
�50�    �3�                                ��������	                                    Vol.50,   No.3 

2021�      3�                      RARE METAL MATERIALS AND ENGINEERING                         March   2021 

 

�����2020-03-10 

���	����	
��
����������18KJA460001� 


��
�� ����1982������	� !"�#$% �&'( !�&��� #$ 215500�)*+0512-62252016�E-mail: 

xufeng388@163.com 

 

������ Al-Pb ��	
�� 


������ 

 

�  �

1

��  �

2 

����

1

��  	

2

�
��

1

 

(1. #$% �& '( !�&��� #$ 215500) 

(2. ,-./ 0�& 12 !�&�34 ,- 541004) 

 

�  ��56789:; (FSP)<=>? Al-Pb @ABCDE�FG	HI9JKLM�N6 SEMOEBSDOPQR

STUVWXYZ
[\HW]^_O_`UXY[abcd@e+N6 FSP <=>? Al-Pb @ABCDE�Pb fg

hi�jU78k6�lm[anop78; qrstbuLvwxyz{r|}~c`����� Pb��Uz�

�����b� Pb���r Pbfg��i���r���gk6bz������[a������ 100 nmr��

Pbgbhi����k6���� PbfgqrXYV�	nz����b; qstr SZ-ASqz{� Cube�c�

_`�SZ-RSqz{ Cube_`U�� Brass_`�CSZqr Cube_`���{111}_`��� tr ASqz{� Goss

_`�RSq_`¡x¢1b 

����789:; �)£¤¥¦§¦(EBSD)�Wc`; _` 

�������TB331        ������A        �� ��1002-185X(2021)03-0957-06 

 

��������	
��
���������

�����
������ !"#$%&'(

[1-4]

)

���*+,- Pb./�0123456�����

��7���8&9:;�<�$%'(=>?@A


@B
6C
@DE@AFGH+

[5]

)I= Al E Pb

JKLMNOPQR�STUV�Al-Pb ����W

X01YZ�[\�2]

[6]

^_`abZ

[7]

��[\

�2]c�+defghEiRjk�lm��ab

noc�+pJKqrst�uST01vwxuy

& Al-Pb ����

[8]

)z{(|}noZ01 Al-Pb

�����~��p��R= 10%(���O)���

�	�st&qr��

[9]

) 

�(��o�-�����9:-��FSP���

T��qr��!uy&��

[10-12]

)FSP01�����

~��������Y��"$%��

[13-16]

)Huang 

�

[17, 18]

�( FSP �����+,- WC E W �� 

k�¡��� k¢��*£�8�
��uy
>g

h�¤;�<¥¦§�)Devaraju�

[19]

{( FSP� 6061

��2+��,- Al

2

O

3

E SiC�£¨¡�jk�!©

¥ª]�¥«¬�E­®¯�<��)Yuvaraj �

[20]

¡

��I=¬� B

4

C �� k&uy�°E FSP &jk

ª]�,-&�� k±²# 5083��2&®¯�<)

³c,-¬� k��������&YZ´µ¶�

·�z�( FSPYZ¸ Pb k,-"��2�*+¹

����«º��
»¼�<E­®�&½¾¿À�Á

Â)Ã´µ�(���2+-Ä Pb  k&YZ01

Al-PbÅ������´µ7«º��
«Æ�ÇE¬

��È�ÉÊ#|}01 Al-Pb Å�����&�Ë

��¹ÌfÃ
�ÍÎÏÐ01 Al-PbÅ���Ñ��

���tÒ&��ÓÔ) 

��������

Õ(Öu k×Ø 20 µm & Pb ./(Ù�Ú

99.9%�x� 5.62 g/cm

3

),-"×ØÚ 150 mm×100 

mm×6 mm&�Û� 1060��2Ü�+)Ý�Ü+Þ

ß-�vàÂá 0.58 mm
â 4 mm
ã 120 mm&ä

å�=åæçè Pb .)éê Thangarasu

[16]

§v&ë

ì�������OYZ�íîïð(1)ñ 

Pb

Al

Al Pb

100%

( )

b

M

D b b

ρ

ρ ρ

= ×

− +

              (1) 

ð+ñM

Al

Ú Al JK&���O�b Úäåá��D

Ú��ò&óô�ρ

Al

E ρ

Pb

��Ú��Ep&x�)



�958�                                         �������	
                                            � 50� 

õö÷ø´µ£¨�ù�,- Pb &��Ú 18%��

����­®¯�<úû

[21]

)äåaüý{(>ò�

�þ�Ë���-��T�� Pb .���7� FSP

-�c�+��v) 

��þ@	óô 22 mm�ã� 32 mm���òã 4 

mm�óô 6 mm)T
} 1000 r/min�Ë�}� 50 

mm/min�Ë�Y��ó=Û0Y���
�� 2.5º�

@	aÄâ� 0.3 mm &�Õ��õO¹ Pb .äå�

Ë��9:-��-�c��� 1��)FSPý��Ý

Û0�Ü&������¹����®���{(

Keller�� !ý�Ë��*E-�Æ&«£Çº") 

{( Jeol-7001F #$%M¥«&�Ëe'º"


EDS JK(��ÈE EBSD �r�){( Channel-5

*+¹ EBSDOê�Ë,-)� G-200./0a12

3¹ FSP ���Ë«º×�45
��6���

Tukon-2500.7489:¬�ë3�Ë FSP-�Æ 

¬�;<6�) 

������	
�

���������	�

� 2Ú 1060�Ü���&=>��E�Ç���

*?�Û��Û0jkÝ@ÖÛ0Y�»ã`e�j

kÖuã�A 120 µm�Öuá�A 28 µm)� 2bÕ

B��* φ

2

=45°& ODF ���)£¨Å©��Û�

&��*����&C.�Û�Ç

[22]

�Dx�úRE

Ú 8.2)¹FÒ�Ç��G���ëì£¨¥�ñ

(123)<634> S�ÇAH 39.1%�(112)<111> Copper�

ÇAH 24.6%) 

� 3aÚ��9:-�ý�����&Iº���

JK��9:-�Æ?LM)JK-�Æ ��Ú Pb

 k@ÖY��È&+Þ��Æ�center-SZ�CSZ�


Pb k�óY��È&NO��Æ�SZ-ASE SZ-RS�

E>©¥ Pb k&PÅ�Æ�ASE RS�)+Þ��

ÆÚQR Pb k@ÖY�SM�È&TUV£Ç)Å

©�*E Pb  k���òWXÖ�&Y
9:Z( 

 

 

 

 

 

 

 

 


 1  �����	��
 

Fig.1  Schematic illustration of FSP process 
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Fig.2  Microstructure (a) and texture (b) of the initial Al matrix 
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Fig.3  Macroscopic microstructure of cross section of the Al-Pb surface composites (a), microstructure of the onion ring (b), and EDS line 

scanning along marked line in Fig.3b (c) 
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Fig.4  Microstructures of the onion ring in SZ-RS zone (a) and enlarged microstructures of microregion (b, c): (b) Pb-rich zone A in Fig.4a  

and (c) deformed aluminum matrix zone B in Fig.4a 
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Fig.5  Nano-indentation hardness of onion ring lamellas 
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Fig.6  Hardness (HV) profile of FSPed Al-Pb composites 
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Fig.7  Grain orientation maps of different regions in FSPed Al-Pd composite  
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Fig.8  ODF maps of different regions in FSPed Al-Pd composites  
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Table 1  Main texture components of different regions in  

FSPed Al-Pd composites (%)  

Type Substrate AS RS SZ-AS CSZ SZ-RS 

Copper 24.6 12.8 4.4 6.7 6.1 7.9 

Brass 15.0 9.5 9.9 9.0 6.4 12.0 

Goss 7.1 13.7 4.2 1.0 3. 6 5.1 

Cube 8.8 1.4 5.4 16.0 6.9 9.1 

S 39.1 22.5 14.9 15.9 11.8 17.1 

 

ASÆÔ¾£jEjkãRý����þ3X¡Ï

��23_8�Xë£¨Å©¾£j (001)<

0 10

> 

Cube�ÇÄg 1.4%�(011)<100> Goss�Ç!"¥¦

���Ý" 13.7%�¥���(112)<111>Copper �Ç

E(110)<233>�Çef)RSÆ}�Ôc¾£jEjk

ãRý�¦�Æ &23_8�ÒeÌ= AS ÆE�

�Æ�23_8Y���Ú�Þ��ÇP¹_[) 

3  �  � 

1) {( FSP YZ01 Al-Pb Å������Pb

 k�"t¤Z(E��þ��Z(�FÒ�È=L

M��-�Æ&�X) 

2) ��23¹_ef&TUV£Ç+���z

Pb�SEe`��*�S)z Pb�Sæ�È& Pb 

kZÚ��P�Ç"ªj�]Z()ýsO�" Pb

 kwx½¾�­d�z Pb�Sv�q45&«hE

45&®Âlm)e`��*�S�È���óôA

100 nm&ßÏ Pbk) 

3) Pb kZÚ��P�Ç"#8�&ª]jkZ

(�TUV£Çæ&z Pb�S¬�¥¦�=e`��

*�S)z Pb kÆ&¬��=7àÆ ) 

4) Al-PbÅ����� FSPý��X& SZ-ASÆ

ef(001)<

0 10

>Cube ¾£j�Ç\SZ-RS Æef

(001)<

0 10

>Cube�ÇE��(011)<211>Brass�Ç\

CSZ Æ&(001)<

0 10

>Cube �Ç�t�{111}�Ç�

�\3X& AS Æef� Goss �Ç�RS Æ�ÇP¹

_[) 

 

����    References  

[1] Sarkari Khorrami M, Saito N, Miyashita Y et al. Materials 

Science and Engineering A[J], 2019, 744: 349  

[2] Wei Shaohua(NOP), Nie Junhui(QRS), Liu Yanqiang(T

UV) et al. Rare Metal Materials and Engineering(����

���	
)[J], 2017, 46(11): 3464  

[3] Zhu Dezhi(WXY), Qi Longfei(Z[\), Ding Xia(] ^). 

Rare Metal Materials and Engineering(�������	


)[J], 2019, 48(2): 614  

SZ-RS 

CSZ 

SZ-AS 

AS 

RS 

90º 

φ

2

=45º 

φ

1

 

φ 

90º 

Pole density level 

1

2

3

4

5

6

7

8



�962�                                         �������	
                                            � 50� 

[4] Wang Z, Scudino S, Stoica M et al. Journal of Alloys and 

Compounds[J], 2015, 651: 170  

[5] Mittal R, Tomar A, Singh D. Journal of Materials Engineering 

and Performance[J], 2014, 23(3): 975  

[6] Zhu M, Gao Y, Chung C Y et al. Wear[J], 2000, 242(1): 47  

[7] Fang X, Fan Z. Scripta Materialia[J], 2006, 54(5): 789  

[8] Qian S, Xiang J H, Zhou Z J. Materials Science Forum[J], 

2016, 879: 2439  

[9] Ahmed T, Jiang H X, Li W et al. Acta Metallurgica Sinica[J], 

2018, 31(8): 842  

[10] Ma Z Y, Feng A H, Chen D L et al. Critical Reviews in Solid 

State and Materials Sciences[J], 2017, 43(4): 269  

[11] Mishra R S, Ma Z Y. Materials Science and Engineering R[J], 

2005, 50(1): 1  

[12] Hovanski Y, Mishra R, Sato Y et al. Friction Stir Welding 

and Processing IX[M]. Switzerland: Springer, 2017  

[13] Wang Yunhai(_`a), Xia Chun(b c), Huang Chunping 

(dcE) et al. Rare Metal Materials and Engineering(��

�����	
)[J], 2018, 47(12): 3829  

[14] Xiao Changyuan(efg ), Chen Bing(hi ), Zhang 

Minmin(jkk) et al. Transactions of the China Welding 

Institution(lmno)[J], 2016, 37(12): 66  

[15] Qiang Jinli(V�p), Huang Chunping(dcE), Zhang Haijun 

(jaq) et al. Rare Metal Materials and Engineering(��

�����	
)[J], 2015, 44(7): 1763  

[16] Thangarasu A, Murugan N, Dinaharan I et al. Archives of 

Civil and Mechanical Engineering[J], 2015, 15(2): 324  

[17] Huang G, Hou W, Shen Y. Materials Characterization[J], 

2018, 138: 26  

[18] Huang G Q, Shen Y F, Guo R et al. Materials Science and 

Engineering A[J], 2016, 674: 504  

[19] Devaraju A, Kumar A, Kumaraswamy A et al. Materials & 

Design[J], 2013, 51: 331  

[20] Yuvaraj N, Aravindan S, Vipin D. Journal of Materials 

Research and Technology[J], 2015, 4(4): 398  

[21] Yang L, Xiong Y, Liu P et al. Materials Research Express[J], 

2019, 6(8): 0865i9  

[22] Yuan Xiaokun, Cui Li. Rare Metal Materials and Engineering[J], 

2019, 48(9): 2768  

[23] Sun Hongyu(r-s), Zhou Qi(t u), Zhu Jun(W q) et al. 

Transactions of the China Welding Institution(lmno)[J], 

2019, 40(1): 137  

[24] Woo W, Choo H, Brown D et al. Acta Materialia[J], 2006, 

54(15): 3871  

[25] Moradi M M, Aval H J, Jamaati R et al. Materials 

Characterization[J], 2019, 152: 169  

 

Microstructure and Texture of Al-Pb Surface Composites Fabricated by Friction Stir 
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Abstract: Al-Pb surface composites were prepared by friction stir processing (FSP) to improve their friction and wear properties. The 

microstructure, texture and hardness distribution of Al-Pb surface composites were analyzed by SEM, EBSD, nano indentation and microhardness 

tester. The results show that the Pb particles are mainly distributed at the bottom of processing area under the action of gravity and agitation. The 

onion ring structure is formed by the flow of the plastic material. There are Pb-rich lamellae and deformed aluminum matrix lamellae in the onion 

ring structure. The Pb particles in the Pb-rich lamellae play an important role in grain refinement. Meanwhile, a small amount of new Pb particles 

(about 100 nm) form in the deformed aluminum matrix. The grain refinement results show that the microhardness of Pb-rich lamellae is 

significantly higher than that of deformed aluminum matrix. Furthermore, there are different types of texture in the different zones. At the bottom 

of the processing area, there is a strong Cube texture on SZ-AS. SZ-RS has Cube texture and a small amount of brass texture, and CSZ has weak 

Cube texture and {111} texture. At the top, there is a strong Goss texture on AS, and the texture on RS is relatively random. 

Key words: friction stir processing; EBSD; microstructure; texture 
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