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Al-Cu-Mg & & ¥ I8 5EIR , SR FH RN AR FL ) B AR FL ik
ITEIMEAS I, R Cu & BT Al-Cu-Mg & &M ik
MR RN SR RE IR R

I FTH Al-Cu-Mg & &5 5E4 U 3k 1.k
FHSH SR R AP AT I R, REIRE N 740 °C, KM A
A% 200 mmX 150 mmX20 mm 45 %5E . 7E
SX—16-14Q AL LA A5t HE AT 5140 AR 2R, 3500
FEA 485 C, R 10 he SR VMC650 i Rtk
JEJE N 14 mm FIRRAT, 76 1X10 s7' NASTHEE M 14
mm AELE 4 mm, RS54 mm AFE] 2 mm, S
T 85.7%. KFIRATR/KER(1 mL Z R (AR
0 40%)+1.5 mL ERFR(AF 2 36%~38%)+2.5 mL fil§
B (R R B 65%~68%)+95 mL Z818K) 2. R
DMI3000M 24 AH B MR A& & B AR . RH
HVS—1000Z % & B 5 1WA & 4 0 AR AL AR, o
BTN 9.8 N, IR (8] 10 s, FAMAFEMIA 8 K,
BS54 . £E ETM105D 61 7 BE R HL_EAS I
HaER IR KH DX-2700 B X LTI
ACHEAT WA S3 Mt . 7E FEI Technai G2 F20 i% 5} #i 1 i
EE Fik AT TEM W% . R SIGMA 1 & S HL e
WS LW TESR .

#z1 Al-Cu-Mg &84 LAbEHy
Table 1 Chemical compositions of Al-Cu-Mg alloy

Mass fraction/%
Alloy No.
Cu Mg Mn Ti Zr Al
Al 2 1.5 0.6 0.2 0.5 Bal
A2 3 1.5 0.6 0.2 0.5 Bal
A3 4.5 1.5 0.6 0.2 0.5 Bal

2 FHR5R

2.1 5854 AR

B 1 i N ANA Cu & Al-Cu-Mg & &84
SEM f§. ME 1 P LIFH, 3 A Al-Cu-Mg A4
PEASH LRI B B AR P AT RE AL, A5 AN
AR HGURUR, TR A G KEIES S M.
B EDS e/ Hral A, RO EZE N S(ALCuMg)tH
(L 1(a) (b)), KA EE Y O(ALCuAHLE 1(c)).
TEARLNES, 55 A0 2 LK HOR & iR oA,

Element w/% x/%

Al " Mg 650 7.55
Al 84.43 84.43

A M Cu_ 9.03 4.01

Cu

0 2 4
Energy/keV

Element w% x/%

Mg 9.13 14.44

Al 37.3453.19

Md _ Cu 53533238

Energy/keV

Al AT 47706823
Cu Cu_ 52.3031.77

2 4
Energy/keV

E1 4% Al-Cu-Mg 44> SEM 4%
Fig. 1 SEM images of as-cast Al-Cu-Mg alloy: (a) Al; (b) A2;
(c) A3

M 2o A A 3550

2 FZR AR Cu &M Al-Cu-Mg & &40t
(485 °C, 10 hy¥ S AbHE 5 I H 21 NI 2(a) AT L
H, Al e IRREAERIA R A S mbT, Ha A
FHREES S ARG AAL A2 &85
SR AT R A R (LB 2(b)), HERA AN
Bfhs A3 A& I SR m T W R A SE AT O, dh T IE]
KRRV RAH,  doki e B SRR LA 2(c))-

2.2 HLHILALER

K 3 f1 4 Fssr il Al-Cu-Mg & &4 4 5L
RIAEL AT LL (150 °C, 4 h) &I S FE O 4L 21
M 3 A4 TR H, AE&mEAE)E HI T HERLF
YR LA B 3(a)), 7EFAA ] LG 2 B B RTE #5226
(WL 3(b)Ai(e)), HIXEERHELER M 3G A2 2k
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i? L el &$ Lo O 3 K Sy [
B2 HLMALEEZ JG Al-Cu-Mg & 4 B4
Fig.2 Microstructures of Al-Cu-Mg alloys after homogenization: (a) Al; (b) A2; (c) A3

Element w/% x/%
Mg 7124 84.83
Al 7.84 459
Cu_ 20.92 10.58

4

Energy/keV

( Element w/% x/%
Element w/% x/% Mg 1.39 2.01
Al 53.56 73.09 Al 58347578

Cu_ 46.4426.91 ) Cu_ 40.26 22.21

2 4 2
Energy/keV Energy/keV
4 ——

B3 A& Al-Cu-Mg & &1 B4 EDS %
Fig.3 Microstructures and EDS spectra of AI-Cu-Mg alloy after cold rolling: (a), (d) Al; (b), (e) A2; (c), (f) A3

(L 4(c)), IExtEEm R BEEm, W T(ALCuMn) . HBFFREAPY, SALCuMg)H Al
LFYE DT M AT TSI 3(b))s AL 3(c))  O(ALCu)ARIE 23 (2 ik F 45 S IR T Bl o

M, 0 EDS M AL 3(d)s (o). (), XLk 5@FTRN Al-Cu-Mg & 420t KA FLH 2
B M E E AN SALCuMg) . OALCw) M 1 JERIXRD %, MEHFAT A H, B4R T S(ALCuMg)
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B4 AEA(150 C, 4 hFAEFERE Al-Cu-Mg & & 1R
HAN

Fig. 4 Microstructures of Al-Cu-Mg alloy after cold rolling+
(150 °C, 4 h) aging treatment: (a) Al; (b) A2; (c) A3

AHAT O(ALCWHSL, IEAFIE ALZr #, X TEE] Zr S0
B T AN a(ADH, ETERLT SRELH ALZr s . H
UE A BLAA E ., Al-Cu-Mg & 4w i 3 B fb Ml
S(ALCuMg)Hf« O(ALCu)Fl AlsZr #H. & 4432 (150 C,
4 h)I AL IR 5, AT 2 HLAAH LL A i s (0
P 5(b))o MATHFIG I3RS EHAESE T & 4458150 C,
4 h)Is] AL B 5 FE S AR 5(c))o

2.3 TEM %

Kl 6O ATRTHE Al F1 A2 G845
TME 1§, W] WLAE A 4 i A7 16 KR40/ 10 R A 5
2 EDX 43 Mol &, FARAE A T(AlyCu,Mns)FH (LI

@) e—Al  a— ALCuMg

- Alzcu *— Al3Zr

o et o3

* . L]
A2 " o, ne
Al " x O, % " ¢ L]
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20/(°)
(b) o — Al

* 1+ — AL CuMg
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A3 Al U et ?
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26/(°)
&5 Al-Cu-Mg &4 1 XRD i
Fig. 5 XRD patterns of Al-Cu-Mg alloy: (a) Cold rolled;
(b) Final aging

6(f), HEEL N 0.5 um, FEHELHN 0.2 um. [FIFTE
a(AYFER AT T MR B KB, /R
T(AlyCu,Mny) AH 1T LLAG ZCAT FL A7 48, BHLAS A 45 12
P, B 6(c)FiRn A A3 B4R LA TEM 4, E&5d
50%MAEL AL Z Ja, A3 G4 mmMWEs kLT ik
A3, ML AL R A2 B4, ATHHEBER R /N B A
TEREIT B, X 5 SCER221 B FE 45 R H8
HHE V2 /NS B S0 SRR D B o7 A 4 435 X (1L
Bl 6(c)), 1E T FHJE Bl T LLWLSR 21 B 2 11 v 5 R o7
DXL 6(d)), AfRLEAL R 48 25 B 3 A 2 550 A3
a1 ERER m I EE N R HPRRW, L
TGRSR &, B @I 4N B AR AT LA IE B
5] LA B 0 A7 8 25 P R 8OR ). B 6(e)Fin A A3
G AR ELA(150 C, 4 hFFAEELS ) TEM 5. MWE
6(e) FHl LLE i, BRI A3 &4 AT AR 3 B A1, 3X
WA SRERRL, B RO
HIAl/NE A BT E A SmERY . ARk
B, 47N 55 AT H SR A LG A 5 R BRI Al-Cu-Mg
B4 1 PERE IR BE K, DRI I UL B S Al-Cu-Mg
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Fig. 6 TEM images of Al-Cu-Mg alloy with cold rolling state of Al(a), A2(b), A3((c), (d)), final aging of A3(e) and EDX analysis
of T phase(f)

B G 14 5 P R J0E 2 Ak [ B 39 155.5 HV, A3 &40 AR A 199.6 HV,
WIS 28.4%. X/&HT Cu & &EMHINfsaiL
2.4 SEiEe #H S(ALCuMg)Fil O(ALCu) 1 HEIE 2 (LA 4(b)).

B 7 B NASAPR S Al-Cu-Mg & 41 J124 M fE 7(b) AT W, Al-Cu-Mg & 4= I Ht o B i o 45
ME 7() T LLE H, 3 Ff Al-Cu-Mg &&43. #20tk BEE Cu RGN RS ES . HE 7o FHH, =
PR . A ELSTIZN BUL I AREE Cu & Cu SN 2%MF, Al G&MPThimE . JE R B Fh
BRI SR, Al AELN A FSEE SN KESHIN 507 MPa. 430 MPa #110.3%, £IH R
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Al 41 Cu T EIEICT 2 50%, (A2 R AR,
XYL RN AR L AR AT LR g5 Al-Cu-Mg &
(112 ERE, FEFRA Al-Cu-Mg J&AJ7 T B A 5T
Ho 24 Cu SEIINE 4.5%K, Al-Cu-Mg & & HiHih:
SREE. JEREEE A 255 644 MPa. 547 MPa
H110.5%, HLpd 15 Eaeti .

Xf TR #bBEsR AL Al-Cu-Mg &4k 3E, SR
il 32 B WA SR d TRk DO SR B A A SRk
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i SRR A TR A S WA T I AR AE AT AR TR 5
WA AR5k, WA TR T 5 A 2 EARELAE
P A DI 58 RTINS KSR AR, A AT AR
TR T 9 Ak 32 AR BLAE AL A Geid 55 — AR5 i 51 kS
MRR A o WRABAZ A IS, R AR A B DI IS
AHin R AR

24
76 =K, 71/5;2 r?+1, €))

ARS8 AR I AT R R R

1
Gw11n35+% )

)
e w6 ANEE VBN IR AR J75 oo AL SR IE
B AR I B FIR ST R4S b ORI
KE: G NIETYMEE: 4 AT ORN: oA
WILEVIRL )]sy NRAABE TR f N R AR A5 4
Kiv Ky N

BEE Cu STEMIGM, Fris —AHEZ, Ak
BTG R, R4 A (DMQ), &e kA
Wrig K. PR, EAFT Y Cu SR H 2%EKE
4.5%MF, Al-Cu-Mg A& MLRE 1% EREA Wi &

TA :K2

£2 2ox HEE Cu FEAGRRE KRN

Table 2 Relationship of Cu content and tensile strength of

2xxx aluminum alloys!'”

700

6001

0.02 004 006 008
Strain/%

0.10

(©)

\\
A2 A3

Alloy  Mass fraction of Cu/% Tensile strength/MPa
2014 3.9-5.0 440-490

2017 3.5-45 400-410

2024 3.8-4.9 390485

2124 3.8-4.9 435-455

2324 3.8-44 475

2524 4.0-4.5 407-427

g & g
[ =

Stress/MPa

[\
(=3
S

100

0" 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
Strain/%

B 7 AFPIRE Al-Cu-Mg A& 715 ae
Fig. 7
different conditions: (a) Vickers hardness; (b) As-cold rolled; (c)

Mechanical properties of Al-Cu-Mg alloy under

As-final aged

K 8 Fim AANENRAS Al-Cu-Mg A 44 i b 1111
SEM 4. HE 8a)fi(b)r %1, AELA Al 1 A2 54
W7 1 A ) B O A CE AR 1R 5 AR 5 FERAd S )
TERT , ORISR S MR 5 B S A A%,
WG ARER . BB, A FEE &K ER
02T A3 A4l O R AR KR LI, R,
FEAER BT FLIRY R B 2T  Zm ab 3,
Al A&l OfEE KRB/ SN E, P8 )KHSE
WSS AR, W05 I S AR I BT RS 5%
o0, X HICER21, 27]HIBFATSE R E.
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8 Al-Cu-Mg A &Hiil M SEM 14

Fig. 8 SEM images for tensile fracture of Al-Cu-Mg alloy: (a), (b), (c) As-cold rolled; (d), (e), (f) As-final aged; (a), (d) Al; (b), (e)

A2; (c), () A3

3 #Zig

1) % Al-Cu-Mg & ALK, WA o
HREHANTHAH, FEN S(ALCuMg)FHAT O(ALCu)
i

2) Al-Cu-Mg && 45 KN FL 2 5, & 417
TEW B AFYERA LY, 55 AR b S ST ¥ 51 43 A s
S RUCE TR, HTHIA) . di/NEBRIGAE, BN
S(ALCuMg). A(ALCu). T(AlLyCu,Mn;)AHAT AlsZr A .

3) 2 Cu & EN 2%, Al-Cu-Mg &4 /15 Ak
RUF, Hprhiamps. J8 R MRS58 507
MPa. 430 MPa 1 10.3%; F# Cu & &EMIGINEEH
J1IEEVE R BB ES, Y Cu BN 4.5%K, BA
RAILEE F1ERE, Hpthiom e . 8 iR A
5N 644 MPa. 547 MPa £l 10.5%.
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Effect of Cu content on microstructures and mechanical properties of
Al-Cu-Mg alloy fabricated by large strain rolling

WANG Song-hui, SUN You-ping, HE Jiang-mei, JIANG Li-ping, LI Wang-zhen

(College of Mechanical Engineering, Guangxi University of Science and Technology, Liuzhou 545006)

Abstract: The effects of Cu content on microstructures and mechanical properties of Al-Cu-Mg alloy were investigated
by optical microscopy, X-ray diffraction, tensile tester, scanning electron microscope and transmission electron
microscope. The results show that there is obvious dendrite segregation in as-cast Al-Cu-Mg alloys, and a large number
of massive S(Al,CuMg) and O(Al,Cu) precipitates are distributed along the grain boundaries. After homogenization
annealing treatment, the non-equilibrium low-melting phases are substantially dissolved into the matrix, and the
intergranular structure distribution tends to be more uniform. After large strain rolling deformation, typical fibrous
structures are obtained in the three kinds of Al-Cu-Mg alloys and the main secondary phases in the alloys are
S(Al,CuMg), 8(Al,Cu) and T(Al,;Cu,Mn;), which are continuous along the grain boundaries and evenly distributed.
After aging treatment, all three kinds of Al-Cu-Mg alloys exhibit excellent comprehensive mechanical properties. When
the Cu content is 2%(mass fraction), the tensile strength, yield strength and elongation are 507 MPa, 430 MPa and 10.3%,
respectively. With the increase of Cu content, the mechanical properties of Al-Cu-Mg alloys show increasing trends, and
the increase of Cu content has a significant effect on the mechanical properties of the alloy. When the Cu content is 4.5%,
the tensile strength, yield strength, and the elongation of Al-Cu-Mg alloy are 644 MPa, 547 MPa, and 10.5%,
respectively.
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