A% ACTA METALLURGICA SINICA

{EF S0./Air/N. SFAEHZh Mg B AZ91D & & BYIE B IR A

GRERZEMRIARE, R RARE 2 SRR R AR E, Jbat 100084)

W OE R EERE, BT SO/AIN, AL Mg ) AZOID A &R kRS T J, B X ST (XRD). £14fit8E (SEMD.
fERE (EDS). Auger HLFAEIEAL (AES) I X kB FRENEAL (XPS) 43HT TR AL . MO SURER A KR, da i
TS TR A KSR, IF5T T REBIOAE Y. IR 4 SOYAIYN, U, I HEREIB d MgO. MgS 1 MgSO, 541
s MgSOL RN HRGEM, IR ERTE . 2R SO/AI/N, SN Y SIRH SO, & E—Eh, Air & BARE m th A G g

KR eeEad, AR, S0, i

HESESES TG 1462  XBAFRIREL A NERS  0412—1961(200X )X —X X—X

USE OF SO,/AIR/N, COVER GASES FOR THE PROTECTION ON MOLTEN

MAGNESIUM AND AZ91D ALLOY

WANG Xianfei, XIONG Shoumei

State Key Laboratory of Automotive Safety and Energy, School of Materials Science and Engineering, Tsinghua University,

Beijing 100084

Correspondent : XIONG Shoumei, professor, Tel: (010)62773793, E-mail: smxiong@tsinghua.edu.cn

Supported by National Natural Science Foundation of China (N0.51275269), National Key
Technologies R&D Program (No0.2011BAE22B02) and International S&T
Cooperation Program of China (N0.2010DFA72760)

Manuscript received 200*—**—**, in revised form 200*—**—%**

ABSTRACT Molten magnesium and AZ91D alloy oxidize rapidly during casting process, sulfur dioxide (SO,)

mixed with carrier gases can be used to protect the melt by reacting with the melt to form a coherent protective

film on the melt surface. In this paper, the films formed in SO,/Air/N, cover gases were characterized by X-ray

diffraction (XRD), scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), Auger electron

spectroscopy (AES) and X-ray photoelectron spectroscopy (XPS), the formation process and the protective

mechanism of the surface film were also discussed. The results show that the protective film is composed of MgO,

MgS and MgSO,. MgS increases the Pilling and Bedworth Ratio of the surface film and enhances its protective

capability. MgSOy is the thermodynamically stable phase and its formation is important for the formation of

protective film. When SO,/Air/N, cover gases are used to protect the melt and SO, content is fixed, air content

should be controlled within a certain range.
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Fig.1 Macro morphologies of molten AZ91D held at 680 ‘C for 10 min in 0.5%SO,/Air/N, cover gases containing 20% (a), 40% (c)
and 90% (e) air, and molten magnesium held at 700 ‘C for 60 min in 0.75%S0,/Air/N, cover gases containing 40% (b), 80% (d)
and 99.25% (f) air in a sealed furnace
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Fig.2 SEM micrographs of the cross section (a) and surface (b) of the film formed on molten AZ91D at 680 C for 20 min in
0.5%S0,/90%Air/9.5%N, cover gas in a sealed furnace
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Fig.3 SEM micrographs of the cross section of films formed on molten magnesium at 700 ‘C for 60 min in a sealed furnace in

1.0%S0,/Air/N, cover gases containing 20% (a) and 60% (b) air
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Fig.4 Curves of element concentration vs sputter time for films formed on molten magnesium at 700 “C for 60 min in a sealed

furnace in 1.0%SO,/Air/N, cover gases containing 20% (a) and 60% (b) air
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Fig.5 Curves of element concentration Vs sputter time for films formed on molten AZ91D at 680 ‘C in 0.5%S0O,+N, in an open

furnace for 60 min (a) and 150 min (b)
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Fig.6 Curves of element concentration Vs sputter time (a---c) and cross-sectional morphology (d) for films formed on molten

magnesium at 700 ‘C in 0.5%SO,+N, in an open furnace for 3 min (a), 10 min (b), 30 min (c) and 90 min (d)
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Fig.7 XPS spectra of the top surface (a, c, ¢) and the depth of about 50 nm (b, d, f) of the film formed on molten magnesium at
730 ‘C in 0.5%S0,+N; in an open furnace for 10 min
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Fig.7 Stability diagram for the Mg-O-S system at 680 ‘C (Points 1---4 are shown for the cover gases containing 0.5%SO, with 0.1%,
5%, 40% and 90% air) !'%)
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