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Table 1  Parameters of micro-arc oxidation test 

Sample Electrical parameter Electrolyte Thickness of ceramic layer/µm 

D 

Frequency 1000 Hz, Duty ratio 10%, 

Pulse voltage 500 V 

Sodium phosphate 20 g/L, 

Glycerol 30 ml/L, EDTA 2 g/L 

3.4 

E 

Frequency 1000 Hz, Duty ratio 10%, 

Pulse voltage 500 V 

Sodium silicate 20 g/L, 

Glycerol 30 ml/L, EDTA 2 g/L 

4.7 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  ZIRLO9<=>?� Dy EcdEFGH XRD�� 

Fig.1  XRD patterns of ceramic layers of D and E samples after 

micro-arc oxidation of ZIRLO alloy 

st>cdeb�� m-ZrO

2

8G���yz�st>

cdeE?�� m-ZrO

2

��K�4��> t-ZrO

2

&P

c8Zr��JVWXST ¡>cdeE?Ä m-ZrO

2

& 

�������������

R 2 Z ZIRLO ��JVWX� D � E ¥¦cd

e>ÛR�aî&D� E¥¦cdeÛR�dG�K

e[fgô�0&¥¦cdeÛR�ìh(Jij�

Jkl8�å�no>mnôop&GqJij�J

kl>rs8cdeÛR�qn~�þt&Jij>

iu���8D� E¥¦�>Jij<=G 100~ 

200 nm8Jijv�wuD 1.5 µm& 

�������������

R 3 Z ZIRLO ��JVWX� D � E ¥¦cd

e>×R�aî&D� E¥¦cde×R�~dG� 

10 20 30 40 50 60 70 80 90

�

��

�

�

��

�

�

��

�

�

��

�

•

E

•

•

•

•

•

    m-ZrO

2

 • α-Zr

I
n
t
e
n
s
i
t
y
/
a
.
u
.

•

D

•

�

��

�

•

•

•

•

2θ/(°) 



�3486�                                          �)g���$%                                           � 49� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  ZIRLO9<=>?� Dy EcdEFGH�LMNO 

Fig.2  Outer surface morphologies of ceramic layers of D (a, a

1

) and E (b, b

1

) samples after micro-arc oxidation of ZIRLO alloy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  ZIRLO9<=>?� Dy EcdEFGH^LMNO 

Fig.3  Inner surface morphologies of ceramic layers of D (a, a

1

) and E (b, b

1

) samples after micro-arc oxidation of ZIRLO alloy 
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� 4  EcdPQMH TEM� 

Fig.4  TEM images of cross-section (a) and the substrate (b); HRTEM image and FFT image of the area marked by arrow in Fig.4b (c) for sample E 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  �� 4aX��� H EDS¡¢£ 

Fig.5  EDS line scanning along the arrow shown in Fig.4a 
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Fig.6  Corrosion weight gain double logarithmic curves of ZIRLO 

alloy and D and E samples after micro-arc oxidation of 

ZIRLO alloy in 360 �/18.6 MPa deionized water (a) and 
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Abstract: The ZIRLO alloy was subjected to micro-arc oxidation treatment using a phosphate or silicate electrolyte system. XRD, SEM, TEM 

etc were used to study the phase composition, surface morphology and cross-sectional structure of the ceramic layer. The results show that the 

ceramic layer prepared in the phosphate electrolyte system and the silicate electrolyte system is mainly composed of m-ZrO

2

. The inner surface 

of the ceramic layer prepared by the phosphate electrolyte system is denser than the ceramic layer prepared by the silicate electrolyte system. A 

small amount of β-Zr is presented on the side of the substrate near the O/M interface in E sample (micro-arc oxidation in silicate electrolyte 

system). ZIRLO alloy and D (micro-arc oxidation in phosphorus electrolyte system) and E samples (micro-arc oxidation in silicate electrolyte 

system) were studied in static autoclave at 360 °C/18.6 MPa deionized water and 360 °C/18.6 MPa 0.01 mol/L LiOH aqueous solution. The 

corrosion weight gain double logarithmic curve results show that when samples are corroded to 250 d in 360 °C/18.6 MPa deionized water, the 

corrosion resistance of D and E samples is similar, which is better than that of the ZIRLO alloy sample without micro-arc oxidation; When 

samples are corroded to 246 d in 360 °C/18.6 MPa 0.01 mol/L LiOH aqueous solution, the corrosion resistance of D and E samples are close to 

that of ZIRLO alloy samples without micro-arc oxidation treatment or even it has harmful influence on ZIRLO alloy. With the extension of 

corrosion time, micro-arc oxidation has limited improvement on corrosion resistance of ZIRLO alloy. 
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