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The Oxidation Behavior of Zr-base BMGs in Air

H. H. Hsieh, W. Kai*

( Zr-20Cu-12Ni-10Al-5Ti Zr-30Cu-10Al-5Ni Zr-

15Cu-10Al-10Ni at. % ) Zr53 Zr55 Zr65 ) 300-500

( T 350 ) 

350 Zr65 

X ZrO
2

(

t- m-ZrO
2

) 350 CuO NiO ( Zr53 )

m-ZrO
2

TEM Zr53 300 73 

Zr53 Zr
2
Cu Zr55 Zr65 Zr

2
Cu 

ZrAl 

ABSTRACT
The aim of this research is to study the oxidation behavior of three bulk amorphous glasses

(BMGs), containing Zr-20Cu-12Ni-10Al-5Ti (Zr53), Zr-30Cu-10Al-5Ni (Zr55), and Zr-15Cu-
10Al-10Ni (Zr65) in dry air at 300-500 .  The oxidation kinetics of all the alloys generally
followed the single- or two-stage parabolic rate law at T > 350 , while the three BMGs
followed a linear behavior at 300-350 . The Zr65 alloy is the most oxidation-resistant alloy
among the three BMGs studied. The scales formed on the alloys consist of a mixture of
monoclinic- and tetragonal-ZrO

2
( m- and t-ZrO

2 
), while CuO was also observed at higher

temperatures ( T > 350 ), and NiO was exclusively detected in the Zr53 alloy.  The amount of m-
ZrO

2
formed on all BMGs is time-dependent and strongly dependent on the alloy composition and

oxidation temperature.  Based upon TEM results, a plenty of nano-grained polycrystallines formed
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beneath the amorphous oxide scale for Zr53 at 300 , indicating that phase transformation was taken place, in which
Zr

2
Cu was exclusively detected, but both Zr

2
Cu and ZrAl were present in Zr55 and Zr65.
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1. 

Table 1 Oxidation rate constant, Kp ( g2 / cm4 / sec ) of

BMGs.

2. t- m-

ZrO
2

X- 

Table 2. Ratios of XRD peak area for tetragonal and

monoclinic zirconium oxides formed on

BMGs and crystalline alloys.
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3. t- m-

ZrO
2

X- 

Table 3. Ratios of XRD peak area for tetragonal and

monoclinic zirconium oxides formed on

BMGs and crystalline alloys after short-term

oxidation.

4. ( G
f 
; KJ / mole O

2 
)

Table 4 The standard Gibbs free energies of formation

( G
f 
; KJ / mole O

2 
) of some oxidation

products.

1. TGA 

Fig.1 Schematic of TGA.

2. DSC ( 

0.167 K/s 200-700 )

Fig.2 DSC curves of three Zr-base BMGs in heating

rate of 0.167K/s from 200-700 .
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(a) 

(b)

3. (a) (b) Zr53 

375-500

Fig.3 Oxidation kinetics of (a) three BMGs at low

oxidation temperature and (b) Zr53 at 375-

500 .

(a) 

(b)

4. Zr53 (a) 500 100hr X- 

(b) 400 62 hr SEM 

Fig.4 (a) XRD spectra of the scales formed on Zr53

at 500 for 100 hr. (b) SEM of the scale

formed on Zr53 exposed to air at 400 for 62

hr.
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(a) 

(b)

5. Zr53 (a)300 73hr TEM 

(b) 

Fig.5  (a) TEM image of cross-section for Zr53

oxidized at 300 for 73 hr, and (d) at higher

magnification.

6. Zr53 300 73hr 

Fig.6 Schematic diagram of the various structures

formed on Zr53 after oxidation at 300 for 73

hr.
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(a)

(b)

7. Zr55 (a) 400 120hr X- 

(b) 375 80 hr SEM 

Fig.7 (a) XRD spectra of the scales formed on Zr55

at 400 for 120 hr. (b) SEM of the scale

formed on Zr55 exposed to air at 375 for 80

hr.
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8. (a) Zr55 400 120

BEI (b) - (f) 

X- 

Fig.8 EPMA Micrograph and X-rays maps of Zr55

corroded at 400 for 60 hr. 

(a)

(b)

9. Zr65 (a) 375 168hr X- 

(b) SEM 

Fig.9 (a) XRD spectra and (b) SEM of the scales

formed on Zr55 at 400 for 120 hr.
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10. (a) Zr65 300 480

BEI (b) - (f) 

X- 

Fig.10 EPMA Micrograph and X-rays maps of Zr55

corroded at 300 for 480 hr.
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11. Zr53 425 2 hr X- 

Fig.11 The surface scale formed on Zr53 at 425 for

2 hr, and its corresponding XRD spectra.

12. 400 120 

Fig.12 BEI micrograph illustrating the position of Pt-

marker formed on Zr55 oxidized at 400 for

120 hr.
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