
� 49�    � 10�                                  ��������	                                Vol.49, No.10 

2020�      10�                       RARE METAL MATERIALS AND ENGINEERING                      October 2020 

 

�����2019-10-26 

���	���	
��
���182102210312����	������
���
15A430007� 

�
����  ����1983������ !���"#$�%&
�'#(�)��� *+ 454000�,-�0391-3986901�E-mail: 

mrgaozeng@163.com 

 

� Sc�

��

�Ce�

��

�Be � TiB

2

������	 4047 �� 


 SiCp/AlMMCs � TIG ��� 

 

�  �

1,2

����

1

���	

1

�
��

1

�
��

1,2,3

 

(1. ��"#$� %&
�'#(�)��� *+ 454000) 

(2. ��	./01234567%&#(�8�9:;��� *+ 454000) 

(3. <=>#?$� @ABC'DCEF��GHI�JKL <=> 150001) 

 

�  ��MNOPQR ScSCeSBeQ TiB

2

TU�VBW' 4047BWXYZ T6[ SiCp/AlMMCsA\ TIGB]X^_

C`Qa�21Sbcdefghijkl�mnopXq].rst�2 uBWQBvwxyz�4047 BWwx{

|}~�Bv: SiC �o��������������tbQ Al

4

C

3

�2��bcde����de�� 4047 C`

Bv���$�TiB

2

C`Bv�o������� ScSCeSBe ��_���oQ+N�� TiB

2

op�Bv:Xq�

��2 uC`Q HV � ¡�Bv:;¢£¤¥¦Z§Xq�Bv�� ¨©�ª�¡XY� 716S600 MPa�«¬­

�� Q®¯°±²�³tb�TiB

2

C`Q´µV tby¶ ER4047 C`�ª�V ·� 171.88 MPa�nZ¶ 4047

C`V ¸� 40.03%�TiB

2

op��_TU�VQ+N�TiB

2

C`hi:¹º����»-�2¼72h½�»¾:�

mnop�¿�4047C`hi:¹º�¿��»2h½�»¾:�mnop��] 

����SiCp/6061Al67%&�TIGB�TU�V������a�21�bcde 

��	
���TB333�TG444

+

.74        
�����A        
����1002-185X(2020)10-3465-07 

 

SiC ��������	
�SiCp/AlMMCs�


�������	
������	
����� 

!�"�#$%&'() *%+*�,- ./0

1�#2�3456789	
 !:;��<=>

?@A�BCD%CE%FGHI2JKLMNOP

Q�RS

[1-4]

>TU�VW��XYZ[�SiC���

AYP\�H]^_�9`a�b SiCp/AlMMCs ^

�cJKVd�efgh�	
i��jklmno

pqr�stuv.wxyz>{|�}~����

�����i����%�q ������H^�

�������������������	
��

�RS.������H����$ � |¡¢P

RS��£¤¥¦§

[5,6]

>B¨�©ªV�«� V�

¬­®¯ �TIG�� �^_a%°
±²³´�

34 �µ¶·¸¹.º��»������¼�$

½� ��¾¿��À~Á��³´ÂÃ�Ä|Åh

����	
ÆÇRS� �©ªi�

[7]

> 

SiCp/AlMMCsB TIG �ÈB É^Ê��%Ë

Ì¸^ Al

4

C

3

Í �% ÉVÎÏ���%�#µ$%

ÎÐÑSc�	
 ��oS Ò2ÓÔ>ÕWÖ

[8]

%

×PØ

[9]

%�ÙÚ

[10]

27ÛÜÝSÞ�ß��à%á

ßâ�ãä Ò%á� SiC �����ä Ò29å

æç� SiCp/AlMMCs èéêë�� ���)�#

ìíîl�ï� !>_ðz4 TIG �©ñ�ÝS

òáó`$� 4047 Ò.ôH�á� Sc%Ce%Be2

õö÷ø. TiB

2

êë���� Ò9 T6 ùú�¹æ

ç� 10%SiCp/6061AlMMCsèé ��yz	
� 

� !��ûÑR ��üý�*þ��c	
��

�RSÓÔ.ÑS~c�	
 ��� Ò�ðe�

��)�����> 

��������

	Sâ
��%�
2�ûH]� SiCp/AlMMCs

�	� �9�>SiC���§� 10~20 µm���Û

n� 10%�B��VÛ����� T6 ùú�ý�#

� 360 MPa>����"� 1��> 

 �9�	�200 mm×50 mm×4 mm�èé�-�

� �!"	
#$3!ÈB�%�&�'(�)ý 



À3466À                                          �Á34%&'#(                                           � 49� 

 

 

 

 

 

 

 

 

 

 

Â 1  SiCp/AlMMCsQbcde 

Fig.1  Microstructure of SiCp/AlMMCs 
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Table 1  Composition of 6061 aluminum alloy, 4047 welding wire and TiB

2

 reinforced wire (ω/%) 

Material Si Fe Cu Mg Cr Mn Zn Ti TiB

2

 Ce Sc Be Al 

6061Al 0.4~0.8 0.36 0.26 1.00 0.20 0.15 0.01 0.15 - - - - Bal. 

ER4047 11.0~13.0 0.80 0.30 0.10 - 0.15 0.20 - - - - - Bal. 

TiB

2

 wire 8.0~10.0 0.14 2.00 0.20 - - 0.06 - 2.50 0.30 0.25 0.03 Bal. 

 

 

 

 

 

 

 

Â 2  µÃÄÅÆÇÂ 

Fig.2  Size diagram of tensile specimen 

 

 

 

 

 

 

Â 3  � È�ÉÊÂ 

Fig.3  Schematic diagram of hardness marking 
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Â 4  C`QË~jk 

Fig.4  Macro-morphologies of 4047 joint (a) and TiB
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 joint (b) 
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Â 5  C`BvQbcde 

Fig.5  Microstructures of 4047 joint melting zone (a) and weld area (b); TiB
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 joint melting zone (c) and weld area (d) 
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C`Q EDSÌÍÎ 

Fig.6  Microstructure (a) and EDS mapping of element B (b), Si (c), Cu (d) for TiB

2

 joint 

10 µm 

Si 

Cu 

a 

b 

c 

d 

+ A  

+ B 

B 



� 10�             �  ���R ScSCeSBeQ TiB

2

TU�VBW' 4047BWZ SiCp/AlMMCsQ TIGB�9          À3469À 

 

 

 

 

 

 

 

 

 

 

 

Â 7  C`lÏ%Qbc�  

Fig.7  Microhardness of joints and master materials 
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Â 8  2uC`Qhijk 

Fig.8  Fracture morphologies of 4047 joint (a~c) and TiB
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 joint (d~f) 
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D 50.7. 20.0 17.7 1.7 1.4 8.6 - 

E 32.5 23.4 21.8 13.5 0.9 7.8 0.1 
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Abstract: The TIG welding of T6 state SiCp/AlMMCs was carried by using self-made TiB

2 

in situ reinforcement and 4047 welding wire as 

filling materials. The mechanical properties, microstructure, fracture morphology and second phase particles of T6 state SiCp/AlMMCs 

joints were analyzed. The results show that the weld forming of the two kinds of welding wires is excellent, and the weld of 4047 welding 

wire is more artistic. The SiC particles in the weld are less, there is a serious barren zone, and no obvious Al

4

C

3 

brittleness is found. Their 

microstructures are dendritic structure, but the dendritic grain of 4047 joint is coarse, while the grain of TiB

2

 joint is fine, because of the 

refining effect of the rare earth element Sc, Ce, Be, and the TiB

2

 particles distribute evenly in the weld. The hardness values of the two 

joints are approximately symmetrical on both sides of the center of the weld, and the hardness of the weld zone is the lowest, whose 

average value is 716 and 600 MPa, respectively. The ‘overaging’ phenomenon of the hardness in the heat affected zone is obvious. The 

tensile strength of TiB

2

 joint is obviously better than that of 4047 joint, and its average strength is 171.88 MPa, which is 40.03% higher 

than that of 4047 joint, and it is attributed to the in-situ strengthening role of TIB

2

 particles. The pores in the fracture surface of TiB

2

 joint 

are few, which is tough-brittle mixed fracture, and there are more second phase particles in the dimple; while there are more pores in the 

fracture surface of the 4047 joint, which is ductile fracture, and a few second phase particles exist in the dimple. 

Key words: SiCp/6061Al composites; TIG welding; in situ reinforcement; rare earth elements; mechanical properties; microstructure 
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