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Precipitation and growth dynamics of precipitates in
AF Cur Mg (Ag) alloy during aging
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Abstract: The effects of Ag on precipitation and growth of the precipitates in AFCu-Mg alloy during aging were
studied by transimsson electron microscopy(TEM), and the dynamic model about the growth of precipitates was de-
veloped. The model indicates that g phase precipitated from AFCu Mg alloy grows through ledge mechanism and lo-
ses coherence. The Qphase grows very slow due to the Mg and Ag layer exist on the interface between the precipi-
tates and the matrix. At the same time, the existence of Mg and Ag layer decreases the lattice aberrant energy and
make the Qphase keep coherent. Thus, the AFCu-Mg-Ag alloy has high mechanical properties under high tempera-
ture. The mechanical testing and microstructural analysis results indicate that the alloy with Ag is strengthened by a
homogeneous distribution of coexistent g, and Qprecipitates (Al2Cu) on the (001) and (111) planes of matrix, re-
spectively.
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M, FINANETXMAHSFHER 0 (a= b=
0.606 6 nm, c= 0. 487 4 nm) A [ #1240 1%
(ALCu), XFAMEGIET Mg . b b, 15
QFN O AH ) 2 A R A o, A 01 22 ) AR /DN,
PLZE T4 250 CLA_L R E T K 18] B 280K & A6 15
QYT A 5 Z AN [E 5 [ R TR 1 O ~F- i e 3 A T
AR,

BIEXT AFCorMgAg & 4 5E " )i &
F oA G A S e RS B MK 0 E AN A R
JET iR L AR, X QA MAEKS) )
SR A g BRI O L R M LR AN AE

AIAEBEWF T IE Ag X5 Cu (8%) A
4 AFCu-Mg J2#EREAN AN LA e, & AT
50 QA G AR R B A% AR HLEE LK. Q A H$T
FHALALH

1 SEI§

B ER IR 1T . S EERERH
TR I AR s T A, 48 500 CHYAJAKIE K 10 h A,
T RER . E 450 CFRAFFIELN 18 K TE,
PBF I PER, BFIEFESE 250 CREWALEE 1 h, Bl
RIZKVE, BEM S THH (2 1%) J5 T+ 185 C
NI 2~ 20h .

£1 Hok¥Ems
Table 1 Chemical composition of

alloys ( mass fraction, %)

Alloy No Cu Mg Ag Mn Ti Zr Al
1 8 0.5 - <0.2 <0.2 <0.1 Bal
2 8 0.5 0.6 <02 <02 <01 Bal

IR 5 BRE st 0 L A Al 2 A kR
d 5mm % 25 mm F5FE, 7655 AG-100KNA iREAHL
AT, BARNARTE S 107t s, MR =R E
300 CHIRAHPERE . B4 BT R 003E 5 7 B
B4 JEM-100XT1 &, #4E R4 100 kV . #£ 5 TE
— 35 CT H H AU IR, HEB A 30% fiF R Al
70% [P H I .
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RTUUAE Y, P < B 4 PRl B2 B N 2 1) 22 4k

FAFARA . A5 IR 301, 2 DA T2 I I 280 (1] £ 34
IHEOR, AL 13 h I, 4E R B, ARG
MR RWIEE N N R B . A R RE S I (8]
T, GE2HEREREESERTEE 1KY KM
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Fig.1 Change curves of vickers hardness with

aging time of alloys aged at 185 C

% 2 PR PR A S AEAS R T A ) 2
MRELE R . 5AE Ag &4 LA, & Ag A 42
() 2 MR BT B 5 P W S5 R AN 398 M Pa #5531 T 478
M Pa, 1% W i A s & AN 279 MPa 32 5 2] T 433
MPa. FIN, 564 1 MEEEEMELE, A4 2
TEAS RIS T P 5o 55 0 et Ml ot P 390 A P o

R2 A& LM 2 AR T PERE
Table 2 M echanical properties of alloys

1 and 2 at different temperatures

. P M Pa MPa
- 279 398 18.7
150 310 354 16.6
1 200 302 317 20. 8
250 265 281 29.9
300 170 178 37.9
20 433 478 14.5
150 418 426 13.9
2 200 364 371 15.3
250 301 306 15.3
300 225 228 15.1

2.2 ERGLALR
K 2 Fios ARG Bl A4, 13, 16 & 20
h 5 ) B 23 R H T AT H AR X AT S
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SAD patterns of ¢’ phase SAD patterns of £ phase

2 EAEAE 185 CAN[A] I AN A) AR A2 A 2L 2B AT HH AR ) 38 DX AT S ik
Fig.2 Microstructures of alloys without (a), (¢), (e), (g), (i) and with (b), (d), (f),
h), (j) Ag aging at 185 C for different time and SAD patterns of precipitate phases of alloys
(a), (b) =4h; (¢), (d) —13h; (e), (f) =16h; (g), (h) =20 h
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ME 2 ATLEH, A& Ag B ESERZCELI(4 h) AT
BT AR 04, KEZh 80 nm . X RAH 4
ARAEFEAR {001 T _EFEHY 001D 7 [a) 40 A, 54k
AHIZE R ST 0 H s B S s 0k SR I 2% (13
h) I, 6 FRARK K20 125 nm, iR 4] 1 1] B
PloN; EA I AN A E) 16 b, 6 A R AR SRR 2k
Rk 5 FEARAN AR O ECIR 040 . HE— DK
I TAT (20 b, BRAR A O 40 R R4k, HL TR EE n
X

T Ag A SAER UG R4 h) FFATH T
FORM, KEEZH 40 nm . X8 FRAH AT BL> Ry
Pl —Fpoh G4, 5Pk QAR . PR AT S FEARA
M B T 3 0 A IR . QAR O HIAT AR S
RMIR AL E I MR T e R — A
FrAT HAE LR { 001 ) THT - FEHY <001 ) J5 1), R 2
A QR 43 AT AR FEAR A {101 1 B Ry 1) gy
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WA BN A (16 A1 20 by, 6 F1 QAHI R B B K
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B A ALK 0 41 .
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P 3 BTs s AL JEAK{ 100) THIAT{ 111} [ 43 A
(K] GP X Cu JEFH AL R FHEA X R~ A .
HE 3 B[ E W, XMy A AR HER { 100) 14>

® Cuatom

Al GP X, 75K 5 N0 R Ay i 6 AR, ik —
S K O Wy R HET ( 111) 1/ 2 A7 i) GPB
X, TER G I O FEE AR R QAH .

HHEMBE R R, fE=J0 AFCu B &1,
Cu JRF7E R R IA B A B 5 1w SR IS ( Cu JiF
%) . XA DL AE AL FEAK I { 100) TH L R
CuJR T2 GP X(Z% Cu JR FZH GP X A
FMIE) . GP AT B HE{ 111} 17 4 A 2 £
TSR REIE A1) . BT Cu JRF 4228 0. 128
nm, 1M AlJR T4 0. 144 nm, Cu J& T7F Al 3
Pl o= AR IEB AR X, Wi GP X AE{ 111} [ &
B, BEE GP XK, &k AR FE & SR 1
K, NS E e LA . XA a6 BT
AT GP X AR . Rk, M) 22/ 5 % 8,
Cu J& PRaAE e { 100} TH _LIEAZA K, M
FRARIL A Rg .

T Cu/Mg LB =70 AFCu-Mg & 4K
i, TR TR T 424 0. 162 nm), Mg
A Cu JFF S FUAHE RG], TIEBKER Mg Cu
JEF5%F, MR PR R 7 & B 5 AL &R %
WA HE o IXFP Mg Cu JRFXTHIZ T Cu JRTFH% 1 D
FEK M/ Cu JRFRREFAR 111} TH T 5]
) R M A R T AR A ) L BRI, ANFR T 22 1
FBEEHT, AaATEE Ag /778, HWE Mg Bim]
FEFEARRI{ 111 T LB A GPB X, FL7E Bl 5 ) I 3%
REREHEAR N QA . SRR b, —uERFSE 2 TR
W, EAE Ag I AFCerMg AR HEILT QAf,
SURSEARE D, HEBARTIR R W S 4{ 100} T
ARG ML R R T Culi T AE(111)

3 I Cu J5F7E( 100) TR 111) T PR i 2R 7 2 ]
Fig.3 Schematic diagrams of Cu atoms aggregating
along (100) plane (a) and (111) plane (b)
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il . Rk, PTPAgE Mg oSG a it QAH I #
WIS SO

AR Cu/Mg LEBIH AFCurMg &4 Ag
i, Ag TS5 Mg J 58 ZY B AH B AE F T Bl R
T, S Mg JR AT AR (111) i EfmER (Mg
JRFi%) X Ag FIl Mg JRTF BIAH AR AN & 5200
Mg 575 Cu JR FHIAHEAER . ARMHT Mg R+
Bt ALJR 7K, Mg JR FRAE Al Fefhrpg <y 4
W AR X, JX A A7 M AR DX ) A AR — 2 I T Cu JR
T HEARC111) 0 b0 2R, DLIBUAIG 45 28 44717 SR 1 b
FEWEAR . NI A Mg JR TR QAHIIAR 5B T4
DB . AT T 6 MR . R, Ag TR ES
SHTH QAHRIBN ) E A .

3.2 HEKHHE —SMHLH

SHF AR 6 AR QA KA U S B
BLEIfERE, BV ERKOR T ZE AT #, A
IR HER N LR EEEERN T I . XM G
B 2E 7 3 L S S TR RS B 75 0 B e
3% B 4 P 6 MR QHIEAE KRR . h
B4 arE, O HIE R EUTEEAR(100) 17, QI
R BV ERAAR(111) T 1)

MWE 4(a) TLAEH, 6 FERBEK KU LYE
AR FHADER G TR T E Cu R THT 8. O
A AR 1R ST O A% B oA o 78 A BT
T, Cu J&R 7By womtk, SFreITB e LA
TR B bk, 6 F7 2 W B ki R KR, TS

(100) palne

T SRS RAT RE R K . 2 O R DL AR I AR fE
WK B I, O AR5 LA ) T e A AR R
RO Ak B O AH( ERTE A [ ) .

HE 4(b) A E M, 78 QA5 IR AHIE K A
b, BEE—E Mg M Ag FIRTFJZ. thT Mg f
Ag JR T ALIRTK, 1 Cu JBFLE ALJET/S, B
I Mg Hl Ag J5i 2178 FE I A7 AE ] LA 2 1f 1
m g AR RE . [N, QBB E R R 5 AR
FAAER G B AT E Cu JR FIY 1, &
T Mg R Ag JRFHIP 8. 1 Mg fl Ag Jii+
JEAE R I AFAE K S S Co R MI 9 8L . R,
HT Mg fl Ag JR PR, HY H0EE /DT Cu JR
TP B E, Fi, ERSERFETORE), Q
FRE A B S /N T O A AR K T B RIS 7 A
W T A TR 2%, BT 2R 0 AR KO DA AR/
g AL Re, QARUITRFE AR LE 2(h)), HA
IR FEE SRR I 2 35 4%

3.3 AFMESHHAENXR

1] 2 BASOO AT H AR T AZ AL S A0 A AL B
WAL, 76 Cu fil Mg LR &S AFCurMg &4
A Ag Jo, ENROL R For 2 R A i 2 —
ENARRR G Q2 . XF A ERI AR
H Ag I AFCeMg B4t 6 H 2, BER
e R B A /N I TR B, DR & T A e =R
e FSE A e PR P . AR R R E R, T O R 2
AACH BN, 4 BAKE]—E RT IR A3
FRAR, M AR O B FARAN LA 1Y O BOIRAH,
sRJE R TR M QA TR S EAR R AL —

(111) plane

a phase

a phase

Interface
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g’ phase _— migration
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M

Interface Cu flux
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g, Al layer Mg, Ag layer
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Fig. 4 Schematic diagrams of Cu atoms diffusion during growth of

§ phase along (100) plane (a) and Cu, Mg and Ag atoms diffusion during growth
of Qphase along (111) plane (b)
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J& Mg Ml Ag JR 78, WLFEAK Cu J 7 Y1
M2 IR T QAR AR . [R]IN, Mg A1 Ag
JR ARSI AT AE AR T d Ak AR BE, A QAHRE

S IREEFIRTIAR R A 36R R, DR Bl
B I3
4 it

1) 544 Ag i AF8Cu-0.5Mg &4 MLL, &
Ag MESEAR MY R RS ERY
e R

2) FEI R RIS, & Ag KEET
FIRHTH T O f QUTIEH, A& Ag & &b Hir
T 0 VEM. TS Ag &Sl QR g AR
P A RSTBUDS, RAR G BUOR, BRI 43 5 < Y
Gy Sy

3) ANEAg WA SN LYIY, Cu R TR
{100} T _FAm 2R, 76 BE 5 I RO R K KA
G . & Ag MIASAERYIY, hT Mg Rl Ag JR
TIIAELE, 013 Cu JRFAEBARM{ 111) W2, 1
bt 5 T RO FE AR QAR

4) AE KN ) A I G R R K iR S A, O
FHIE IS B B MU AR KT A 2R e R AR, Ak easkotk
f O SHEORE B2 TR . QMM TS Mg
M Ag JR PR, FBAKT QAHRERKEAE . [F I,
Mg Fl Ag J5 - 16 S 1 ) A7 A5 FEAIK T st 5 32 g,
45 QAHBERE ORKR IR AS & AR etk A, PRI
e AT B R
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