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Effects of w(Mg) /w(Si) Ratio on Microstructure, Thermal and Mechanical

Properties of AlI-Mg-Si Alloys
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Abstract; On the basis of Al-Mg-Si (6XXX) system alloy, the effects of w(Mg)/w (Si) ratio on microstructure,
thermal conductivity and mechanical properties of the alloy were investigated by permanent mold casting. The re-
sults indicate that the primary phase is also changed with the change of w(Mg) /w (Si). When the w(Mg) /w (Si)
is less than 1.53, the phase composition in the alloy is mainly composed of eutectic Si.a-Al and g-Mg, Si phase.
When the w(Mg) /w (Si) is equal to 1.53, the §-Al, Cu phase gradually appears in the alloy and the eutectic Si
phase disappears. When the w(Mg) /w(Si) is greater than 1.53, the new S-Al,CuMg phase appears in the alloy,
while the 0 phase is gradually decreased and finally disappears. The thermal conductivity of the alloy is 175.5 W/
(m * K), when the w(Mg)/w (Si) is 1.53. In addition, the optimal tensile strength and hardness are 153 MPa

and 109.14 HV and the elongation is 6.54% , respectively.
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Tab.1 Thermal conductivity of typical deformed aluminum
alloyst™’
RS FEILR Mgy MFE/(Wem - KD
3003 Al-Mn H18 154
5005 Al-Mg — 200
6061 Al-Mg-Si-Cu T6 163
6063 Al-Mg-Si TS 209
6101 Al-Mg-Si T6 218
6201 Al-Mg-Si T81 205
7075 Al-Zn-Mg-Cu T6 130
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173", M w(Mg) /w(SD Ry 1.73 B}, Si 7E Al H ()
PHCH BE I R T Mg, R Si 21 b A4k 4 7 A=
B, HA R0 Si 5 Mg 256 £ Mg, Sit. &4 h
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Tab.2 Chemical composition of Al-Mg-Si alloys prepared by
permanent mold casting and w(Mg)/w(Si) ratio

P wp/ % w(Mg)/

Mg Si Cu Al w (S1)
1 0.6 0.65 0.25 A 0.92
2 0.8 0.65 0.25 R 1.23
3 1.0 0.65 0.25 Ah 1.53
4 1.12 0.65 0.25 A 1.73
5 1.2 0.65 0.25 i 1.84
6 1.4 0.65 0.25 AE 2.15
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Fig.1 Dimension of tensile specimen
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Fig.3 XRD patterns of permanent mold casting alloy
with different w(Mg) /w(SD) ratio
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Fig.4 SEM images of permanent mold casting Al-Mg-Si alloy under different w(Mg) /w (Si) ratio
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Tab.4 EDS analysis results under different

w(Mg)/w(Si) ratio %
(Mg)/w(SD) {1 L
w /w1 M. .
& Si Mg Cu Al
1 0.3 0.5 0 99.2
0.92
2 31.7 3.2 2.0 63.1
3 10.7 0.7 8.7 79.9
1.53
4 0.8 0.6 0.2 98.5
5 1.7 1.4 1.0 96.0
2.15
6 0.8 1.3 0.1 97.8
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Fig.5 Thermal conductivity of the alloy under

different w(Mg) /w(Si) ratio
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Mechanical properties of the alloy under different
w(Mg) /w(Si) ratio

ME 6 F W2 w(Mg) /w (SR 1.53 Bif . Al-Mg-
Si G amMKERRRK. X EHFOESFELY SUAFTF
HENRIE . IF LA K2 E 5 Mg JE i Mg, Si, H
K FREAE, }6.54%, w(Mg)/w(SD/NF 1.53 B,
Mg & (340 2 (5 3 0 St & 8 B W R AIK BUE 1
O MEPEAE (I S 38 87 /0 o I 5 5 08 Tt #
Mo (Mg) /w(SDKF 1.53 i, &4 KR T, R
B Mg, Si 7 50 3 b A B 5 R 3K 1.84% ), {H &
Mg, SUFEH 85 13 B o I AF 423 [ 7 76 50 56 0K o o 7= 4k

171



R Fh B3 MA@

2021 4F4E 41 B4 2

Bl R AL AR . 2 A8 4 LAGS @ A0 Mg, Si iy e X pr
L H S RREE S T 55 6 SRR AR A R R LS 4
ORLIRISE N

M Al-Mg-Si 1w (Mg) /w (Si) 2y 1.53 i), Hofg g
(HV) 5 109.14, 5CERLITIAH LR F T 12.7% . &4
iy Si 5 Mg s K EETE i Mg, Sis DA i R JE 550 W %%
BENULE RS b 1 | WA NN T B o ol R Sy N
w(Mg) /w (SD/NT 1.53 i, 3 Y Si 23 D) % 8 =X
FEFE TR Z & 4 R R A AR W 78 L RS T A 4
%3l Al &5 A D5 Mg, SitOJB CEE A s AL 7
BB, Y w(Mg)/w(SHRT 1.53 I . &4
FA B B2 e o TR Sy ok 90 Y Mg 2% 77 A= JRy 8 1 B 43 3 72
ARG G A TT R WA & 4 fobL R AN 57 H A AL
fn Ji 22 (6] I 2ok 900 1) Mg 23 45 & 4 b i 46 4% L 40 fL 3
Z B BRI RES SRR R,

7 AR w(Mg) /w (S I Al-Mg-Si 4 4 1Y
IS . ATLLE 2. w(Mg) /w (SD N 0.92 Bf . & 4
A R A3 I R B A AE L IR A D R AR YRR Z5 R
FETE LA RIS AATE A R 2 T L TR I i 2L

VIR G R A e -

-

(D w(Mg)/w(S)=2.15
B7 RE wMg)/w(S) T 446k bk
Fig.7 Fracture morphology of the alloy under different
w(Mg) /w (Si) ratio

(e) w(Mg) /w(Si)=1.84

172

I3 RO MEE B L 7a) 5 2 w (Mg) /w (Si) Ry 1.23
I A W T A TR I A R Y R
FETE 5 HE A BRI 2445 4E CILIE 7h) 5w (Mg) /70 (Si)
Jy 1.53 B AT AR B F B4 &b A s KRS . LK
WM E A AT A P PR R B RRIE (I 7o) 2
w(Mg)/w(SDH 2 1.73 B, Wr H & “ K787, Uy b bk
S, [E] A7 /N BB s A A ELWT 1 3 T FG BORLEE A
Vo TG4 i BURL A S O B P R UL IR 7dD s Y
w(Mg) /w(SD A 1.84 Bf . & & i #) & it — 2B ul
W7 171 %10 52 2F AR, FOHDRS A7 & F 80 1 i 2 O
7e); 2 w(Mg) /w(SDHy 2.15 I, & 4 35 JL T 14
& W H R LR 0 D RR LS B A AR IR A T
Wiz 7 =X COL B 7). & 4 00 B8P S 18 K5 N, 24
w(Mg) /w(SD K 1.53 b, G54 8MEE R H K, wMg)/
w(SD/NF 1.53 B & 4 P i Si i . S 411k Mg, Si iy
T s IRl St UE Ja A S ARAVE FT L (B Si 5 7 d AL
AT K B R A A AL FR AL T AR & Mg
TR A A v B e P AR D TR 4 T T Y
T3 2 DG P 0 2R3 38 ) ) P T 2 7 . o (M) /e (S
KT 1.53 B, B & o ) Mg & 38 I, 45 4 o 9 e 1 A
BRI AR A S 4R D e B S 4k
WL T AR AL B AR LM TR

3 % ®

(D% w(Mg)/w (S i3 K, Al-Mg-Si 4 4
FH ) i R VT X8 5T s ARORL TR S0 ER AR S i 328 ) A5 Pl o
A 5 2 o (Mg) /o (SD O 1,53 I & 4 N 1Y 55 il i
Btz At s 2 w(Mg) /w (SH K F1.53
B 25 Jh A SO T IR D TR 2 T £

(D BEE w (Mg)/w (S 24k, Al-Mg-Si & 4
WA AR 2 R A, 2 w (M) /w (SD/NT 1.53 i,
Ha b A R E Ok S o AL R B A Y
w(Mg)/w(SDH%F 1.53 B, &4 i H B 0 M,
g STAHEER. 2 w(Mg)/w(SDH KT 1.53 i, &4
B S AL T 0 A BRI E B R

(3FEE w (Mg) /w (SO 30, Al-Mg-Si 4 4 1
G RBWIE N 2 w (Mg) /w (SD K 1.53 i, & 4 1)
PGB, 175.5 W/ (m » K) 3% w (Mg) /w (Si)
HE— PR B BT R BT R

(DFEE w (Mg /w (SO . Al-Mg-Si & 4 1Y
UL oR BE L RERE DL K R R 3R 8y o Y o BEAIG 2
w(Mg) /w(SD N 1.53 W, & 4 W T $i 9% & o~ 153
MPa, i B (HV) Wik 3] 109.14, HAFK %k 6.54%

B % X

(1] FE&, k. PR, & a ARG LNITR SRR
3%, 2019, 68(10): 1 104-1 110.



Feb. 2021 R S O &
Vol. 41 No. 2 SPECIAL CASTING & NONFERROUS ALLOYS

CulBEPEURREEBE NG THIZIAE

KRER' FEx® T B AEHR & 5
(LI RBRXEMHRHAFE IRFE; 2TLIRRFEHE IR [ FE;
SAFEHBRRARFNSLLEHBARARELLEE)

W OE BENGEET Cokd ik (8 Ie 34301752 J1 43 BT, 8 37 Je 2 JURL I 8 5 J) 5 ) b Y32 2l ¥R 2 5 32 gl BE B Oy AR SR
B TS BT 8 R B I B R ORSE L RR 28 L& D) DL R IR IR B Xt Je e Al B p i sh AT g . 45 R R &
J15ResR AL Cu J f p S Ak Je 2= 1 5 1] 43 B B L vh i ) R0 e e Wy RUSE L e 2 5 0 Ik 22 1) %85 8 22 (R T 988 12 28 ) kb e 2 TR 38 &)y
IR K. RIS RZE I I RF DA [F00% B 22 396 A T e 2290 177 LB

KR BENGCuli il Ak I s 4817 s BB 4T

mESES TF19;TG146.1" 4 XHkFRERE A

DOI1:10.15980/j.t222.2021.02.009 FRE R E (R IRAR S ) IR (OSID) :

=il
¥
S
e
HE
s

Theoretical Analysis of Movement Rule of Oxide Inclusion in Copper Melt

under Super-gravity Field

Song Gaoyang', Dong Lihua®, Wang Zhe®, Sun Xiaolin', Zhao Shuo'
(1.College of Materials Science and Engineering, Hebei University of Engineering;
2.College of Management Engineering and Business, Hebei University of Engineering;
3.State Key Laboratory of Advanced Metallurgy, University of Science and Technology Beijing)
Abstract: The force analysis on oxide inclusion in copper melt under super-gravity field was performed, and the e-
quations of moving velocity and distance of inclusion particle along the direction of super gravity were established.
The effects of gravity coefficient, inclusion features (size, type, content) and melt temperature on movement be-
havior of inclusion were also investigated by theoretical calculation under super-gravity field. The theoretical re-
sults indicate that directional separation process of oxide inclusion in the melt can be intensified effectively by su-
per-gravity field, where the gravity coefficient, inclusion size and the density difference between inclusion and
melt (solid-liquid density difference) have an obvious effect on moving behavior of inclusion particle. Besides, the
larger gravity coefficient, particle size and solid-liquid density difference are beneficial to accelerating the floating
and removal of inclusion.
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