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[2,3]

3JK�L

M���NO'0���PQR�:;=S 4 dBTU

V0 Mn-Cu PQ0W#XY�=Z[S\ 15%]

^�0W_`abcC�=S\:;de 50% �:

fS\ 5~10 dB

[4,5]
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mWQh�	,-no�p��<nq�Z0r6s

t�uWvqw@A�xyzA{|-}

[6]

3~�g

0����Qh�	�� Mn-Cu

[4]

!Ni-Ti
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!Zn-Al
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)PQ����� Zn-AlPQ����!�����!

=�����)��������Qh�	��*+

���

[8-10]

3~��������,-���� Zn-Al

PQ�K Zn-0.3%Al! Zn-12%Al! Zn-22%Al <

Zn-27%Al)�lmW���]�6n � Zn|¡�

�¢PQ��6Yun��£| 6.16 g/cm

3
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¤¥¦���<\�§����¨PQ
9S

:*+,-{.©��0�ª�-��«¬0PQ

�

[11]

<®¯���°±Y

[2,12]

)²³?�¨PQ��

����lmW Al �§´����n\

[13]

���µ

�¶· tanθ&g¸]¹º 0.023 

§�»�¼��w½¾¿�
¨PQ��¯ 4%Sn

=?�������5Àu�p��ÁÂnÃ�l tanθ

ÄÅn\�
 0.15~0.02ÆX3§��
�¼Ç� 4%Sn

¨PQ�ÈÉ^����Ç�ÊË LauÌ 4%SnÍÎ

¨PQ�Ï!��<�p���ÁÂ�Ð La u β-Sn

�jÑ!La u β-Sn <¨PQÈÒÓÔÕ��ÁÂ)

²Öa×���?��Ø3 

���������

ÙÚ0� AlMgMnSi ¨PQÛ]ÜÝÞ AlMgP

Qßi ZL102�àb�p�jjáK¾ 1!¾ 2Ùâ3 

ãäåPQæç���èéêë	�ìíîïðñ

�ò
 200 �ó� 2 hR�
¾ 1�¨PQ�Ç���j

ô 4%� SnÛ]ÜÝÞ AlSnMgPQß�õ�R�já� 

 

 1  AlMg!"�#� 

Table 1  Composition of AlMg aluminum alloy (ω/%) 

Mg Mn Si Cu Zn Fe Al 

0.87 0.87 0.62 0.22 0.039 0.18 Bal. 

 

 2  ZL102!"�#� 

Table 2  Composition of ZL102 aluminum alloy (ω/%) 

Si Mg Mn Cu Zn Fe Al 

8.5 0.23 0.28 1.96 1.32 0.7 Bal. 
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¯45Ì�� La���ÊËÇ�¬0 Al-20%La�X
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ýþ 30 minR�
 720 �ì¨��¯�,���3l

mWÍÎ���ÊËæç��µ�Í��ÊË�à	

Ì�-ÙS\�K¾ 3 Ùâ3ZL102 ¨PQØC��

< AlSnMg Y5�ö÷Ì�| 0.3%La �à	Ì�|

0.2% $ 

¬0
·�ÐÍ����������R¬

0 Graff��Ûëè|�1 mL HF+16 mL HNO

3

+3 g 

CrO

3

+83 mL ��dß���¬0��|  Axio 

Imager.A2m �QY��ÛOMß< Phenom ñk�

�ÛSEM+EDSß�����Ï3    

� � �   ! · � " # �  � ¬ 0 � �

CMT5105 ��	$��%�éê&r�p��b

��"#'(| 1 mm/min3&�b�)R� *

����+,-¦)R#.(3 

·� 40 mm/10 mm/2 mm���¬0 DMA 

Q800 �0�j12b�����µ�¶· tanθ�

b�3(| 1~50 Hz�r6st 204200 ��5r'

(| 5 �/min�[| 5 µm3|�96ÍÎ<��

���78�9:��;<b�w½�=>�u��

b�<"#�ûéê 200 �/2 h?@��3 

¬0��| OCA20LHT-SV��rÓÔAb�2

j1B Sn C¨PQiÌ La ¨PQ�ÓÔ��B Sn

�DE| 5 mm/5 mm/5 mm�¨PQiÌ La¨

PQÈÒ�DE| 20 mm/20 mm/5 mm�b�Àò

FG#6 1/10
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AlMgPQ�<45 LaÌ�� AlSnMgPQ�

�QY�ÏKI 1Ùâ3uèI 1a< 1b=]JK�

�¯ Sn R��L
n�MN�OPQ1KRi�

ST�U�
VW�{|¿��wP�X<YI=]

YEMNOP| β-Sn�ZC[\[14]� Sn
 Al-Mg-Si

PQ����w½]^3 

mI 1¾¿�β-Sn��_jÑ]iVP Ãû`a

ÊËÌ����b��3cÊË LaÌ�Ð 0.0%ÛI 1bß 

 

 3  %&�'( La)*  

Table 3  Content of rare earth La in ingot (ω/%) 

Number 1 2 3 4 5 6 

Nominal  0 0.1 0.3 0.5 1.0 1.5 

Reality 0 0.03 0.2 0.29 0.83 0.97 

d�e 0.2% ÛI 1cßÀ���VP-]f��V

W�� OPQ β-Sn g`aÊËÌ��d�b�-

f.�hi��jÑ
VW��5À�VF� β-Sng

�-{|fÃ�-jkelm3c LaÌ�é�n?�

e 0.83%�VP�o� �ph
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��Xj1¾¿rQ�YsÌ La��¢=t|rQ�

Y�s La�PR�KI 1dÙâ3 
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AlMg PQ]iÌ 0.0%La!0.03%La � AlSnMg

PQ����b�w½KI 2Ùâ3mI 2¾¿�AlMg

PQ���u tanθ`r6�5���nÃ�bAlSnMg

PQ<�¯ 0.03%La� AlSnMgPQ���u`r6

�5�b¿�d 3AlSnMg PQ�&r��u|

0.015�è AlMgPQ� 0.01?�� 50%�bhb�r

6v����u?�-v¿�3
 AlSnMg PQ��

¯ 0.03%La�&rzAÜ���u| 0.022�è4�

La�?�� 46%�è AlMgPQ��ud�� 120%3
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�¯ 0.03%LaRx�é�n?������3 

����C�3(-y�
�3(Ü��uv

��z¿�����vo�{��{��9S:

>½{o3I 3 |K�&rzAÜ AlMg PQ!4Ì

La ]iÇ� 0.2%La � AlSnMg PQ�
453(

Ü���b�w½3 

mI 3 =}�
3(| 1~50 Hz stF�Ç�

0.2%La � AlSnMg ����u~��tanθ | 0.026 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¡ 1  AlMg��G�¢ La:< AlSnMg��K��BC 

Fig.1  OM images of AlMg alloy (a) and AlSnMg alloy with 

different La contents: (b) 0.0%La+AlSnMg, (c) 0.2% 

La+AlSnMg, and (d) 0.83%La+AlSnMg 
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Fig.2  Variation of damping properties of Al alloys with different 

La contents with temperature (1 Hz) 

 

~0.04TAlSnMgPQ���tanθ| 0.015~0.024TAlMg

PQ~\�tanθ| 0.01~0.0233���Ç�� 0.2%La

� AlSnMg PQ���uè4�ÊË���ud��

70%�3(v��d[v 3m¢=]t|�Ç��

ÊË La�AlSnMgPQ
�3Q0Üg��-n��

�����9S:>½{o3 

u45 La Ì�� AlSnMg PQÛ1#~6#ß&r�

������b�w½KI4Ùâ3ÐI4�=]JK�

AlSnMgPQ���u tanθ`a LaÌ��d�äd 

R9Ã3c LaÌ�| 0.2%À���u�¦~ �£|

0.026�è4�ÊË���u 0.015 d�� 70%��3

C AlMgPQYè�Ç� 0.2%La� AlSnMgPQ��

u�?�[6{ �| 150%3c La Ì�é�nd�

À�PQ���u�oÜS3�^Ù��
§à%zA

Ü�AlSnMgPQ�Ç� 0.2%LaÀ�����~o3 

�PI 2!I 3!I 4�b�w½�=]JK
5

�3(Ü�PQ���`r6�d�bd �Ç� La 

�

�

�

�

�

�

�

�

�

 

¡ 3  0.2%La+AlSnMgDAlSnMgG AlMg��§ª«plKE

FIJ¬25 ® 

Fig.3  Variation of damping properties of 0.2%La+AlSnMg, 

AlSnMg and AlMg alloy with frequency (25 ) 
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¡ 4  AlSnMg����KEFIJ§78:<Kpl 

¬25 /1 Hz® 

Fig.4  Change of damping properties of AlSnMg alloy with La 

content (25 �/1 Hz) 

 

 

 

 

 

 

 

 

 

 

 

¡ 5  : La��: LaK AlSnMg��¯H-¯p°± 

Fig.5  Stress-strain curves of AlSnMg alloy with and without La 
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Fig.6  Effect of 0.2%La and 4%Sn on ZL102 damping properties 

at room temperature 
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� 7  "# La$%� AlSnMg��&'��()* 

Fig.7  β-Sn distribution corresponding EDS element mapping (d~f) of element Sn for AlSnMg samples with different La contents:     

(a, d) 0%, (b, e) 0.2%, (c, f) 0.83%  
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� 8  β-Sn3"#��456�78�)9 

Fig.8  β-Sn morphology and distribution on different aluminum 

alloy substrates: (a) AlMg alloy and (b) AlMg alloy 

with La 
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La 09" 0.2%:�β-Sn >���ex¸����²

³  9b� 9cB#½¾�g^_09��h 0.83%

:�¿�C>�^_�1s�ex¸@6�� β-Sn�

��s�vw[16]ÀW�dl��WAB12�*+

6�$Y�}C>��WA´B12�*+KJ�{

�ÁÂ�ÃÄ12���*+� 9c3�>���^

_�1s���ex¸�ÅÆ8ÁÂ&ex���ÃÄ

&12���*+�FG�0 0.83%La � AlSnMg 1

2��*+CÇ� 9 @ÈÅ& La �NO«� β-Sn

�ex¸����5�KJ�^_�1sB AlSnMg

12�ex�Axy��

[17]

*+KJÁÂ�� 

3.2  Sn ����	
����� 

5É Sn "���� La ��� La �S12" 

¡�ÊË³Ì*HÍ�HÍOb½¾g Sn ��Î�

20 min ��É Sn �¢��Ï�ÐÑ:Ò�ÓÔÕ�

��FGÖ�����¢£���Î�5�Î��Ð

Ñ 20 min�Î¡¢£×Ø�HÍ
�� 10��� 

Ù 10 ¥Å�É Sn ÚS12�³ÌÛ�>|É

SnÚ0 LaS12�³ÌÛ�?3É SnÚS12 ¡

�ÜÝÞÛ�ß" 138.8º� 137.6º�àX" 138.2º��

 10a �� É Sn Ú0 La S12 ¡�ÜÝÞÛ�

ß" 115.28º� 123.7º�àX" 119.5º�� 10b���

 ¡ÚHÍBá�³ÌÛâl�ãä�³Ì*âD�

10åÅ SnÚ��^_ La��S12�³Ì7��D� 

 

 

 

 

 

 

 

 

 

� 9  "# La$%� AlSnMg�� SEM:; 

Fig.9  SEM images of AlSnMg alloys with different La contents: (a) 0%, (b) 0.2%, and (c) 0.83% 

 

 

 

 

 

 

 

 

 

 

� 10  < Sn3"$ La�$ La��456�=>?1 

Fig.10  Wetting process of pure Sn on La free (a) and LaAl alloy (b) matrix 
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�Zn-Al12"æð�%��12�

�QR����?��;< 0.025�} Zn�ñc" 7.14 
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3

�ò>| Al�ñc 2.70 g/cm

3

�FG Zn-Al12

tu��*+%}ñc@>�B|S12�"&$%

?��*+Næó��4C%09� Zn�Næ´;<
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%�rñc�òl|% ZnS12� Zn-Al12�~�

���� 0.2%La+4%Sn S12�6���	���
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Table 4  Damping properties of aluminum matrix composites 

and Al-Zn alloys (25 �

��

��

��

�1 Hz) 

Material Method tanθ 

Theoretical 

density/g·cm

-3

 

Ref. 

Zn-27%Al Found 0.025 4.94 [20] 

Al-45%Zn-0.6%Ti Found 0.015 3.76 [21] 

Al-45%Zn-0.6%Zr Found 0.013 3.72 [21] 

Al-35%Zn 

Found and 

hot rolling 

0.014 3.45 [22] 

Fly ash cenosphere/Al 

Pressure 

infiltration 

0.02 1.49 [12] 

AlSnMgMnSi-0.2%La Found 0.026 2.77 

This 

work 

�

��������

1]��^_ La 09��h 0.2%�0 4%Sn �

AlMgMnSi 12efijkl�β-Sn Ù>�f��"

dl�f�q�����ex¸ g^_ La09��

h 0.83%�ef�>�qr�ex¸W¾C>���

^_�1s� 

2]^_ La ��4.567$%0 4%Sn QRS

12���*+�g La ��9" 0.2%:�0 4%Sn

� AlMgMnSi � ZL102 12��*+�ß#���

La�$%� 70%� 100%� 

3]�~HÍ����É Sn ��0 La �0 La

S12 ¡�³ÌÛ�ß" 138.2º� 119.5º�¥Å La

��4«�& β-SnÚS ¡³Ì*�³Ì*�$%�

é��3 β-Sn �"���dl�6{|Axy��

�$%� 
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Effect of Rare Earth La and Sn on Structure, Mechanical and Damping 

Properties of Cast Aluminum Alloy  

 

Zhou Huihui, Yang Ningyuan, Zhang Zhihao 

(Key Laboratory of Advanced Material Preparation Technology, Institute for Advanced Materials and Technology,  

University of Science and Technology Beijing, Beijing 100083, China) 

 

Abstract: The influence of rare earth La on the microstructure, damping and mechanical properties of cast aluminum alloy containing    

4wt% Sn was studied. The damping improvement mechanism was discussed from the effect of La on the morphology and distribution of 

Sn, and wetting characteristics of Sn and aluminum alloy matrix. The results show that when the La content is 0.2wt%, the grain size of 

AlMgMnSi alloy containing 4wt% Sn is improved, and the β-Sn charges from large granular to fine, and dispersively distributed. As the 

La content increases to 0.83wt%, the grain size becomes larger and the bulk rare earth compounds appear at grain boundary. The addition 

of La can effectively improve the damping performance of the cast aluminum alloy containing 4wt% Sn. When the La addition amount is 

0.2wt%, the damping property of AlMgMnSi with 4wt% Sn and ZL102 alloy increases by about 70% and 100%, respectively. La improves 

the wettability of β-Sn and aluminum matrix, and makes the β-Sn exhibit dispersion and fine distribution, thus improving the phase 

interface damping, which is the reason for the high damping performance of the samples. 

Key words: rare earth La; aluminum alloy; damping property; wettability  
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