
� 47� � 3� ��������	                           Vol.47, No.3

2018�      3�                        RARE METAL MATERIALS AND ENGINEERING               March 2018

�����2017-03-15

���	����	
���51765045������	
���20171BAB201021������
���������
�� !

"��GF201301007�


���#$%&'&1974�(&)*&+,-&./012�&�� ./ 330063&E-mail: wangzhj@nchu.edu.cn

����� C

f

/Al���	
������

���������

���

1

����

1

�� 	

1

�
��

1

���

2

(1. ./012� ����
���������
�� &�� ./ 330063)

(2. 30�45601789:;&56 100095)

� ��<=>?@A@BCDEFGHI&J� ZL301 F�I&KLM1NOPQRSTUVWA@BCGH C

f

/Al

X�78&9:WYZ[\]^UV_X�78`abDcdefghij^&klWX�78m ]en]o_pqQ

�rstuvWwxyz{|}~���X�78����^�[\]^�n�G�&?@�����������&�

�Z�&fghiE Al

4

C

3

��[\]^�n���G�&530~570�X�78 ]H^�bD�����G2&570~600�

X�78 ]H^�fghij^G2������n]�300 ��H^�[\]^�n�G�&���nfghij^

����nX�78n]Q�rs&n]pq3�I� X¡¢efg}�H^£¢¤¥WX�78x¦§j3_?@

¨©�fgª«|

����C

f

/AlX�78�`abD�fg�Q�rs�n]

�������TB331�TG146.21 ������A �� ��1002-185X(2018)03-0982-08

�������	
�����������

���������� 
!"#"$%&'(�

)��*+���+�,-./'	0123456

�789:;) C

f

/Al <=%&>?@ABC�(

�)���-��DEF%&��GHIJ9:;)

C

f

/Al<=%&K)L�KM���+-.NOP��

+�QRST

[1-3]

�UV78WX��YZ<=%&I

J[Q���\]����DEF�

[4,5]

�̂ _`a�

78;)bcd<=%&eK��f����gh�

�gij��/kSlmn�?@Af"#"$op

qI	0rstu���<=%&

[6]

1

vwxyz�9:;) C

f

/Al <=%&{X��

�|�}~���m�{X����k�=?��<

=%&uy��������H?��789:;)

C

f

/Al <=%&{X^���}~�G?���S. K. 

Lee

[7]

R���78WXMC���78��;)

C

f

/Al<=%&�J����O�������� ¡

����¢£�¤¥¦§�D¨�1©ªR

[8]

�«#

¬®¯°±²³�78;) C

f

/Al <=%&}~�

��m�G´µ8�+�L²³�<=%&`¶(�

�uy��·¸_|��¹�@º¦§»¼½¾{X

¿À?�k{X��uy������¤1Áx�"

#"$��¿Â�rsÃÄ¹���<=%&IJ[

Q���uy��1Åµ8;)bcd<=%&°Æ

�L@ÇÈ� 120~200 �ÉÊw�Ë�L�� 200 �

Ì���ÍÎmn

[9-11]

1ÏÐ�µ8;)<=%&�

���}~Ñ¹ÒÓfrs�"#	
�Ô"$��

�����Õ�Ö×d<=%&

[12]

1Åµ8;)Ød

<=%&f"#	
��ÙÕ�"$�RÓ��Ú�

ÛqIrstu�JÜ¹�@ºÝ09:;) C

f

/Al

<=%&��uy���}~�W. S. LeeR�

[13]

Þs

+ßàá¢}~�âkãä;) C

f

/Al <=%&få

�æ 300 �Í�çèru�é�¦§�ßàêë��

L�<=%&çèru���1D. G. Li

[14]

R�}~�

ì';) C

f

/Al <=%&f–190í120 �Í+îÃï

¤�<=%&gð�����1ñæÏÐ�òóôõ

J�9:;) C

f

/Al <=%&��ö÷è¶^uy�

é�}~øù1 

ú}~û M40µ878ü'WX]é;)%&�

ûýþØ=� ZL301éd]�Þs«#¬ßu®¯

�²³�78ü';) C

f

/Al <=%&���}~ 3

AG´�+�LÍ���<=%&�½¾{X�å



� 3�                        #$%¬�[\]^� C

f

/AlX�78`abD ]�n]Q�rs_®¯              °983° 

����uy���¦§<=%&½¾{X����

k�=��å����ö÷�����é����

¤��fé	
��78;) C

f

/Al <=%&½¾{

X^���N��@ºS��²³°±�¤¥��1 

1  �  � 

;)e%&�s�ú����� M40J-6K ��

µ8�����Oô� 1������XþJÈ��

Þs�º�WX`IJ78ü'�¾����²] 

%!�²]"# 1$%&1d]=��s'("#%&

}~)��Ø=� ZL301��Ñ¹`¦"� 2$%1 

Þs«#¬ßu®¯�²³78ü';)

C

f

/Al<=%&��°±*+,¤"# 2$%1-# 1

$%�78ü'X. %s�� /01+
G23

MIÓ�45�=�6789V�²]:+õ�+�

L1�-*+;«#æ 100 Pa�<=>®?æ�@=

kÍ�'A]w:ß�Bß�CD1ÝM��<=%

&²�1éEF=�G�HI�ú}~Ó=�67�

LJ 720 ���+�L¦À�s 530�570�600 ��

}~G´�+�L�78ü' C

f

/Al <=%&½¾{

X�å�^��!300 �&uy�����KL1  

�� GBT228-2002�@ö÷á¢vMNO�Þs

PQRS�T-²³�<=%&:°`# 3a $%�

ö÷áU1ö÷ÓéEFö÷/V� %/WÕ�X

Y�f %ZÕ[\]L 1 mm�^Ø Æé:)_�

�fö÷áUÛ[\rè_�ÞÒáUö÷�`Óa

'�b'rè�"# 3b $%cÞs Instron5569� 

 

! 1  M40J"#$%&' 

Table 1  Performance parameter of M40J fiber 

Tensile 

strength/GPa 

Tensile 

modulus/GPa 

Elongation/ 

% 

Density/ 

g·cm

-3

 

Average 

diameter/µm 

4.410 377 1.2 1.77 6.5 

 

! 2  �( ZL301)*�+� 

Table 2  Chemical composition of ZL301aluminium alloy (ω/%) 

Mg Si Cu Mn Zn Ti Al 

9.5~11.0 0.3 0.1 0.15 0.15 0.15 Bal. 
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Fig.1  3D five-directional fabric 
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Fig.2  Schematic diagram of vacuum assisted pressure infiltration  
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Fig.3  Dimension (a) and appearance (b) of the tensile specimen�
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Fig.4  Fiber distribution patterns in 3D five-directional C

f

/Al composites at different fabrication temperatures: (a) 530 �, (b) 570 �, and (c) 600 � 
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Table 3  Density of 3D five-directional C

f

/Al composites  

in Fig.3a (%) 

Fabrication temperature/� 

Position 

530 570 600 

1 95.3±0.15 98.0±0.2 98.5±0.15 

2 94.8±0.1 97.8±0.1 99.3±0.2 

3 94.0±0.1 97.5±0.15 98.8±0.1 

Average 94.7 97.8 98.9 
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Fig.5  XRD patterns of 3D five-directional C

f

/Al composites at  

different fabrication temperatures 
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Fig.6  Tensile stress-strain curves of 3D five-directional C

f

/Al 

composites at room temperature 
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Table 4  Ultimate tensile strength (UTS) of 3D five-directional  

C

f

/Al composites at room temperature 

Fabrication temperature/� 530 570 600 

UTS of matrix alloy/MPa 126 126 126 

Tested UTS/MPa 560±3 753±5 447±4 
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Fig.7  Tensile fracture surface morphologies of the 3D five-directional C

f

/Al composites at room temperature: (a) 530 �, (b) 570 �, and    

(c) 600 � 
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Fig.8  Schematic diagrams of tensile fracture mode of the 3D-C

f

/Al composites with different interface states: (a) weak interface, (b) moderate  

interface, and (c) strong interface 
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Fig.9  Tensile stress-strain curves of 3D five-directional C

f

/Al  

composites at elevated temperature of 300 È 
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Fig.10  Comparison of the UTS of 3D five-directional C
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/Al 

composites tested at room temperature and at elevated 

temperature of 300 È 
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Fig.11  Tensile fracture morphologies of 3D five-directional C

f

/Al composites at elevated temperature of 300 �: (a) 530 �, (b) 570 �, and (c) 600 � 
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Fig.12  Fiber surface morphology (a) and EDS analysis (b) of 3D five-directional C

f

/Al composites fractured at elevated temperature of 300 � 
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Fig.13  Tensile fracture morphology (a) and schematic diagram (b) 

of tensile fracture mode of the 3D five-directional C
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composites tested at elevated temperature of 300 È 
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Abstract: 3D five-directional fabric reinforced C

f

/Al composites were fabricated by a vacuum assisted pressure infiltration method. The 

microstructure and interfacial reaction of the composites prepared at different temperatures were investigated. The uniaxial tensile property of 

the composites was tested at room temperature and elevated temperature and the corresponding tensile fracture surface was analyzed. The results 

indicate that the relative density of the C

f

/Al composites increases and the fiber segregation in partial region decreases with the fabrication 

temperature increasing. Meanwhile the content of Al

4

C

3

 compound at interface increases obviously. At room temperature, the ultimate tensile 

strength of the composites from 570 to 600 °C degenerates dramatically with aggravated interfacial reaction. However, the ultimate tensile 

strength at elevated temperature increases with the fabrication temperature increasing. The improvement of interfacial strength is beneficial to 

the high temperature mechanical properties. The matrix alloy softening and interface weakening due to elevated temperature can promote the 

fiber pulling-out and interface sliding during the fracture process. 
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/Al composites; microstructure; interface; mechanical properties; elevated temperature 
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