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Abstract: The microstructure of a ZL114A alloy and its mechanical properties were improved by the addition of the rare
earth element Er. SEM, XRD, DSC and other material analysis methods were used to study the effects of different Er
contents on the microstructure and mechanical properties of the ZL114A aluminium alloy. The results show that grain
refinement can be achieved by adding suitable Er, the coarse dendrite structure in the alloy gradually tends to be
spheroidized, the crystallization temperature of the primary a-Al phase and eutectic Si decreases, and the precipitated phase
AL:Er is enriched on eutectic Si, which plays a role in heterogeneous nucleation. With increasing Er content, eutectic Si
evolves from slats to rods or near-spherical particles, and the mechanical properties of the alloy also improve. However,
when the Er content exceeds a critical value (0.5 wt.%), the refining effect is not significant, and the mechanical properties
decrease. The alloy exhibits optimal performance when 0.5 wt.% Er is added, with the tensile strength and elongation rate
increasing by 11.43% and 52.8%, respectively.
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Fig.1 XRD patterns of the ZL114A and 0.5 wt.%Er/ZL114A
alloys
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2 0.5%Er/ZL114A 434 SEM [ il EDS 73 #4558 : (a) SEM IR 1 ;(b) ¥l (a) A 7t B K A
Fig.2 SEM images and EDS analysis results of 0.5 wt.%Er/ZL114A: (a) SEM image; (b) enlarged image of grain boundary B in (a)

& 3 ZL114A 1 0.5%Er/ZL114A # 4 4 # it £k
Fig.3 DSC curves of the ZL114A alloy and 0.5 wt.%Er/ZL114A
alloy
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Kl 4 ATF Er 2 X ZL114A 584 & MO 2L 52 10 < (a) 0%; (b) 0.1%; (¢) 0.3%; (d) 0.5%; (¢) 0.7%
Fig.4 Effects of different Er contents on the microstructure of the ZL114A aluminium alloy: (a) 0 wt.%; (b) 0.1 wt.% ;
(c) 0.3 wt.%; (d) 0.5 wt.%; (e) 0.7 wt.%

B 5 Al Er &8 F ZL114A 28 4 a-AlAH R RS 000k 5V 1) R 0 728 16 T 2k < (a) dioRL RS 5 (b) 0B b i R) B
Fig.5 Variation curves of the grain size and secondary dendrite arm spacing of the a-Al phase of the ZL114A aluminium alloy at
different Er contents: (a) grain size; (b) secondary dendrite arm spacing

Kl 6 AN[F Er & Xt ZL114A 874 &350 Si B2 « () 0%,; (b) 0.1%; (c) 0.3%; (d) 0.5%; () 0.7%
Fig.6 Effects of different Er contents on the eutectic Si phase of the ZL114A aluminium alloy: (a) 0 wt.%; (b) 0.1 wt.%; (c) 0.3 wt.%;
(d) 0.5 wt.%; (e) 0.7 wt.%
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Fig.7 Effects of different Er contents on the average grain size and aspect ratio of eutectic Si in the ZL114A aluminium alloy:
(a) average grain size; (b) length-diameter ratio

<l 8 AIF) Er & Xf ZL114A 16 4 1 #YERE M52 0 < (a) $575 5 (b) T6 25
Fig.8 Effects of different Er contents on the mechanical properties of the ZL114A aluminium alloy: (a) as-cast state; (b) T6 state
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