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Effects of self-inoculation technological parameters on semi-solid
microstructure of ZA96 magnesium alloy and interactive nature

LI Chun', LI Yuan-dong', MA Ying"?, CHEN Ti-jun"? WU Hui-hui', LI Yan-lei'

(1. State Key Laboratory of Gansu Advanced Non-ferrous Metal Materials,
Lanzhou University of Technology, Lanzhou 730050, China;
2. Key Laboratory of Non-ferrous Metal Alloys and Processing, Ministry of Education,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Semi-solid microstructure of ZA96 magnesium alloy was prepared by self-inoculation method (SIM). The
effects of self-inoculation technological parameters on the microstructure of semi-solid ZA96 magnesium alloy were
investigated. And the nature of interactive effect between technological parameters was analyzed from the standpoint of
temperature field. The results show that high-quality semi-solid billets and slurry can be obtained by SIM. The effects of
self-inoculation technological parameters on the microstructure of semi-solid billets are bigger, but for the microstructure
of semi-solid slurry which is collected from the exit of the fluid director and holding in semi-solid interval, the effect of
self-inoculants is smaller, but that of the angle of fluid director is bigger. When the superheat of the melt is 8095 °C and
the addition of self-inoculants is 5% and the angle of fluid director is 45°, the grain size of semi-solid billet is 35.6 um; or
after holding 20 s at 552 °C, the grain size of primary phase is 45um and the roundness is 1.7. The interactive nature of
self-inoculation technology parameters is to control nucleation by coordinating them. The formula between the
temperature of melt in the exit of fluid director and self-inoculation technological parameters was derived.
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Fig. 1 Schematic of self-inoculation method

TEMSEIG T E TR, WA &ATIEE. b .
2l Mg SERPRATIE A b s b, R aa
ks HIL L E] 680 CHY, A CHILFHIZE Zn Al
af Al e A E, TR . JE AR A 3
680~700 CJ5, F 1%~1.5% C,Cls #HATREIARBR T, #H
H 30 min, MK 1 PSEEEATER, RN
T T (1) R A S R AR I AR AR A N LR AR
WP o IR X R ARG, — e d 15
mm X 150 mm [FI#ERL, ) —8 AR TE 552 °C N IR
20 s JE K.

1.3 iXHEALEE

WEBLA T2 NGRS 1/2 AN 2 HEAE
310 mm. KSE R 20 mm FIEFERFE, 55—41H 400
53 1500 ‘S/KERPACTIES . Y00, FH 4%H1R A
fEhh 6 s; A SX2—4-10 BUAH I HL B Y A
350 CLRiE 8 hy JEAE 185 ‘CHR¥E 16 h ff) T6 AbFE, T
JER S FH R 2 JE A S Tk 50 s BRI /K VR IR B P
400 5 2| 1 500 S/KERAUHEE . J0t, H 4% K
RAE T 6 5. 27K MEF-3 S22 B s W 22 H 40
ZURITESN, AR 3R AR RAEY] . o-Mg AHFIR
ANEMIIR)s HERDEIRBFRIEYIE a-Mg AHIT



%23 55 3 0 A, % ARE T EBEONT ZA96 B4 411 2 ZUR 5% W b FoAZ B A 601
Rx1 OSRITE
Table 1 Experimental program
Program Degree of Addition of Angle of fluid One by one figure of different style of cooling
No. superheat/'C self-inoculant/% director/(°) Mold cooling Holding and water-quenching
0 80 - - Fig.2(a) -
1 65 5 45 Fig.3(a) -
2 80 5 45 Fig.2(b) Fig. 2(e) and Fig. 8(b)
3 95 5 45 Fig.3(b) -
4 110 5 45 Fig.3(c) -
5 80 3 45 Fig.4(a) Fig. 8(d)
6 80 7 45 Fig.4(b) Fig. 8(e)
7 80 5 30 Fig.6(a) Fig. 8(a)
8 80 5 60 Fig.6(b) Fig. 8(c)
9 65 3 60 - Fig. 10(a)
10 110 7 30 - Fig. 10(b)
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Fig. 2 Microstructures of ZA96 magnesium

alloy at different treatment styles: (a)
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treatment; (d) Direct water-quenching; (e)

Holding 20 s and water-quenching
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Fig. 3 Microstructures of as-cast at different superheats of
melt: (a) 65 'C; (b) 95 C; (¢) 110 'C
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Table 2 Grain size and roundness at different technological

parameters

Angle of fluid Addition of

Parameter director self-inoculants

30 45°  60° 3% 5% 7%

Grain size/um 65 45 79 52 45 56

Roundness 2.5 1.7 2.9 1.9 1.7 2.0
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Fig. 8 Effects of technological parameters

on semi-solid slurry of ZA96 magnesium
alloy: (a) 80 C, 5%, 30°; (b) 80 C, 5%, 45°;
(c) 80 C, 5%, 60°; (d) 80 C, 45°, 3%; (e) 80
C, 45°, 7%
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Fig. 9 Effect of self-inoculation technological parameters on

entrance and exit temperature of fluid director: (a) Superheat
of melt; (b) Angle of fluid director; (c¢) Addition of

self-inoculants
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