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Fig. 1. OM images of Al-2.5Mg alloys: (a) Without any in-
oculation and inoculated; (b) with 0.4% Al-5Ti-1B; (c) with
0.4%Al1-5Ti-1B40.02%La; (d) with 0.4%Al-5Ti-1B40.04%
La; (e) with 0.4%Al1-5Ti-1B+0.06%La.
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Fig. 2. Average size of a-Al grains in Al-2.5Mg alloys inocu-
lated with 0.4% Al-5Ti-1B master alloy varied with La ad-
dition level.
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Fig. 3. (a) DTA heating and cooling curves for the Al-2.5Mg alloy without any inoculation; (b) (7L —1n) and (Ty — 1p) for
Al-2.5Mg alloys inoculated with 0.4% Al-5Ti-1B master alloy varied with the La addition level cora. (7L — Ti), and (Tx — Tp),

are respectively for the Al-2.5Mg alloys without any inoculation.
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Fig. 4. Al-2.5Mg alloy inoculated with 0.4% Al-5Ti-1B+0.06% La: (a) SEM image, inset shows the compositions of the white phase;
(b)—(d) energy dispersive X-ray spectroscopy maps of Al (b), Mg (c), La (d).
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Table 1. Data required for the calculation of growth re-
striction factor and the calculated @); under the present ex-

perimental conditions.

Element ki mui/ (K-%7") ¢5;/% ;% Qi/K Ref.
La  0.004 -1.71 0.05 11.7 <0.09 [22]
Mg 0.54 7.35 152 283 845 [32]
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Influence of micro-alloying element La on solidification
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Abstract

Grain refinement is an effective method to enhance the comprehensive properties of alloys. In industrial
production, Al-5Ti-1B master alloys are commonly used to refine the microstructure of aluminum alloys.
However, the grain refinement potency of Al-Ti-B master alloys is limited and cannot meet the requirements for
high-performance aluminum alloy applications. It has been demonstrated that adding trace amount of micro-
alloying element La to the aluminum alloy melt inoculated with Al-5Ti-1B master alloy can further refine the
solidification microstructure. Previous research indicates that the addition of 0.06% (weight percent) La is
sufficient to achieve an ideal a-Al grain refinement. Our recent experimental results demonstrate that for an Al-
Mg alloy of high Mg content inoculated with Al-5Ti-1B master alloy, the optimal addition level of La is about
0.02% (weight percent).

Solidification experiments are carried out for Al-Mg alloys inoculated with Al-5Ti-1B master alloy and
different addition levels of micro-alloying element La. It is demonstrated that the trace addition of micro-
alloying element La shows a further grain refinement effect on Al-Mg alloy and reduces the nucleation
undercooling of a-Al. A model is proposed for the segregation behavior of micro-alloying element La at the
interface between the Al alloy melt and TiB,. The mechanism of the enhancement in the efficiency of TiB,
particles to nucleate a-Al by micro-alloying element La is clarified. The calculation results indicate that La
shows a strong segregation tendency toward the interface between the Al melt and TiB, particles, thus reducing
the interfacial energy and contact angle between TiBy and a-Al, enhancing the efficiency of TiB, to nucleate a-
Al, and further refining a-Al grains.

Keywords: Al-Mg alloys, grain refinement, micro-alloying element La, Al-5Ti-B

DOI: 10.7498 /aps.75.20251122 CSTR: 32037.14.aps.75.20251122

* Project supported by the Science and Technology Major Project of Guangxi Province, China (Grant No. AA23023032) and
the National Natural Science Foundation of China (Grant No. 52174380).

t Corresponding author. E-mail: llzhang@imr.ac.cn

i Corresponding author. E-mail: yuezhang@sut.edu.cn

11 Corresponding author. E-mail: jiehe@imr.ac.cn

010806-8


https://doi.org/10.1007/s10853-020-04522-9
https://doi.org/10.1007/s10853-020-04522-9
https://doi.org/10.1007/s10853-020-04522-9
https://doi.org/10.1007/s10853-020-04522-9
https://doi.org/10.1007/s10853-020-04522-9
https://doi.org/10.1007/BF02881485
https://doi.org/10.1007/BF02881485
https://doi.org/10.1007/BF02881485
https://doi.org/10.1007/BF02881485
https://doi.org/10.1007/BF02881485
https://doi.org/10.1007/BF02881485
https://doi.org/10.1007/BF02654921
https://doi.org/10.1007/BF02654921
https://doi.org/10.1007/BF02654921
https://doi.org/10.1007/BF02654921
https://doi.org/10.1007/BF02654921
https://doi.org/10.1007/BF02654921
https://doi.org/10.1007/BF02654921
https://doi.org/10.1016/j.msea.2003.12.041
https://doi.org/10.1016/j.msea.2003.12.041
https://doi.org/10.1016/j.msea.2003.12.041
https://doi.org/10.1016/j.msea.2003.12.041
https://doi.org/10.1016/j.msea.2003.12.041
https://doi.org/10.1016/j.msea.2003.12.041
https://doi.org/10.1016/j.msea.2003.12.041
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.11900/0412.1961.2017.00400
https://doi.org/10.1016/j.scriptamat.2018.09.042
https://doi.org/10.1016/j.scriptamat.2018.09.042
https://doi.org/10.1016/j.scriptamat.2018.09.042
https://doi.org/10.1016/j.scriptamat.2018.09.042
https://doi.org/10.1016/j.scriptamat.2018.09.042
https://doi.org/10.1016/j.scriptamat.2018.09.042
https://doi.org/10.1146/annurev.matsci.38.060407.132438
https://doi.org/10.1146/annurev.matsci.38.060407.132438
https://doi.org/10.1146/annurev.matsci.38.060407.132438
https://doi.org/10.1146/annurev.matsci.38.060407.132438
https://doi.org/10.1146/annurev.matsci.38.060407.132438
https://doi.org/10.1146/annurev.matsci.38.060407.132438
https://doi.org/10.1146/annurev.matsci.38.060407.132438
https://doi.org/10.1007/s11661-014-2525-5
https://doi.org/10.1007/s11661-014-2525-5
https://doi.org/10.1007/s11661-014-2525-5
https://doi.org/10.1007/s11661-014-2525-5
https://doi.org/10.1007/s11661-014-2525-5
https://doi.org/10.1007/s11661-014-2525-5
https://doi.org/10.1007/s11661-014-2525-5
https://doi.org/10.1007/BF02586096
https://doi.org/10.1007/BF02586096
https://doi.org/10.1007/BF02586096
https://doi.org/10.1007/BF02586096
https://doi.org/10.1007/BF02586096
https://doi.org/10.1007/BF02586096
https://doi.org/10.1007/BF02586096
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.11900/0412.1961.2021.00490
https://doi.org/10.1016/j.scriptamat.2020.01.009
https://doi.org/10.1016/j.scriptamat.2020.01.009
https://doi.org/10.1016/j.scriptamat.2020.01.009
https://doi.org/10.1016/j.scriptamat.2020.01.009
https://doi.org/10.1016/j.scriptamat.2020.01.009
https://doi.org/10.1016/j.scriptamat.2020.01.009
https://doi.org/10.1016/j.scriptamat.2020.01.009
https://doi.org/10.1016/j.calphad.2005.08.004
https://doi.org/10.1016/j.calphad.2005.08.004
https://doi.org/10.1016/j.calphad.2005.08.004
https://doi.org/10.1016/j.calphad.2005.08.004
https://doi.org/10.1016/j.calphad.2005.08.004
https://doi.org/10.1016/j.calphad.2005.08.004
https://doi.org/10.1016/j.calphad.2005.08.004
https://doi.org/10.1016/0956-7151(94)00405-7
https://doi.org/10.1016/0956-7151(94)00405-7
https://doi.org/10.1016/0956-7151(94)00405-7
https://doi.org/10.1016/0956-7151(94)00405-7
https://doi.org/10.1016/0956-7151(94)00405-7
https://doi.org/10.1016/0956-7151(94)00405-7
http://doi.org/10.7498/aps.75.20251122
https://cstr.cn/32037.14.aps.75.20251122
mailto:llzhang@imr.ac.cn
mailto:llzhang@imr.ac.cn
mailto:yuezhang@sut.edu.cn
mailto:yuezhang@sut.edu.cn
mailto:jiehe@imr.ac.cn
mailto:jiehe@imr.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

WE SN ITTRLaN ZA1-5Ti-1BA R INAL Mg & S BB 2L 2

FH,F Rmm KRG T R A

Influence of micro—alloying element La on solidification microstructure of Al-Mg alloy inoculated with A1-5Ti-
1B

LI Ciyu  ZHANG Lili ZHANG Yue  JIANG Hongxiang  ZHAO Jiuzhou  HE Jie

5] Fi{i &, Citation: Acta Physica Sinica, 75, 010806 (2026) DOI: 10.7498/aps.75.20251122

CSTR: 32037.14.aps.75.20251122

TELERE View online: https://doi.org/10.7498/aps.75.20251122

BN 2 View table of contents: http://wulixb.iphy.ac.cn

AT RE RSB HAN S R

Articles you may be interested in

{iE TE R LaFIAL-5Ti- 1B 45 4l fL Al-Cub/L 3
Mechanism of grain refinement in Al-Cu alloy by adding trace La and Al-5Ti-1B
YrH2E . 2023, 72(8): 086401  https:/doi.org/10.7498/aps.72.20222334

AL-Ti—-B4AAL T Ml 20045 B 17 2H 21 15 28 3 P B AR

Numerical simulations of solidification microstructure evolution process for commercial—purity aluminum alloys inoculated by Al-Ti-

B refiner

WIFIE4. 2021, 70(8): 086402  https://doi.org/10.7498/aps.70.20201431

A A TCR CWTIAE L1y~ AL Sc/ AL I R BT 14

Different segregation behavior of alloying elements Cu/Ti at L1,-Al,Sc/Al interface
PrPReEd. 2022, 71(8): 088101  https://doi.org/10.7498/aps.71.20212156

Tt Mg S b BT AL-7Si £ 4 2L 2RI RE 1) 5]

Effect of trace Mg and heat treatment on microstructure and properties of Al-7Si alloy

PPz 2025, 74(18): 186403  https:/doi.org/10.7498/aps.74.20250776

TR - LaXit Al-7%8i-0.6%Fe & 4: 4121 5 PERE 11
Effect of trace rare earth La on microstructure and properties of Al-7%Si—0.6%Fe alloy
Py, 2024, 73(7): 076401 https://doi.org/10.7498/aps.73.20231939

TaCHORIA Ti-6A1-4V 5 4 O A AL 2 45 H FIPERE Y52
Effects of TaC microparticles on structure and properties of micro—are oxidation coating on Ti—6A1-4V alloy

YrH2E 4. 2022, 71(2): 028102  https:/doi.org/10.7498/aps.71.20210835


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20251122
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20222334
https://doi.org/10.7498/aps.72.20222334
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201431
https://doi.org/10.7498/aps.70.20201431
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20212156
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20212156
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20212156
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20212156
https://doi.org/10.7498/aps.71.20212156
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250776
https://doi.org/10.7498/aps.74.20250776
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231939
https://doi.org/10.7498/aps.73.20231939
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20210835
https://doi.org/10.7498/aps.71.20210835

	1 引　言
	2 实验方法
	3 实验结果
	4 分析讨论
	4.1 微合金化元素La对α-Al形核过程的影响
	4.2 微合金化元素La对α-Al长大过程的影响

	5 结　论
	参考文献

