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S [ F brifk (GBIT228-2002 4 )@ A1kl = I B iR 56 7
220, SPAT T HELHIT FEURE, REASIRES FOARE 5 7 ) % =
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Table 1 Chemical composition of experimental alloy (w/%0)

Cu Mg Mn Fe Si Zn Cr Al

3849 1218 0309 <05 <05 <025 <01 Bal

460 °C holding
time 30 min
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AR R AT REBE 04T, S5 RWNE 2 Bios. &4
AL EAT, WRHEA 102 Brds, AL AT Cu TR
JRFE 4y IR 2:1, 9 0 A (ALCw. 5 0 M B %%
MR as A, WHFIES 3 F 4 FTds, BT84 AL
Cu t&4h, BEH Mg LR, FuRET AL
2:1:1, A SH (ALCuMg). B 2c H I RERASEL AT K
AICuFeMnSi g6,

Solid solution
495°C/1 h

. Natural ageing

3% pre-deformation

Time/h

Bl1 =40 2024-T3 B ) LEmEE
Fig.1 Schematic diagram of process of 2024-T3 plates
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Table 2 EDS results of the points in Fig.2/at%
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Kl 2 2024 & 5 #55E 1 BSE B A
Fig.2 BSE images of as-cast 2024 alloy

Point Al Cu Mg Fe Mn Si
1 67.2 32.8
2 69.6 304
3 64.1 19.8 16.0
4 63.4 20.7 15.9
o) 74.1 15.8 S 4.7 5.1 0.3
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Fig.3 DSC curve of as-cast 2024 alloy
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N SRR M BRSBTS (R 3 SU A AR RN 2024 45
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460 CH, FRFAEE AHMA > H0m/> T4 53.4%; i
FE 430 CHEFEZE 490 CHE, 7% ¥ 58 — M AR o Fos b
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AT, 5y ZARAE R OK ah S AL EHEAR I AR
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Kl 4 2024 FE A SFEARRII SR N IRIR 24 h 19 BSE fE A
Fig.4 BSE images of 2024 aluminum alloy at different homogenization temperatures holding for 24 h: (a-d) 430 °C; (b—) 460 °C; (e—f) 490°C
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Table 3 Residual second phase area fraction of 2024

aluminum alloy after different homogenization

treatments/%
Homogenization
430 ‘C/24h 460 ‘C/24h 490 ‘C/24h
treatments
Area fraction/% 4.6440.15 2.1610.07 0.8440.11

38 AT AR 7 BB S TR H490, AT DAL 4L Ab #E
J&, SAREHIEE M EBETIA L THEG HA90 545,

5 R EPIRAS &4 ) BSE f8 4 Image J %33k
TGt (GitkEARN 15), ATUSRE=4HE4E&ES
T M Bk e 8 A AR B e # A5 R, wlE 6 fr
Ne AIAL, B E ZHE SRR E S Mo B EE
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FIAELIN TG, =&k MBS % a
KA. M ARSEHTA L, =HESTRM M A
TR 5 H035) 5 HAH R (W RELAS AT, W& 6 LS F
A FLAS 5 M TR AR 2 BT 3548 10 22 PR B 7E 1R 25 4R V0
W, ZFERZATE 0.2%-0.3% 2 [H. F£fh HA30 & 4rEfL
AR R R B B AT AR 2 20 6.0%: i H460
FEFLHIE AR TP 105k B 26 — AR AR 22 SUAE 5.0% 75 455 i
H490 FrI5% BA 55 —AHIHI AR 7> #2908 1.5%.
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TR A B R VA FLAS 1) 5.84% 1 B 22 [E 1A VR K A5 1) 2.28%,
W T2y 61.0%; FESh HA60 & 4Bk B S AT AN 4
HEHWELAT 5.03% R R FEEAKER 2.40%, HHb
T#) 52.3%; Ffih HA90 &4 rh ok B 58 AR T AR 2 B
b, B ELAST 1.40% T B R ER KT 0.90%, K
/T 4 35.7%. £ HA30 FIEE T HAGO & 5 K 7%
B 56 AR B AR - BOBOR IR, T RS HA90 HhAH
LI BUE o T KA & Fe ARFSURLLE [ 75 Ab 3 o 2
HfE LAV AR, BT DA b3 fE = 4 A 6k B A A T AR
SIEUIR> FEEE S AR O AHTE [V I FE R 9 B
FEM.
2.4 EEFENSESWRRFFHES T

B a2 LS KA T T E AR, SR RD
TR, FEREIEFRE. (EE e,
HTRER S, S8R RETHSHER, SEMRL
WRAERER. B 7 R =4 2024 558 & L4612 E
f£ 495 CHEALH 1 h 1) RD-ND [fl & F 704 (Grain
Boundary, GB) . HEIW I, 2024 & &4 EAE )G
sir R 2 2 ER AL 7 1) K AR K R B L o SR AL 4 /)N
(7S5t AL LB, 3K G A /I 1 R 1 B B S 7 [TV AL PR
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K5 =HEGEAEANFRE T BSE BIF
Fig.5 BSE images of three alloys after hot rolling (a, d, g), cold rolling (b, e, h) and solution treatment (c, f, i): (a—) H430; (d—f) H460; (g-i)

I 25 25 R A% AT AT = 4L A S A SR ok
MR/ANHEAT BT SMEEAL—MAT &R
RN BN RTS8 TR, &7/
—ANETE, HEAR SRR AR SE, R
(B A B S SRR I A U SBORE 1 5 3 R LA . X 7
W R RS Aztee BT SETE, B G &IEEE
=ik A, it R AN EORME T 2000 AN =2 [
BEREEEEFRRABLN R 040 B RSHnE 8
FioRe T, Z2E 4 b 28 B AR 0 2 B 4y
ARTE 5-25 pm, {2 ARBUETE LG IX 18] 4 A5 A2 K /s
AN FEdh HA60 FR25E 34 [H B4R 4> A 7E 5-10 um X [A] (1)
BRI 45%, ST HALNA S S, HERAER
FP SR/, Ui A S 0 SRR AR B /N, B
/N RRLIIECE KT AN A 4. FEf HA90 1Sk
P fi 2Bk, A B AR KA 87.85 um,
RESTHRWHEGEMRAE (4550 um). EHRIX
Tt 22 S R BE SRR« FF i HA30 A1 HA60 7E 5 5) fk Ab B
FELHIB R ERE TR ZME M, SR A
R KOG R R AT FLAE FHRT-81, ok R 7E RO A />
MDA, TEBURLE & B X 38, R K 252 3]

SREUAMA] . SRITTRE R HA90 HAZE A ERD, S
ETFLIE IS » R iZ & S vh A bR 22 RBUN R .
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—
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Fig.6 Residual second phase area fraction of three alloys at different

states
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Fig.7 GB maps of RD-ND surfaces of solid solution alloys: (a) H430;
(b) H460; (c) H490

SR FH oRL ) 43 A7 PR 77 4 AT LR = 20 [V A K A
GEMTLE ST H B 9 & =4 2024 BBA S L ELHIETE
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Orientation Spread, GOS) 7 il K, EOEL
(GOS<2°) N4 X, HRNE X, Gk
JEREE, REa bR T RIS BE G, JIFRR T
SERE ) FE 45 20 . 35T GOS B Jn) 3R 15 1) 7485 s LU
TR AT, WK APATLISE, AFBISAHI AL
J5 )G 4 0 L o) AR TR A ] VAR KIS B T A R L
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F1um) W& S mB AR, i KE T &L
1A T o B 5 SR 5 5 R ) Ak 2 () B AR B R A
X PR B T S 254 — AR ORL R B R 1 T AR AT
JEAZ X (Particle Deformation Zone, PDZ). ATl e
UKL JE] [ T BRI T AR XA s B AR it A7 T K= TR AR e,
AL LA X 35K B B K I 45 S A I R AL
Mo f£ PDZ Wb TEAZ B R AR  BURL 5 S T AZ AL, R
PSNIY, 87 AR B ) K /NI 35 — AR RIORE P R~ 2 2 PSN
AR R EEHN R, 5 AR, BRMbe. &
TEEBK, PDZ XK, AR AL . 1E
AT, @SR SRR SR, A S FL ]
IS PRE T AT 2 B2 AR T 58 AR T
FE N SH (AlL,CuMg). 0 (ALLCu) Fl AICuFeMnSi
M, HEFLHEIE R E AT 1 um. fERGLAA A
TEILFE A B T 28 AR 5 R BB FE RN E], 28 A
LT BEAS T A48 rEsl, 16 T B % BE AL X
BB DA FE P (3 0, X R K 58— AH R A L AH 2
B R A DR TR AR S, AT FEIX e 5
MR A BT R T PDZ,  HE TR R A R o A
mRLTEA%, RURL PR TER%, FTRAZER 7 HaT UE 2
FH B —AH UL & Bl 23 A 5 1R 22 /I . S50 1Y) 9 485 ot o
i

kKRR F] T 454 EBSD 5 ECC ) 3D Wi /2433
FARWTE T LB F AR S A AR (&R
(AL A PR TR B D X8 K R 45 T T AZ ) R,
SRR, KT 90%1) % HELER R4k, B PSN
N F BT, KA & A IR R
FERZRE S . AR E G & EEA ARG,
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Fig.8 Frequency of equivalent circular diameter of solid solution alloys: (a) H430; (b) H460; (c) H490
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93.05%: Afhh HA90 H R EE AR T IR Hodse >, I
HRFE RN EWFAED, B &S 8E,
N 85.31%. 4k LATIR, BEEWISMIRERR, FLEEES
HHOREL K B8 A BURL RN 2 B e I, Sl R OR T AZ AL
I B ATLE 7] ) P45 R iR 2, R4 i A B

200 pm

9 [EVE KA &4 RD-ND [ GOS 434
Fig.9 GOS maps of RD-ND surfaces of solid solution alloys:(a) H430;
(b) H460; (c) H490
x4 ZHERERSEENBEERD Y
Table 4 Recrystallization fractions of 2024 aluminum

alloys after solid solution treatment

Samples Recrystallization fractions/%
H430 93.05
H460 88.87
H490 85.31

2.5 TIEEEHRBHHERABMEEESHT

A EAIT 495 CILh BB, Zid 3%H
RTG53 MAE 3R T AT B AR b B . B 28R A
LK 10 s, MBI RAE H, ZHE ST H RN R
(T R (B AR A A A A ) . Ak BRI 7E B AR AT A,
K8 h 2, WEEMKEERD, WYILEN 94 HV &
FPUR IS K 2 2 125 HV; i 5 A BEAE IR KA TR A2
P, M=HESMEEIZHIEKE 130 HY 45,
T i 2k Bl T AR

FER I, ST ER R, BRRENEZ,
AR THT HAHTE LR B RSN, BEE AR R e 4L
BT, AE&PNAETERME S 2 WIEER A, BHATH
I ECE AN RST IB A 3 7 fse IREs, Rikseih =4
A G WOREFEE il 2 AT G R AR AR, B S B T AR E .
WRYE A 4 B AR TR i 2R 1, R = A S AR L
BONTPARM B, X EARII 27 K (168 h) J& HIFEShidkAT
Je B2 i RER AL LR AE

N1 H—PR AR SMGHI BEXT 2024-T3 &4
RERIREMA, JEPEEARBT 20 7 K (168 h) J5 IARE Sk AT R
R, =G HRI R 7 K MR- RS i 28 A0 5 i
PERE A 11 Fion. W RUE B =4 & &1 EIRGRRE . PihL
S8R FSE DA % S AP 2R S LU0, 1 HA60 FRI47T s e FEE A X 4
. FEh HA90 MREf et iy, YBIEELLF . BESL H430 £ 5
SRS 2L 7 KRG 0 ARSEFE N 331.626.5 MPa, HifusifE N
463.941.5 MPa, ZE A 19.844.3%. £ H460 1) i A5
FEM 332.940.8 MPa, HifisikfE)y 478.846.3 MPa, fEfifiz
N 17.942.0%. Ff il HA90 HJE k58 E Ry 335.94.9 MPa,
PUHr o A 467.542.7 MPa, JEMHIR )y 21.441.6%.

PUBL O 5 R [ RS /N DDA G, B ok R~ ik
N, BREEER R, H g SRR I BEASA A 1 A B 1,
R AE =2 A4, RES HAB0 thai /N ki B i %2 H P
AL T B/ HLR PR RS i i — KR . BT & S AESL I
MTRAE L R R A AR E AL S, ATLAA=A A4
S S A B JE R A M RE R BRI ZE 5 . ZA5 1
iR I T INLE 5 R 2 mm & 2024-T3 554
SR LA =R, FUE IRSEFE N 340.0 MPa, HiHi5%
N 462.9MPa, K H K 17.37%, 5 AHT 7215 1) FEAK )
SR FE G HA30 I HAGO AF: i (b A it e 4, R
RIS BE 3 s SR RST 3 50 P L BRI A 114 [ ) DR
T 2024-T3 FHOM R AT (hi iR fe . (FAHLLT S, H490 #f
i (BRI RE R, IR R R TR AR S SR A v 11 A A
8,490 Cl24 h 18 S T2 A — e s

2024-T3 & &M 2 F1E WIS M, CHIAE IR
FErr, SERgB st AR RE . 1B 1T 5 B B NI,
4t 2024-T3 G &AF N CHLE M L bR IR I 22K,
TR 75 6] BRAR S ST A0 T5LE 1) HAB0 A1 HABO B it (AT 53473 1k B
BFEZ IO SN S IR B T i 4 5 22 P =k
ATHETE, R TE R s R S48 & & A R = P,

140
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Fig.10 Natural age-hardening curves of three alloys
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Fig.11 (a) The stress-strain curves; (b) Room temperature tensile properties of three 2024-T3 alloys after 7 days of natural aging

3 St

1) 2024 &G A RIES LR, S
FIAHZER Y S AHL 0 AHEASCRERAKLN ) AICuFeMnSi
HH o KR4 DSC i 2 73t 1€ 1% 5 8 ) B e 38 SO A IR BE
490 C.
2) NEIEIMALHE 2024 H& 4 5L, MK
S AR BRI, W ALE T 1A R A . VA
KeFRJE, IS 430 C/24 h 1460 C/24 h (4
SRR RS AR S ERGE, B THMHIE N
490 C/24 h f&E4E. BEIF, B THIRES AR PSN 2
i, £ 460 ‘C/24 h ¥I5JALALFRR) & < ok RT B /b H
SIS, W4 490 Cl24 h BSIMLALFRI A 4 db kL
RFZRBUR, 48850 BoR (k.
3 BWARTLAT G, =24 &4 5 IR R th 2k 1)
BB, W EE 130 HY A4, T3&EE
IRk B AR I A S R 22 5, 29 S04 i B 460 °C/24
h & <8 1 T deh RO /N TR s IS s, R had 2
BEAR ) ST AR P4 ot RO 9 S0k L PRI RS 4 [ it
TRFF T 2024-T3 StM RAF RO fHPERE; 490 ‘C/24 h )
e 3 S T E AT T3 50k B A R e ) B0
&
[1] WILLIAMS J C, STARKE E A. Acta Materialia[J], 2003, 51(19):
5775

[2] ZHANG X S, CHEN Y J, HU J L. Progress in Aerospace
Sciences[J], 2018, 97: 22

[3] Deng Y L(XBiz k), Zhang X M(7KH78H). The Chinese Journal of
Nonferrous Metals(H [E 4 44 J& %4 [J], 2019, 29(9): 2115

[4] Zhang LY, Luo H Y. Materials[J], 2022, 15(23): 8687

[5] Zzhang T, Qin Z Y, Gong H et al. Journal of Central South
University[J], 2024, 31(7): 2181

References

[6] Xu C Y(#&x&:X), Li N K(Z=&%). Light Alloy Fabrication
Technology (& 4N T3 K)[J], 2005(8): 13
[7] Liu B(x] %), Peng Q C(¥2##F), Wang R C(FH#¥]J) et al. The
Chinese Journal of Nonferrous Metals(+' B4 & 4:)& 2 #)[J],
2010, 20(9): 1705
[8] He C Y(fi[32 %), Mo W F(33C#), Luo B H(¥ F#%) et al.
Materials Reports(# £} 5:3%)[J], 2020, 34(12): 12083
[9] Li N K, Cui J Z. Transactions of Nonferrous Metals Society of
China[J], 2008, 18(4): 769
[10] Li C B, Hou H B, Liu L L et al. Rare Metal Materials and
Engineering[J], 2024, 53(5): 1385
[11] Jiang C L(EFHN), Jiang F(Z ), Xu X D(AHHIE) et al. Hot
Working Technology (#vin T. T-Z)[J], 2008(4): 10
[12] Zhao Y L, Yang Z Q, Zhang Z et al. Acta Materialia[J], 2013,
61(5): 1624
[13] Zhou Y, Huang G J, Pan S W et al. Journal of Materials
Research and Technology[J], 2024, 30: 8862
[14] Verlinden B, Wouters P, Mcqueen H J et al. Materials Science
and Engineering A[J], 1990, 123(2): 229
[15] Liu C(XI| f%), Luo B H(%® i), Wang C(E HE) et al.
Aluminum Fabrication(#51 1)[J], 2010(4): 8
[16] Liang M C, Chen L, Zhao G Q et al. Journal of Alloys and
Compounds[J], 2020, 824: 153943
[17] Wang Y C, Yang T, Lu Q et al. Materials Characterization[J],
2023, 198: 112718
[18] Nes E, Ryum N, Hunderi O. Acta Metallurgica[J], 1985, 33(1):
11
[19] Humphreys F J. Acta Metallurgica[J], 1977, 25(11): 1323
[20] LEI X C, ZHANG Y B, SUN J et al. Materials Research
Letters[J], 2021, 9(1): 65

[21] Lei X C(7FE75)1l). Recrystallization Kinetics and Nucleation



t2- i E A 55 XXX 4

Mechanism of 5xxx Aluminum Alloys(5xxx £ 4844 H45 fsh Science[J], 2019, 54(13): 9843
J1 % K #% ML #I  BF 98)[D]. Chongging:  Chongging [24] Liang H, Chen H H, Peng F et al. Journal of Physics and
University, 2023 Chemistry of Solids[J], 2018, 121: 256

[22] zZhang Y H( 3K 7k #2). Microstructural Evolution during [25] Ji Chunming(Z=%#{). Study on Mechanical Properties and
Homogenization and Its Effect on Rolling and Annealing of Failure Mechanism of 2024-T3 Aluminum Alloy Sheet under
AA3104 Aluminium Alloy(AA3104 454 43 51401 FE Hh ol 41 Complex Damage Conditions(& Z«# /5 1E T 2024-T3 844
U8 A J Hex #L ) AR k1) 82w B 5T)[D]. Chongging: MR 775 P Be K R WL ER A 5T)[D]. Tianjin: Civil Aviation
Chongging University, 2013 University of China, 2018

[23] Yuan S W, Chen L, Tang J W et al. Journal of Materials

Effect of Decreasing Homogenization Temperature on Microstructure and
Properties of 2024-T3 Alloy
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(1. International Joint Laboratory for Light Alloys (Ministry of Education), College of Materials and Engineering, Chongging University,
Chongging 400045, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
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Abstract: The effect of decreasing the homogenization temperature on the microstructure and mechanical properties of 2024-T3 alloy was
investigated. The results show that the area fractions of the residual coarse secondary phases after homogenization at 430 °C or 460 °C for 24 h
followed by rolling are close to each other, and both are higher than that of the alloy homogenized at 490 °C for 24 h as routinely used in the
industry. The alloys with homogenization of 430 °C/24 h or 460 °C/24 h and solution treatment have higher recrystallization fractions and finer
grain sizes due to the PSN (Particle Stimulated Nucleation) effect of the coarse secondary phase. Hardness tests and tensile tests show that the peak
hardness, tensile strength, yield strength, and elongation of the three alloys are relatively close to each other. Therefore, appropriately decreasing
the homogenization temperature can improve the uniformity of grain size, reduce the cost, and maintain the excellent tensile properties of 2024-T3
plates. Whereas the high-temperature homogenization of 490 °C/24 h can make the 2024-T3 sheet have relatively good plasticity and toughness.
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