o (Seelss G55 8 Gub 5l Al ) Bsb S esle Y B g0
o 058 eS| A By b KRS ek e g3 Su B ol S
Oleos gblis b lsa gl Sladbls s

T 0l g s Ty 1 S
bl e ol (B oSl -
P25 oled 0dS gl (sl 5 5 oK tils -
sl g dlall o &isls (O 5 Ol g Ol Kia gy oKL -

OYAFNY/oY 1 ol asens 3L 53 = VYFAY 0 Y/oY tllie L 5s)

Lo 05 55 g (Sl Kooy aiald Ko Jlosl b il 325 99 L bo b (Sy5 00l 9Ygd £95 Sy« polo by 50— OIS
L il 50 i (5591, lnntd ablin b J1oa sl GBS 53 (5 — (359 ST Skl (50 31 00lisast b 9 (Aes-Ars) sligly s Copiiuo]
390 0l 0318 JSUb yudi (ladiged )0 Lod 9 (5,5 @ jg )0 p i oo Il (alr il - Lod (gam duw dguce Lol Jelowi 51 eslisu!
Sl 4 obeiws glp p Kby lod (3 b (ylgacds 31,5 sl 4z 50 AV e slod ool Cawsdy gubs 3l eoliw! b .cd,8 1,8 owyp
P ySiy, §lod (391 30 55 3590 9V g (59 31 S ki Jlokel b . il a8 4y sl (Spolind (95,5 E989 o,k I il 35 g
0l (Seilogo i aialyd (nl 1 50 a5 ols Lid s .28 5 518 i 3550 dguce Gladl Judod 51 Jolo gl 2 ld )l lwiy (w2 9

S g0 gy LS gl 3 Jlos! 31 oy yiag s ¥ 6 ) dg adgl s 58 ying Spo VY 5l g b slaailo

A15 31y 398 Y gd oy Sotwdly S i dguzmo (ylodl Judexi 1 oS’ 5lg

Fabrication of Ultra-Fine Grained Plain Low Carbon Steel
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Abstract: In the present research, an effective thermo-mechanical processing route in the temperature range of metastable
austenite region (Ae;<IT<Ar;) was employed to achieve ultra-fine grain size in a plain low carbon steel during integrated
extrusion equal channel angular pressing. At first, the effect of preheating temperature on the strain and temperature
distributions inside the deformed samples were investigated using 3D finite element simulation. According to the result of FEM
simulation, the preheating temperature of 930 °C was selected as an appropriate temperature for fabrication of ultra-fine ferrite
structure. Severe plastic deformation was then imposed on samples with the predicted preheating temperature and the results
showed a great consistency with FEM simulation predictions. Optical micrographs taken from the center point of the samples
showed that the ferrite grains could be refined from 32 um to 1-3 um by different mechanisms.

Keywords: Finite element simulation, Severe plastic deformation, Ultra-fine grained steel.
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continuous cooling hot torsion test

. Langdon, T.G., “The Processing of Ultrafine Grained

Materials through the Aplication of Severe Plastic
Deformation”, Journal of Materials Science,
Vol. 42, pp. 33883397, 2007.

Lowe, T.C. and Valiev, R.Z., “The Use of Severe

Plastic = Deformation  Techniques in  Grain
Refinement”, JOM, pp. 64-77, 2004.
. Nagato, K., Sugiyama, S., Yanagida, A. and

Yanagimoto, J, “Single-Pass Severe Plastic Forming
of Ultrafine-Grained Plain Carbon Steel”, Materials
Science and Engineering A, Vol. 478, pp. 376-383,
2008.

Wang, J.T., Xu, C., Du, Z.Z., Qu, G.Z. and Langdon,
T.G., “Microstructure and Properties of a Low-
Carbon Steel Processed by Equal-Channel Angular
Pressing”, Materials Science and Engineering A,
Vol. 410411, pp. 312-315, 2005.

. Nagarajan, D., Chakkingal, U. and Venugopal, P.,

“Influence of Cold Extrusion on the Microstructure
and Mechanical Properties of an Aluminium Alloy
Previously Subjected to Equal Channel Angular
Pressing”, Journal of Materials Processesing
Technology, Vol. 182, pp. 363-368, 2006.

Estrin, Y., Janecek, M., Raab, G.I., Valiev, R.Z. and
Zi, A., “Severe Plastic Deformation as a Means of
Producing Ultra-Fine-Grained Net-Shaped Micro
Electro-Mechanical Systems Parts”, Metals and
Materials Transactions A, Vol. 38, pp. 1906-1909,
2007.

Iwahashi , Y., Wang, J.T., Horita, Z., Furukawa, M.
and Langdon T.G., “Principle of Equal-Channel
Angular Pressing for the Processing of Ultra-Fine
Grained Materials”, Scripta Materialia, Vol. 35,
pp. 143-146, 1996.

Paydar, M.H., Reihanian, M., Bagherpour, E.,

\YO\Y QLL*A) cY ;)Lq..:r Jﬂ? dl.w cw.h.@.ﬁ L wf;.ﬁ b\jﬁ

gy (Seoliud sz 535 3l ol o b 6 500

J)‘JuJ?}Jﬁ)suufjﬁ)b}w\jﬂ‘)é%)ﬁ

b 530208 3 DSIT 51 Jol> oy b glails o3l -0

9.

MUojb

dynamic temperature-displacement explicit

10. 8 node thermally coupled brick, trilinear

11.
12.
13.

displacement and temperature

4-node 3-D bilinear rigid quadrilateral
1-redundant shear strain

strain assisted transformation

14. dynamic strain induced transformation

15.

10.

11.

12.

13.

14.

continuous dynamic recrystallization

s
Sharifzadeh, M., Zarinejad, M. and Dean, T.A.,
“Consolidation of Al Particles through Forward
Extrusion-Equal Channel Angular Pressing (FE-
ECAP)”, Materials Letters, Vol. 62, pp. 3266-3268,
2008.
Paydar, M.H., Reihanian, M., Bagherpour, E.,
Sharifzadeh, M., Zarinejad, M. and Dean, T.A.,
“Equal  Channel  Angular  Pressing—Forward
Extrusion (ECAP-FE) Consolidation of Al
Particles”, Material and Design, Vol. 30, pp. 429-
432,2009.
Orlov, D., Raab, G., Lamark, T.T., Popov M. and
Estrin Y., “Improvement of Mechanical Properties of
Magnesium Alloy ZK60 by Integrated Extrusion and
Equal Channel Angular Pressing”, Acta Materialia,
Vol. 59, pp. 375-385, 2011.
Straska, J., Janetek, Mi., Cizek, J., Strasky, J. and
Hadzima, B., “Microstructure Stability of Ultra-Fine
Grained Magnesium Alloy AZ31 Processed by
Extrusion and Equal-Channel Angular Pressing (EX—
ECAP)”, Material Characterization, Vol. 94, pp. 69-
79, 2014.
Wang, S., Liang, W., Wang, Y., Bian, L. and Chen,
K., “A Modified Die for Equal Channel Angular
Pressing”, Journal of Materials  Processing
Technology, Vol. 209, pp. 3182-3186, 2009.
Fatemi-Varzaneh, S. M., Zarei-Hanzak, A. ,Naderi,
M. and Roostaei , A., “Deformation Homogeneity in
Accumulative Back Extrusion Processing of AZ31
Magnesium  Alloy”, Journal of Alloys and
Compounds, Vol. 507, pp. 207-214, , 2010.
Djavanroodi, F. and Ebrahimi, M., “Effect of Die
Parameters and Material Properties in ECAP with
Parallel Channels”, Materials Science and
Engineering A, Vol. 527, pp. 7593-7599, 2010.

A¥



15.Balasunda, 1., Rao, M.S. and Raghu, T., “Equal
Channel Angular Pressing Die to Extrude a Variety
of Materials”, Materials and Design, Vol. 30,
pp. 1050-1059, 2009.

16.Pei, Q.X., Hu, B.H., Lu, C. and Wang, Y.Y., “A
Finite Element Study of the Temperature Rrise
during Equal Channel Angular Pressing”, Scripta
Materialia, Vol. 49, pp. 303-308, 2003.

17.Palmiere, E.J., Garcia, C.I. and DeArdo, A.J., “The
Influence of Niobium Supersaturation in Austenite
on the Static Recrystallization Behavior of Low
Carbon Microalloyed Steels”, Metallurgical and
Materials Transactions A, Vol. 27A, pp. 951-960,
1996.

18.Palmiere, E.J., Garcia, C.I. and De-Ardo, A.J.,
“Compositional and Microstructural Changes which
Attend Reheating and Grain Coarsening in Steels
Containing Niobium”, Metallurgical and Materials
Transactions A, 1994, 25A, pp. 277-286.

19.Siciliano, F.J. and Jonas, J.J.,, “Mathematical
Modeling of the Hot Strip Rolling of Microalloyed
Nb, Multiply-Alloyed Cr-Mo, and Plain C-Mn

AD

Steels”, Metallurgical and Materials Transactions A,
Vol. 31A, pp. 511-530, 2000.

20.Beladi, H., Kelly, G.L., Shokouhi, A. and Hodgson,
P.D., “Effect of Thermomechanical Parameters on
the Critical Strain for Ultrafine Ferrite Formation
through Hot Torsion Testing”, Materials Science and
Engineering A, Vol. 367, pp. 152-161, , 2004.

21.Hickson, M.R., Gibbs, R. K. and Hodson, P.D., “The
Effect of Chemistry on the Formation of Ultrafine
Ferrite in Steel”, ISIJ International, Vol. 39,
pp- 1176-1180, 1999.

22.Zheng, Ch., Li, D., Lu, Sh. and Li, Y., “On the
Ferrite Refinement during the Dynamic Strain-
Induced Transformation: A Cellular Automaton
Modeling”, Scripta Materialia, Vol. 58, pp. 838-841,
2008.

23.Hong, S.C., Yoon, C.S., Lee, K.J., Shin, D.H. and
Lee K.S., Ultrafine Grained Materials III, pp. 641-
646, 2004.

24.H. Beladi, “Ultrafine Ferrite Formation in Steels
through Thermomechanical Processing”, PhD Thesis,
Deakin University, Australia, 2004.

W"\\" QL:.W.A) c? ;)Lq.\: cY“f JL«J GJ\AW )) 415];.3_1 b‘jﬁ



