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Effect of Dynamic Aging on Microstructure and Mechanical
Properties of Al-Cu-Mg-Ag Alloy
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Abstract: The dynamic aging process of Al-Cu-Mg-Ag new heat-resistant aluminum alloy was subjected
to pre-aging, rolling deformation at intermediate temperature and final aging. The influence of the dy-
namic aging on the mechanical properties and microstructure were explored by the hardness test, tensile
performance test, and combined with metallographic microstructure analysis and transmission electronic
microscopy (TEM) analysis. The results show that dynamic aging can increase the age hardening rate of
the alloy. As the amount of deformation increases, the peak aging time of the alloy decreases and the
peak hardness increases gradually. Dynamic aging can change the morphology of the grains. The aspect
ratio of the grains increases with the increase of the deformation amount, more dislocations generate and
the number of the strengthening precipitations with finer size increases, leading to the larger strength of
the alloy. The sample with a 50% deformation has the largest tensile strength and yield strength of
527.4 MPa and 467. 0 respectively, and its elongation remains at a relatively high value of 9. 1%.
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Fig.2 Age hardening curves of the samples



96 Wodb TR R ol (A R OB 2 R

2020 4E

2.2 EAEBEX Al-Cu-Mg-Ag & & hF AR
=AU

XPANRVARTE it Bl AR I A5 0 (A A8 A T fif
PERENNA, 25505 T3R8 1, ATLAER G iy
FLHIARIEXT Al-Cu-Mg-Ag A4 Ak R ke 224
FH LRI ASIE R4 S & W RR BE . B BT
B P AR e oA R R i e R R AR
3 SRS A I I PTHISRIE 527. 4 MPa FUE AR GE
£ 467. 0 MPa, i i RAN R RFR A, 0 9. 1%,

x 1 HUAEEHRE
Tab. 1 Tensile test results for Al-Cu-Mg-Ag alloys

e P R Jet A ik
" Ji/MPa Ji£/MPa EY

1% 497.5 425.8 13.8

25 518.9 465.0 11.3
5 527. 4 467.0 9.1

2.3 BAR

B3 45T Al-Cu-Mg-Ag & 45 19 4 FHZH 2,
M3 (a) ATLAE 1 5 FE  H dokn i 25 5L 1)
O3 KA T A ERAE A (BT Sk TR ) . B3
(b) 5L 2 5 A bRl DL A 2 ok v
F LT M B AR i — 2 i ) 50%
YRR N OF ER I RSN Rl N B OV =3
S LSS R 3 () PR,

Bl 4 25 TIERSCT Al-Cu-Mg-Ag & &1
TEM EIZR, K 4(a) B 4(c) Bl 4(e) TR
WL <110>, JFIAS, 16 1 SRS A K E AT
HARIER 2101 (B 4(a) ) o ANIET 4(a) P  JEIA
HI S AR NFIF RS Q A, RRSE) Q
AHTE SR 500k F v b 3 O 7 2 e 24cask 2 rh 4k 28
KK, 5B A NRSE Q FAWTH
TE2 T (Kl 4(c)) M35 (K 4(e)) FEfH, it )
A ASOAh P 35 W AT H A A R ST /N | AR 4
e 3RS AT T KR RSN QA R
WA JFELAE 2 5/ 3 SRS AR
T KEAIALES (& 4(c) R 4(6) FHFLFTR) o
TE 1 SRR R G AR 0/ 4] TTE 2.3 SRES
P MEE] 0/ 4], TEAS 230t dh AL 254 77 AR 5
W, 7EF 4(b) Hal WAL R S AL S AR 2R 0 I
W10 B TCUTUE XA 4l (PFZ) o PFZ 2 HESE IR &%

AA AR WL S M B R 30% 78
& 4(d) ] s R PFZ 58 3 B B AR A AR Y 1
JngEl 50%8F, PFZ JLSFIHR (K 4(f))

SO AE R R L AR T 2 W R B A

(@) 1RER,

(b) 25

R
- E

(c) 35 FE

3 Al-Cu-Mg-Ag &4 4 HZH LR
Fig. 3 Metallographic structure for Al-Cu-Mg-Ag alloy

B Al-Cu-Mg-Ag & & ALV 12 bERg, bl A2
TE RN, SR & L D A Aok PRI
TR OS5 A Rl 2 A, Al-Cu-Mg-Ag & 4
FIsRALA R Q A AT 0 A0 X PR A AR A
HHFE RS AL Cu, BATTFERRGE FE 5w 4
Brifi, SR CE Mg 8 Mg A1 Ag w] LU Q 1
Bt i Sk 14 ] F A, A7 B 9 A7 AE TT L
O FHASHT Y, RIS T Q AHEIHTH , H FEAR
HHE S FIRSCERAFE SIS, 515
FEGAR L, 2.3 SRR S TR /NS Q A AT H A
W, HEHPMERE] o't (K 4) , XA HES5 AN
[ A R P 5 AR A G, AE LAt SCEk T e, Ak
T TR R [T AL B+ A T + B R Ak B A A A
SE TS 85+ A8 T + PRI A5 A B, 990 A% R X AL
Cu-Mg-Ag &4 WA UM ) 22 R e A & B 2 A AE
FH o AR A R g 7 R sk A
(185 C/1 h) ,—LE4i/NI Q AV {111} o S EIAT
H o RS AR P AR AR 2 AR R BT FLA A



5 4 4]

T 45 S AN Al-Cu-Mg-Ag 24 ZHE 5 J124 PR RE A 52 ) 97

g b0 et
(© 2T HERRA
% \‘_Q;y-?,'!‘v-

(e) 3T FEA A

Kl 4 I Al-Cu-Mg-Ag 54219 TEM &
Fig. 4 TEM images for the peak aged Al-Cu-Mg-Ag alloy

RLHTARERE J7 101 i e , A R T I S 5 A 34 78 v
Q MHAHTH, E 4(e) FIE 4(e) Fin, TELBTRL
ZJE, QA {111 o AT O HOICA R )
0'FH ., 5 Q AR LR SR 2.3 5
FE il SR B Wl 2 T v, O B AR T B A B I i
FETCARTEAE S ey, AR R 0 5 AR B B Hh 75
BOHAE R A TR T 78 A MHETE B PFZ, %L
HASIE J5 , — Se o 4 Hh B0 AE & Rz P9 R AR O
A7 8 AT LA WS B 3 1Y 23 67, 3 e 23 A T i
TP BN AL 32 58 A AH B IE B, & BRI A
SRACARPT Y, 3 PFZ 2%

3 #it

1) ShRIRLREAEHE = Al-Cu-Mg-Ag & &MY
ROREAHE R | Bl A2 Tt 3 R, 45 <6 A WA (L N 25K
P[] 328 /D | SR JRE ST K

2) BhASMREIEHR BRI PR, B

(@) 25 R R

w

4

(O 3FHEM T

ARG, A 4 ISR LW K (0L K e
W ST AR S0% £ 4 R FE B , 003 P
4 527. 4 MPa, Ji ISR 4y 467. 0 MPa, ffi K R f
FERRMH 9. 1%

3) ShASIALAERS IR Q MEHT i, B2 AT
BAWRACAHTECR 2, R N, SRR
BT 25T B8 ORI AL 1 K 98
LR N A NI Aoy B AL ¥ i g5 A
Ul SR £ T

S 30K

[1]POLMEAR I J, COUPER M J. Design and Development
of an Experimental Wrought Aluminum Alloy for Use at El-
evated Temperatures [ J ]. Metallurgical Transactions A,
1988, 19(4) : 1027-1035.

[2]SONG M, CHEN K H, HUANG L P. Effects of Ag Addi-
tion on Mechanical Properties and Microstructures of Al-

Cu-Mg alloy[ J]. Transactions of Nonferrous Metals Socie-



98 ok TR KR 2

oA KR ¥R 2020 4F

ty of China, 2006, 16(4) . 766-771.

[3]XFE S, ZERE, XADR. Al-Cu-Mg-Ag A &M H AR
WryctE (1], hEA G LR, 2007, 17(12):
1905-1915.

(4] E sk, A3 FOB. LR BEXT Al-Cu-Mg-Ag 4141
APERERYRZ I [J]. #nT. T2, 2006, 35(18): 22-
24.

[5]ER3C. EiRIEAERAb IR RN FA )], 2RI b
“#4%,2000, 15(1) . 1-9.

[6)BRHf3R, TL {2 Al-Cu-Mg-Ag 54 B A8 AL 3R T 2 F
%¥[J]. Chinese Journal of Rare Metals, 2009, 33(2):
175-179.

(71X -, Xmests. R ELH X Al-Cu-Mg-Ag il #1440 & 4=
HAGHUBPERERI M [ J]. WAL TR 4k A
SRBIER, 2018, 35(3) : 97-100.

[8]ZHANG X X, ZHOU X R, HASHIMOTO T, et al. Local-
ized Corrosion in AA2024-T351 Aluminium Alloy: Transi-
tion from Intergranular Corrosion to Crystallographic Pitting
[J]. Materials Characterization, 2017, 130. 230-236.

[9]JLIN Y C, JIANG Y Q, ZHANG X C, et al. Effect of
Creep-aging Processing on Corrosion Resistance of an Al-
Zn-Mg-Cu Alloy [ ] ]. Materials & Design, 2014, 61:
228-238.

PSSP

[10]CAO C, ZHANG D, WANG X, et al. Effects of Cu Ad-
dition on the Precipitation Hardening Response and Inter-
granular Corrosion of Al-5.2Mg—2.0Zn (wt. %) Alloy
[J]. Materials Characterization, 2016, 122 177-182.

[11]RINGER S P, HONO K. Nucleation of Precipitates in
Aged Al-Cu-Mg-Ag Alloys with High Cu/Mg Ratios[ ] ].
Acta Materialia, 1996, 44(5) . 1883-1898.

[12]MUDDLE B C, POLMEAR I J. The Precipitate {) Phase
in Al-Cu-Mg-Ag Alloys[J]. Acta Materialia, 1989, 37
(3): 777-789.

[13]GARG A, HOWE J M. Convergent-beam Electron Dif-
fraction Analysis of the ) Phase in an Al-4. 0Cu-0. 5Mg
-0.5Ag Alloy [ J].
1991, 39(8) : 1939-1946.

[ 14]1GAZIZOV M, KAIBYSHEV R. Effect of Pre-straining on
the Aging Behavior and Mechanical Properties of an Al-

Acta Metallurgica et Materialia,

Cu-Mg-Ag Alloy[ J]. Materials Science and Engineering
A, 2015, 625 119-130.

[15]QI H, LIU X Y, LIANG S X, et al. Mechanical Proper-
ties and Corrosion Resistance of Al-Cu-Mg-Ag Heat-re-
sistant Alloy Modified by Interrupted Aging[J]. Journal
of Alloys and Compounds, 2016, 657, 318-324.

(DUTLAHE ATH)

I S ST S S S S SIS S S S S S S S S I S A A S S S S S S M SR S A S S S S S A e AR S A S S S = e

[

KRR '
¢
1 AR RAGZ R BT, ISR H, B AW, S R KRB AT T, LA LB AN L,

o BHAPRE 33 A TAHBE 8 ARFEE A EABR B L0 R, KT iR E R —1F :

¢ EIMAAIRN e b RRFARG AN, LN ST LA EIRE FRATEE I T,

AT R —FEHE EA NS S RIS (LHEARE A5 7 %A LA BHA B L E
%, —BRIA LR GVEH A AR R AG &2

3. 8 F A VA WORD( . doc) SLAS EAR3%AS A%, PrEAatm RA B A o h KB N & 2A
TREBER K, BB BERSW FW, R mg 4 S22 E(EN M E A A Origin L5 4
# X5 F Chemi Bio Draw #] B |, F# N2 LA P)

4, GG AE LA A A AL B R TAF R

¢
¢+
]
¢+
(]
¢+
¢+
¢+
(]

¢ ORI AR T HNEH
¢
¢
¢
¢ BAR F BT @ E-mail B AR BE)

% B ) S SRR 0L i A B S AR AL B,

(]
¢+
'
(]
(]
'
R S & P S GE &/ AN
(]
'
¢+
(]
¢+
¢

B & ¥45.0310-3969121

1111111111111 1111111111111 11111 1111111111111 111111111141 -

5. %04 EASE R R BARARKEN WA B B (B XA 2015-02-20) , A 2R B (LEREB K
B RB LHRBRAB T ) Foh— M (QIER L (HAESF—) BA RE(REXRTRE) HER7.

6. WL T E G FZMBEAANA TRt Rk, R RARE 2 A A 15 B AR 18 = 4 45 3R, e A B AR
7. AT G 5736 AT BUR A5 A ARAE B AR M o I F A B A B R AL A AR B, SR E R

TR R e LR KGR B S B3R T A, L RAS B RAESE A B oA KT A AR LR &

FAG % %M 4k http ://xuebao. hebeu. edu. cn/journal. htm
U BBk FT AR R 2R AR TR R KM 19 5

A ELIEFAER R (Je B A FITHF) W8l

111111+ 1111111111111 1 - - - |

B 4% . 056038

1111111111 11



