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W B RHENBERARHIE T AL5Cu-0.7Mn-xMg (x=0, 0.15, 0.35, 0.55, 0.75, wt%) &4, i S EmR. i
RS . FH S (SEMD OB HsE (TEMD 5526 FB, WFIT T Mg o & R KT Al-Cu-Mn & 42 71 % M A8 J O 2 27
ISR, I8 TSGR AARHT AT SR, Haom T RS 5 T AR Z M I R . S5 IR, Mg o EIAJG,
Al-Cu-Mn-Mg & 4 F) IS 20T A 1 07 F (ALCw ZBWiH AN 0 (ALCw, R IEHI T SH (ALCuMg) Fl o A
(ALCuMg) . T RAELE MM 0% Mg &4, & MgEEHRMT AR 2, BERE T ESMMEE. YMgERA

0.55%H7,

AR A ERE, R . PURL R RE A7) A F) 348 MPay 496 MPa il 14.1%., 2 T3 7 i AR

TRk E ST, 0.55% Mg & 4 Ar& A AR IR 58 B A B AL STk 251.7 MPa, &/ T 0% Mg &4 (147.5 MPa), %
BN INE 2 Mg T BT Al-Cu-Mn & & 455 1 M RE RIS & B FRAREH
KHEE: Al-5Cu-0.7Mn-xMg &4 Mg &g Wil stk L]
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Al-Cu-Mn 2 & 4 B A7 (1 LUSR B2 L Rl R% PR A2
Fe e PEAERE AL, T2 B T A i , s e % A s i
REERTUI, 5 )  R B S K AR R 13, L3R A0 5 L&Y
AOBE R BIHLEL AR, s, B = e M
E &5 H KEM Cugt & Awt%~6wt%) Fl /b & [f) Mn 7T
F (0.3wWt%~1.0wt% ) , 1X 2 £ 4 7E &t [ By BT & 6 AH
(ALCW 1 T # (AL, Cu,Mn) F& 41 4L, Fa g 7706 T dh 7t
b R RAE IR S, L ORI AR T T AR LT AR, F
B e R AR AT % FE BCIR T, AH (AL Cu,Mn,) VEFIR
0" K (ALCw A 9'FH CALCW , & 4 HI 3R AL AL 1 LLAT A
SR 3, F OV Re A2 B0 AT HOAH AN B 2 1R AE ELAE
s o, PR, 2 ) 32 SR AR AR 1 R Bl R A
GIAT S S TT R JE A5 el TR B ) S ik Al-Cu-Mn 5 42 1)
HROER

I 4E K [ Y A0 23 #E AL-Cu-Mn & 45 1) 45 K9 B An
PERE RS T T — R BIBE T, 9 /2 Al-Cu-Mn %
&1 % JOA R 38 TG A0 AN T2 ek 9 O TR
P25 Al-Cu-Mn & &M RS . A SR SE MR

ks B EA: 2024-06-08
HEWHE Py | AR IR 71T R (2024]JC-YBMS-398)

CEG 12 REI A RS 2 — , JE T R A 4 B ARk
oK G sm AL AR AT AT R IR A A SRR
Mondol Z7 i) 2219 (Al-Cu-Mn) & 4= HF B I 2> & /)
ScFl Zr TG 3R, KIAEFEAR I B T A20E [ AL(Se, Zr)AH
AT DAE S 0T O A B 57 3 AZ 02 L, A1 383 79 oA 1D v
WEEMTH G SR R RF R I AT 26 (5%) B[R, i il
P 1k 456 MPa.  Zhu %6 [H] Al-Cu-Mn & & A GG
EHINI TG, RIUTH A E Ni 28 AL S8 & ALK
HE A, HAENE I Culi L ME T oM, S8E
& 0 = SR A TG (HEE S T A SRR .
Lin Z°17E A1-6.5Cu-0.6Mn & & "IN Si o &, e i3k 1 3
s b gk RUBE IR 0 FH AT a-Fe AHIOTE B EAh, $2 5 Si &
AT LA HE a-Fe M I p-Fe M A 5648 , 7EAR KFERE L4
6T KA . Meng 25U 58 R I, 6] Al-5.0Cu-0.4Mn &5
SHININ—E RNV IGER, — S IE O H {2
BEo AR K ENTH s 5 — 7T, VIR RE 2% T, AH 1)
TER . NN 0.25Wt% 1) V IR, A 4 1) J AR o B A 470 4
5 53 ) 330 A1 421 MPa, ZE{H 5K 18%. BLAN, Uil
i L n R R AR —, HFEES T Lo R x
Al-Cu-Mn & & 520, 2 LA Sm. La 28 AR R 1# Lot
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T MH BT B, I35 06 4 1) A RLBURAE , B Ak & 8 1 25
A P RE Y,

VE NI AL AR A 42, Al-Cu-Mn & & H &L 57 1)
TS v M R, AH 52 ) T ORI 24 R Tl fk &4 (3
e TARFIASCIR T, AHD BIAFAE , SRR RE AN R . 1l
Ge WA RS & B LR G 1 IR BT B, AU
S A 4 1A R RS B 35 A v i ot Ji 1 1) i v A AR
FE 3B MR A6 AT H A AR S AN A I . Mg Si il Ag %%
TCRAE a- AUVEEAR R4 HOE A PR, 72 I R B A2 v ]
PATE RS /N HLRd003 A (08T AR, 4n g AH (Mg, SiD S AH
(ALCuMg) « Q #f (ALCw 1 ¢ #] (Al,CuMg,) 25 , 4} 3 A4
7 A A TR I RO A S, A BT 4 B BE () R TR B T
R, A A —Fh B b T B O 12 M
TACuRmEGE",

Mg Tt A Al-Cu R & /) AV RE SO 2F 2%
ISR, H RTET G R S I 7T 2 42 R 7E BL 2014 F112024
H e NRERK Cu/Mg &4, i TE iR Cu/Mg & 4 R
T . I, ARG Al-Cu-Mn &4 IR Mg 76
., TG Cu/Mg I Al-Cu-Mn-Mg & 45, 383 4 & 4t AT
SE ERAEAEVE T, RGN T Mg TeZ 4] Al-Cu-Mn 5 42
TORALZ R 12 E I RE IR, B AR 8 & B I Mg TC R &
&2, TGS ER IR, 8 Tl A = R R R ¥,
DUARCI 4% tH =R Al-Cu-Mn-Mg &4

2 % W

SZUG BT A 4 19 R4 N AL-5Cu-0.7Mn-xMg (x=0,
0.15, 0.35, 0.55, 0.75, wt% ) . J& # Bl A & 4i 45
(99.99%) \ Al-50%Cu H1 8] & 45  Al-10%Mn H [6] & 4 Fl
Al-10%Mg H[E] & 4 o R A 28 5 30500 T A4 k) 3E 47 6%
W, BEAN T FEAE SG2-7.5-10 B R B e il 1%
=4S |« Al-50%Cu 1 TE] A 42 F AL-10%Mn 9] 4 40
A 750 CORIE 2 5E A4k, Bl 5 R I 44 2142 690 °C
BN AL-10%Mg H 18] & 4 3745 10 min, 5 0/ 578 2 1540
J&i o R R R B T & 730 C L B RS SR 7T (0.5%
C,Cl) {41544 10 min, 2 J5 FEil% 22 710 °C, §# & 15 min
J AE TRUEAGF () 5 R ASHL TR EAT 587, 49 31 20 mm JE 1455
BE, K H HLUERRE & 55 B TR R SO A (ICP 76000 Wl 15
R AR TR A= % IESS N

i FH H K A8 28 D1 1] £ 8 mmx8 mmx8 mm ) 1E 5
T B, IF #% 18 GB/T 228-2010 4k #E fin L bk BE A
12.5 mm, 55 & N 4 mm, W) 4G5 5 &N 3 mm 1 b5 i Hz R
FE, DAAS JE 8RS80 o XN T 47 R EAT #4038, L o ]
W L2525 C/2 h, 2 JafEE iR N /K% BERITE 175 C
HEAT N TR B . SR FH 404SXV S AU 5 15 AN AR

x1 SEHKIRMEFERSY

Table 1 Actual chemical composition of investigated alloys (wt%)

Alloy Cu Mn Mg Al
1# 4.88 0.67 - Bal.
2# 4.96 0.66 0.13 Bal.
3# 4.92 0.67 0.32 Bal.
4# 4.85 0.64 0.51 Bal.
S# 4.89 0.65 0.72 Bal.

AT R G S AT Y I I &, I8 3i 9 1.96 N,
INEET (8] 15 s, B 10 20 H04 1)~ I E AR i 4 45 3
£ Instron 3382 B4 o1 1~ /5 g A BHALG AL E#EAT S IR Hr f
RIG, B AFIE R N 5310 s, BRLH A S RFE 1 B & 07 2 1
RESE RN 3 NS 45 R 1~ 251 . T RO A 2O 5L
RN BE 522 50 um, £ B MTP-1A H fif X055 5
%%, 75 75% CH,0H+25% HNO, ¥ ¥ 1 il % H @3 mm
F) 3 Fr 5 A5 B FEI Talos F200X 3 & 51 #8073 #3% 5 v 7
B R IR R AT SO T 30 W0 58 R 2L Fs A 43 A o s P, e
200 kV.

3 ZREDMH

3.1 SR

B 1N R Mg & & A 478 175 “C R [ I 2500 4k i
2. nTLLE A S , 5 A S mI a5
I, 4929 125 HV, [ I R[] (R, A3 2H A 4 0 2 it
LAk BT, 2 R ag T . lEMg S &I E, &%
(RS 25 J82 338 23 T ERE , 7 R 1) BT ) P 81 i U A, i
] Mg &5 5 I 2400 ROE ZE ARG . 0% Mg+ 0.15% Mg
0.35% Mg+0.55% Mg F110.75% Mg &4 HI1E 15 ha12 h.
9 h.6 h Al 4 hik B 6 LIRS, 70 51 4 134.9.137.9.
138.5.142.9 f1 140.1 HV. [% Mg &% &I % 0.55%
I, A 4 A FEE AR BRI 18, 0.55% Mg & 4 BUAS fie KAl
FEAE , 24 Mg 4k 2238 02 0.75% I, B8 P55 AR AT P AT

G AT AN ] Mg £ 5 R I 280IEAE URE (T6 2D AT =
T AR, 73 B A SR b b ) e Re g R 2
Fiam o M 2a i T RE B - TR R A8 il 28 7T LUR FHL, 0%
Mg & 4 10 i R 58 B2 CY SO AT Bz 58 B2 (UTS) UK, 1
W 2L AE A 22 (EL) B . BAE Mg & &N, & 4 1 58
FERERTE ARBR T — A 2, Hor 0.55% Mg &
SHBRE RN . WAFR Mg & =& E&MLEE 15
AEXT LE (B 20 AT LA H, 5 0% Mg A& MH E, 0.55% Mg
A e UTS M YSHA 1 OKEEEHbHE & , UTS M 423 MPa
1 0 £ 496 MPa, YS M 260 MPa 3 i1 1 348 MPa, 1fj ZE{H
HEM18.9% T % 14.1%. [ Mg & & 1 iF — 2 38 hn
(0.75%) , & &M UTSYS A EL 245 it F& A, % B Mg 7T
R BN Al-Cu-Mn & &/ 1152 REF= 28 T ASF
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Fig.1 Age hardening curves for alloys with various Mg contents at
175 °C

S, DRI, 75 R A ] Mg Te B IR I & .
3.2 TMLALET

3 g W IR R4 A5 R 0% 0.15% A1 0.35% Mg & 45 7
<100>, A N IR TEM W131% (BF) S5 MR OIE X #L
FRIS (SAEDTERE. B 3a ] %1, 0% Mg & 4N A1
KESATY S H RSB NEERIRIT HAE , A& 3b HaT LLEH
SR 28 3 {100}, IATHS S BLLA AL T 1/441/2 71 3/4
{220}, ALFIATHRTBE A5, 55 AHSGSCHR[18-19], AT AR SE 0%
Mg & & W AR BT A 2 04 . AR 95 B 3¢, 3d mT A,
0.15% Mg &4 AT HAH ARSI A R AR U3, 1K — s
3d TP ERTEBE SAT AR E ,1H.0.15% Mg &4t 0 - B
IR 2T 0% Mg &<, H RS BTG N, 35 Mg Jo = s
T ORI G RE BT Mg B S D, A2
DABKASE 0" AR AR SR 0 . WS ] 3e AT LRI, 75 0.35%
Mg & & IFa LT R RS RERIRT i AH (R 325,
ANRSH B O FEATS 5 32 S o RUE SRR RS ERR T
HAHRZEEY, 15 20 B 3 FTRIATSAERE, 58 T8 o AHRIRT S

BE 20,15 1/2{220} SO TS RTSBE AL 456 4 ST
FULUESE T 0.35% Mg &4 A OHIIAF1E. 0.35% Mg
GEP Mo HEE R 2T oM, UIHEEE Mg & 2180,
eI O AR ) R AR Mg TS i T
O R AR o

da~dc NUERT A 0.55% Mg & 41 TEM B3%
B S AH R )38 XL AT AR AR GE<100>, 77 5lD . 5183
ANF A, BEE Mg & BRI, & &R T AR T
HAHZ Ah, B LT — 58 819 1F J5 T3 R R 25 IR A
HAH. SR FUIX LA 4627 50 X 0.55% Mg & 43T
¥ HAADF M EDS 43 #1 , 45 R 1 ¥l 4d~4h i 7 . AN TR
AT LA H S BRSPR AN IE 75 T 8 tRAfr A R 35 & & Cu Fl
Mg T % , 45 & A O STk o] LR B, 76 = Mg & &1 Al-
Cu-Mg R &4, CuMg J5i T2 [0 B H IR EM 4G 68,
# A Hr O 51 N SSSS — GPB (Guinier-Preston-
Bagaryatsky) [X —S"+S'—S'+S—SP, [X it , n] LAH] A
5E 0.55% Mg & 4 W IR HhAE A S A5 (T S AH AR
SAH B R 5 K A [ 5 AT 9 Hp X A R S 3R AT P 41 X
930 Nt DRSS AH BIAEAE , K 3% 5 FRLAR 1) v 23 7%
R (HRTEMD #E47 WML %2, 5 Fan P 4i Firor , xof B b
HH R AT PR (B AR 4 (FET) , 45 37 H R 6 I (0 A7
SHAERE (B 49, 0] DLUR I 5 SCHRHRE (1 S AHRFAIE =1 P —
U100 BR] e mT DA R X AR SR BRI AT A 9 S AH

M da~dc AT LRI, 0.55% Mg &4 i 074 E
SEAFEAR N oA . KR LLAE OB 9T, 0 AR FO BT . 20
PR (1) 0" AR AR ORI 25 1) Cu 1, {2 3 0'AH
PITEAZ 5 A s (2D 0 FHIF P B3 o i 11 Ji 7 RUBE R
B, S ORI AR AZ K R REETTIAA,
7 Al-Cu-Mn-Mg & < 0/ FH 58451 7] T 28 — P o7 XA i
Mg [P R 0" AH B R AN T A I &4, K& 1) Cu i
T Mg R TR — S & Cu/Mgy/ 2 7 [ 7% , ik 1 07
AR 2 T O FIIOAT H . L8R P 4k~41 T 1) IE 5

a 600} = Tensile strength b 25
Al 1 Yield strength
£ .= Fracture elongation {20
£ g
g T 400 E
=300} % N {15 .8
1) I S
& & z
= 200 —0% Mg 5 110 2
) =
& 100 - 0.35% Mg
Lfl —0.55% Mg 15
ot —0.75% Mg
1 1 1 1 1 0 0
0 5 10 15 20 0 0.15 035 055 0.75
Engineering Strain/% Mg Content/wt%

K2 AF Mg & 210 To &6 < 2 /2P be

Fig.2 Mechanical properties at ambient temperature of T6 state alloys with various Mg contents: (a) engineering stress-engineering strain curves

and (b) tensile properties
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13 T6 25 0%.0.15% F110.35% Mg A 4x 1) TEM A3AGRIRE S (135 X 1 AT S AR AE (<100>, il
Fig.3 BF-TEM images (a, c, €) and corresponding SAED patterns (b, d, f) in <100>,; orientation for 0% Mg alloy (a—b),0.15% Mg alloy (c—d),

and 0.35% Mg alloy (e—f) at T6 state

IR BT AR ISR FRT R4, T AR IR, IX Rl H AR
I AAC T 5 A4 52 B 1) 56 &R Dl {001}, // {001} FI<010>,,
/1 <010>,, 1% — R I Li i 7 45 51— 20, kT
DUB S X T M o A (AL CuMgy) » T & & A
KEN QAR S AH, 22 TH FEHAR T 1) CuMg JR T4 &,
I o A A BCE AR D

Bl 58 0.75% Mg & 4 TEUE I ROIR A T IO 20 21
FAE. WHCEI 4T LRI, 0.75% Mg &4 & Hr HAH
P25 0.55% Mg & AR, 76 o Py i R R T K&
B 4601k S AR 0 F - 55 0.55% Mg & 4 Mt ,
0.75% Mg & & I SHA oM E KK BREZER
FITBEAR , 3% P Ah BT HH AR 380 50 o A 7E 344 opr, \T DA 2004T
HALHE, A 4523, St m A & MRS, HiA Al-
Cu-Mn&&H5I NI Z 1 Mg It , 2208 S AHAT 0 A 4t
CHER TR IR R IR B 3P, 51 ST HAE K OCRTRLAL
SEHBEEEA T .
4 1w
4.1 MgZEXEEREHHITRNE R

AFMg &RESEMNFHRENER X 56%
(RIS RO AT N B VIM O . BT S A EL AT A S A i A i

Re A BLAL B BT DI RE 77, R Rt & Mg & S s FE 42
FH R G 2 — . AR SO, I A [ I A v A7
TE R BRI KM P2 A B 247, 3 28 F Cu Ji 1 Mg i1 &
L2 Al (R ES A g, 1] Al-Cu R A &R I — & &1
Mg JiF )5, 225 CuJi ¥ K& A A B 5], il AR Cu-
Mg JE 55 . Mg- 25 A7 5 Fl Cu-25 Bk}, B4R Mg i 15
(¥ 7 A% W A2 B (R,,=0.162 nm, R,=0.143 nm, R.=
0.128 nm) , NI {2 1 Cu Ji T W 5, Ik 1 & it
ROREAY T, 56 1 IS 20 7 i [ 26271,

R S M ARIA K 0.55% Mg & & B TEIR T H
SRS 20168 h, FAM A L 18 6 i 1 AR BLE [ i
PR T KB T A COF T AR R 7] 225 2 i
B TAERS o FE LA LE T AH B AR L g 4, , i pliiX
FREL G 5L IR T B R 2 DT AR 5 344 2 T F) Ak &5
P22 5 s D B T4 200 B 3R B SRR R AR E N BT
DAL S T B s AR TR 82 73200, AT 6b AT A &2 3],
Bpd e B0 T EOAE S BRI AR AT AR, R4S nm
Ub b, 75 B4 I W 42 3 25 AL 1) SR PR AR , FLRF R
FAEIE 10 nm. W% K 6b ) SAED {EFF , 7E {200}, 4b
A W <100>,, 77 7] B AT 59 75 28, U B 47 7£ GP (Guinier-
Preston) [X ; IL b, 7F 1/2{200} , 4b & 8L ¥#H<100>,, 77 7]
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Platelet phase

200 nm 200-nm 200 nm

Kk R
* (Q(Jz)m

>-Al.Cu Mg, .
£(020),,

10 nm

K4 T6 75 0.55% Mg < MO A 2R AE (<100> , 1 D
Fig.4 Microstructure characteristics of 0.55% Mg alloy at T6 state: (a—b) BF-TEM images at different magnifications showing multiple precipitates,
(c—d) SAED pattern and HAADF image in <100>, orientation, (e—h) EDS mapping showing constitution element distribution in Fig.4d,
(i-1) HRTEM images and patterns of FFT corresponding to S phase and o phase in <100>,, orientation, respectively

«)8,“ .
UVU 7 @00”)

200 nm 10 nm™!

5 T6750.75% Mg £ 4z (¥ TEM B I 45FIAR B2 (14 16 X L F- T S FERE (<100> 5 HiD
Fig.5 BF-TEM image (a) and corresponding SAED pattern in <100>,, orientation (b) for 0.75% Mg alloy at T6 state

FIRTHTUER ESE T GPB XHIAFAER . WM BRI AL A8, JF H Mg JR 7 Ini& 1 Cu Ji 7 R4 (2t 71N
Jas A TORER GP XM GPB X, A HAR  GPB X JEAZ I A Cu/Mg/ 7 s BRI G $5 1 GPB
ROHT B R T BIRRE S Mg JCR IR INTO AR 120 KRBT 3R, 78 5 BRI R A v GPB XV A, ARERIR S
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AHHT H R AL B 22 13 o 1Y

BB KIE , BRI ARG K, A I
BT ALAR LR, T Mg JE Tk N 51 T s AR,
10T A4 Eh B 77, Cu Mg JR T 1A Sr 4 b 7 ik, K
EAHHEN GPB X BUAZ R A0 (2 2E T GPB X [ #fr
i, FETE S5 B B B AR i SAH . B AT SE  Cu/
Mg/ 25 7 [ 5 RS 48 25 7T [ B A GPB (X ) 57 ot TS 4% ot
&R EE GPB X K E AT H . E A S A IR SR 44, GPB
PR Z , SHWERZ , Kk 0.55% Mg & 4 7E I 250t
FEHHTH T KR SAHH. AEH Mg & e, fg AL
T E DR R IR AR S B AL A T2 s M R ISR, I ELI 2
Hr b B S AN 22, XCE N R ILE 5l T A SR ) B
Tt Mg & &I i, 238 o )]SE S AR R, KR
S AR SO, S A IR R RS, T2 51 S
SRR R

H I o A& — B B 39N R T IR A4 T7
LGS PR SE A, EAIESE o M AT E FRIA 410 C
BRSNS R e AR AE , B R T3 A & p AR RERY . Wt
FRKH, M Al-Cu-Mg R E &AL ER SiTu R, B
[ Mg, Si A BT LLE N o FH R 57 AL 0T 850, 03 o AH R R
PN, T M EE FL R B, A Al-Cu-Mg R & & A D
B Ag LR WA R T o LR VLEHER T Sin R et
TR o AHBIHT 250, Ag To & B RE ™= A RAUE A, 1X
SN Ag Mg 5 TR 23 7 B A IR s 45 A Re
REAE 4 R 25, [R] W 51 BE 2 1) Mg Cu J 1, 2 12 o A
IR AT RO B Ak, FEAN AN Si Fl Ag 1) 75 Mg & 4=
H ORI T o HIIAETERY. 7E 0.55% Mg & 4 h 52 3]
—E B oM, AT LLHERT, o AT R S A &R S
KEM Mg i TH%. CuMg i 152745 & %R
Cu/Mg/ 75 A7 A 15 T SRR N 3507 28 ah i W A, g Jl [ 1)
Mg Hl Cu J5E-F-Hl 35 21 51 X35, AT (R it o AH R 1% , B

5 I R AT, I VLR ) A B R R R E— 2D
3T o BT H
4.2 MgEEXEENFMEENZIT

M SR 32 BRI RS AN TR B
gy K BB AL AR, B - S A o M AT 010" FHA . W R A
Al-Cu-Mn-xMg £ 4 ¥ = 58 & VA PR T A [R] 3 A L 1) B
IPER , 322 VA 3R (o) i TSR AK (o, ) FIATT HEAH 3
(o, )5, HTHEMEI®ELZE 8 Mgt RMEE
AR AR [ B A K T R AGAE FH (0 52 0 AN B 2, TR et
X FRAALE)E AN I 0TI i AL R
&I E  PUK GRS RIAT AR SR 5 S AT, 5
AR ST AR ISR RS 0 2 FE A AR 3 055 %
PIAHIG . ot Mg & & AR & 4 71 = YR i s,
FEAS [RS8 AR & 42 7 PR R ) DT R AT B AL 15
By Image J A& 1 BTt 98 G < o N R5obT HAH B RGT
I HI H Gauss 73 A1 % K 48 (1) R B # AT 05, 45 R
7~9 s (T o AHLE R A rh ) B B 52D, 7R I AN 3R AT
i)

b Mg & &=, & &b AR RS R AT B
BRI . XL 3a fl 3¢ AT LAR B, 5 0% Mg & 441
EE,0.15% Mg &4 ¥ 0" A 5 %5 48, 0 MK 2 (AR T
i) M 32.7 nm 34K 5] 35.6 nm, 1] JE AR A K, 41933
nm (& 7a~7d) . WEE 3e 1] LUK I, 24 Mg & 84 0.35%
I, — 5 R BOR ) 0 A AX R 04 5 LIS 48 o [ B
TEAE O FIFN O'A] , 800t 0 R ST 35K B AN R E 40 501l
27.6 nm H12.9 nm, &5 R a1 7e 7w

B8 4tit 1 0.35%-0.55% F10.75% Mg & 4111 0'FH R
SOy . Mg BT, O I ECE % R E G K 0.35%
Mg & 4 T 0/ AH K BE AR BE 43 53] 24 126.5 F13.8 nm, 1
0.55% Mg & 4 1) 0/ A8 K B AR FE 23 51l 04 129.4
7.3 nm, X Lb ] 3e AT 4a4b 1 LU IR, 0.55% Mg & 4

©22), *

"o (002);
+ (0200 % o
o .

[100],

= S nm

El6 HRIFAL168 hJ5 0.55% Mg & &M Z1(<100>, HifiD
Fig.6 Microstructure of 0.55% Mg alloy at natural aged state for 168 h along <100>,, orientation: (a) BF-TEM image; (b) HRTEM image and

corresponding SAED pattern
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Table 2 Quantitative statistics of §'', 8’ and S phase in investigated alloys

Mean diameter, Mean thickness, Number density, Volume
Alloy Phase s . At/MPa Ao, /MPa
d/nm t/nm N /um™ fraction, f/%
0% Mg 0" 32.7 3.1 1125.7 0.91 48.2 147.5
0.15% Mg 0" 35.6 33 1249.5 1.35 60.3 184.5
0" 27.6 2.9 2791.6 1.40 55.5 169.8
0.35% Mg
o 126.5 3.8 632.8 1.97 31.6 31.6
o 129.4 73 2397.6 3.03 131.3 131.3
0.55% Mg
S 25.7 7.5 1707.6 2.58 120.4 120.4
o 154.5 8.0 19453 2.46 123.5 123.5
0.75% Mg
S 28.9 8.6 1437.9 1.88 112.4 112.4

Mg &4 0 FX SRR DTRRE 2 78 184.5F1169.8 MPa. A, IR HE 0=0.33"" N AT OB R H L d 1 0
BiE & e I Mg & BT 0 M A U AR SRR M RR R B AR A SR, R R (6) 1T LU AR B, 18

A2 U RO, A PTBI N ORI 5 B O SR R Mg 5 85 (0.35%.0.55% 1 0.75%) 4 4, 0/ %t

Z—o KT Nie 55 H M2 1E Orowan FTBRTFRL O g s 8 1 STk 4 599 31.6.131.3 1 123.5 MPa.

AH R 5 AL TTRR - MR 3R 73 #7765 Mg & 42 (20.55%) it H I 1
_(_ Gb 1 . AU SRR S A1, HEAR LA G R . SAHRAL
A= 103 nd ) \
2ny -0 193 -2 St—l.061t, TUEREITHE A
JN.d, i 3
pr= 1401126 (L1360 sy 0 0ar+ 24472

0.981./d ¢, d, ro
In——— = (6) 7
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Materials

Effect of Mg Content on Composition of Aging Precipitates and Mechanical Properties of
Al-Cu-Mn Alloy

Zhang Han', Hao Qitang', Xue Yanging’, Yu Wentao®
(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)
(2. Xinjiang Joinworld Company Limited, Urumqi 830013, China)
(3. Shaanxi Key Laboratory of Surface Engineering and Remanufacturing, Xi’an University, Xi’an 710065, China)

Abstract: In this work, the effects of 0, 0.15%, 0.35%, 0.55% and 0.75% Mg (mass fraction) on the mechanical properties and microstructure of
the Al-5Cu-0.7Mn alloy processed by foundry were investigated using microhardness test, tensile test, scanning electron microscope (SEM) and
transmission electron microscope (TEM). The evolution of precipitation behavior was discussed, revealing the relationship between yield strength
and aging precipitates. The results demonstrate that the aging precipitates of the Al-Cu-Mn-Mg alloys are transformed from the " phase (AL,Cu)
to the &' phase (Al,Cu), with the appearance of the S phase (Al,CuMg) and the ¢ phase (Al,CuMg,) after Mg addition. Mg-added alloys have a
wider variety of phases compared to 0% Mg alloys with only the 6" phase, which significantly enhances the strength of the alloys. The alloy with
496 MPa and 14.1%,
respectively. Based on the quantitative statistics on the strengthening contribution of the precipitates, the yield strength of the 0.55% Mg alloy
increases by 251.7 MPa due to aging precipitates, which is higher than that of the 0% Mg alloy (147.5 MPa). This indicates that the addition of

0.55% Mg added has excellent mechanical properties, with yield strength, tensile strength and elongation are 348 MPa,

Mg has a positive effect on the enhancement of the comprehensive mechanical properties of Al-Cu-Mn alloy.

Key words: Al-Cu-Mn-xMg alloys; Mg content; aging precipitates; strengthening mechanism
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