
� 47� � 9� ��������	                            Vol.47, No.9

2018�     9�                       RARE METAL MATERIALS AND ENGINEERING                September 2018

�����2017-09-07

���	����	
���51472201�51602258�


���������1987 ���������������� !"#$%��&'()*+�,� �- 710072�E-mail: 

ijianping@163.com

BN ��������	
�������

���

1

����

1

�� �

1

�	
�

1

���

1

����

2

(1. �������,� �-  710072)

(2. ./��0123456�./ 7�  255031)

� ��89:;<�=>?@ /ABC�LPCVD/CVI�DEF BN

f

/BNGBN

f

/SiBN H BN

f

/Si

3

N

4

IJK"#$%�

45F BN IJKL 3 MIJK"#$%NO !GPQRSHTURSV WXY�BN IJZ[\<]^_

:N h-BN `a�b> !cDE�^d�650~800 e�fg�h<VIJNijkc�l 50~500 nm NOmn

oV800 epqrIJKN�stPQu^v 94 MPaVBN

f

/BNGBN

f

/SiBN wL BN

f

/Si

3

N

4

tPQu^xyz:�

�s{|}v 68.8�30.6�26.2 MPa�~���sv�R~�V��c��IJ���DE�^������I

J /���l���IJ�S������j #u^������S����V3 MIJK"#$%NTU��

)� ε′<3.0�TU�� tanδ<0.04�U B¡RS¢£�b¤ BN

f

/BN "#$%¥�¦§N¨#RSV  

����<�=>AB�BN IJ�©<ª01�"#$%�«�RS�TURS  

��	
���TB332        �����A        ����1002-185X(2018)09-2901-08 

 

��������	
����������

����������������� !"#$%

&'()*ε′+�,-*tanδ+./!

[1-3]

01234

	
56�78�9:��;<=!>�?@�12

!>.ABCD����EF"GHIJK*Al

2

O

3

+�

7LM*SCFS+�NJK*AlN+�NJO*BN+�

NJP*Si

3

N

4

+.QRSTR34

[4-6]

06U"Si

3

N

4

34VW!>?@"X��&'()*5.6~8.2

[7, 8]

+

�YZ[\]^

[3, 9]

�%&'()�_`R34

*BN-Si

3

N

4

�SiO

2

-Si

3

N

4

.+

[2, 7, 10, 11]

ab%c6d!

%�YZ[\efghEi34jTW	
*CFCC+

klmn

[12,13]

0gho�34j12pTW	
q�

;12rs�tu:��Cvw0 

BN gh�t%&'()*5.16+�%&',-

*0.0002+"?@��x�!��������.!

>

[14-17]

"y12p34jTW	
�z{o�|0

h-BN 56}~�|��"}��W<�"y34j

TW	
�z{��	
0�v�� BN gho�N

J�34jTW	
� �t�����\��

*PIP+

[18,19]

"��*sinter+

[17, 20]

�J=�R�1

*CVI+

[21]

0��

[18]

�C PIP �EF BN

f

/BN TW	


"�� 1.60 g/cm

3

"��]� 4.66%"������

�����d!� ¡ 53.8 MPa� 20.8 GPa �   

6.88 MPa·m

1/2

"&'()�,-� ¡ 3.07 �

0.00440¢£¤

[22]

�C PIP �EF¥ BN

f

/BN TW	


"&'()�,-�¦§� ¡ 3.50~3.70 �

0.0013~0.00850Xu .

[19]

�C PIP �EF BN

f

/Si

3

N

4

TW	
"��¡ 1.5 g·cm

-3

"¨©| PHPS ªgh

«¬����"gh®¯lo�°C"����

�±¡ 39.6 MPa0²w³.

[20]

�C����EF

BN

f

/Si

3

N

4

"��¡ 2.0~2.4 g·cm

-3

"�����¡

41~127 MPa"&'()�,-� ¡ 3.96 � 0.00670

´�µ

[17]

C���EF BN

f

/Si

3

N

4

"«¶ BN gh·

kTW	
���t¸¹b"º&'!>£»mn"

��d!£»¼�0Z. F. Chen

[21]

.�C CVI �EF

3D BN

f

/Si

3

N

4

"½¾¥6¿��"�À Si

3

N

4

j|�

Á�pÂÃ$6 S-K ¬ÄÅE0RXD PIP ���

 �"CVI ��tÆgh,ÇÈ"É«¬ÊË"�

�!:"EF;�%"EFÌ�i��ÍÎ!�.

?Ï0 

ghÐTW	
*mini TW	
+yTW	


�jÑQÒ"Æ6��ª<=�¡���yÍÎ�

«ÓÔIJ�34jTW	
�tÕÖ�

[13]

0Ñ×

Ø�C CVI  �EF BN ghÐo�NJ�34j

TW	
"# BN ¡��"BN�SiBN�Si

3

N

4

 3 Ù3

4Új|"��TW	
�¿���<=!>�&



¬2902¬                                         �®$%¯�]                                            � 47� 

'!>"�ÀÛÜ<=�&'!>�ÛÜ5Ý"Þ

ß6°¡��12	
��>!0 

��������

BN ghàáâ ã34ÍÎ��ä�E"åÐ

1000æ"Qçèé 7~8 µm"�� 1.76 g/cm

3

0ê¨

ëìí BN ghÐ�ghîïðDñòóôcõö"

�C½ 1� CVI �÷øEF BN��� BN�SiBN�

Si

3

N

4

 3 Ùj|"ùk BN

f

/BN�BN

f

/SiBN�BN

f

/Si

3

N

4

 

3 ÙghÐTW	
0ë BN ghÐqñòóUú�

EF;�.Õûü�ýz"�ýz;�¡ 650 �   

800 þ"�� 2 h"��0��ghÐ�¡ AS

*as-received+"�ýzö�ghÐ� �¡ HT650

� HT8000��"�C�	óÆghú� 1600 

o

C �

�ýz"(	"N

2

�
"�;�� 2 h0ë BN gh

Ð��iú��R�i�À0ë BN ghÐS�

mini TW	
EiÄ� 70 mm�����ú���

����0ë BN ghÐ�ghÐTW	
C�I�

��J"Ek&'��"�� 22.86 mm×10.16 mm0 

¿�ÂÃ���C��'�»¿� (SEM"

S-4700, Hitachi, Tokyo, Japan)0ÒÝ�i�À�C>

 !*EDS"Genesis XM2, EDAX, Mahwah, New 

Jersey+0 C ÒÝ"���À�C#$�À!

*EMIA-320W, Horiba, Japan+"%� RSD≤0.5%0�

R�i�À�C X &�'&!*XRD"D8-Advance, 

Bruker, Karlsruhe Germany+"Cu Kα1"('	 40 kV"

(')¡ 100 mA"2Ä λ=0.154 056 nm"����

¡ 4°/min"*Ä¡ 0.02°"��¦§ 10º~90°0��

����+,-./0 ASTM D3379-75ú�1;�

�!>��"�C Instron 3345 p*Instron Ltd., High 

Wycombe, England+'�2>�ØÅú����Ø"

�3��¡ 0.2 mm/min"/4¡ 50 mm0&'()

���C25���"·C6�78�À!*VNA, 

MS4644A, Anritsu, Atsugi, Japan+��"��9:¡

X-band*8.2~12.4 GHz+0 

������	
�

�����BN ����	
���  

 

� ����������

Table 1  Deposition parameters�

��

�

BCl

3

 NH

3

 H

2

 Ar SiCl

4

 

Matrix T/ºC P/kPa t/h 

Flow/mL·min

-1

 

BN 650 18 20 60 100 100 0 

SiBN 800 12 10 60 100 100 100 

Si

3

N

4

 800 

1 

80 0 60 100 100 100 

2.1.1  ���  

�� BN ghÐ�¿�ÂÃ$½�ÒÝ*; 1+

»<gh½��gh=�>q?�@~A��"�

BÉC"EDS �À*; 1�½ 2+»<gh½�ÒÝ

D B�N ÒÝ�"E"t C�O�Si 3 ÙÒÝ"gh

=��A��� C�O � Si "�XF0G�H�"

BN gh½�>q}tÅP��I}"à C�O �

Si 3 ÙÒÝ�i"¯lÐJgh��KL�°C0 

; 2¡EF;�.Õûü�ýzö BNgh½�

�¿�ÂÃ0MZ�ýzö"gh½��tÅ@}

NO"½�PQR�|ST0qU?�ÂÃ;*;

2b�2d+U��l BN gh½�>q?�VW�¿]"

��q 50~500 nm"�BÉC"XÛÜgh�<=�

&'!>"YR¿�Z[�>yà BN gh�EF 

�\i�0 

½ 2yEF;�.Õûü�ýzÆ BNgh�½

�ÒÝ"��ÛÜ0650 þ�ýzö BN gh½�

Si�C ÒÝNO"O ÒÝ"�¹b"]£�ýzZ^

Ugh½��tÅ_`I}a�b"Æc�H�d

�� BN ghe�_`I}�fgÒÝ�i¡ C�Si

� O"PQSTH�y B

2

O

3

0àD> !�Àh�

¡ij¿k"lDmn�ÀÖ�"�C C-S o�!

Æ BN gh� C "�ú��À0�� BN gh C " 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

° 1  �± BNIJKO²³´La||µ 

Fig.1  Surface microstructure and elemental composition: (a) BN 

fiber bundle and (b) binder between fibers 
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° 2  ¸pqr BNIJNO²³´ 

Fig.2  Surface microstructure of BN fiber bundle after heat treatment: (a, b) 650 e and (c, d) 800 e 
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Table 2  Effect of heat treatment on the surface elemental contents 

of BN fiber (at%) 

BN fiber bundle B C N O Si 

AS 42.52 25.83 16.68 12.17 2.81 

HT650 68.34 0 25.53 6.13 0 

HT800 67.75 0 16.18 14.77 1.30 
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° 3  BN IJN XRD °¹ 

Fig.3  XRD patterns of BN fiber 
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° 4  ¸pq» BNIJKPQRSN¼½ 

Fig.4  Influence of heat treatment on tensile property of BN fiber 

bundle: (a) tensile curve and (b) tensile strength 
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Fig.5  Microstructure of composites: (a) cross section and (b) surface of BN
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Table 5  Modulus ratio of three composites 
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° 7  ~À³´ 

Fig.7  Fracture morphology BN
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Fig.8  Crack deflection and interphase debonding criterion map L
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Abstract: BN

f

/BN, BN

f

/SiBN and BN

f

/Si

3

N

4

 mini-composites were fabricated by low pressure chemical vapor deposition/infiltration 

(LPCVD/CVI) process. The microstructure, tensile property and dielectric property of BN fiber bundle and these three mini-composites were 

investigated. Results indicate that BN fiber is composed of h-BN with low crystallinity, whose phase structure is unchanged after heat treatment at 

650 °C and 800 °C. A large amount of micro pores with size of 50~500 nm exist on the surface of BN fiber. Mean tensile strength of BN fiber 

bundle heat treated at 800 °C is 94 MPa. Average tensile strengths of BN

f

/BN, BN

f

/SiBN and BN

f

/Si

3

N

4

 mini-composites decrease in turn, which 

are 68.8, 30.6 and 26.2 MPa, respectively. Three mini-composites all exhibit brittle fracture behavior, owing to the modulus mismatch between 

fiber and matrix and strong interphase bond strength. Cracks cannot be effectively deflected and fibers cannot bear the load effectively. Real part of 

dielectric constant and dielectric loss are lower than 3 and 0.04, respectively, leading to good electromagnetic wave transmitting property. BN

f

/BN 

possesses the best comprehensive performance. 

Key words: chemical vapor infiltration; BN fiber; nitride ceramic matrix composites; mechanical property; dielectric property 
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