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Abstract: The Al-Mg-Si-Cu aluminum alloy ingots were prepared by using low frequency electromagnetic field
semi-continuous casting process. The effect of low frequency electromagnetic field on the microstructure of Al-Mg-Si-Cu
alloy ingots was studied. The results show that the grain structure of Al-Mg-Si-Cu alloy ingots can be refined by applying
low frequency electromagnetic field, and the segregation degree of the elements inside the ingots can be reduced.
Compared with conventional semicontinuous casting, the applied frequency is 20 Hz, current is 120 A alternating
electromagnetic field, the isometric microstructure increase in ingot casting, dendritic structure, grain size more small, ingot
casting side and the center of the average grain size by regular semi-continuous casting of 170 and 259 pm down to 133
and 187 um respectively, at the same time to improve the distribution of solute elements in the intracrystalline, greatly
reduce the segregation of solute elements. In addition, the low frequency electromagnetic field in the electromagnetic
oscillation makes liquid hole inner temperature field and flow field more uniformly, solute elements distribution coefficient
increases, crystallization range smaller, inhibits the growth of dendrites, promoted the Al-Mg-Si-Cu alloy semi-continuous
casting non-dendritic structure formation and forced solid solution of solute elements, and suppress the segregation of solute
elements.

Key words: electromagnetic oscillation; solute elements; microstructure; macrosegregation

FEEELEEFEE TET M TEERTRN S5 RSmARE), k2 1 a5 70 5E [ i
P 16 R S5 B S ), 7 O R B T DR A IR B AR P S R AR A | i R A RS AE 2 [ A3 A
e AR ) [l & 8] B I AR R I ERTE

W RS B #3:2019-07-25 3 B W, ARAELEBRASLTT
B TR /AR B ORI ) R e (2017GDASCK (A FI BRI R RIS, NA RS LR
O117) ;" RA A ST S RE Ha@m B m 20174 e EVE , KEM G &0 R W LA &AL & P rE

070701029) RAEHET R, SR FOCR A7 #E0m KR E
M AT A E K (1993-) T FUMA L MBI A TR W JEE N AR A, 20 HE22 60 4EAY RSB A4
DRSS e BN LK Getselev % T B # 1t B A (EMC 3509,

#1,1% . 13060826011 , E-mail : gdhaojianfei@163.com


mailto:gdhaojianfei@163.com

(B EH AK)02/2020

FBERC, % R 5 B REH X % S S Al-Mg-Si-Cu & & BARNEMm 149

T L B S 4E R b LIS 2 RIB R A FAE
PG, G, NI BR T 586 T2 %5 545 f
ARE (R fi | o B B L A2 Y8 H K B V8 IV B
R R mEW , AR EBER —ENERe MG
Vives # TR S EE B A, & 8164 M
AR SIS EER, % AZ 3] Lorentz )
f4E F ,CREM 1. 25w s R 11 6 29 SRV FH B 65 i 3
P /N — YR A 0 R R R AR Y, A SCRF R AR
3 B, T 37 % Al-Mg-Si-Cu 55 8¢ T80 41 21 K ¥ i s &
2 W43 A AL AR I B R R B35l Ao R R AR L i 3
3 A A I TOUE 2 2T B 5 O O BT, R R B 1
Fm TR, KA Al-Mg-Si-Cu £ 4 J2& ] $ugh 2 55
b EsR RS A, RA R BB R
i B kA A AL RE S, TN TR K
2 i T2 K | R AR R A SR SR e Y R T
i BT 01 5 T 24 45 KM A K B i T R 6 R b 3
AR R R T2, ok bR ) B 35036 4 6 4
AMEEAREENE L,

1 ZEHMBEFE

SCH AR N Al-Mg-Si-Cu & 4, R F 4l 45 &
(99.7%, AT, FR), i85 (99.8%)F
Al-20Si F1 Al-50Cu & &% FrBC i, 206 i B i
AW 8, Ho Ak 2 B 4r w(%) A :1.12 Mg,0.75 Si,0.36
Cu,0.084 Fe, s #t 4 Al,

PR 1 A R A0 R R e i S 1 S R IR R
ABIRE T RSN, ABKRHNEN 106 mm, BE
JE %y 4 mm, 554 20 mm,, HLREZR P A B ESS L AR
DU JE o LR B KT RO R S A A N A B
HUL R 5, HAL R 2k PEL 1 T8 160, HaL B 37 45 %
20 Hz, %MK 19200 AT, EHREL&BHEYINT
760 Cn#ss it Al-Mg-Si-Cu &4, R/ AR 4i®
SR A S WA T WO BRBR UBR 24, YUk S
30 min, /5 KA SRR E S E R E R 110 mm
) Al-Mg-Si-Cu & &% 48E . R T W55 i RE 35 %) 95 €

5 A1 X
% HK

B RS R R BN A
Fig.1 Schematic diagram of low frequency electromagnetic
semi-continuous casting

BORAHL R, BN LRSI RIFEHTZ
BEOAA  FBERE 720 °C, Fr 3 180 mm/min,
%K% E 0.05 mYmin, LK 5% MG, 291
Al-Mg-Si-Cu & 4 7 B¢ B % 1m #9 340 3 A0 S BURE
PR BE ] MOE RS S E M B LT A
SUMLEE , 16 55 55 1 B R T bW 42 O ) R 3l a1k
e D= N G A S DS v OB
B, 50 B L RE S A & o0 3 2 O D A R A R

2 XBEREHH

2.1 Al-Mg-Si—Cu $H WA R 5

P 2 kB B % 2k 5 3 95 1 (DC) Al jE 2 3%
453 (EC) T2 T 9555 O 5 A 6 Ao oM 41 4L, m]
AFE e @ s T2 T, % e AL
FRAFTETR & , R A AR A 4l /N ) SRLTR 2% 7 — 2,
FEEER T AO IR AL R R ESR; R
NG TZT , WA WA LU, IR &
Rt 22 500N, 5 215 AL 19 41 213 18 8K [H)
FEEE R A4k, B4 250 A 5E ¥ 5] SO0 4 2L TE 5
F AL A P bR 2 A8 Sk A /N S 106 B ZE IR AR
MEHNERT, BRI E S SHERENR
THT P 3 [ 40 23 A R e i a4 R . B 3 AR T
ZHRMT A SR RRR T AT AE H R A% E
S I, T B B R WO XA AR R T B
KA/ R R ST A 158~170 pum , B0 5E VT #4540
PR A RS, SRR CHERK, RO
X, f B R <F R 237~259 wm, i 515 3 8 5 & X 18R
AL R T o A AR5 BE N 39.0%., R AR A9 Ha w2
B IS 5 5 & AR 4 1 SoRL X 75 B 404k, A
FEEE IR L, SRR ST FE 133~187 wm SEFEIA,
M T 25N 55 dobi a4 s 41, KRR
B 51 BN ZE 28.9% .

B 4 HAFEEE T 25T Al-Mg-Si-Cu 54
HEMBMALS, HEEEcRIMERLE 1,
Al-Mg-Si-Cu & & 7E VM 8EE &40 T, BB E
T a-Al B S, TERCSR AR K A R b B RCA
HIHT AL ERANINZ | B8 Al R RBIEER
fn ] B & AE S @R AR AR | FETIZE SR R T Mg,Si A

FR1ALREHEEEERBITER w(%)
Tab.1 Results of EDS analysis of phases shown in Fig.3

g1 Mg Al Si Fe Cu -y |

A 387  63.15 0.83 - 32.15  AlLCu MgSi
B 352 6497 089 072 29.88 AlFeSi ALCu
C 323 96.77 MgAl,

D 6.10 5373 092 = 3925  AlCuMg

E 049  99.07 a-Al 24K
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Fig.2 Effect of casting process on Microstructure of Al-Mg-Si-Cu alloy ingots
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Fig.3 Grain size distribution under different process conditions
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Fig.4 SEM images of Al-Mg-Si-Cu alloy ingot under different processes
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Fig.5 XRD patterns of ingot 1/2 radius under different processes
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Fig.6 Distribution of alloy elements in conventional semi-continuous and semi-continuous casting ingots with electromagnetic stirring
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