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ARTICLE |NFORMATION ABSTRACT

Original Research Paper In this study, the effect of Parallel tubular channel angular pre¢BMGAP) as a severe plast
Received)4 October2017 deformation (SPD) process on the microstructural, mechanical properties and superplasticity c
Accepted27 November2017

magnesium alloy were investigated. PTCAP method at 300°C was performed for production-o

Available Onlinel5 Decembe2017 fine grained (UFG) tube with a dti superplasticity. After the first pass of PTCAP a bimo

Keywords: microstructure, large gains surrounded by a large number of tiny recrystallized ones, was obsen
PTCAPmethod grain refinement and homogeneity of the microstructure increased by applying subsequeniop
Severe plastic deformation PTCAP. After four pass of PTCAP, the average grain size of the material decreased from 43 pr
AZ31 Alloy

um. Vickers microhardness measurements revealed that by applying more PTCAP pass
consequently, more grain refinement, the value of hardnessasext. Fractographic SEM imag
showed that predominately ductile fracture was occurred in all hot tensile specimens. A
elongation to failure of 256% was achieved at a higher tensile testing temperature of 450°C and
rate of 1& 1/s, due tagrain boundary sliding as a dominant deformation mechanism, while this v
for the asreceived sample is 116% at the same tensile testing condition. Finally, it was observ
the fourpass PTCAP processed sample has higher room temperature matusatrand mechanica
properties and also higher elevated temperature superplasticity thanrédoeiaed sample. Also, thi
grains thermal stability test was done on the foass PTCAP processed sample at 5 differ
temperatures.

5 Jo oo 53 gLl o eslizaly Sl (S vl SISz 5 VU o Aut éu
ol b2 siis Slesle glas )5 5 Lad-lga og0g5 clakad o Jis Aol ccwslio 6 T a5, Sl (s L L Cle 4 e sla3L]

Hot deformation
Ultra-fine grain

=

Please cite this article using: BCewly atwensAvUweny
A. fata,M. Eftekhari,Gh.faraji, M. Mosavi MashhadiEffects of PTCAP severe plastic deformation process on the mechanical and microstructural properties of AZ31 magnesium
alloy provided via extrusiorModares Mechanical Engineeringol. 17, No. 12, pp409-416, 2018 (in Persian)


http://mjmec.ir/

ubled 9 5 e

I ST gb9) &3 03w Aug AZ31 @3 5sh0 JWIT )l wje) 9 SBe Jolgd 3 o i Sauls (Sl JSb paads Sdalsd 3l ) 2

Gl 1, AZBL LT 361 slos plSiinl aiidlss « sograckes 42,3 250
sops sy 5 ool sy S ) (b plSmial il ol o win
8L Gals esle ckaSTe (ol ym cpl o g SsS sbaails I gl
Gl sles ;5 0ole )lislag; 5 (Selle plys (om)p 4 baid o)
A3005%¢ WU 5 Yalls (30,38 ) Sen 5 28 s ,S ooies
ab ol CABA, ¢ ¥
1 osle s )lislun; 5 SlSe o> WjA
oanlive by ] aisls J13 ) 9,90 YU slales )5 v g 361 slos jo o
2y JB Casd Jsb ok 0l (S Sa e 2 Gaiged &5 disged
TF 9 ovammabe 423 400 sles j9) Els aS gesl )0 1) a5 263
a glailsype oyl 5l Bl LS, b ol las 0es 5l (103 1S 5,8
Sl S JS et A 5l lge

S Se il il ojlil a5 sb lea (21,20 L3 ol o
A i A o, 3&hYs

CA281 Ma0D9 £ 5.8 C6:A £

osd gylio ) mjeie syl ity solitl glo & age Jole >
S ailee Bl sl o gl 6ndl5 s sy ol el
St 09505 5 gl 'oSTpe JUsSTSe iy 57 Jslo 5l 26
50 e o33 et SGloaeld (o3a) (G slos yo emlapy] o a5
e Skl sl e wiilen JUgSTSe (Jliwy 5 LSl b olge

Ciaz31 ARGEDHEA (§3C B A CUEAA s i b ool ohan & 5 Lo Sl b Wl e
) © Y620 #ni SO W YoVl wilbs B loSls s (4,3 w8 Iy (il T gloacls

@il b Omad Kbl IS i slaghs, b dél o5 T ks,
slegisy 3l R sl s, [5] b Gl el Jya LG
Jleel b gy cnl 5o i lSLogls 5 ailon; 358 slge 0y slp 115
Gl gl lide b Wil oo baails (gojlail cgas 4 ad sla 2 )S
I A8 wle s BB s wises (SlSe g5 5 aidly
mOoke wls 3k 0I5 gyl 4 dyal Sdly JS ek sl )
Jloazsly JUIS o )Las by, Fisgluns jloaygly JUIS 5o jlad g, [8] 51 ol

ol gl 0 ol ey | TEEOAM) WL Sile wls o5l €V YAV 5 Gl XS 7 pmans JLal 555 YL LES o Aislge slals)

bl sled )3 lan) 5 (Selle olo> S Sm wxlP 5b s n @
shls a5 WQ;‘,”.';...S‘ Oy A odd ag AZ3L e LT YL Lo g
Godjle yolie woye g A3 UM) S S>eS e Sk wls o3l
Omizad Al K10 5w LB 5 4 cos (L ooz 0 zy0ne) (Jolate
9008 S g sladiges slp wls ()l silub Eou b s sl n
AZ3L 5o ST S lon, oS S sl il glabes 5t 55

23,5 )5 anlllas 39

Soasgly JUIS 5o )Las (og, Mesline (Jli5s, 5 Blasil 5 ogliie o8
o bl 3l s 0l o mlS gyl Slabss gl oS Sea b s sl
slalivl) )3 (w5 (25,5 093 (SKen g 2l plxl (555 D3 ol
9] oy 6l e 1y cslins 5 Jsbo
b Slge )3 Sl g slaob et Joax sln ol byo 9o
Gl b AOUM L5 Sess slaails vgry s s fels Sl S
s el Yo glales o anlp plxl g byd 9 Y (Sl

98 Olge [10] ol T3gh ssuy A dtely Al SO Aeantodl pges

Cz %-0AUCVAS A UWE G2 WA | ol o csls 5 a1 slos 5 IS lsSTs Ll alog,

Ohoy 4 ond agd) AZBL e ST iz 5l aladlg) ooy 0l 5
Jsb 5 ) kb ulrs 4 (A3 UM (S ails ojlwil s g (39 ST
alp plnl sy el 40 5 2o hon 20 o dee 25 i @
50 ol )90 ST soims LSid polic aoje .wad oolel S5 5o
gz 300 sloo o oSS wnlp ol s I giaie 1 Jgox
py Sy b S g teial o ol Sl ol b 50 AL 5 gl
g ashd o Slhol al5 jslieay wd el @ids » el 10
AB pgas [22) wi oolanul Y asdlgmsoiandys S ly, 5l B ol
ojlail 1 S ay Ly g Cenl ogguie 1SS o coslatul 0,00 S S
R=11.25, Ri=8.75 . 1= 2=0° %0=%e=150° _Ji (cla el )y
ey Ghie (legh cnl Ho 4l 5 4 B eyl ol MM
99 2 eSS Wl b ol dgpiie 1 USE j0 o5 j5blen 09 [2]] wiile
- dlgiwl gdiw Jawgi gl (salg) (st Al 1o 40 100 5 o plonl dl> e
9 Sghies ool Jlad By 4l 9o b jloaygly JUIS Jols 4 JS&
p9d al>re 50 b I (295 JUI S jlade U dlg) adgl jlad
9 33iee ool JLad Jlsarsly JUI J2Is a4 o)bgs Ayl ipgs i Loy
1owiy ol & osdoe )5 QB 5l oss sadsl Jlad lon b coles 0

2Ol S B pgal Sph plal S Wl s

ol S5 2 IS
14 As-extruded
15INSTRON press machine
1 M0oS:
12 avamaEMGoe fehhou 1 Cywia CA°pAu

3 ewlbe Gl slul Glls dlse cpl izren o YU gl s S
05051 30 Aol pgw olgt j9p 4 e a5 aites YU sloles
lSls Gl sl sl lagts, 5l eslinal [11] o5 o paS
e gleie ol sgpeine [1812] iy Slidos |8 e lajL]
1210 oSt oo eid & sleios 4 383 [19] oljSe 5 SToLY
E5 9 oogemde az,0 350 glos o S Qyﬂ plol 51 e oo
a0 150 slos o a5 AZ3L1 5UT 5l slaiges g5, 2 10%1/s 5,8
gl 60005 e ool LSOl (ot HLid jeam b e 6,0 g g
Slotls Lol S 5 5, S wipni] Bl ol 3 45 0ol il
Al oaslice 55 laaile b oad abl>l el o
lisee gulio,s b SuaSTs b pos e 5UIT slaalg 4y 5L5 059 5l
O Olidios ) ol ool a3ls o] 4 aslsl yo a5 wilass 5 &g
5 Wgllass (Coul 035y Bglane (o) > &) osle SIb cl> py Logos
slod 55 Sl 3 o5 S ol ) oS5 Jlac b [19] )l

1 Hexagonal clos@ackel (hcp)

2 Basal slip
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4 Grain refinement

5Severe plastic deformation (SPD)
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8Tube Channel Angular Pressing (TCAP)
9High Pressure Torsion (HPT)

10 AccumulativeRoll Bonding (ARB)

11 RepetitiveCorrugationand Straightening (RCS)
2Cyclic ExpansiorExtrusion (CEE)

13 Diffusion
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Fig. 3 Pictures of (a) extracted standard tensile testing specimen [20],
(b) used tensile specimens gripper [20] and (c) standard tensile testin¢

specimen and used grippiiring tensile testing
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Table 1 Chemical composition of aaxtruded AZ3Imagnesium

Si Fe Cu Mn Zn Al Mg
0.02 0.002 0.0015 0.39 0.74 2.93 Lb
(& ()
(a) First punch (b)

R;=8.75 mm —»l\ Y,=¥,=0

V2

L2l

¢ =150°

R,=11.25mm

Second punch

Mandrel

Fig. 1 Schematic of (a) first half pass and (b) second half pass of the

PTCAP process along with the die parameters
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Fig. 2 Schematic of used PTCAP die and its components
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