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ABSTRACT

In the present research, the pseudoelastic behavior of an Fe-10Ni-7Mn (wt.%) alloy was investigated before and after high
pressure torsion (HPT) processing. Microstructural examination and phase analysis confirmed that the HPT processing of the
solution-annealed initial specimen for 15 turns led to form a small fraction of the fine grained strain-induced austenite with a
high density of dislocations and reduced the grain size of martensite. Then, isothermal annealing treatment on the initial and
HPT-processed specimens at 590 °C in dual phase (o+y) region for 1.8 ks introduced the reversed austenite with average grain
sizes of 6.5 mm in the microstructure of the initial specimen and 360 nm in the HPT-processed one. Forming the fine-grained
reversed austenite in the microstructure of the HPT-processed specimen after isothermal annealing led to obtain a relatively
high hardness and strength. In addition, cyclic tensile testing revealed pseudoelastic behavior of the reversed austenite in the
HPT-processed specimen before and after isothermal annealing. Maximum pseudoelasticity values of about 65% and 45%
were obtained for HPT-processed specimens before and after isothermal annealing, respectively.

Keywords: Fe-Ni-Mn martensitic steel; Microstructure evolution; High-pressure torsion; Reversed austenite; Pseudoelastic
behavior.

Received: 7 January 2022 | Accepted: 9 October 2022

* Corresponding Author:

Hamidreza Koohdar, PhD

Address: School of Metallurgy and Materials Engineering, Iran University of Science & Technology (IUST), Tehran, Iran.
Tel: +98 (21) 73228865

E-mail: hkoohdar@iust.ac.ir

Y\#

http:metalleng.ir/




Y'D)Lo..ir.rf 099 . \F.. ).:{lg

&

U/u%)(:f

YU JLid Cos iy ]y

‘)|.>095 L‘i)m‘:

Ol el (ol Caro g ple olBiils (55 ,0llin § Olge (gwdige caSiails ¢ Lokl )

oS>

*

5T 5 () (slnigmny 2855 )8 o3 3590 YU jLid oo i il Jloe! 5l a5 o8 Fe-1ONi-7M (wt.96) ST S¥lgoges 18, ool gy o
I bails) G5 ol S 51 (SzsS S Jslomo il Ll 55 sl aigos (595 2 59910 Ol 0 Y JLid co o wiald Jlosl S g a5 ol Lt 558
aalaie ;3 0%¢ °C glos 1o Loven L] ol Olles plowl aalsl )5 .28l jrals Goud a5 o35 Lo ails ojlasl 5 oals slowl 2055 ke aiey sl jo by sl 5 YL
10 mm gladils o3lail Siloo b 1S s o] 56 LSCaT a4y yoeie catdly wuod JSU 1S digas g dsl digal (59, 2 VA ks iae 4y g () g ol (5516 50
Dho dged S92 Leder Jest ol s Jleel o il (S ol JSas ol ansly agats S8 aiged Jlislagy s 0 Y8 nm g adsl digas sl ) o
o0 olms] Cagis] a5 ol ks e Loyl 10 ST (9 5t (olSams GRS 9051 (s 00,5 00l 3 YUy L St 5 sieas olomyl g YUy )Lt s iy
055 5 SetVlgdgus HLid ) caidly duos JSi s diges slodad s Al b plomil 51 e 00 Sl (8 o] 55 9 YU jlid Cog s sl Jleel 5l o

el Cands 1¥0 5 750 099 o o beder T ldes plosil 5l ams g 3 YU jLid o 4Bl ioms diges it Vlgdgus Qo yd sy w0l Lt

Al lgd g (18 ) e 1Sy ol YU Jlid o iy ol Gl lo g ol Fe-Ni-Mn 555 L 5LIT : gaudS” slaojlg

Cools sl 5 deugy ge wlg o [A] (SilSaga 5
st ginl aly Jouliile Sagll o et Nlyog
6 BNl JESle 5o 5y Sl sl (pizmen
Dot -, Al iYlgagw U8, Sege S 0 ol
JS3 5 g el 5l pau plSol @ Csls o
b o Sl (S5 9 a2 Ll Sea¥l (G255 (e
B sln ez Siler slagle sbml cel a5 cul
DNV ) -] 56 o o] o35 o
Cacls syy e S Sl S o
Seadly S8 i sl 8 Jloel 09 o0 AbpuninsVlgo g
5o edal Cawy gloylslogyy el ST (65 Mgl
5 sloails o5lail Jols dudd SLradly S yeaiS e
slaals slajye wlil slo olwl 5l ol JE> b o>

VENYNY i Gandy | VB /NN s2dl o

dodle .Y
ST 5 atiVlggn Coals 31 ol o
el oblse ol 8,5 B az g 0)50 al 4y loakil>
0dl e go oS Al g a3 g g5 dlnn Dl YL el
6)l26 LgL(b.)).g)Lf 6‘)‘.’ Jo:k.]ééb- dl.m)LJ] )| Ao u)‘ G
b T ol jo (g loaladl> SV V] 05,8 18 Jlasas
00 sl 5 (18) Cylann] o35, le 4 ] (G655 5
E=Y) s (95,59 2oz 5 by slales jo 2 L
aiwd pl o [F V] canl YU lales jo 20 &l > s jo
G5 565 A Ylgo g Conols loalidl> slasl] S
Co 35,k 4 caitwl G5 S olas T sl Jele a5 o

clie (b i el o5 ams oo LA o)

2. Severe plastic deformation (SPD)

1. Pseudoelasticity
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6. Solution annealing
7. Quasi-constrained condition
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3. Reversed austenite
4. Intercritical annealing
5. High pressure torsion (HPT)
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8. X-Ray diffraction pattern

9. Electron backscatter diffraction (EBSD)
10. Step size
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12. Body center cubic
13. Face center cubic
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14. Strain-induced austenite
15. Clausius-Clapeyron
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