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Oxidation Behavior of an Fe,,B,, Y, Bulk Metallic
Glass in Air at 600 ~ 700 °C
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ABSTRACT

The oxidation behavior of an Fe,,B,,Y, bulk glassy alloy and its crystalline counterpart was
studied over the temperature range 600 ~ 700 °C in dry air. The oxidation kinetics of both glassy
and crystalline alloys generally followed the parabolic rate law although three-stage kinetics was
noted at 700°C for the glassy alloy. The oxidation rates of the two alloys increased with increasing
temperature, and the parabolic rate constants of the glassy alloy are much lower than those of the
crystalline counterpart. The scales formed on the glassy alloy consisted mainly of boron oxide
(B,0,) and minor amounts of iron oxides (Fe;0,/FeO). Conversely, duplex scales formed on the
crystalline counterpart were composed of an outer layer of Fe,0; and an inner layer of Fe,O, and
YBO,. The formation of B,0; is responsible for the reduced oxidation rates of the glassy alloy as
compared to those of crystalline counterpart.
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Figure 1 XRD analyses of the Fe-base BMG and

crystalline alloys.
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Figure 2 DSC curve of Fe,,B,, Y bulk metallic glass at
the heating rate of 0.167 K/s.
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Figure 3 Oxidation kinetics of (a) the Fe-base BMG, and (b) the crystalline alloy.
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Figure 4 XRD analyses of the oxide scales formed on the crystalline alloy oxidized at 700 °C for 96 hr.
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Table 1  Oxidation rate constants of the Fe,,B,,Ys BMG and crystalline alloys in dry air. (Kp unit: g?/cm*/s)
Compound 600 °C 625 °C 650 °C 675 °C 700 °C
Fe;,B,, Y, BMG 1.43x10" 2.11x10" 3.01x10"? 2.84x10"2 (1) 7.25x10"* (§ff 5 hr)
(2)decreased
(3) 3.05x10"* (13 ~ 37 hr)
X-Fe;,B, Y 3.02x10"%  |---mm-eee- 1.24x10" |-m--mmee- 4.19x10™"!
Pure Fe 9.03x10""  |-mmmmmmm- 6.91x10"°  |---m--mmo- 4.20x10°
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Figure 5 SEM micrographs of the oxide scales formed on the Fe-base BMG oxidized for 37 hr (a) at 600°C, (b) at
650°C, (c) at 700°C, and (d) the crystalline alloy oxidized for 36 hr at 700°C.
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Figure 6 Cross-sectional BEI micrographs of the Fe-base BMG oxidized for 37 hr (a) at 600 °C, (b) at 650 °C, and‘(yc) o
at 700 °C.
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2 82.39 1.13 7.25 9.23
3 29.65 1.49 12.63 56.23
4 67.99 0.52 30.65 0.84
5 62.64 5.81 30.81 0.74
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Figure 7 (a) Cross-sectional BEI micrographs of the Fe-base BMG oxidized for 47 hr at 675°C, and corresponding X-

ray maps of (b) Fe, (¢) B, (d) Y, and (e) O.
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(a) TEM cross-section of the scales formed on the Fe-base BMG oxidized for 37 hr at 700 °C, (b)-(d) SAD of
region 1, 2, and 3 of (a), (¢) cross-section of the substrate of (a), (f) SAD of (e), and (g) SAD pattern of the
BMG substrate after oxidized for 37 hr at 650 °C.
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Table2 The standard Gibbs free energies of
formation (AG’; ; KJ/mol O,) of some
oxidation products.

Compound 600 °C 700 °C

Y0, -1100.2 -1081.4

B,0, -697.8 -683.0

FeO -428.0 -415.5

Fe,0, -413.6 -398.7

Fe,0, -395.0 -384.7
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