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Abstract: A356.2 aluminium alloy is widely used in aerospace and automotive lightweight applications. However, accurate

prediction and control of its casting performance remain technically challenging. In this study, an improved process was

developed by optimizing the feeding strategy of molten aluminium and the addition sequence of auxiliary materials (Ti and

Si). The synergistic effects of the cooling rate and rare earth (RE) and strontium (Sr) modifications on the refinement of the

solidification microstructure of A356.2 alloys were systematically investigated. Scanning electron microscopy (SEM) and

optical microscopy (OM) characterization reveal that the cooling rate is the dominant factor in microstructure refinement.

The grain size of a-Al under water cooling is significantly smaller than that under natural cooling. The addition of RE

alone markedly refines a-Al grains and promotes the formation of fibrous eutectic silicon. Notably, the interaction between

RE and Sr shifts from synergistic to antagonistic under water-cooling conditions, resulting in a coarser and more uniform

grain morphology with incomplete modification of eutectic silicon.
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Tab.1 Target chemical composition of A356.2 aluminium alloy

(mass fraction/%)

Si Mg Ti Fe Cu Mn Zn Al
7.2~7.4 0.31~0.33 0.13~0.15 <0.12 <0.01 <0.02 <0.02 surplus content
) © 2
o Tab.2 Experimental scheme
30 min Number Process route Cooling type Modifier
b ’ o] g yp
Natural coolin -
SL 1 Process-1 W i &
( 23~24 C) , 10 min. ater cooling ;
Natural cooling -
s 2 Process-2 )
Water cooling -
0
0.26%(65 kg), 2 o Water cooling RE
1.2.1 3 Process-2 Water coolin, Sr
g
-1( ): @ Water cooling RE+Sr
25t , 20 min,, Natural cooling RE
22.5¢ ( 850 ec) , 4 Process-2 Natural cooling Sr
. Natural cooling RE+Sr
Si o ,
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Fig.l Diagram of Processes 1 and 2
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Tab.3 Measurements of hydrogen content and density
Process-1 Process-2
Number Hydrogen content Average Hydrogen content Average
/(mL/100 g Al)  /(g-em?®)  /(mL/100 g Al)  /(g-cm?)
1 0.097 2.67 0.095 2.66
2 0.095 2.68 0.097 2.66
3 0.099 2.67 0.098 2.67
2 4 0.094 2.67 0.098 2.68
Fig.2 Sampling diagram of castings (1.2.3) -1
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2 , |
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, 4 2
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Fig.3 Metallographic images of castings: (a~c) under Process-1 with natural cooling conditions; (d~f) under Process-2 with natural
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cooling conditions
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4 :(a~c) -1 SEM EDS ;(d~f) -2 SEM EDS
Fig.4 High-resolution images of the casting: (a~c) SEM and EDS images of Process-1 under natural cooling conditions; (d~f) SEM and
EDS images of Process-2 under natural cooling conditions

5 :(a~c) -1 ;(d~f) -2
Fig.5 Metallographic images of the casting: (a~c) under Process-1 with water cooling; (d~f) under Process-2 with water cooling

6 :(a) -1 ;(b) -2
Fig.6 Low-magnification analysis diagram of the casting: (a) under Process-1 with water cooling; (b) under Process-2 with water
cooling

hEIM  https://www.cnki.net



¢ 08/2026 , A356.2 +941 -
) ) Ti \ ,
, TiB,/TiAl; o s -1 o
) o o , 7d~f
, -2 (13.5t— —91), 8d~f , Sr , a-Al
, . , , ( D=~10.1 pm),
, . , RE+Sr
o ( 7g+ 8g~1) ,
, , RE s ( D=
, ; 9.1 pm),
) N ) ’ [2';]O
2.2 “ ? RE Sr
, 2, ,RE RE-Al
s RE s Sr
o 7 , ,
, 0.26% RE, o s ,
Sr, 1:1 RE Sr s Sr RE
A356.2 (1.2.3) . , RE (  Sr-RE
, )s ;
o Ta~c 8a~c , RE a-Al N ,Sr ,
, ( D=8.6 um), o RE
7 :(a~c) RE;(d~f) Sr;(g~)  (RE+Sp)

Fig.7 Metallographic images of the casting: (a~c) with RE addition; (d~f) with Sr addition; (g~i) with (RE+Sr) composite modifier
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8 :(a~c) RE SEM EDS ;(d~f) Sr SEM EDS ;(g~i)  (RE+Sr)
SEM  EDS

Fig.8 High-resolution images of the cast samples: (a~c) SEM image and EDS image with RE addition; (d~f) SEM image and EDS

image with Sr addition; (g~i) SEM image and EDS image with (RE+Sr) composite modifier
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Fig.9 Metallographic images of the casting: (a~c) with RE addition; (d~f) with Sr addition; (g~i) with (RE+Sr) composite modifier
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