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Effect of CaO on oxidation resistance of pure magnesium

Sang Pil Kim

Marine Convergence Design Co-work, The Graduate School,

Pukyong National University

Abstract

Application of magnesium alloys has been rapidly increased due to their excellent
properties such as high specific strength and low density. Nevertheless, magnesium
alloys have serious problem that it can be easily oxidized when exposed in the high
temperature. Thus, SFs gas such as protective cover gas 1is generally used for
magnesium alloys during melting and casting process, but this gas has significantly
baneful influence on global warming. For this reason, many research have been
conducted to improve the oxidation resistance of magnesium alloys. It was reported that
addition of Be, Ca and CaO in magnesium alloys improved oxidation characteristic.
However, Be and Ca are alkaline earth metal so these elements are difficult to handle
because of their high reactivity. Especially, Be has been restricted due to emission of
toxic materials. On the other hand, CaO is stable and cheaper than other materials. So in
this study, it will be confirmed to possibility of manufacturing the magnesium alloy
improved in oxidation resistance by addition of CaO which was extracted from oyster
shells.

Oyster shells were completely decomposed into CaO and CO, at 765C. As adding CaO,
Ca was converged from matrix to oxide layer and weight change was decreased during
oxidation test. It means that addition of CaO prevents the inward transport of oxygen
through porous structure of MgO oxide layer. In other words, it would be difficult to

react with magnesium and oxygen.
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Figure. 1 Schematics of magnesium oxidation kinetics at different
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Table. 1 PBR value of metals

Metal Metal oxide Rpr
Zinc Zinc oxide 1.58
Calcium Calcium oxide 0.78
Magnesium Magnesium oxide 0.81
Aluminum Aluminum oxide 1.28
Platinum Platinum oxide 1.56
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Table. 2 Global warming potential of protective cover gas

Insulation medium GWP factor
Air 0
CO; 1
SF 23,900
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(1) Electric resistance furnace (2) Stirring rod (3) Gas inlet (4) Crucible

(5) Thermocouple (6) Agitator (7) Program controller

Figure. 4 Schematic illustration of casting apparatus
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Element wit %

0 2.42
Mg 96.77
Si 0.26
Ca 0.54

Totals 100.00

\
Hirraira Elaciron Image 1

Figure. 7 SEM micrograph and EDS analysis of Mg-0.54wt.%CaO alloy
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Element wit.%

0 3.59
Mg 95.39
Si 0.22
Ca 0.80

Totals 100.00

—
Elaciron Image 1

Figure. 8 SEM micrograph and EDS analysis of Mg-0.80wt.%CaO alloy
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Figure. 9 Macroscopic images of (a) Pure Mg (b) Mg-0.54Ca0O (c) Mg-0.80Ca0O at 450 T after 5 h exposure
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Figure. 10 Macroscopic images of (a) Pure Mg (b) Mg-0.54Ca0O (c) Mg-0.80CaO at 500 C after 5 h exposure
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Figure. 11 Weight gain versus CaO concentration of Pure Mg,
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Table. 3 Diffusion in solid elements'”

Q Temp. range
(kJ/mol) (K)
Mg 139.0 773-903
Ca 161.2 773-1073
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Figure. 12 Pure Mg after oxidation test at 450 C for 5 h (a) cross sectional SEM image,

and EPMA mapping of (b) Mg, (c) O and (d) Ca
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Figure. 13 Mg-0.54wt.%CaO alloy after oxidation test at 450 C for 5 h (a) cross sectional SEM image,
and EPMA mapping of (b) Mg, (c) O and (d) Ca

29



S5um

o
Mg Lv. O Lv. Ca Lwv.

- 3326 - 224 - 159
I 1664 I 112 I 80
1 0 0
Ave 2314 Ave 19 Ave 7

Figure. 14 Mg-0.80wt.%CaO alloy after oxidation test at 450 C for 5 h (a) cross sectional SEM image,
and EPMA mapping of (b) Mg, (c) O and (d) Ca

30



g 2 - — ' I —
= —#— 450 °C
W
» 16L i
Q
o=
-
o
= 12! 4
re)
| -
2
T 08F i
o
o

0.4 g
s | L | | | L | L |

0 0.2 0.4 0.6 0.8

CaO Concentration, wt%

Figure. 15 Oxide layer thickness versus CaO concentration of Pure Mg,

Mg-0.54Ca0 and Mg-0.80CaO alloys during oxidation in air at 450 C
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Figure. 16 Mg-0.54wt.%CaO alloy after oxidation test at 500 C for 5 h (a) cross sectional SEM image,
and EPMA mapping of (b) Mg, (c) O and (d) Ca
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Figure. 17 Mg-0.80wt.%CaO alloy after oxidation test at 500 C for 5 h (a) cross sectional SEM image,
and EPMA mapping of (b) Mg, (c) O and (d) Ca
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Figure. 18 EPMA line analysis of cross-sectional oxide layer after
oxidation for 5 h. (a) Mg-0.54%Ca0 at 450 C, (b) Mg-0.80%CaO at 450
T, (c) Mg-0.54%Ca0 at 500 C and (d) Mg-0.80%Ca0O at 500 C
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Figure. 19 Oxide layer thickness versus CaO concentration of Pure Mg,

Mg-0.54Ca0 and Mg-0.80CaO alloys during oxidation in air at 500 C
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