
� 48�    � 4�                                   ��������	                                 Vol.48, No.4 

2019�      4�                        RARE METAL MATERIALS AND ENGINEERING                        April 2019 

 

�����2018-04-25 

���	����	
������51501155� 


���������1991������������
��� �!�"# $% 110819�E-mail: 1548435129@qq.com 

 

ZrB

2

-��������	
���� 

 

���

1

����

1,2

��  	

2

�
��

2

 

(1. �����"# $% 110819) 

(2. &�'()*+!�,& &- 710016) 

 

�  ��. ZrB

2

-/01234��567897:;�<=�.56>?@56A97BC<=DEFGH<=IG

JKLMN 1000~1400 O@PQRSTUV�ZrB

2

56�? ZrO

2

WB

2

O

3

/0C�56XB ZrO

2

� SiO

2

PQ�? ZrSiO

4

�

YRSZ[ 1177 O�1450 K�\�56A]^_` ZrO

2

WB

2

O

3

/0CWZrSiO

4

IY56RSab 1177 O�1450 K�

\�B

2

O

3

/0Cc��d\ SiO

2

/0Ce'fg@hij�56A]^_` ZrO

2

WSiO

2

/0CWZrSiO

4

I56b k

@PQXB B

2

O

3

/0CWZrSiO

4

Dhijfg@ SiO

2

/0C�.5lm�n@opqrstfg@uvwxI 

����ZrB

2

-/01234��y:;�y56 

�������TB332        ������A        �����1002-185X(2019)04-1168-06 

 

��������	�
���������

������������������� �!"

#$%&'(�)*+,-$.�/012345�

$67�8���9:�������;<=�>6

� 2000~2400 ?$@0ABCDEFGH

[1]

IJKL

��/,-$'(>7MNMOPIQRSTUVC

W,- ZrB

2

XYZ[\]^�$��/_`,-*

aZbcde

[2,3]

If[gh ZrB

2

,-i�je��

klmnopC�qr/ stu�ve

[1]

Iwx_

`[yz{]|}~�wxh$��,-���wx

h��wx_`�]��$��� ���$je�

��$.��0

[4]

I����/F�wx_`@|}

$��0wxh�l����),-$������

v�@������$H�I wx_`¡¢ ZrB

2

@£¤�l¥umn/ �¦�l§| ZrB

2

$qr/

 st�2�¨�/.BC0I 

SiO

2

-Al

2

O

3

-ZnO-CaO-ZrO

2

-TiO

2

©wx_`ª«

]¬�$d®¯0�X°±²³��kjTU�/q

r´µ@

[5,6]

I¶bc  SiO

2

-Al

2

O

3

-ZnO-CaO-ZrO

2

-TiO

2

©wx_`·¸� ZrB

2

¹º@�»Q¼½mn$%¾

¿L ZrB

2

-wx_`À�,-�Á+Â,-$BC�Z

)�4d�ÃÄÅ�ÆÇ4£È/ F$BCÉÊ%Ë

�ÉÊÌW�Á+BCÍ$BCqr�Î)�4ÄÅI 

��������

 wx_`¹ºÏÐÑ 3~5 µmÒÓ ZrB

2

¹ºÏÐ

Ñ 3~5 µmÒÔ 1:9$�8�ÕÖ×@ØÙ�ØÙ�Ú

Z 20 h�ØÙÛÜZ 350 HzIwx_`$aÄ�Ý 1I 

 ØÙ�$¹ºÞßà�á½�@½â�½�Z

150 MPa�ã½�ÚZ 10 min��|äDE@)�m

n�mn/ Z 1100 ?�ã/�ÚZ 30 min�å/

�ÜZ 10 ?/min� mnL�$ ZrB

2

-wx_`æç

Pèa 10 mmé10 mmé5 mm $êëì�íî�

400#�800#�1200#$ SiCïð ¨ÝñòÙóô�õ

Þß¼ö÷ø@�ùúûü 30 min�ýþ���@�

Ä���Þß���@)�£È/ Ó�Ú$�/B

Câ	�\þ
�à��/I���¶ÎÃ�Ë�

�(Rigaku)�Ì$ D8 ADVANCE X�����+BC

<þêëÝñ)�WhÄÅ����¶���Ë��

�Ì$ JSM-6460 �������� !+BCþê

ëÝñ"#)�$%Iâ	/ stZ 1000~1400 �I 

 

 

 !""#$%&'(�"

Table 1  Composition of the glass-ceramic 

Material SiO

2

 Al

2

O

3

 ZnO CaO ZrO

2

 TiO

2

 B

2

O

3

 Na

2

O Balance 

Content, ω/% 58.26 5.98 9.00 3.66 5.29 2.75 4.66 3.40 7.00 
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Fig.1  Relationship between the standard Gibbs free energy ∆G
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and the temperature T 
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Fig.2  XRD patterns of the surface of the ZrB

2

-glass ceramic composite in different state: (a) the original sample, 

(b) different temperatures for 5 h, and (c) 1400 O for different time 
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Fig.3  B 1s spectrum of the ZrB

2

-glass ceramic composite surface 

after 1000 O/1 h oxidation 
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Fig.4  Surface morphology of ZrB
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-glass ceramic composite after 

1000 O/1 h oxidation 
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Fig.5  Backscattered electron image (a) and EDS spectra of point 1 (b), point 2 (c) for ZrB
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-glass ceramic composite 

after 1000 �/1 h oxidation 
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Fig.6  Surface morphology (a) and EDS element maps of ZrB
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-glass ceramic composite after 1000 �/5 h oxidation: (b) O, (c) Zr, and (d) B 
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Fig.7  Surface morphology (a) and EDS spectra of point 1 (b), point 2 (c) for ZrB

2

-glass ceramic composite after 1400 �/5 h oxidation 
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Fig.8  Surface morphologies of ZrB
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-glass ceramic composite after oxidation at 1400 � for different time: 

(a) 1 h, (b) 5 h, and (c) 20 h 
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Fig.9  Model of the protection mechanism of the oxidation scale 
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Abstract: The oxidation behavior of the ZrB

2

-glass ceramic composite was analyzed by thermodynamics. The analysis results show that 

the ZrB

2

 is oxidated to form ZrO

2

 and B

2

O

3

 glass phase, in which ZrSiO

4

 is formed by the reaction of ZrO

2

 with SiO

2

 within the 

temperature ranging form 1000 � to 1400 �. Below 1177 � (1450 K), the oxidation scale mainly contains ZrO

2

, ZrSiO

4

 and B

2

O

3

 

glass phase. Above 1177 � (1450 K), the B

2

O

3

 glass will have an evaporation, and such high temperature also leads to a good fluidity of 

SiO2 glass phase. At the same time, the oxidation scale mainly contains ZrO

2

, ZrSiO

4

 and SiO

2

 glass. The oxidation product B

2

O

3

 glass, the 

compact ZrSiO

4

 and the fluid SiO

2

 are all effective hindrances to the oxygen diffusion to the matrix. 

Key words: ZrB

2

-glass ceramic composite; thermodynamics; oxidation 
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