
� 48�    � 2�                                   ��������	                                 Vol.48, No.2 

2019�      2�                        RARE METAL MATERIALS AND ENGINEERING                     February 2019 

�

�����2018-02-13 

���	����	
��� (2016A010103006)������	��� (2015A030313668) 


���������1980���������� !"#$�%&'()#*�+��� �, 510640�-./020-87113267�E-mail: 

zdzandy@126.com 

 

��������	
��(AlSiTiCrNiCu)p/ 

6061Al ���������� 

 

���������  	 

( !"#$� ����012345'6789:;<��� �, 510640) 

 

�  ��=> AlSiTiCrNiCu ?@A�BCDEFGHFGIA��JK?@A�LMNO'PQRSTUA23VW

XYZ[\]Q^_`�(AlSiTiCrNiCu)p/6061Al UA23ZWVabc AlSiTiCrNiCu BCLMNOZF$def�

BCLMNOE 20%Z (AlSiTiCrNiCu)p/6061AlUA23ZWVaE 61.6 W/m·K�Hgh�L 6061AlA�efi 52%]

jFGHLMNOE 10%k�bcPQRSZl?�UA23ZWVaef�PQRSE 540 mk�UA23ZWV

aE 65.8 W/m·K] 

����?@A��I�UA23�WVa�no 

�������TB331        ������A        �����1002-185X(2019)02-0614-06 

 

��������	
����������

������������� �!���"#$�

%&'()*+,-#����./0��1234�

567�89:��;<=�>�?@AB���

��� ��� �CDEF'GHI�JEFK�

,LMN+EF(metal matrix composites�MMCs)G?

O�PQR3
S-#5TU3�5V�W+X�TU

YZ.[\EF]@^_�3
�̀ +abcdEF�

ef�g]��./0R.h��]4�8i3
R8

�jkl3
�mno2pqr�5Bstu12�>

v?@wxEF2yz��R{|�}=

[1-4]

' 

~�@��bcd�����/*MN+EF�

��.�?�'���������5V����M

�EF�/0��0Rh�V��X3
�����

��3R�3����'y@HIEF�����+

,(HEAs)�-#�/0���0��h���}� 

3V�^_��X3
�¡¢-#,LL3

[5,6]

'£¤

¥¦§F¨©���+,��ª Al�Cu ;+,�«

¬®34�«¬¯+/0�

[7,8]

�5#$��EF3


���°.�X±��/²EF'Wang

[9]

;b³´

FeNiCrCoAl

3

���/ 2024*+,�Gµw¶·¸�

}¹º�+,�»¼½/0¾ 710 MPa'¿ÀÁ

[10,11]

;b³´ A1CoCrFeNiTi

0.5

��+,���/*+,�

�no���+,���/*MN+EF�»Â/0

��a 32.4%~90.1%�ÃÄÅ��a 29.6%~52.0%'

Karthik

[12]

;b�WÆÇÈÉÊnoa�ÉOË@

12%� CoCrFeNi��+,�/ AA5083*+,�N+

EF�rÌÈÉRÍÌÈÉ��»Â/0RÃÄÅO

Î¾Ïa 400Ð6 MPa�(6Ð1)%R 395Ð7 MPa�(5Ð

2)%'>v���+,y@,LMN+EFK��/

²��ÑÒÓ4�ÔÕ'�xÖ#C)��+,��

�/*MN+EF���×Ø�³´��/²�Ó�

�Ù0 FeCoNiAlTiÚCrÛÜ��+,

[13]

���+,�

Ü�POÝ�� Co�Cr�Fe�Ni�Mn ;WÞß,L

àáR�â��ã=�,Làá��no�*MN+

EFä�º�4�/� $å'�x�C)�Ù0�

�+,���/*MN+EFV���+,���/

*MN+EF�X3
���æçè×Ø' 

@v�é!êÔ´ 6061Al+,y@M�EF�³

´�J��+,��y@�/²�ë´ìí;îïð

¯2pno 5%~20%Ú�ÉOË�¸¡Û��+,�

/ 6061AlN+EF�ñd�}3
Bs��' 

��������

�´���+,��( Al�Cu�Si�Ni�Ti�Cr

Í°ò,LóôÚò0õ99.9%��0ö45 µmÛ�W

÷ø+, 2pno'ù AlSiTiCrNiCuún��+,

óô�û) VIüó÷ýü+ 20 hþ�G QM-2SP20 



� 2�               ���p/FGHLMNOqPQRST(AlSiTiCrNiCu)p/6061AlUA23WVaZ[\            r615r 

s��i÷SBs�
�i'³´�ò��y@��

�����@ 200 r/min'AlSiTiCrNiCu��i2p@

�i 20 h��	®i 2 h�G 0�5�10�15�20�22 h

Bs XRD
�' 

N+EFKM�+,R�/²��OÎ@��

6061Al +,óôÚ�0ö38 µmÛR�n���+,

óô��0ö20 µm�ù�ÉOË@ 5%�10%�15%�

20%OÎª 6061Al+,óôGVIüó÷ýü+ 15 h

þ���h-K�G THP-60A���¼÷S¼!�¼

k@ 400 MPa��¼¢�@ 1 min�nZ�¼�F��

��¼�FBs 500�520�540 ��ìí;îïð¯

ZÏN+EF' 

³´ X �����ÚXRD, Bruker-D8 Advance, 

GermanyÛd�¡�i� �+,óôBs�²O!'

��"¶·@#Cu$ Kα��Ú���%& λ=0.154 18 

nmÛ�Ni'%(�)¼ 40 kV�)* 40 mA�+,-

& 0.02°�+,�0 19.2 s/-'³´.M/012Ê�

�N+EF�Ù0'³´3456Ê77��EF�

�}Å'GÖ�"8Ù0�.}R}56ÜË�9:

¸�5£¤;(1)U<ZÏ}�Å# 

s

= Cλ ρ α                                Ú1Û 

;K#λ="8�}�Å (W/m·K)�ρ

s

="8�Ù0

(kg/m

3

)�C="8�.}(J/kg·�)�α="8�}56

ÜË(m

2

/s)' 

Gé��K�³´>©+,�}Ê (differential 

scanning calorimetry, DSC)��"8�.} C (special 

heat capacity)'�8@ 10 mg�?@A�B"8�J

�C@ 10 mg'�"¢�DEG–10 �¸�j 10 min�

�þV 10 �/min�Fj�0G–10 �FjÏ 40 ��

ñ�j 5 min�"HYZ"8G 30 �¢�.}' 

³´34�}� NETZSCH LFA-447��"8�

}56ÜË α'�"j0@ 30 ��"8IJ@ Φ12.7 

mm×2 mm'ÔK 5Ñ�"=�"êË¤�ñU<LM

Ny@"8�}56ÜË'�"�"8´,OAPQ

RiSTUVRW ��ñmXY�Z[\"8�S

¸]Ñ¬Ls�ñG"8� 2Ñ^¬_�ÌA`' 

������	
�

�����AlSiTiCrNiCu ����	
��� XRD �� 

÷ø+, WaK�+, bcªàá�ã=�

�"-Cd3�ã=e��àáefg+, ��w

àá�ã=7h¢��i�+,àá^E+, 'j

1¨©a AlSiTiCrNiCu��+,ókW 5 h�iþ�

�lOàá���m/0n¨op�<Î��q0d

r���m/0op��'�is 15 h¢��lOà 

 

 

 

 

 

 

 

 

 

 

 

s 1  %&A�t AlSiTiCrNiCuuvZ XRDsw 

Fig.1  XRD patterns of AlSiTiCrNiCu HEAs alloy powders with 

different milling time 
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Fig.2  XRD patterns of (AlSiTiCrNiCu)p/6061Al composites 

at different sintering temperatures 
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Fig.3  Effect of volume fraction of HEAs particles on thermal 

conductivity of (AlSiTiCrNiCu)p/6061Al composites 
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Table 2  Predicted and experimental thermal conductivities 

of (AlSiTiCrNiCu)p/6061Al composites (W·(m·K)
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Table 3  Thermal properties of (AlSiTiCrNiCu)p/6061Al 

composites at different sintering temperatures 
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Fig.4  Effect of sintering temperature on thermal conductivity 

of (AlSiTiCrNiCu)p/6061Al composites 
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Fig.5  SEM micrographs of microstructure of HEAs/6061Al (a, b) and TEM image of interface (c) between 6061Al and reinforcement in 

composites sintered at 500 � 
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Fig.6  SEM micrographs of microstructure of HEAs/6061Al (a, b) and TEM image of interface (c) between 6061Al and reinforcement in 

composites sintered at 520 ) 
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Fig.7  SEM micrograph of microstructure of HEAs/6061Al (a) and TEM images of interface (b, c) between 6061Al and reinforcement in 

composites sintered at 540 ) 
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Effect of Reinforcement Volume Fraction and Sintering Temperature 

on Thermal Conductivity of (AlSiTiCrNiCu)p/6061Al Composites 

 

Zhu Dezhi, Qi Longfei, Ding Xia 

(Guangdong Key Laboratory for Advanced Metallic Materials Processing, South China University of Technology, 

Guangzhou 510640, China) 

 

Abstract: AlSiTiCrNiCu high-entropy alloy particles were used as the reinforcement to reinforce the aluminum alloy. Then the effect of 

the volume fraction of high-entropy alloy and the sintering temperature on the thermal conductivity of the composites was investigated. 

The result shows that the thermal conductivity of (AlSiTiCrNiCu)p/6061Al composites decreases with the increase of the volume fraction 

of AlSiTiCrNiCu particles, and the thermal conductivity of (AlSiTiCrNiCu)p/6061Al composites with reinforcement of 20% volume 

fraction is 61.6 W·(m·K)
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 , which is decreased by 52% compared to that of the matrix 6061Al alloy. When the reinforcement volume 

fraction is 10%, the thermal conductivity of the composites decreases with increasing the sintering temperature, and the thermal 

conductivity of the composites is 65.80 W·(m·K)
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 when the sintering temperature is 540 ºC.  
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