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Effects of PTCAP severe plastic deformation process on the mechanical and
microstructural properties of AZ31 magnesium alloy provided via extrusion
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, the effect of Parallel tubular channel angular pressing (PTCAP) as a severe plastic
Received 04 October 2017 deformation (SPD) process on the microstructural, mechanical properties and superplasticity of AZ31
Accepted 27 November 2017 magnesium alloy were investigated. PTCAP method at 300°C was performed for production of ultra-

Available Online 15 December 2017 fine grained (UFG) tube with a high superplasticity. After the first pass of PTCAP a bimodal

Keywords: microstructure, large gains surrounded by a large number of tiny recrystallized ones, was observed. The

PTCAP method grain refinement and homogeneity of the microstructure increased by applying subsequent passes of
Severe plastic deformation PTCAP. After four pass of PTCAP, the average grain size of the material decreased from 43 pum to 6.8
AZ31 Alloy um. Vickers microhardness measurements revealed that by applying more PTCAP passes and
Hot deformation consequently, more grain refinement, the value of hardness increased. Fractographic SEM images

Ultra-fine grain showed that predominately ductile fracture was occurred in all hot tensile specimens. A higher

elongation to failure of 256% was achieved at a higher tensile testing temperature of 450°C and a strain
rate of 10 1/s, due to grain boundary sliding as a dominant deformation mechanism, while this values
for the as-received sample is 116% at the same tensile testing condition. Finally, it was observed that
the four-pass PTCAP processed sample has higher room temperature microstructural and mechanical
properties and also higher elevated temperature superplasticity than the as-received sample. Also, the
grains thermal stability test was done on the four-pass PTCAP processed sample at 5 different
temperatures.

3 Jo Caro o ol orpeslauly 5l S ml & g YU o3 doddo -1
ol b d21] s Slasle glas )5 5 Las-lga og)0g5 clakad o Jis Aol ccnlin (6 FaBy, Colild (g iy bl e a p e slasLT

Please cite this article using: 2 Lod o3l Jod &yl 1 o ol 1 gl )l (610
A. fata, M. Eftekhari, Gh. faraji, M. Mosavi Mashhadi, Effects of PTCAP severe plastic deformation process on the mechanical and microstructural properties of AZ31 magnesium
alloy provided via extrusion, Modares Mechanical Engineering, Vol. 17, No. 12, pp. 409-416, 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

GialE 1y AZBL LT 561 sles plSimtn] Siiailys «(pogmdes a2, 250
doyd dezs g b plral ol JBs 5 L5b alloeiul jial38l cpl a5 sues
8L Gals esle ckaSTe (ol ym cpl o g SsS sbaails I gl
G sles 5 ssle )Ly 5 (SlSe lsE gy @ b Lng]
43300 los o 1y oS 5o sl [21,20] ol 5en o (35 .58 ,5 odtas
ails 05 b) g S, Lbs, 4 0sd 1) AZ3L 5UT & y3e 3 b g smades
1 oole )il 5 (Sl Lplys bl wis,S Jlosl o520 pm . Sils
oanlive by ] aisls J13 ) 9,90 YU slales )5 v g 361 slos jo o
ar B s Jsb e 0s S S s3e 2 (S8ised 4 Wisga)
T 5 ogamdis 42,0 400 gloo ,0) gl 1S yaesl o 1y sy 263
a glailsype oyl 5l Bl LS, b ol las 0es 5l (10315 s S
S LIS IS et I plSe lsie

S Se il il ojlal a5 sb olea [21,20] L3 ol o
S Sy Gy 4 esd Mg AZBL ST il 5 (Sl els
ol Gidgh )0 b gy O (520 HM) YL Sl wls ojlasl gl
bl sled )3 lan) 5 (Selle olo> S Sm wxlP 5b s n @
shls a5 WQ;‘,”.';...S‘ Dby A odd 3 AZ3L e LT GYL Lo g
Godijle yolie woye g (3 HM) S S>eS e ke wls ojlul
Omzad Al A1 5w B 5 4 cons (1 oo 0 zy0ne) (Jolae
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
28,5 18 anllas s 50

@ LU0 3T 9 diged (G jlwoskT -2

Ohoy 4 ond agd) AZBL e ST iz 5l aladlg) ooy 0l 5
dsb 5 7)1 Jhd wculs 4 (A3 UM (:Sikos als o5l L 5 ()59 25 ]
5515 ol sbinty iadie 40 5 ks 20 nlos 25 i &
50 ol )90 ST soims LSid polic aoje .wad oolel S5 5o
iz, 300 los o S So wuld sl s F a1 Jaax
py ey b0 g el oy olSitws 5l ookl b e 4 U g guanles
5 axhd oy SKlaol alS jglaieds ol pll @ids 5 el 10
B g [22] st oolitl ¥ silpun s soudgn S lsy 5 A olg0
ol 1 S a4y Ly g Cenl ogguie 1SS o coslatul 0,00 S S
R2=11.25 , R1=8.75 W1= ¥2=0° 1=¢>=150° _JBE slo el
e Geaie gl ol 5o 438, IS 4 B (gla el el MM
90 10 oS Fa vl cel ogpie 1 IS 10 a5 jeblen 09 [21] wiile
5 Sgd o oole Jlad by gaml 9o b oaygly JUKS Sl 4 U (6l
p9d al>re 50 b I (295 JUI S jlade U dlg) adgl jlad
g ogd oo ools JLad Jloayely JUIST 5o a4y 0,Lgo o) (pgd (s lawgs
Lowii ool & osdioe )5 QB 5l oss sadsl Jlad plon b coles 0
2Ol S B pgal Sph plal S Wl s
el Sgtpen 2 S

14 As-extruded
5 INSTRON press machine
1 MoS,

12 o )lais 17 095 1396 sl (w30 SilSo uwdise

IR é.:L;.,o 9O e Lthb)L.ﬂ pro-ou solazwl é.yLo as o J.aL: ‘Jl>
S ailee Bl sl o gl 6ndl5 s sy ol el
Slaptons 59505 5 o) w150 JUsSTiSe IS sl 5l s
PR e IS 3w Sloacls 533 (51 sles yo .cula ] o e
oy kST el oo ie aiilen JUsSRe Jliny S5 ksl b olge
2 Slopises Slled Gl b ol olen @ g Lo el b il
Sprtp b wilys oo iSTs cpiimen [4,3] wiS oy Gl S sloacls
ool blaas Sl J5i i sla by, b cdil a5 T jis by
gy 5l e ool slagss, [5] Wb Gl sl Jpa> LB
Jleel b gy cnl 5o i lSLogls 5 ailon; 358 slge 0y slp 115
525 (5 509l uliie B wilgs oo aails (gojlasl ciges a4y wyals slo yid,S
S 116l whoe g B 25 wiges (SlSa olys 5 aiily
—sle Wiyl goly 0,8 095l 45T el SCalldL S s sle g,
Sloaggly JUIST 50 5Las g, < gslas Jloaygly JUBT 50 5Las g, o[8] 51 il
Glo 5 6l XS 7 om il 5y YL Lid iy LSl sl
Soasgly JUIS 5o )Las (og, Mesline (Jli5s, 5 Blasil 5 ogliie o8
Ol 6ble 5l s sl s,mls g bbb sl oS S b s5lse cslals)
slalivl) )3 (w5 (25,5 093 (SKen g 2l plxl (555 D3 ol
[9] 5y pb Llsise Iy cnlins 5 Jsbo

Sk dlge 53 Sdl g S s ss Jgax slp el by g
GIRL b AOUM ) S (sloails sgzy cen ol Sl S
Loy ol YU slabes jo anlp abwl ags byd 5 Yo Sl
G398 Olge [10] el V345 sauay ar dnly sl )d ST deaciodl g
E@ 9 S pgw asls g GU1 sles jo S5 solaSTs (ol ls wlsy
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
ST Gl sl ool slaibs, 5 eolinul [11] o o iiS
e Gleie ol sqpeine [18-12] iy Slidos |8 e lajL]
1210 cuSss Job e @ (oliws @ 3850 [13] )Sen 5 STLY
5 9 oogede 4z ;0 350 sles o S Qyﬂ plol 51 e oo
a0 150 les o a5 AZ31 LT 5l slages g, » 10415 ji5,S
gl 000 ,5 e ool LSOl otdy HLid jeam b yee 6 50 g gl
sloals Jols S 5 il o cogeil Ll ol 9 48 wols 55
Al oaslice 55 laaile b oad abl>l el o

lises mlio,s YU LlisTs b oo 5T sloaly) & 5Ls 0)9 el
O Olidios ) ol ool a3ls o] 4 aslsl yo a5 wilass 5 &g
5 Wgllass (Coul 035y Bglane (o) > &) osle SIb cl> py Logos
les 3 Glas 3 oS Sea bauli 5l oS5 Jlasl L [19] o) Kon

* Hexagonal close-packed (hcp)

2 Basal slip

3 Non-basal slip systems

4 Grain refinement

5 Severe plastic deformation (SPD)

6 Ultra-fine Grained (UFG)

"Equal Channel Angular Pressing (ECAP)
8Tube Channel Angular Pressing (TCAP)
°High Pressure Torsion (HPT)

0 Accumulative Roll Bonding (ARB)

11 Repetitive Corrugation and Straightening (RCS)
2 Cyclic Expansion Extrusion (CEE)

1 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 testing
specimen and used gripper during tensile testing
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Fig. 4 Pictures of unprocessed and one, two and four-pass PTCAP
processed samples
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Table 1 Chemical composition of as-extruded AZ31 magnesium

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 J\ W,=9,=0

V2

L2l

> ¢ = 150°
Mandrel R,=11.25mm
Second punch

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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Fig. 6 OM microstructure photos of the (a) as received sample, (b) one-
pass, (c) two-pass and (d) four-pass PTCAP processed samples
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Fig. 5 a) Microstructure of the as-received sample and microstructure
obtained from PTCAP processing of the as-received sample at 5
different temperatures of b) 175°C, c) 200°C, d) 250°C, €) 300°C and f)
350°C
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PTCAP process and after heating for 10 minutes at temperatures of b)
300°C, ¢) 350°C, d) 400°C, e) 450°C, f) 500°C and g) 550°C
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Engineering strain
Fig. 8 Engineering stress-strain curves of the as-received sample and
PTCAP processed samples through the 1, 2 and 4 passes, at room
temperature tensile testing and at strain rate of 10-31/s
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