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Abstract

WEMEZAELTBY, TVIZTLARAZ Ty TOEGYE

This research is based on a fundamental study of impurity removal from aluminum scrap by adding
high-concentration magnesium. Experiments have confirmed that adding high concentrations of magnesium to
aluminum molten metal and holding it at low temperatures for a short period of time results in the formation
of compounds containing Fe, Mn, Si, and Cr as primary crystals, reducing the impurity concentration. Applying
a settling-based separation to recover only the upper layer has produced molten metal with low Cr content
in contrast with JIS A5052 alloy. Thermodynamic analysis based on activity coefficients has supported the
observed impurity-removal behavior. These results demonstrate the method’s potential to simultaneously
reduce multiple impurities rapidly, and to serve as a foundational technology for improving aluminum scrap

quality.
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Table 1 Summary of experimental conditions (Target elements, Formulated composition, Weight, Temperature) and corresponding results

Experiment | Element .. Weight | Holding time | Temperature | Experimental concentration (mass%)
Formulated composition .

No. M (kg) (min) (K) Mg M
1 Fe Al-20% Mg-1% Fe 0.12 35 833 22 0.29
2 Fe Al-30% Mg-1% Fe 0.12 25 833 32 0.08
3 Fe Al-40% Mg-1% Fe 0.12 10 823 43 0.02
4 Fe Al-30% Mg-1% Fe 0.12 15 913 39 0.79
5 Mn Al-20% Mg-1% Mn 0.12 25 823 19 0.32
6 Mn Al-30% Mg-1% Mn 0.12 21 873 36 0.50
7 Si Al-20% Mg-1% Si 0.12 30 823 19 0.44
8 Si Al-30% Mg-1% Si 0.12 20 873 26 0.24
9 Cr Al-20% Mg-1% Cr 0.12 20 823 21 0.03
10 Cr Al-30% Mg-1% Cr 0.12 20 873 31 0.02

Al-10% Mg-0.19% Cr-0.05% Cu
11 Cr -0.03% Ti-0.004% Be 5.4 10 896 9.4 0.11
109 y ) o 0
12 Cr AJ””BMg8§;f$;0056CU 5.0 10 901 10 0.13
-U. 0
Al-15% Mg-0.18% Cr-0.04% Cu
13 Cr -0.03% Ti-0.003% Be 5.0 10 877 15 0.08

R:D KOBE STEEL ENGINEERING REPORTS/Vol. 75 No. 1 (Jun. 2026)



L, THICERLLbDEEZEZ NS,

X212, 981, 6, 8, I0ORBWHDOTFTY ¥V~ A
A= RERT . KB OB O T I {GER
CE2b0THL, M2 (a) T, 1 LFBRICALFe
bW ORBDP RS NP+ L TB 5T, 7
22 HIY WL 22 BICIRBY AT 72 W A H B0 2
(b), (d) &, Al-Mn, ALCr% e SnBLaWasit
BLTWiz, K2 (c) Tid, RIROWE A RF LERIC
BEsN. ZOWEIEKato 50M%" & b Mg,Si &
HEE SN, BHEEH199 x 10° kg/m*® LEET VI =
LX) /WD, B EICER - ERLEEZS
N5, AFFEEZHCRVEA, LA o AL O
BB E S 2 72 OB X & Wi &R 54§
o AREERIIMCEWDHEERE > TR L, kLS
L2, ALEWIEEERSHAAHOIREL LR L2 L %
RLTW5D,

X 3 125Er12 & 13D FEERBZDOFRE O LT OB H % /R

= 500 pm

(b) Upper part

500 um

(c) Lower part

(a) Cross-section

1 25 2 o F BRI (A1-30% Mg-1% Fe #L% T833 K, 25 minfi+F)
Fig.1 Cross-section of specimen from Experiment 2
(composition: Al-30% Mg-1% Fe, held at 833 K for 25 min)
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Fig.3 Comparison of the oxidation state of the remaining melt with
and without Be addition
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Fig.2 Cross-section observations of samples, (a) Al-20% Mg-1% Fe, (b) Al-30% Mg-1% Mn, (c) Al-30% Mg-1% Si, (d) Al-30% Mg-1% Cr
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Fig.4 Activity coefficients of various elements M in liquid Al-Mg alloys at 873 K as a function of Mg concentration
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Table 2 Thermodynamic data and references used for equilibrium calculations

Element Formation Gibbs free energy Reference
M Formation reaction of compounds N o o
AG (J/mol) AG YM(in Al-Mg) | @Al OMg
Fe 3AI(l) + Fe(l) = AlsFe(s) -136,460 + 68.4T 9) 9) 22)
Mn 6AI(l) + Mn(l) = AlsMn(s) -189,344 + 116.3T 21) 10) 22)
Si 2Mg(D) + Si(l) = MgSi(s) -136,248 +62.7T 20) 11) 22)
Cr 13AI(l) + 2Cr(l) = Alj3Cra(s) -364,186 +196.3T 20) 15, 20) 22)
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~ 07§ = Calc.(873 K)
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(mass% Cr)

)Mn
3.0
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0.250 @ Present work(872-881 K, Expts.10 and 13)
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Fig.5 Comparison of calculated and experimental solubilities of Fe, Mn, Si and Cr in liquid Al-Mg alloys as a function of Mg concentration
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