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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
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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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Fig. 1 Image of ECAP dies used in current research
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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
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Table 2 Chemical composition of copper tube used in current research
(in weight %).

(S35 2o y0) pol> iy 8 ooliinl 3,50 (cume Ayl olonds oS 5 2 Jeuar

Ag P Cu
0.024 0.14 Base

il
9 mm = |
B 4—45:11111—"' ZJR 8 mm

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. 11 Schematic fracture surface of impact sample in macroscopic scale
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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
4 dgei o g b 1 dges —all 15 digad CunSl s I SEM 905 14 SO

ok

JE> ali>dle LB bl g ails g5loay s 4 7075 LT alsoil -2
el & 555 11y 5yefair Gial3S ECAP axl)s Jobo 5o loiolalh
4 ol maS plSouul § peles pSoul ECAP ol 4 5l asy 0,108 s
b oo Hial33l 0,0 100 5300 sgax o

S yiz jlas g0 @ ECAP Wb 15l asy andsSTls als JJo 4 -3
S anbee Rl Slus Koz 5 Sl (Sejir om
obss o9 Sl 1 (Gl suig) b slaw Gl b Sl (S i
etz Gl alage (B ool Tyl Salns (Seiz Jy wwwo e
Soyiz az ST sl Silial Soyin iyldl Wiy, shol ele plSoul
LT Ll sl oo 2015 30% ECAP 5l oy 4, (55,0 ol b Soaliys
45 3lo (i ladiged ConSCh mhan (995w S 9 (559 Sl oy p -4
i dilaie Jold osSugSle ubie 53 boaiges 4ok CenSd gl
ol twls Jeos ol (989 S (wlilie 0 5 (chp ad L ol e
£ 5l 0ol ECAP sladiges g adsl aige ;o cuuSl 0,5 lgie lov o0
ol p Sl

BB e @ 7075 5ULT alSoxiwl ECAP anld Wb 4 bl 51 o -5
GRS oS fsn @ osle (Kaiz o I 5 b R s
Sxoydz 30 Glidl 5% g Salys (Kejie jo molS 30% sgax) Wb oo
ECAP anl 3 Lol slaca e 51 (S0 0,5 olsie olg oo ol plis (Sl
ol g il St Gl (B JSE latyy ple 4 Cos
el Ky s alamdle L5

&‘;.o -5

[1] R. Z. Valiev, R. K. Islamgaliev, I. V. Alexandrov, Bulk nanostructured
materials from severe plastic deformation, Progress in Materials Science,
Vol. 45, No. 2, pp. 103-189, 2002.

[2] M. Eftekhari, G. Faraji, O. Shapoorgan, M. Baniassadi, Experimental
investigation of the effect of temperature in extrusion process of ECAPed
nanostructured Titanium, Modares Mechanical Engineering, Vol. 17, No. 4,
pp. 52-60, 2017. (in Persian _..,5)

[3] R. Z. Valiev, T. G. Langdon, Principles of equal-channel angular pressing as a
processing tool for grain refinement, Progress in Materials Science, Vol. 51,
No. 7, pp. 881-981, 2006

[4] V. M. Segal, Materials processing by simple shear, Materials Science and
Engineering A, Vol. 197, No. 2, pp. 157-164, 1995.

[5] R. Naseri, M. Kadkhodayan, M. Shariati, The investigation of spring-back of

19

SEMMAG: 200k Dot SE

SEM HV:15.00 kv WD: 11.67 mm
Date(midly) 01/11/16  Vac: HVac

SEM MAG: 200kx  Det SE By EARTESCAN
SEM HV: 15.00 k¥ WD: 11.84 mm 20pm 4
Date(midy): 01/11/16  Vac: HVac RMRC"
Fig. 13 SEM images of impact fracture surface of initial specimens, (a)

Fibrous region and (b) shear lip region.
—o s sl Caond — Gl gl 40 diges CnS prlan 51 SEM s 13 S

el bcwens

el 25 gt A gl b5l Jel>
ails o3lasl s oo (ylis ool ECAP 5T sladiges Jlslug, (ow)yyp -1
e 1S agls 600 S| fiaS & fiag Sen 40 51 ol 451 oy Lnigas
o g3 S5 e a4 45l SzsS sloje ECAP Ll 4 5l aay
& o sliwly o ead saiS Gl Jslegn; g JolS gilealeg,

Dedige Jood (Ken g jeomens (5 Lsla,

Det SE VEGAW TESCAN
SEM HV: 15.00 kv WD: 1261 mm 20pm 7
Date(mvdiy): 01111116 Vac: HiVac RMRC"

12 o jlass 17 055 1396 sisusl ( yo) 0 SilSe o didco


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.35.7
https://mme.modares.ac.ir/article-15-3862-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-18 ]

[ DOR: 20.1001.1.10275940.1396.17.12.35.7 ]

Ve 9 (SilEgs AW Juxo

7075 pgaiseglT SWT Ko sd> p2 (ECAP) plusod s1343905 SLOJLLS )3 (g3 35T d g dy 3uld Saianlly JSabs s 3l w00 1

AAB082 produced by equal-channel angular pressing, Materials Science,
Vol. 43, No. 22, pp. 7409-7417, 2008.

[18] M. H. Shaeri, M. T. Salehi, S. H. Seyyedein, M. R. Abutalebi, J. K. Park,
Characterization of microstructure and deformation texture during equal
channel Angular pressing of Al-Zn-Mg-Cu alloy, Alloys and Compounds,
Vol. 576, No. 1, pp. 350-357, 2013.

[19] M. H. Shaeri, M. T. Salehi, S. H. Seyyedein, M. R. Abutalebi, J. K. Park,
Microstructure and mechanical properties of Al-7075 alloy processed by
equal channel angular pressing combined with aging treatment, Materials &
Design, Vol. 57, No. 1, pp. 250-257, 2014.

[20] M. H. Shaeri, F. Djavanroodi, M. Sedighi, S. Ahmadi, M. T. Salehi, S. H.
Seyyedein, Effect of copper tube casing on strain distribution and
mechanical properties of Al-7075 alloy processed by equal channel angular
pressing, Strain Analysis for Engineering Design, Vol. 48, No. 8, pp. 512-
521, 2013.

[21] ASTM EB8, Standard test methods for tension testing of metallic materials,
american society for testing and materials, ASTM standards, West
Conshohocken, 2013.

[22] ASTM E23, Standard test methods for notched bar impact testing of metallic
materials, american society for testing and materials, ASTM standards, West
Conshohocken, 2007.

[23] P. Mélek, M. Cieslar, R. K. Islamgaliev, The influence of ECAP temperature
on the stability of Al-Zn-Mg-Cu alloy, Alloys and Compounds, Vol. 378, No.
1, pp. 237-241, 2004.

[24] P. W. J. Mckenzie, R. Lapovok, Y. Estrin, The influence of back pressure on
ECAP processed AA 6016: Modeling and experiment, Acta Materialia, \VVol.
55, No. 9, pp. 2985-2993, 2007.

[25] A. Shan, I. G. Moon, H. S. Ko, J. W. Park, Direct observation of shear
deformation during equal channel angular pressing of pure aluminum,
Scripta Materialia, VVol. 41, No. 4, pp. 353-357, 1999.

[26] Y. G. Kim, Y. G. Ko, D. H. Shin, S. Lee, Effect of equal-channel angular
pressing routes on high-strain-rate deformation behavior of ultra-fine-grained
aluminum alloy, Acta Materialia, Vol. 58, No. 7, pp. 2545-2554, 2010

[27] M. H. Shaeri, M. Shaeri, M. T. Salehi, S. H. Seyyedein F. Djavanroodi, M. R.

Abutalebi, Effect of ECAP temperature on microstructure and mechanical
properties of Al-Zn-Mg-Cu alloy, Progress in Natural Science: Materials
International, Vol. 25, No. 2, pp. 159-168, 2015.

[28] M. V. Markushev, C. C. Bampton, M. Murashkin, D. A. Hardwick, Structure
and properties of ultra-fine grained aluminium alloys produced by sever

plastic deformation, Materials Science and Engineering A, Vol. 234-236, No.

1, pp. 927-931, 1997.

[29] A. Vinogradov, A. Washikita, K. Kitagawa, V. |. Kopylov, Fatigue life of
fine-grain Al-Mg-Sc alloy produced by equal-ehannel angular pressing,
Materials Science and Engineering A, Vol. 349, No. 1, pp. 318-326, 2003.

[30] W. T. Becker, R. J. Shipley, ASM Handbook: Failure Analysis and
Prevention, pp. 1162-1231, Ohio: American Society for Metals, 2002.

12 o )lais 17 095 1396 il ()30 Sl s

UFG commercially pure titanium in three-point bending test, Modares
Mechanical Engineering, Vol. 16, No. 11, pp. 266-276, 2017. (in Persian
u_r“)lé)

[6] H. Torabzadeh Kashi, G. Faraji, A review of the production of ultrafine
grained and nanograined metals by applying severe plastic deformation,
Modares Mechanical Engineering, Vol. 16, No. 6, pp. 271-282, 2016. (in
Persian _..,l5)

[7] R. Meshkabadi, G. Faraji, V. Pouyafar, A. Javdani, Determination of
rheological parameters of the Cross model for semi-solid Al7075 by using
parallel plate compression and backward extrusion experiments, Modares
Mechanical Engineering, Vol. 16, No. 9, pp. 97-106, 2016. (in Persian ..,

[8] K. Stiller, P. J. Warren, V. Hansen, J. Angenete, J. Gjonnes, Investigation of
precipitation in an Al-Zn-Mg alloy after two-step ageing treatment at 100°
and 150°C, Materials Science and Engineering A, Vol. 270, No. 1, pp. 55-63,
1999.

[9] K. S. Ghosh, N. Gao, M. J. Starink, Characterisation of high pressure torsion
processed 7150 Al-Zn-Mg-Cu alloy, Materials Science and Engineering A,
Vol. 552, No. 1, pp. 164-171, 2012.

[10] C. M. Cepeda-Jiménez, J. M. Garcia-Infanta, E. F. Rauch, J. J. Blandin, O. A.
Ruano, F. Carrefio, Influence of processing severity during equal-channel
angular pressing on the microstructure of an Al-Zn-Mg-Cu alloy,
Metallurgical and Materials Transaction A, Vol. 43, No. 11, pp. 4224-4236,
2012.

[11] C. M. Cepeda-Jiménez, J. M. Garcia-Infanta, O. A. Ruano, F. Carrefio, High
strain rate superplasticity at intermediate temperatures of the Al 7075 alloy
severely processed by equal channel angular pressing, Alloys Compounds,
Vol. 509, No. 40, pp. 9589-9597, 2011.

[12] G. E. Dieter, Mechanical Metallurgy, SI Metric Edition, pp. 471-500,
London: McGraw-Hill book company, 1988.

[13] R. W. Hertzberg, Deformation and Fracture Mechanics of Engineering
Materials, Forth Edition, pp. 405-471, New York: John Wiley & Sons, Inc.,
1996.

[14] A. Ma, K. Suzuki, Y. Nishida, N. Saito, I. Shigematsu, M. Takagi, H. Iwata,
A. Watazu, T. Imura, Impact toughness of an ultrafine-grained Al-
11mass%Si alloy processed by rotary-die equal-channel angular pressing,
Acta Materialia, Vol. 53, No. 1, pp. 211-220, 2005.

[15] D. R. Fang, Y. Z. Tian, Q. Q. Duan, S. D. Wu, Z. F. Zhang, N. Q. Zhao, J. J.
Li, Effects of equal channel angular pressing on the strength and toughness
of Al-Cu alloys, Materials Science, Vol. 46, No. 14, pp. 5002-5008, 2011.

[16] D. R. Fang, Z. F. Zhang, S. D. Wu, C. X. Huang, H. Zhang, N. Q. Zhao, J. J.
Li, Effect of equal channel angular pressing on tensile properties and fracture
modes of casting Al-Cu alloys, Materials Science and Engineering A, Vol.
426, No. 1, pp. 305-313, 2006.

[17] M. Hockauf, L. W. Meyer, D. Nickel, G. Alisch, T. Lampke, B. Wielage, L.
Kruger, Mechanical properties and corrosion behavior of ultrafine-grained

20


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.35.7
https://mme.modares.ac.ir/article-15-3862-en.html
http://www.tcpdf.org

