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Abstract: Dislocation, stacking faults (SFs) and deformation twins (DTs) in nanostructured Al-Mg alloys processed by
high pressure torsion were identified using high-resolution transmission electron microscopy (HRTEM). The results show
that SFs and DTs with high density exist within both nanocrystalline and ultrafine grains. SFs formed by Shockley
partials can be dissociated from both 0° screw and 60° mixed dislocations. The homogeneous and heterogeneous
twinning mechanisms previously predicted by molecular dynamics simulations were directly verified by HRTEM. A
special four-layer twin formed by the dynamic overlapping of four SFs is experimentally observed. In addition, HRTEM
observations suggest that stair-rod dislocations and Lomer-Cottrell locks form by the reactions of trailing partials of SFs
meted on different slip planes. Based on the classical dislocation theory and the partial emission from grain boundaries, a
new model to describe the nucleation and growth of SFs and DTs in ultrafine-grained FCC metals and alloys was
proposed.
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Fig. 1 Schematic diagram of device used for HPT
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Table 1 Microstructural parameters of HPT Al-Mg alloys determined by TEM dark field images and quantitative XRD method!”?

Alloy drpy/nm alA Dxgp/nm (% plm2
Al-0.5Mg 265 4.0515 + 0.0001 86+3 0.026 + 0.007 0.37Xx10"
Al-1.0Mg 200 4.0536 + 0.0001 75+ 4 0.048 £ 0.011 0.77X 10"
Al-2.5Mg 86 4.0614 + 0.0001 60+ 4 0.120 £ 0.010 2.41x10"

AA5182 71 4.0683 + 0.0001 46+3 0.190 £ 0.010 4.97Xx10"
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E 2 HPT Al-1.0Mg &4 fi(27 30 nm)H
JAHERIGK AR F ) TEM FI(110) HRTEM 5
Fig. 2 TEM and (110) HRTEM image of
high density of SFs and nano-twins within 30
nm subgrain in HPT Al-1.0Mg alloy: (a) TEM
image; (b) HRTEM image and fast Fourier
transform (FFT) pattern from white frame in
(a); (c) Inverse fast Fourier transform (IFFT)
image from white frame in (b)

Bl 3 HPT Al-0.5Mg & 48405 ki 2
HEFNGAK 2R 5 (¥ TEM F[110] HRTEM {4
Fig. 3 TEM and [110] HRTEM images of
high density of SFs (arrows) and nano-twins
within 300 nm grain in HPT Al-0.5Mg alloy:
(a) TEM image with lower magnification; (b)

TEM image with higher magnification taken
from position of white arrow in (a); (c)
HRTEM image
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Fig. 4 Thompson tetrahedron projected along Ds
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3 nm.

B5 HPT AA5182 Hh# i 60°%i RLALEE 23 il 30°F1 90°
AL ER TR UZ R [1 10] HRTEM 14

Fig. 5 [110] HRTEM image of end-on 60° dislocation
dissociated into 30° and 90° partials, connected by stacking

fault in HPT AA5182 alloy
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E 6 HPT Al-2.5Mg 454 o AR A7 45 70 % A 30°
WAL ER TR UZ A5 [110] HRTEM 4

Fig. 6 [110] HRTEM image of end-on screw dislocation
dissociated into two 30° partials, connected by stacking fault in

HPT Al-2.5Mg alloy
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TERG. ASMERLME, %28 G BT A 5 2 (A 4
(7 W At B S A 1) 2= RNy S oI S B N 1]
AR AT (AR, LIAO 5P 7E i
FEREEAL AL TP T HRTEM W52 2155 J2 248 28 i 76 ik
MK ZE L . B 8 FIT7R N IX Fh 2R A WL e A2 7
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WY 10y b B, L HE SR F O E R 1
ABCABCABC. & 8(b)Jt7n A kL P 3 1) 457 5 7 i
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;) ABCBCABC. K 8(c)fimAHEE Kl 8(b)Fik e,
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E7 HPTAL-25Mgii&4ax B 4 )2 2858 i TE 2R a1
[110] HRTEM

Fig. 7 [110] HRTEM image of four-layer twin formed by
dynamic overlapping of four SF ribbons in HPT Al-2.5Mg
alloy
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AR OO NDAO R O WO AW

A AR E O

B8 FCC Jm b 2 A sh A& BN iE B s = 18
Fig. 8 Schematic illustration of twin formed by dynamic
overlapping of stacking faults in FCC metals: (a) (110)
projection of perfect FCC lattice showing ABCABCABC
stacking sequence; (b) Stacking fault formed by Shockley
partials dissociated from one full dislocation showing
ABCBCABC stacking sequence; (¢) A twin formed by dynamic
overlapping of four stacking faults by repeating process in (b),
showing ABCBABABC stacking sequence
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e
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Fig. 9 HRTEM [110] images of stair-rod dislocation and

L™

locks in HPT Al-0.5Mg alloy: (a) HRTEM image; (b) Inverse

fast Fourier transform image from (a)
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