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Microstructure evolution of
semisolid AZ31 magnesium alloy during reheating process
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Abstract: AZ31 magnesium semisolid billets were prepared by a self-designed wavelike vibration sloping plate device,
and an ideal globular or near-globular microstructure can be obtained by wavelike vibration sloping plate technique. The
results show that, with the increase of reheating temperature and the prolongation of holding time, the liquid fraction in
semisolid microstructure increases, and the solid phase grows gradually and spheroidises. The reheating microstructures
at 580 C and 610 C are not suitable for thixoforming. The optimum reheating process parameters suitable for
thixoforming are 590 ‘C for 40—60min or 600 “C for 30 min, under which the average grain diameter is 58—61 pm and
solid fraction is about 87%. The lattice diffusion resulting in the variation of grain size is the dominant atomic diffusion
mechanism of reheating. The solid-liquid interfacial tension results in the variation of globular or near-globular shape.
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Fig. 1 Schematic diagram of vibrating wavelike sloping plate
process for semisolid forming: 1-—Thermal couple; 2—
Temperature control cabinet; 3—Sealed copper pipe with
wavelike surface; 4—Vibration cam connected to loop; 5—
Spring; 6—Casting mould or crystallizer; 7—Cooling cavity;

8—Heating unit; 9—Pouring basket; 10—Pouring valve
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Fig. 2 Optical microstructure of semisolid AZ31 alloy billet
prepared by wavelike vibration sloping plate device at 680 C
with sloping plate length of 400 mm, tilt angle of 45 C and
vibration frequency of 47 Hz
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Fig. 3 Optical microstructures of AZ31 alloy billets held at
580 C for different times: (a) 10 min; (b) 30 min
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Fig. 4 Optical microstructures of AZ31 alloy billets held at
590 C for different times: (a) 10 min; (b) 30 min
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Fig. 5 Optical microstructures of AZ31 alloy billets held at
600 C for different times: (a) 10 min; (b) 30 min
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Fig. 6 Optical microstructures of AZ31 alloy billets held at
610 C for different times: (a) 10 min; (b) 30 min
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Fig. 7 Optical microstructures of AZ31 alloy reheated at 590 ‘C for different holding times: (a) 15 min; (b) 20 min; (c¢) 40 min;

(d) 60 min
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40 58.33 2.02 88.11
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RKBEART AR B FERRR L, Ao 3 B 4l /N
[ SGHTT L. I SR e R B AR ) S
IRESRALR, X — i AR I () ol AZ31
B 4 SR AL Y o SEE RN, 24 ORI IR 1R] 24 90 min
W, OB AR AR I LIS, M DRaRE
TeiE IR eV T 5 S AR B

Kk, AZ31 &4 A mE 590 CHEER, A

T AR AR RN 1) 7 40~60 min, A RAFE K BIAR G K
A ZR, SRR 3 S BT ERTE SRR i, [ B
TUE— 52 B A AR 2 B R A RO s . 185
fitk A% P 1D b A 20 23 5K A k22 5T 41 /N (30~ 80
wm) (R ERTE Sl FNERTE i, BRARCSP-34) SR [ B 7 1.0 22
A1y TR ELRAE 60% LA (1) [ A AR 23 (1 41 256 mk
40% LN I ARAFR 3 5 T R 0S5 il RO
7t 590 C R 4RI ] 40~60 min, 7 600 ‘CH £
RIS E] 30 min, OMAGIOR A SO0/ 3505y
A 0 BEAE Y- [ 2 Ak 2 2R, AW 2880 kg e il /N ()3
BRAIBR LA, B0 T [, HLORE RS 3efT
B2z, PSRN 58~61 um, FEAHRSY
FBAE PRI, AR 0 R D S
WAy, AR L Sy 87%, WAHERLIN 13%.

2.3 TRANGALBLNE T RYFE SIS
P AZ31 1 G Eg R A ARUR R A2
AT I AR AR A AL o



F22 % 1

HE A, AR UM BGE e RS AZ31 B B I A AR 13

231 At R AU R ) AR TR DA
A FURE R <) A8 4k w] LA Lifshitz-Slorovitz-
Wagner(LSW) ity BEFH AL BRI SIHEA T3 4T o

d?—dd =Mt 3)

s d ¢ R ERLRST s do AWITER SR ¢
JPRIRETA] ;g D SHAHLEI M kTR, g=2
g =4 SR, ¢=3 s
(AL, g=5 AL EY ARSI Mo 55
REAA SN R A R K -, Me<D, Lt D=
Doexp[~O/(RT)], D Wy HRE, Do W¥ ErHn A
T, O WBEGEHE, SIS T 2%, R NIRRT EL
T A

BT M & IEAE, W@ W M oy — @i N(3)
B, BEORETE ¢ IR, SRR d 39K, 7EfR
WIS e @IS OU T, EE T, RS D 1
Ko AR R 1 MR, R RT d K. X
SRR T B PRGN R R N TR R, 5 ok
JOT BRI S 50 I 5

JEFY BRI L AR SO
p S . BT ORI 2 A R SR
B, BT e HERR R Y . X OB RE, T
BT AR, WA, T ¢=5 M EY
. q=2 B g =4 WY HdE B 2 R AT ARG
H(T<0.5T,, X T Wi )R, Sy BURARTE
TUOMBIHEA IR R, AR ESER .. R
o AE YL, LB LR iR R IR ¢=3 dids
IR, ¢=3 Y BUR YUE Z IO JR 1
PR - FIER NS SRS HUR 1E B A AR
B ST AR AR AR SR
2.3.2 G AR B RUR R AR 4 1 Ji 8]

TR AR AS A RT LU AL 55 Stk 0 i R 48 H
e AT T 4087 o
AG =—(AH —TASYV + o, S (4)
e AH RIAGER, AS ISR, Vo ERLAR, o
TSR 75 S A SRR TR Hoh AH-TAS=AF),
h [l AR H B ZE

MA@ TLLEH, T—%, WAHFAS —E, K
I AFp B —5€ o« 5 I IEAE, TR R A R
AR, VRIS 8K, 1 oy FRAR, BT 3R0B dbL R
A/ S, FrUAEEE IR A, AT PR
HHBE AG. fEA TR IVERTS, ARK RS RE =,
BRI BRI BT BRI etk . DR, [
T 77 A2 18 R SURL DR AR A 1 T 2 R A

3 Zig

1) FIHBAIRIER IR S B S AZ31 A4:)
[ AR HRE,  SRAFE R HAR A BRI ol BRI b 4121

2) B RN AL B R (R N TR R A, 2 ]
UL AR HAE N, [EAHZ KRR .
AZ31 44 580 CHI 610 CH ) N 2L AR
EA AR OE o A kAR OB B Om g T 2N
590 ‘C{#i 40~60 min, 600 CHf{#iF 30 min. 4%
PEREE R E AR A 58~61um, [FIAHERL K 87%.

3) EmAS T EHLEDN OO AR TR = S 1E
s &3 A S AR RO RS AR AR A B R T3
Fi 1T 7 ) A28 BCRURE B IR 3K 530U BkO% AR 4K (1) 2
JE A

REFERENCES

[1] ATKINSON H V. Modelling the semisolid processing of metallic
alloys[J]. Progress in Materials Science, 2005, 50(3): 341-412.

2]  Zspi, WSO, KA, BER. L& THEA M.

P E A (0 4 g 25 4], 2000, 10(6): 765—-773.
LUO Shou-jing, TIAN Wen-tong, XIE Shui-sheng, MAO
Wei-min. Technologies and applications of semisolid forming[J].
The Chinese Journal of Nonferrous Metals, 2000, 10(6): 765—
773.

[3] FLEMINGS M C. Behavior of metal alloys in the semisolid
state[J]. Metallurgical Transaction A, 1991, 22(5): 957-981.

[4] KIRKWOOD D H. Semisolid metal processing[J]. International
Materials Reviews, 1994, 39(5): 173—-189.

[S] GUAN Ren-guo, CAO Fu-rong, CHEN Li-qing, LI Jian-ping,
WANG Chao. Dynamical solidification behaviors and
microstructure evolution during vibrating wavelike sloping plate
process[J]. Journal of Materials Processing Technology, 2009,
209(5): 2592-2601.

[6] MORADI M, NILI-AHAMADABADI M, POORGANIJI B,
HEIDARIAN B, PARSAM H, FURUHARA T. Recrystallization
behavior of ECAPed A356 alloy at semi-solid reheating
temperature[J]. Materials Science and Engineering A, 2010,
527(16/17): 4113—4121.

[77 SEO P K, KANG C G. The effect of raw material fabrication
process on microstructural characteristics in reheating process
for semi-solid forming[J]. Journal of Materials Processing
Technology, 2005, 162/163(5): 402—409.

[8] WANG Shun-cheng, LI Yuan-yuan, CHEN Wei-ping, ZHENG
Xiao-ping. Microstructure evolution of semisolid 2024 alloy

during two-step reheating process[J]. Transactions of Nonferrous



14

A G EE R

20124FE 1 H

[10]

[11]

[12]

Metals Society of China, 2008, 18(4): 784—788.

DONG lJie, CUI Jian-zhong, LE Qi-chi, LU Gui-min. Liquidus
semi-continuous casting, reheating and thixoforming of a
wrought aluminum alloy 7075[J]. Materials Science and
Engineering A, 2003, 345(1/2): 234-242.

ZHAO Zu-de, CHENG Yuan-sheng, CHEN Qiang, WANG
Yan-bin, SHU Da-yu. Reheating and thixoforging of ZK60+RE
alloy deformed by ECAE[J]. Transactions of Nonferrous Metals
Society of China, 2010, 20(2): 178-182.

W4isE, KR, OHNAKA I, YASUDA H, SUGIYAMA A,
OHMICHI T. ZL101 &<2fE & = om#ip]. HEA )
2£4), 2003, 13(3): 626—630.

YANG Hong-liang, ZHANG Zhi-liang, OHNAKA I, YASUDA
H, SUGIYAMA A, OHMICHI T. Reheating process of
semi-solid ZL101 alloy[J]. The Chinese Journal of Nonferrous
Metals, 2003, 13(3): 626—630.

LM, TP, 9k S, 4R I XUZGJRE IR SR
A B M. RER R IE AT (A 4, 2009, 29(8):
721-725.

MA Chun-mei, WANG Kai-kun, ZHANG Peng, XU Feng.

Preparation of semisolid billets and reheating process of double

[13]

[14]

[15]

layer metallic tubes[J]. Special Casting & Nonferrous Alloys,
2009, 29(8): 721-725.

d O, KOk, MY, R 5, KRH, Bdd. R
AlSiTMg &< — N L E SHELFEANRI]. 58 #4)7,
1999, 35(2): 127-130.

ZHANG Kui, ZHANG Yong-zhong, LIU Guo-jun, XU Jun,
ZHANG lJing-xin, FAN Jian-zhong. Reheating process and
structural evolution of semi-solid AlSi7Mg alloy[J]. Acta
Metallurgica Sinica, 1999, 35(2): 127-130.

NAMI B, SHABESTARI S G, RAZAVI H, MIRDAMADI 8§,
MIRESMAEMAEILI S M. Effect of Ca, RE elements and
semisolid processing on the microstructure and creep properties
of AZ91 alloy[J]. Materials Science and Engineering A, 2011,
528(3): 1261-1267.

JI S, ROBERTS K, FAN Z. Isothermal coarsening of fine and
spherical particles in semisolid slurry of Mg-9Al-1Zn alloy
under low shear[J]. Scripta Materialia, 2006, 55(11): 971-974.
BIDUE. < Jm e R M. dbat: e Tk A, 2000.
HU Han-qi. Principle of metallic solidification[M]. Beijing:
Metallurgical Industry Press, 2000.

(%RiE  RZITH)



