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Evaluation of the effects of a combined severe plastic deformation method on the
hot deformation behavior of Mg-3Al-1Zn magnesium alloy
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ARTICLE INFORMATION ABSTRACT
Original Research Paper The main goal of this study is achieving thin-walled AZ31 magnesium alloy tubes with high ductility at
Received 26 December 2017 clevated temperature. For this purpose, a combined severe plastic deformation method, including

Accepted 25 February 2018

Available Online 12 April 2018 parallel tubular channel angular pressing (PTCAP) and tube backward extrusion (TBE) was used. First,

PTCAP process was applied on mbular samples at 300°C and then, TBE process was performed at
300°C. After PTCAP, a necklace like microstructure, large gains surrounded by a large number of tiny

Keywords: B o : . .

Sc?m plastic deformation recrystallized ones, was observed and the average grain size of the material decreased from 520 pm to
AZ31 Alloy 11.1 pm. At the next stage, After TBE, an ultra-fine grain microstructure with an average grain size of
%%\P 8.6 um was formed. After performing this combined method, the hardness value of the PTCAP and

TBE processed sample increased from 37 HV to 69 HV. Hot tensile testing studies at 300°C revealed an
elongation to failure value of 181% for the PTCAP and TBE processed sample, while this value for as-
received sample was 55%. Fractographic SEM images showed that predominately ductile fracture was
occurred in all hot tensile specimens due to nucleation of microvoids and their subsequent growth and
coalescence with each other.
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! Grain refinement

* Severe plastic deformation (SPD)

* Ultra-fine Grained (UFG)

*Equal Channel Angular Pressing (ECAP)

% Parallel Tubular Channel Angular Pressing (PTCAP)
®High Pressure Torsion (HPT)

7 Accumulative Roll Bonding (ARB)

® Repetitive Corrugation and Straightening (RCS)

? Cyelic Expansion Extrusion (CEE)
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used gripper during tensile testing [16]
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Fig. 6 Engineering stress-strain curves of the as-received, PTCAP and
PTCAP+TBE processed samples, at room temperature tensile testing
and strain rate of 1071/s
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Fig. 5 OM microstructure photos of the a- as-received sample, b-
PTCAP processed and c- PTCAP + TBE processed samples

Gged —o eyl pls aiged — Al LSl (655 Sy S sl 5SS

b glod 5 S Sie Sz g0 S S

e sk g5y b G5 el 0y Sl (AU ead oS g ged
A eplral J&e 2l Lls) Lslop, oad 53, 5 (Kl
Olpe a5 ol 0ad (B8 S Gg aulB 0550y ol anl el
b il o8 wboe GBS b sl 1B L ol
Py gl by oad Jibl colue (Il 5 Jlon, oad 5k,
5o 5, b)) Al ' Al 4 Ly 3l alsee [16] sl
Al oy daails - Slea ojlal d calsles (ol p5 b go 2al3dl Laails
o ad jelal wl prizen aites oole 4 by GG K 50 ks
Golo 50 mle L3, egli 20 sgus jl 5 S>sS slaails ojlul o
» S gl 23] b il Sl bals (08 53, b g o

% Strain Hardening

05 oolests 18 095 1397 sl jo (w30 SuilSo mwSdgo

! Hall-Petch relation

104



ul)Ka 9 5 L8l Sozxo

Mg-3A1-1Zn @sjuio JWT o 58 S aaais J00) 2 (5 33 Sadud KoMy Kb pasd5 39 o puils g 20

Sl daa [24] a)ls S ails ojlail g Leo (25T b i3 e e
sl bl lg oo 2ol Kbl JK8 j0is slagig; plnd el
W kSl azgi BB Galil el g a5 Spald glalsjpe b5l
sladsh i ep e Bpd g0 090 VL lales 0 AZ3I
sladls 3929 S 5l Sl S)le Jluw )5 (G dlge 3 Stidly g
22 sl el pge by g b ()l el b (10um ) SergS
el T35k sty @ aidy A0l P S sy e 1y VL slales
Syge glailsie Ginil pll Gipb 5l dienidl g oay [25]
S osle J3s 0 pp 4 Cud lime laalls ol g0 a5 0,8 e
2 oS g by p5elle (9050 00) Wgdioe Lrailer St Sk
sgazme A5 boeler laailsjye olasl o bygleal o85> al
o5 59 g0 Mz [26] o ez Eoder T8 Sy late 4y GMilagyey
2 Jele bl ) alie) alfaze gla)balog) ;8 (dudss sl ol
L (cd j5, sloails b oads ablal el o glaails Joli a5 2ags ol
lals 15 2gliss 5 sl olml Sage S 4 oo ol &5 sl jiglss
 talta S S P Ry e L PR T
oot @ booad JoS (mkoSls ool oSas alfazs JLslog,
Gl L g slaals Conex b bt (SRw 2SS A3 g
Pz sladls 09300 Gl FS2eT Glaails o S S S
S o pald ]y YL NS FS 4 Cenles Fod e glaals B
Fodye glaals oy 4 alfars Lol coanl a5 cdf Wb coly 0
sl s Sl g el S5 e el anl el ol
b [27] 255 e sl 5 5l 5 Tslr il o el by T S
b oS 09 o0 oaaline aloged o (Saighey b3, ST SO @ axg
[28] e Soaltys sazme 4ol g9,4 5

Pl sladises Culid 355 50 Sy (SgSee @l 9 S5 0
Sl 35920 008 Glo S e 3 SIS0 9 00D I S0 ey

S ladigald (e Sy JSD i ool ) e & Sl
25 gt NS Sl A o wly gl pls diges 4
adsl sl sladiges 3w Jlade el JSlogy ) oge 5 (Sesliys Saze
STHV L plp w4 00 Gl o o 9 5G9 008 S5
Sl 69HV 459 H

Wails s 550, b (S 2D alal,) i (6l gl aloles 4y Ly
K g Hy oo H daails o Sle o5l d dlolas o 5o il oo il
oanlie (2) alul, L cddlss 5 [29] wmes ssle & bgpe slaculs
AR5 PSS el & el Gl ey S S Wil 45 2550
ol (S Jade iy gl oyl aiges e po | gandils sl
sla b slaws 2ol L aF Col suls samlice 35 S S g w80 50 50
Jaie plojen 9 00l iy (el saze 5l 5 (Ko, i w3
Sl Sy 4 Gy 4 oo s !l g (300 e 138 55 o
asle oozl o gldl s 4y fosw, @l 205 iz o)l 1 gl
D9 00 08D 35 [31.6]

-
H=Hy+— @
*Tva

o ot Gl el 4 Cuwd ol tagh asld glas gl

60

48

T As-received

§ 36 : PTCAP
4 PTCAP + TBE
] !
g 24|

0 r ; v

0.0 0.5 1.0 1.5 2.0

Strain
Fig. 7 engineering stress-strain curves of the as-received, PTCAP and
PTCAP + TBE processed samples, at 400°C tensile testing and strain
rate of 101/s.
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Fig. 8 the images of fractured specimens extracted from the as-received,
b- PTCAP and c¢- PTCAP+TBE processed samples after the tensile test
at 400°C
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Fig. 10 SEM photos of the fractured surface of the a- as-received, b-
PTCAP and ¢- PTCAP+TBE processed samples, at tensile strain rate of
107 1/s and tensile temperature of 400°C

J‘_,:G; - u#.:J9| PL:-' -l ESLQN’QJ S cla« )I f‘li—du“'l )-ljl'ﬂ: 10 JS.:U
S TA P S S e pladl Sl e Yl s S s et
ol F ils 4> 5 400 les 5 0.001 1/s

258 00 0L Liagh ol 5l easl Cews

ot ol oSler Slen 5 Sisiee ol plad g -1
Sl S bels eols jlsln ) Sl cpl po iaes, B.6pm 4y 520pm
D Gy slaails b oo o pols )3 slaails) K5 gurids 5 ailfocs
S e igad 45w oanlie 31 gles jo 22T ygeil alowl 5 e -2
Sy (240 MPa) tf-L'l" f&—.«al JL\jﬁ U‘J""’:"'-‘" L5|}b sl ,.sldtj" e §
29 164Mpa pl adsl s> wisas gl i (e oS Jl>

S St digas a4 ol Lt (egadis a2 13 400) YU Les 225 g0l -3
) 181% CunSl Job et ke (i gl 0ol Glad e s
diges glp lde pen a5 Jl> 0 g (adsl pbs Il 10 33 ag0e
é‘ﬁ'.\})ﬂ l_,\.dflj u‘sjpb s (e e 09,50 JUa:J' 2y 55% A._J51 IQL:-
Bk IS0 s (ol 0l e &

43THV | 6l o 5 S sig clanl ol jl (5 Jlaie -4
9 e Sl g Ay L lye 8, et i, 69 HV

a5 ols lai Y slales jo pas ()ﬁ"ﬂ sladiges CuSS mla ):JLT -5
of e a8 cudl J3Sls cunSid Baes g4y 5l oAb aiges cunSd

05 oolests 18 095 1397 sl jo (w30 SuilSo mwSdgo

100

69

-3
b

59

Microhardness (HV)
o
S
(P
~J

(]
th

PTCAP PTCAP + TBE

Fig. 9 Vickers microhardness results for the as-received, PTCAP and

PTCAP + TBE processed samples
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