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Effect of severe plastic deformation by equal channel angular pressing on
fracture toughness of Al-7075 alloy
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the current research, the effect of severe plastic deformation on microstructure and mechanical
Received 21 September 2017 properties of Al-7075 alloy focusing on toughness was investigated. For this purpose, the Al-7075 alloy
Accepted 05 November 2017 was subjected to ECAP process up to 4 passes by route Bc at room temperature. Microstructure and

Available Online 01 December 2017 \ 4 ! .
variable Dniine B December fracture surface of the specimens were analyzed by optical and electron microscopy and mechanical

properties were studied by hardness, tensile and impact tests. Dynamic and static toughness of the alloy

Keywords: . . N
ECAP process were measured from the area under the stress-strain curve and impact test, respectively. The
Al-7075 Alloy experimental data revealed that after 4 passes of ECAP, the grain size decreased from 40 um to about
Dynamic toughness 600 nm, and the hardness and strength of the specimen increased about 2 times in comparison with
FS:tatltc 10“92”353 initial material. Static and dynamic toughness decreased about 62% and 30% after the first pass of
ractography ECAP, respectively. While, by increasing the pass number, the static toughness increased and dynamic
toughness remained approximately constant. The fracture surface of specimens revealed that the
fracture of all specimens was ductile. ECAP process caused a considerable increase in strength of Al-
7075 (more than 100 percent), whereas, the toughness declined slightly during ECAP process (about 30
and 5 percent in dynamic and static toughness, respectively). So, it can be concluded that one the most
advantages of ECAP process in comparison with common forming process is the notable improvement
of strength without considerable sacrifice of toughness.
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(a)

Fig. 2 Al-7075 samples, a- ECAPed without copper tube and b- 1, 2
and 3 passes ECAPed with copper tube

500 ECAP (a8l & jgo g (one BDE (4903 — ] 7075 cpgairngl] aigas 2 JSio
00 ECAP JolS™ jsbo a5 (i 3 52l e M -

Table 2 Chemical composition of copper tube used in current research
(in weight %).
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Fig. 3 Schematic of specimens prepared for tensile test according to
ASTM-ES8 [21]
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Table 1 chemical composition of Al-7075 alloy used in current research (in
weight %).
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Fig. 4 Schematic of specimens prepared for impact test according to
ASTM-E23 [22]
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Fig. 6 TEM images with corresponding SAED patterns of, a- and d- initial material, b- and e- 2 passes ECAPed specimen, c- and f- 4 passes ECAPed

specimen
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Fig. 7 Stress-strain curves of annealed specimens before and after
ECAP process
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Fig. 9 Effect of ECAP passes number on impact energy of Al-7075
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Fig. 8 Effect of ECAP passes number on static fracture toughness of
Al-7075.
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Fig. 12 Fracture surface of impact specimens in macroscopic scale, (a)
Initial material, (b) 1 pass ECAPed specimen and (c) 4 passes ECAPed
specimen
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Fig. 14 SEM images of fracture surface of impact specimens, a- 1 pass
ECAPed specimen and b- 4 passes ECAPed specimen
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