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ABSTRACT Using a 3D rotary—die equal-channel angular pressing (3D-RD ECAP) mold, the
commercial wrought magnesium alloy AZ31 has been processed through 4 routes (A’, By, By and
C’) and microstructures as well as mechanical properties of the samples processed were investigated.
The results reveal that all the 4 routes can refine microstructures of the alloy, however, the effects
on microstructural homogeneity and tensile elongations of the samples are different. The grain sizes
of the samples processed through routes A’ or B/, are more uniform and their tensile elongations
at ambient temperature are also higher than those through B or C’ routes. The distributions of
hardness on the central longitudinal planes of samples extruded through different routes are well
consistent with the microstructural characters at the corresponding positions. Strain analysis on the
cubic elements in the samples reveals the limitation of the traditional shear mode for ECAP. Based
on experimental results and finite element method (FEM) simulation, the deformation homogeneity
caused by ECAP processing is closely related to the alternative action of tensile and compressive stresses
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at the different positions in the samples and is independent of the deformation regularity of the cubic

elements in the shear model proposed in the previous studies.

KEY WORDS magnesium alloy, equal-channel angular pressing, rotary—die, pressing route,
structure homogeneity, grain—refinement
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Fig.2 Optical micrographs of the samples before ECAP (a), after one pass ECAP (b), and after 3 passes ECAP

through routes of A’ (c), By (d), B (e) and C’ (f)
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Table 1 Average hardnesses and uniformity coefficients of
hardness of the samples after ECAP
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of the tensile stress on the surfaces of samples during ECAP processing by 4 routes in 3D-RD ECAP (b)



51 P BLAE R R BT RN AZ31 BES GGV A ERE A R 33

A ST ARTE, WL VR U B R e, R b 3R
RGP AEF R, T4 G 1R L3R 7= AR IR TE
e

FREZ PR AFX ZE IR ECAP Ak
ISR b E 272 ARG . Vs AP RRE e A A A P 2
HELE (& 6a dfE € X)), RRMRA G 7EIX AL
H:2i50 B 6b & RD-ECAP {1 4 PR 2 UGB R K
F R Z PR B A LA R B R, AT B RIR
FERPATHY 2 AR S Z RPN 1 1EH; By s
4 AR SHREZ RN SIERT; Be BARREAAR 2 A
ZRNAER; C B RE 1 ANREZINER. 78
FANHE R Z AN IER R RREL RE 1 ANFRE
ZALNE R B S¥ SI & AR AR TR . FEME4E ECAP
2N )V B R A% X PR LA A BRI RE 1
H 1 NERME; Ba BARIRFEMLH 2 AN3RE; Be B2
AR 4 NRE; C BARRFE TR 2 MRIE. W
3D-RD ECAP Ffift4: ECAP JAMER B AR 2 R 2K
IR e R A B2 ~C 4%, B, B4 ~Bc #2,
Be #12 ~Ba #1%, C' B2 =~A 4%, @D LHES
ECAP #1 3D-RD ECAP 421 73 #7 v] LA H X FE Y 25
W, SRR SV P RE A ST Y T B IR R 32 TR
A R SR AS AL B, T A ST BT R AR TR L.
Z

(1) 3D-RD ECAP 4 A', B, Bl #1 C’ #wlffi
AZ31 S5 E ik g AL, (AR B2 05 A 4 O oW
YU 22 ERE AR AR, IR AETE 5 bR ST £
H#E, By fl A PR ARRIBCR L B M1 CF B AR 4T

(2) Hitgh ECAP W, ##HE 3D-RD ECAP
AR Z SRS R FEAR ECAP BA25EAEAIH
AL R T ER %, ECAP XHRAREASTE 1 507 32 B H
YLFHL Y ) 3881 T TR B 25 A0 4 BT, 11 55 89 1)
AL ) ST BT A TR LR TE 6.

E PN

[1] Miyahara Y, Horita Z, Langdon T G. Mater Sci Eng, 2006;

A420: 240
[2] Chuvil’deev V N, Nieh T G, Gryaznov M Y, Kopylov V I,
Sysoev A N. J Alloy Compd, 2004; 378: 253
[3] Mabuchi M, Iwasaki H, Yanase K. Higashi K. Scr Mater,
1997; 36: 681
[4] Figueiredo R B, Langdon T G. Mater Sci Eng, 2006; A430:
151
[5] Chuvil’deev V N, Kopylov V I, Gryaznov M Y, Sysoev A
N. Dokl Phys, 2003; 48: 343
[6] Lapovok R, Thomson P F, Cottam R, Estrin Y. Mater Sci
Eng, 2005; A410-411: 390
[7] Kim J C, Nishida Y, Arima H, Ando T. Mater Lett, 2003;
57: 1689
[8] Nishida Y, Arima H, Kim J C, Ando T. Scr Mater, 2001;
45: 261
[9] Yamashita A, Horita Z, Langdon T G. Mater Sci Eng,
2001; A300: 142
[10] Matsubara K, Miyahara Y, Horita Z, Langdon T G. Acta
Mater, 2003; 51: 3073
[11] Fatemi-Varzaneh S M, Zarei-Hanzaki A, Beladi H. Mater
Sci Eng, 2007; A456: 52
[12] LiY Y, Zhang D T, Chen W P, Liu Y, Guo G W. J Mater
Sei, 2004; 39: 3759
[13] Chino Y, Kimura K, Hakamada M, Mabuchi M. Mater Sci
Eng, 2008; A485: 311
[14] Jiang L, Jonas J J. Ser Mater, 2008; 58: 803
[15] Lee B H, Reddya N S, Yeoma J T, Lee C S. J Mater Pro-
cess Technol, 2007; 187—-188: 766
[16] Figueiredo R B, Aguilar M T P, Cetlin P R. Mater Sci
Eng, 2006; A430: 179
[17] Chen Z H. Wrought Magnesium Alloys. Beijing: Chemical
Industry Press, 2005: 28
(Brirte. BIBEEG 4. JUat 2Tk iidt, 2005: 28)
[18] Kim W J, Hong S I, Kim Y S, Min S H, Jeong H T, Lee
J D. Acta Mater, 2003; 51: 3293
[19] Beyerlein I J, T6th L S. Prog Mater Sci, 2009; 54: 427
[20] Valiev R Z, Islamgaliev R K, Alexandrov I V. Prog Mater
Sei, 2000; 45: 103
[21] Iwahashi Y, Horita Z, Nemoto M, Langdon T G. Acta
Mater, 1998; 46: 3317
[22] Langdon T G, Furukawa M, Nemoto M, Horita Z. JOM,
2000; 52(4): 30
[23] Valiev R Z, Langdon T G. Prog Mater Sci, 2006; 51: 881
[24] Chino Y, Kimura K, Mabuchi M. Mater Sci Eng, 2008;
A486: 481



