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Structure refinement and mechanical properties of
Mg-4Al-2Si Mg alloy by reciprocating extrusion
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Abstract: The effects of reciprocating extrusion deformation on microstructures and properties of Mg-4Al-2Si alloys
were studied, and the mechanisms of grain refinement of a(Mg) and Mg,Si particles, as well as the effect of Mg,Si
particles on the recrystallization were investigated. The results show that dynamic recrystallization controlled by
dislocation climbing takes place during the reciprocating extrusion process. The equiaxed grains are formed by crystal
boundary migration, subgrain merge and twist rotation by recrystallization. The grain size decreases and the rate of
dynamic recrystallization increases with increasing passes of reciprocating extrusion. The grain sizes of as-cast a(Mg)
and Mg,Si particles decrease from 45 and 60 pm to 3 and 1 pm after 6 passes of reciprocating extrusion, respectively.
The microstructures are characterized by the fine equiaxed a(Mg) grain with homogeneous distribution of fine Mg,Si
particles. The mechanical properties of alloys are improved obviously with increasing reciprocating extrusion passes.
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Fig.1 Schematic diagram of reciprocating extrusion apparatus:
1 Ram A; 2 Container A; 3 Billet; 4 Neck die; 5 Container B;

6 Ram B
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Fig.2 Variation of microstructures of Mg,Si in Mg-4Al1-2Si alloys during reciprocating extrusion: (a) As-cast; (b) 2 passes; (c) 4
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Fig.3 Variation of microstructures of a(Mg) phase during reciprocating extrusion: (a) As-cast; (b) 2 passes; (c) 4 passes;

(d) 6 passes
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Fig.6 SEM images of Mg-4Al-2Si alloys at different states: (a) As-cast; (b) 2 passes; (c) 4 passes; (d) 6 passes

WIAE R B G, AL bR E i — bR
. Mg SRR S 41/, R, W 3085 L
N BERER, MeSiURLAFAE T W B, APk
2, mEe6(c)iir; fteERMAERFIRE, A4
ZUE N4 2, Mg, SRR AR 4/ IR HCIR o A
TEARH L, W OB gl R R
K, AN IMSTURL A7 AE TR B3 e, A 0 1
2, wEe(dFrs. X R A Rt — 21
e, WEARISHIR.

3 Hie

1) G HH R R R AT S A RS )
S FRLE S, TR T A1/ a(Mg) T 45 0 55 5l b R0
/NIATI MeoSi BORIAH . BiAE A 57 8 I 1
I, BUASFRES LB, s RO T .

2) BT R E A Mg-4A1-2Si & a4l
2R, BT RIE RGN, aMg)IERAH LY Me,Si A
PRI PA, a(Mg) I T 45 5 oRi 138 5 1 5 4%
HIPEARKIHR S . a(Mg)5 MgoSi B SRR AT
5320 45 F1 60 pm, EEBE 6 WIXJE, Ak R4

SBNE] 3 R T pme TR T ARF AN BT IRTE 4
SEHIHALR, MgoSi AR SREOE A TR
ML,

3) FEE BRI Mg-4A1-2Si &4 IERE . Hid
HEFE RS R IR . A A2 TR RE R
o 1) 3 R DR T AR 2R 1 A A R Mg, S AR
PRECRAAE -

4) A F R R B ROY B AT 2B R R
BT R A AR . BRI BT 2 T IRINA A
MR R 2 ot R VR A B G Y, AR RIS 40
AN 6 TEIRINT, AR R8O LR & BT
LTEA

REFERENCES

[1]  Friedrich H, Schumann S. Research for a ‘“new age of
Magnesium” in the automotive industry[J]. J Mater Process Tech,
2001, 117: 276-281.

[2] Aghion E, Bronfin B, Eliezer D. The role of the magnesium
industry in protecting the environment[J]. J Mater Process Tech,
2001, 117: 381-385.

[31 =, IMAYE. Bi XMEIGEEES SISy A RE R A T].
i, 1998(5): 5-7.



ERVES AR

KAnde, & EEHIE Mg-4A1-2Si BEA S IA L4110 5 f12- kg 117

(4]

(3]

(6]

(7]

(8]

[9]

[10]

YUAN Guang-yin, SUN Yang-shan. Effect of bismuth on
microstructure and machanical properties of cast magnesium
alloy[J]. Foundry, 1998(5): 5-7.

Humble P. Towards a cheap resistant magnesium alloy[J].
Materaials Forum, 1997, 21: 4556—4562.

Carbonneau Y, Couture A, Van Neste A. Communications the
observation of a new ternary MgSiCa phase in Mg,Si alloys[J].
Metall Mater Trans A, 1998, A29(6): 1759-1763.

R, U, FIRAR, ARMENE, T UL, Mg-Al-Zn-Sifh 4
M AR R AMAG[T]. EJm %R, 2002, 38(10): 1105-1108.
YUAN Guang-yin, LIU Man-ping, WANG Qu-dong, ZHU
Yan-ping, DING Wen-jiang. Microstructure refinement of
Mg-Al-Zn-Si alloys[J]. Acta Metallurgica Sinica, 2002, 38(10):
1105—-1108.

YUAN G Y, LIU Z, WANG Q D, ZHU Y P, DING W .
Microstructure refinement of Mg-Al-Zn-Si alloy[J]. Materials
Letters, 2002, 56: 53—58.

YUAN Guang-yin, LIU Man-ping, DING Wen-jiang, Akihisa 1.
Microstructure and mechanical properties of Mg-Zn- Si-based
alloys[J]. Mater Sci Eng A, 2003, A357: 314-320.

WIREE, WK, B, R, 7 R, T3 4
Mg-5Al1-1Si il i 38 S AL AL RE IR S (0], v A £ 22 4R,
2004, 22(3): 361-364.

HUANG Xiao-feng, WANG Qu-dong, ZENG Xiao-qin, ZHU
Yan-ping, LU Chen, DING Wen-jiang. Effect of neodymium on
microstructure and high temperature creep properties of
Mg-5A1-1Si magnesium alloy[J]. Journal of the Rare Earth
Society, 2004, 22(3): 361-364.

Mabuchi M, Higashj K. Strengthening mechanisms of Mg-Si

(1]

[12]

[13]

[14]

[15]

[16]

[17]

alloys[J]. Acta Mater, 1996, 44(11): 4611-4618.

Yeh J W, Yuan S Y, Peng C H. A reciprocating extrusion
process for producing hypereutectic Al-20wt.% Si wrought
alloys[J]. Mater Sci Eng A, 1998, A252: 212-221.

BESCRR, 53, ST, M. RIS R L 2
AR, AU T TE, 2001, 2: 10-12.

LU Wen-lin, WANG Yong, FENG Ze-zhou, HAI Jing-tao.
Production of the ultrafine-grained materials by sand glass
extrusion process[J]. Hot Working Technology, 2001, 2: 10—12.
ChuH S,LiuK S, Yeh J] W. An in situ composite of Al (graphite,
Al4C;) produced by reciprocating extrusion[J]. Mater Sci Eng A,
2000, A277: 25-32.

Chu H S, Liu K S, Yeh J W. Aging behavior and tensile
properties of 6061AI-0.3 pm ALO;, particle composites
produced by reciprocating extrusion[J]. Scripta Material, 2001,
45: 541-546.

Galiyv A, Kaiby R, Gottstein G. Correlation of plastic
deformation and dynamic recrystallization in magnesium alloy
ZK60[J]. Acta Materialia, 2001, 49(7): 1199-1207.

ZHANG Ya, ZENG Xiao-qin, LIU Liu-fa, CHEN Lu, ZHOU
Han-tao, LI Qiang, ZHU Yan-ping. Effects of yttrium on
microstructure and mechanical properties of hot-extrusion
Mg-Zn-Y-Zr alloys[J]. Mater Sci Eng A, 2004, A373: 320-327.
T, THE, ¥ @, R SFHERENMBIS B54E
FAHEVERERIEMA[T]. GBI L2, 2004, 22(1): 41-45.

YU Xiang, DING Pei-dao, PENG Jian, YANG Chun-mei.
Research on the extrusion and properties of MB15 magnesium
alloy[J]. Metal Forming Technology, 2004, 22(1): 41—45.

(RE  EITH)



