislocation can be clearly observed using HRTEM only if its
dislocation line aligns very closely to the direction of the electron beam
[17-19]. Hence, it is considered appropriate to assume the directions of
the dislocation lines are along [110] for the three aforementioned
dislocations. The relevant parameters in the configuration comprising
the full dislocation and the SF are summarized in Table 1.

Fig. 3 shows another configuration that consists of two full dis-
locations F3; and F3, and a SF enclosed by two partial dislocations P3;
and P35, where these dislocations are marked using white “T”, and the
two full dislocations are positioned in the same side of the SF. In ad-
dition, a configuration containing three full dislocations F4;, F45 and F43
and a SF connecting two partial dislocations P3; and P3, are observed in
Fig. 4, where all dislocations are marked using white “T”. Full
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