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Research Progress in Grain Refinement Methods and Mechanisms of Aluminum Alloys
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Abstract: Aluminum alloy is prone to coarse grain structure during casting, resulting in poor mechanical properties
and corrosion resistance. The grain refinement method can avoid the production of coarse grains and promote the forma-
tion of equiaxed crystal zone, thus improving the comprehensive properties of aluminum alloy. The grain refinement
methods of aluminum alloy and effects were reviewed, and the action mechanism was analyzed. The exsiting problems
of grain refinement methods were summarized, and the future development was prospected.

Key Words: Aluminum Alloy, Solidification, Grain Refinement, Refinement Mechanism, Rare Earth Elements

Yo fE B #3:2024-08-26; 1837 B #3:2024-11-20
BEEWE MK ARPERE GBI H (52371097) 5 10 T8 #8745 24 REARFHIF BT By i H (LJKZ0170)
FE—EEE A RN, T 1986 4F A4 S LRI, E-mail: ying110011@126.com
BEEE RS, 5, 19834t A, B #4%Z , E-mail : hlzhang@sau.edu.cn
SlAMER ke skilbag 20, 45 SR A B ORI AL i S LR R S U R (T ). e A B S A (A 42, 2025,45(9) 11 340-1 347.

ZHANG JY,ZHANG H L,LI H Y, et al. Research progress in grain refinement methods and mechanisms of aluminum alloys[ J]. Special Cast-

ing & Nonferrous Alloys, 2025,45(9):1 340-1 347.

[22] T e, B, 4F . Ag i &t Al-Mg-Sif 4 AT 45 1 b, 2024,49(2) :199-203.
R [ 7], R 5 1 S (0 4, 2024, 44(8) 1 127-1 132, [30] ROMETSCH P A, XU Z, ZHONG H, et al. Strength and electri-
[23] Agme, sk =4, R B4, %5 0 £ 00 % LaXt Al-0.5Mg-0.24Si & 441 cal conductivity relationships in Al-Mg-Si and Al-Sc alloys [J].
SURNPERE (0952 0 [ ], K7 A0 85 3 A7 4 & 42, 2021,41(10) : 1 219- Materials Science Forum, 2014, 794-796: 827-832.
1223. [31] LIN G Y, ZHANG Z P, WANG H Y, et al. Enhanced strength
[24] BRfh2e 2280 0k R 40, 45 . 0 LA X Al-Mg-Si 4 4 O 41 2R and electrical conductivity of Al-Mg-Si alloy by thermo-mechanical
PERERYSZ M [T]. 4 Jm 4L 3, 2024,49(7) : 100-105. treatment [J]. Materials Science and Engineering, 2016, A650:
[25] FLORES F U, SEIDMAN D N, DUNAND D C, et al. Develop- 210-217.
ment of high-strength and high-electrical-conductivity aluminum [32] SAUVAGE X, BOBRUK E, MURASHKIN M, et al. Optimiza-
alloys for power transmission conductors [J]. Light Metals, 2018, tion of electrical conductivity and strength combination by structure
2. 247-251. design at the nanoscale in Al-Mg-Si alloys [J]. Acta Materialia,
[26] 3CHE, FIUR HBIF 2%, % . La, Ce iR & + 4 6201 L T4 A & 2015, 98: 355-366.
HLWEREY R A [T ). BRI 52 5 00 111, 2015, 9C1) : 20-24. [33] GB/T 23308-2009. 4245 Ze 2 H #-H -fik R 5 Az 2 [S].
[27] T, WG, T4 . & Zr,Ce Mt i EE A4 SR MWMENS [34] ASTM B398-2015. Standard specification for aluminum-alloy 6201-
S ERERFST[T]. Bl 4@, 2020,44(7).716-721. T81 and 6201-T83 wire for electrical purposes[ S].
[28] KARABAY S. Influence of AlB, compound on elimination of inco- [35] MBE, skALET, 5k 35 95,45 . 1 000 KV 4 i 1 52 it i v 2k i oK 15 7l
herent precipitation in artificial aging of wires drawn from redraw rod LM J]. Iy g, 2015, 36(5): 91-98.
extruded from billets cast of alloy AA-6101 by vertical direct chill [36] W, JA R, 4R 1L, 47 . AL-Mg-Si 6 & S 209 477 SR B H R
casting[ J]. Materials & Design, 2006,29(7): 1 364-1 375. JERTSLT] R A &I TH AR, 2018,46(1):5-8.
[29] ZEAK B M . Al-Si-Mg-B-Sr & & 0395 iR K T2 1], 28 (%I RAM)

1340



FRAG G ARLAN AL 7 1 LR Y i S skt e 4F

BRA 4 B AR S it A | LR R R R A
S RPERE O S S R AL I N T AL R RS
HLF AR SR A SR TSR s
TR S IR R b R R B G R e T e, R
B 2 T 2B B I i S R PR A B0 4 SRR S
MY K R B T BR T X, E & TiEk Si
P iR A A TP AR FE B R SRR ML AR L 2 K
RE AR AL 12 (%) 07 2 PE R Tt ok 1 e RN B 9 55 M g, Rt
Wh AR B A R . AR B Hall-Petch 28 X o.= 0, + £-
dVCH o kR 5 4R R RS ARG SE 0 H BONY bR
() AR RS o B/ J IR 9 B o B o SRR /)N R
TR AR A, R R A AT LA 3A 5 b 43 BIOCZE B 22 1Y v ok o
W R T BB YT R T R A R 2
THAETE 2 By RE 5, DU $2 5 A ORE A B8P A 1 . IR

20T 41 200 T B B 1k 85 S F 2 AR SR MR sk 3L
InTAERERAE T BET A A Rk i vk &
A NIRRT R R ST R
bR S k. R KR £ 02 Ti.B . Zr #1 Nb
SRR Y 5 K RN AL-Ti Al-Ti-B,Al-Ti-C %
B a2 JE TR U RS A BT B
AR R A AR . A B ST 2R IR AR A R Al A 1
T5 ¥k ROR UL B TR A A AL HL B $8 R A 4 R
20 P45 SR A7 A () A, I 3 R R AT R

1 ShEmibs A a ik
T 1NEA A SR Ak F SR B 7 ik R L A Ak AL
A

WAL HE P S ) HUBIR sh B FF B mE I R K R B
R gn A 50 45

®1 RAEERNBLFERELR 7Y

Tab.l  Grain refinement methods of aluminum alloys and its effect!"*!- %
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Fig.1 Microstructures of Al-5Cu alloy under different vibration acceleration
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