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First-principles Calculation in Aging Precipitates of Al-Si-Cu-Mg Alloy

WANG bing, LI Run-xia, NIE Sai-nan, JIANG Xi-bo, LI Rong-de
(School of Materials Science and Engineering,

Shenyang University of Technology, Shenyang 110023, Liaoning)

Abstract: Authors has studied the changes of Al-Si-Cu-Mg alloy microstructures during aging through TEM and
first-principles calculations. The thermal stability of alloy aging precipitates 0" (Al6Cu,), 0 '(Al4Cuy), Q'
(A14Si;MggCuy,) are calculated by using of first-principle pseudopotential plane wave method (CASTEP). The results
show that the Q' phase precipitates firstly and 0" phase precipates secondly during aging process. And after 0" phase
precipitates, it turns into more stable 8' phase .
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H—MEE T (first- principles calculation), & PAE: 775 A BEA T K AL R (1) N HL 12 30 1 £ B2
W SR — P AL . IXFP T EREE T 8 1R B AR R P T I8 3N, 45 21 (I B E8ORT
PR IASER &, MRS RS S Re i DL S s . itk . Foe RS, B E LAk Stk Re it Lz
SO KR, e OBl gl S B A R KRR R TR

AR AT %2 MR CASTEP FEFE, WET 0"H (AlCuy). 041 (AL Cu). QH
(ALSi;MgsCuy) [FIiitE 2L, X &5& e ATE GREAT 7RSS ANGSE B0 Ar . DU IS 2808 Hi A ) SR
T FAR R BRNE BT R N T fRRR A BT B, 5e 9t HhAH A s A A AR B RE 42 (BB AR 9
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2.1 XWHRRFE

ARSI Al-10Si-1.5Cu-0.5Mg &4, JFURFH Tovaidnse. Attt & Al-26%Si. Al-50%Cu H ]
A% GEERSWE 1 PR,

KA, fEEERT, B TIESA & WA SR ERY T LA, EE T, RETEE
Ik 200°C TRAA IR PR — BRI e TEAE] 200°C AR O IR R AT IR R, I
IR N 730°C, AR AL-Siv Al-Cu A1 G &N, BHTIEE. EE, H 0.3wt%/ &
CIEIAT S — R W, BRI . SRE R SR AR N A S, BERMFEY5, JFO4E 10min,
DUME Mg A8 6. A2 AR AL-10Sr A2 /1), A& 0.05wt.%, CRIERS 24 30min, AT

EZ B ToK, %A, E-mail:171151662@qq.com.
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WERBRS L, BN 0.3wt.% SR LB AT 00 R, A G E Smin, HERIEER T,
VYRR 720°C, 4@ B THGEREE R 250°C, AHEIH R, B3 NaCl, KCl & 50%).
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FAENOL SR B SR AR PR RE R .

ot i L DA R M 8 A AT T BRI, M e T AL R A A R R AR I A e b i, B VR IiE BN R
T Pulay 255 AE, B BEGS J5 3B S5 AT 0L, A8 B R IE B IR ) BB 1B GGA
(1 PWOL TR, WA RISIORE FEEL 1.0x10 % V/atom, & R A BRISLE 1.0x10°eV/atom, A EF I
& T 0.3eV/inm, AZEMBET 1x10%mm, R/ fwZLT 0.05GPa.

3 RS9

3.1 Al-Si-Cu-Mg & &M ANE S 5347

K 1 4 Al-10Si-1.5Cu-0.5Mg &4 175 CH RO FI (Al TEM A5 . B 1a AE SR th 18T
HAHTES B oA, B e BIFE R LI 2 A 6 A & AU B, ARFE AT HAH 1 RS R S X A~
RCRAT AR FEAR) Q A1, BY Q'AH. B 1b- 1d 405 86 &0 &L 2h. 4h. Sh (AT AR TESH K A0,
MEHATLLE ], SRITHIABIN 2 . B le NG S0 6h FINT HARTES B LA, 78 sUIRBT H 3
ZEI, FRUEHIL T AR A, (RIX SR SR AT A AN B, R IR AT SRR AT A i RS R 35 )
Wr, HEEUARY 0", B 1f AE SR 12h BT HARTE SR B A, M IR i nf DU BB, i
I CBEA AT BRI AR, RIS 2 6h LR EL R, MRS Pt K.

76 Al-Si-Mg A& A Cu ik, b Cu =M, &4 Mg,Si tHIZHE RN Q M, ¥&4%
BArH, CuMg L0 2.1 B, LA Mg, Si AHEP AT 58 43 2k, #5488 (atSivQ) = o A4
4, M CuMg LERT 2.1 B, GEALTRT (atSi+Q) 4b, ¥ I ALCu AH. AEARG K 1)
Al-10Si-1.5Cu-0.5Mg &4, Mg,Si SEARLE, MEFHATLLE K, Al-Si-Cu-Mg & 41T s8Rk
N ALCu Rl Q Ao BRI G HIA S, M R 2OREU0 A, XFT I A as R, [Fext&
SIALETIE R T RS, B AR AR A AR i R AR 1 R A AERT, S AEATHAER, B AR R
Ny ARREEREL, BRI, R RCR AR R,
3.20"1H. 0. QHEIREMST

N HENT A R R S5 A RE, TEIFEE AL, Cu. Siv Mg BN &7 [ 2SR &S g
&, LR =R A 2R A S 1D o P R iR e 288 R A B5ORN ot

BAS AlL Cu. Siv Mg JEFRISAZRAL, THER K SUMEIRaEmBsE . P15 H A s JE 1 [ 5 A
BIR 2, WOLEFIAT RS R E . OISR FRIRERS TR 3, b, WAL R
RE AT VR, ERG AR AR B T A% AN 10A I8 Br 7 g o A .

=T S RS I b R R R RS AN BN SR 4 o, RPN [EBT AR ) DD RE . KB
KTt E R AES T3 S,
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H R o

M O"FHAN OAH 25 G RER G, 0" A REMIAAXHERVD, SISt E YA I 0'4H . R BATERT &%
HEFEH, SN 0 A, T EMATRE, SRR E R 04, SRR AL T HA AR

QHHMITE NG Grae ¥ fE, HAXHMEILECR, R QUH T LATE i HL7E 25/ FI# ) 2 L R 7
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(a) W2 1h (b) W& 2h (¢) WE4h (d) B sh (e) Wk 6h (f) W4k 12h
1 Al-Si-Cu-Mg &4 175°C A R 8] ) TEM 2218

x2 BESBEINRFIEE. KE BEEEEDNRESEE(Eoi)

Structure type K-point E eV Eig/eV-atom™
Al fce 6x6%x6 140 -56.483
Si fce 6x6%6 150 -107.470
Cu fce 8x8x8 290 -1347.932
Mg hep 9%x9x6 340 -974.582
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®3 MAUBTBENREFH K R SEEEE(E. IR ESHEE (Fuon)

K-point E . /eV Eyom/e€V-atom™
Al 3x3x3 140 -52.665
Si 3x3x3 150 -102.036
Cu 3x3x3 290 -1344.024
Mg 3x3x3 340 -977.051

x4 TEESERTHRTFHERRT I

Phase 0" o' Q'
Na 6 2 4
Ney 2 1 2
Ns; 4

NME 8

=5 MEMENKE. BEEEERESES

Phase K-point Ecut/eV Etot/eV-atom-1
0" 6x6x4 380 -3034.9019
o' 6x6%4 380 -1461.5674
Q 1x1x1 300 -11148.915
= 6 HrHHERR AR (e V/atom) B 454 BE(eV/atom)
Phase 0" 0' Q
AH 55 -0.1253 -0.2235 -0.583
Econ -3.7436 -3.9686 -5.6849

(1) SEIEMFH Al-10Si-1.5Cu-0.5Mg A& &0dFE g, QUAHSET 0"MINTH . IRk 6h B Q AH ik F
—ERST SR, o MMM . 2% 12h I Q HHEE B AR, o AR 2 3 Easib /e .
(2) BT 0"ME OMHEATE, NIRRT, 0"MLTERR, 15N E 1) 0'4H

(3) QHi5 oML, HATARE B, IR S T Ry QURSe T o MIbir i, 55K
KR
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