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Elongation/

%

3.75 10~12 3.2~3.5 380~400 0.5
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Table 2  Chemical composition of matrix (ω/%) 

Matrix Si Cu Mn Mg Zn Ti Other Al

1A99 0.003 0.003 - - - - - Bal.

7075 0.4 1.2~2.0 0.3 2.1~2.9 5.1~6.1 0.2 Cr/Fe Bal.

ZL210A 0.2 4.5~5.1 0.35~0.8 0.05 0.1 0.15~0.35 Cd/Zr/Fe Bal.

ZL301 0.3 0.1 0.15 9.8~11.0 0.15 0.15 - Bal.

£ 1 K-LMNO¤¥�¦§¨©£

Fig.1 Schematic diagram of the vacuum pressure impregnation
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Fig.7  XRD patterns of continuous Al

2

O

3f

/Al composites: (a) Al

2

O

3f

/1A99, (b) Al

2

O

3f

/ZL210A, (c) Al

2

O

3f

/ZL301, and (d) Al

2

O

3f

/7075 

 

2 3

3Mg Al O 3MgO 2Al (1000 K)+ → +

 

∆G=

 

–120 kJ/mol                         z2{ 

2 3 2 4

MgO Al O MgAl O  (1000 K+ → �

 

∆G=

 

–37 kJ/mol                          z3{ 

¹þñÒ
��JÏ� MgAl

2

O

4

zòóáô{�̈ �¸

��x
ú�Ï������ 2135 O���� 3.6 

g/cm

3

���eû
T��Ù�+�� Al

2

O

3f

/ZL301�

��

øùmn'�«¬ MgAl

2

O

4

� 

+��Al

2

O

3f

/7075���

øùmn'�Al

2

O

3

34L 7075��YKc�ñÒK¬< Al

2

(SiO

4

)Ozö

áô{��úûñÒvn|ý|z4{y

 

Al

2

O

3

+SiO

2

�Al

2

(SiO

4

)O                  z4{

 

|z4{
�5	XuW
�é���|�y 

T

= 10711+13.991G T

Θ

∆ �

(kJ/mol)              z5{ 

u|z5{
�°k�¢�¡ T�765 KB�

T

G

Θ

∆

�

0��¡â��q 492 OB�34����YKc�

ñÒK¬ Al

2

(SiO

4

)O� 

+��Al

2

O

3f

/7075���

øùmn'�Al

2

O

3

34L 7075 ���YK<ý�ñÒK¬< ZnAl

2

O

4

z÷óáô{y 

2

2Zn O 2ZnO+ →                         z6{ 

2 3 2 4

ZnO Al O ZnAl O+ → z1000 K{ 

∆G=

 

–38.56 kJ/mol                       z7{ 

N��'
 Zn+�â��¿��úK¬ ZnOz| 6{�

�YK|z7{ñÒ� 

¹þñÒ
��JÏ� ZnAl

2

O

4

�ZnAl

2

O

4


��

� 1950 O���x³"� 

����������	
 Al

2

O

3f

/Al ���
�����

�� 

���

���<�������
��
�

�b�Ã2n�¹�opq�c�Õ�ìí�� 8 �

+��â� 720 O���â� 530 O���de 7 MPa  

 

 

 

 

 

 

 

 

 

 

 

� 8  �������	
���
���� 

Fig.8  Tensile strength of different matrix alloys and their 

continuous Al

2

O

3f

/Al composites 

1A99 ZL210A ZL301 7075

0

100

200

300

400

500

600

700

 

 Matrix

 Composites

T
e
n

s
i
l
e
 
S

t
r
e
n

g
t
h

/
M

P
a

 

Al

2

O

3f 

/Al Composites

20   30   40   50   60   70   80 

1000

800

600

400

200

0

I
n
t
e
n
s
i
t
y
/
c
p
s
 

 

a 

Al

2

O

3

 

Al 

 

 

 

 

Al

2

O

3

 

Al

2

Cu 

Al 

Al 

 

800

600

400

200

0

b 

20   30   40   50   60   70   80 

400

300

200

100

0

I
n
t
e
n
s
i
t
y
/
c
p
s
 

 

Al

2

O

3

 

MgAl

2

O

4

 

Al 

Al

12

Mg

17

 

 

20   30   40   50   60   70   80 

2θ/(°) 

c 

 

100

80

60

40

20

0

20   30   40   50   60   70   80 

2θ/(°) 

Al

2

O

3

 

Al

2

SiO

4

 

Al 

ZnAl

2

O

4

 

 

d 



�3068�                                          �������	
                                           � 47� 

 

����� 5 min���	
� 4�
������

��������1A99�ZL210A�ZL301 � 7075 4

�
������� 66�165�126� 122 MPa�� 

!"� 4 ��������#$� 465�479�680 �

389 MPa�
������% "� 4 ������

��&'(!"�)*�+,
������&-.

/0 Al

2

O

3f

/Al���������123456� 

7 9 �-89:� Al

2

O

3

;<�+=>?�@A

7 9a �BCD�;<+=>?�EFGH-IHJ	


�;<+=(KL(MHNL�OPQARCDS

(TU�VW;<+=-XY�7 9b�BCD�;<

O 10%� NaOHGZA[\D�+=>?�]^_`�

a 2 �;<�+='(,b�cd�a�`e Al

2

O

3

;<fd�ghij� 

7 9c~9f ���k/0 Al

2

O

3f

/1A99�Al

2

O

3f

/ 

ZL210A�Al

2

O

3f

/ZL301�Al

2

O

3f

/7075����Alm

en� Al

2

O

3

;<�+=>?�@Ak/0 Al

2

O

3f

/ 

1A99 ����Alm� Al

2

O

3

;<�+=opXY

q7 9cr�sS(tuvwx�@yz{pBC�h

iD�;<p|�a]}.EF~�����Z!

Al

2

O

3

;<[�D��Al

2

O

3

;<+=�yzx%�Z

�"���������k;<>?n����Z!

Al

2

O

3

;<�[�&'(!;<+=>?VW,b�

34�a�k�=��e Al

2

O

3

;<%������

=�"���|�% XRD����K�� 

k/0 Al

2

O

3f

/ZL210A ����Alm� Al

2

O

3

;<�+=�opXYq7 9dr�s(p��vwx�

�vwx��p���� XRD �����a]}.

vwO;<+=� Al

2

Cu  �]^_`� �vwx

^¡�
� ZL210A ! Al

2

O

3

;<�[��'(!;

<+=¢£,b�34�+, ZL210A % Al

2

O

3

;<

����=�"���p|�s Al

2

Cu  ¤¥&vw

O;<+=]}¦!/0 Al

2

O

3f

/ZL210A �����

�=����VWK§34� 

k/0 Al

2

O

3f

/ZL301 ����Alm� Al

2

O

3

;

<�+=-¨© 2 �;<XYq7 9er�]^_`;

<+=(ª«¬-­�®¯��_`�tu�vwx�

ZL301 ! Al

2

O

3

;<�[���;<+=¢£�,b

�°±�a12.EF ZL301 % Al

2

O

3

;<O~�[

�²�A_£��=�"�Ohilm²�A��³

��=�"¢x´���;<+=±�µ¶� 

�k/0 Al

2

O

3f

/7075����Alm� Al

2

O

3

;

<�+=·¸µ¶q7 9fr�(�uvwxO;<+

=�¹,b�7075 ���! Al

2

O

3

;<�~�[�º

»¼½�;<�a.EF[�²�A�
�%;<_

£�º»��=�"�]^B¾�.�a¿��=�

"ÀÁ¦�ÂÃ| Al

2

O

3

;<�ÄÅ}Æ�ÇÈ34

�����j}� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 9  ����� Al

2

O

3

������� 

Fig.9  Surface morphologies of Al

2

O

3

 fibers in different states: (a) preheating at 500 �, (b) corrosion after preheating at 500 �; 

Al

2

O

3

 fibers extracted from Al

2

O

3f

/1A99 (c), Al

2

O

3f

/ZL210A (d), Al

2

O

3f

/ZL301 (e), and Al

2

O

3f

/7075 composites (f) 

a b 

c 

e 

f 

d 

10 µm 

10 µm 

5 µm 

5 µm 

5 µm 

5 µm 



� 10�                     ������ !�"#$ Al

2

O

3f

/Al%!��&'()*+,-.�/0                 �3069� 

 

 

 

 

 

 

 

 

 

 

 


 10  ������ Al

2

O

3

���+,-. 

Fig.10  Tensile strengths of Al
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Abstract: The vacuum gas pressure infiltration was performed on the continuous Al

2

O

3f

/Al composite with a fiber volume fraction of 40% 

and using Nextel610-Al

2

O

3

 fiber as the reinforcing material. Al

2

O

3

 fibers were extracted using NaOH solution, and the matrix alloys were 

1A99, ZL210A, ZL301 and 7075 alloys. The effects of matrix alloy on the relative density, fiber damage and tensile strength of continuous 

Al

2

O

3f

/Al composites were studied. The results show that different matrix alloys have an obvious influence on the relative density and 

microstructure of the composites. The continuous Al

2

O

3f

/ZL301 composite has the highest relative density of 99.2% and the least defects. 

The relative density of the continuous Al

2

O

3f

/1A99 composite is the lowest, 96.8%. The main reason for this difference is the wettability 

between the matrix and the fiber. The degree of interfacial reaction between different matrices and fiber is different. Eventually, the 

damage degree of the fiber is different. The tensile strength of continuous Al

2

O

3f

/1A99, Al

2

O

3f

/ZL210A, Al

2

O

3f

/ZL301 and Al

2

O

3f

/7075 are 

465, 479, 680 and 389 MPa, respectively. The defect, interfacial reaction degree and the fiber damage are the main factors to determine the 

tensile strength of the composite. 

Key words: matrix alloy; continuous Al

2

O

3f

/Al composite; relative density; microstructure; fiber damage; tensile strength 

 

Corresponding author: Xu Zhifeng, Professor, National Defence Key Discipline Laboratory of Light Alloy Processing Science and 

Technology, Nanchang Hangkong University, Nanchang 330063, P. R. China, Tel: 0086-791-86453167, E-mail: xu_zhf@163.com 


