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Influence of Deformation Annealing on Properties of 2024 Aluminum Alloy
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Abstract: A research has been conducted on the influence of five factors, namely deformation, pre-recovery
temperature, pre-recovery time, annealing temperature, and annealing time, on the mechanical and corrosion properties of
2024 aluminum alloy by adopting the orthogonal experimental method. The results show that each factor has a significant
impact on the material properties, with annealing temperature being the most significant factor affecting the mechanical
properties, while deformation and annealing time being the most and least significant factors affecting corrosion
performance, respectively. The optimal deformation annealing process obtained through orthogonal optimization is as
follows: with its deformation variable being 80%, a pre-recovery of alloy for 120 minutes at 220 “C with an annealing for
10 minutes at 320 °C . The alloy obtained under this process is characterized with good comprehensive properties, with
the microhardness, tensile strength, yield strength, elongation, corrosion depth, R, and I, of the sample being 74.49 HV,
217.17 MPa, 185.84 MPa, 13.53%, 55.4 um, 3 885.6 Q-cm ™ and 9.42E-06 A-cm”, respectively.
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Table 1 Chemical components of 2024 aluminum alloy

JLR Cu Mg Si  Zn  Mn Ti Al
JREAY S % 3.8~49 12~1.8 <0.5 <03 03~0.9 <0.15 &h

2) AUFR . A BIETENL, KQ80, Rl
AR AT BT EEASEINKRS, HHS-2S, I
MBI AR A A IR ARl DK77 R R KRRk
YIFIHLR, 28 M AU 25 AT R A/ A Ak T
fE¥l, CHI6TOE, bFilgRHANARA ] T1RgikAEhifi
ML, UTM 4204, —ARFERIKRGARAF; B
P, SX2-4-10, KIPTIEARHY 5 SAHAEEEIIAL,
MP-2B %I, FigHIHLA A H AL SH B,
DMC4500, tkREBMAL ( i) R A RA W,
AT, HV-1000, JPH k0G0 as A PR 2 wl;
THRELML, 350 x 400, JCBRMSEEIREN .

12 LBHPR

REEE T IEIE AR FIB K T 2B B0 2024 8454
PERBIEIN , ASCGEBUE AR, Wl . miklsg
RTINS ED ST =P N (TIPS B 5 2 S r v o
HARR S 5 K FEILFE 2, BRI T A% b 1
Minitab 19 4= %, 25 4likFEgn's LI T 2S8R 3.

R2 2024 FEEHTRAIZERRBERAKTER
Table 2 Horizontal table of orthogonal experimental factors

for the deformation annealing of 2024 aluminum alloy

S
KPE gkt wieE Bl Bk Bk
% WEE/C WA /min  JRUEE /C BJTE] /min
1 5 80 60 280 10
2 15 120 90 320 35
3 30 180 120 380 60
4 60 220 150 450 95
5 80 250 180 500 120

®3 2024 BREEMETRATZERIZITE
Table 3 Orthogonal design table for the deformation
annealing of 2024 aluminum alloy

BES, M=
sy JOER) BHE  WEE Bk BK
% VREE /°C B[R] /min JRJE /°C BF[A] /min

1-1 5 80 60 280 10
1-2 5 120 90 320 35
1-3 5 180 120 380 60
1-4 5 220 150 450 95
1-5 5 250 180 500 120
2-1 15 80 90 380 95
2-2 15 120 120 450 120
2-3 15 180 150 500 10
2-4 15 220 180 280 35
2-5 15 250 60 320 60
3-1 30 80 120 500 35
3-2 30 120 150 280 60
3-3 30 180 180 320 95
3-4 30 220 60 380 120
3-5 30 250 90 450 10
4-1 60 80 150 320 60
4-2 60 120 180 380 60
4-3 60 180 60 450 60
4-4 60 220 90 500 60
4-5 60 250 120 280 60
5-1 80 80 180 450 60
5-2 80 120 60 500 95
5-3 80 180 90 280 120
5-4 80 220 120 320 10
5-5 80 250 150 380 35

S LA ELBAEHE L 150 mm x 50 mm x 5 mm
Mabh, SRIGHEZE 350 °C /120 min ¥J571E KA IR bt
Sy NHEATAELARIE . WA AR KRR, PRIR AR IR
KOFHA YT EI AL 10 mm x 10 mm (93RRE . ke TAE
TR TR . Mo = AREE/NF 0.1 um J5, 647
SRR | AL A Ak S ol R

it ) 5 ot AR R AR i i T T A A BT A T
JE bR RS AN BRI . 25 B TR TR . R
T . 2% GB/T 7998—2005", St AE7E( 35 +2)C
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IR, AT A T HL -1.8~0 V,
FHEEE R 1 mVis,
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Table 4 Performance test results of raw materials for 2024

2.1

aluminum alloy hot-rolled plates

BEREM S5 GB/T 4340.1—2009%, Ji & GG R | mESRG
RETHIR 10 SRR, ARATR 200 g, B — e
155, SRAMAMRMURICE IO RRIIER, o g

RAPERENIAS % GB/T 228.1—2010, f£ )7 fiE HEAE /% 19.37 R/(Q-cm™) 4301.4
BURERL AL L LAY /Y i /HV 55.12 Lo/ (A-em™)  9.46E-06
LA RE RS L1 l v —

1o HIREG RS SRR 22 SRR
il 12 73 = i A2 & AR 3 Hh DR 38 K OF A T I R 3 U
It HLIE S BURE 1 40 B frtER T FISER A, 45 RE T BE R Hy — R
Prom B Ak R Fig. 1 Tensile sample dimension RN ILIE 2 Fn 3, PEREIEREE RIC R L 5.
zg- 67.97 oty
5 gg e o e s s 11 St S5t 5436 5037 s 23 2L 6130 N 5632

¢ TLETTTI

42 07 42 A7 * H

ﬁﬁ'%%

2 FEHSHREEMEE

Fig. 2 Microhardness of samples with different numbers
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Fig. 3 Stress-strain curves of samples with different numbers
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Table 5 Orthogonal test results of mechanical properties of

2024 aluminum alloy

EaT N1 M BE

G BERE/HV  PUROREE MPa  JEIRSRIE /MPa A /%
1-1 52.14 156.20 73.65 18.24
1-2 50.19 139.18 78.28 22.94
1-3 51.49 142.71 98.29 25.88
1-4 51.25 143.34 93.63 25.35
1-5 49.19 140.92 90.10 27.06
2-1 52.05 138.01 85.27 20.00
2-2 50.77 140.38 85.93 24.94
2-3 51.51 143.50 78.19 25.76
2-4 52.54 150.86 91.25 20.71
2-5 51.69 147.77 92.95 18.24
3-1 42.76 127.37 90.28 23.18
3-2 56.51 159.07 110.12 16.47
3-3 54.86 150.22 111.60 17.53
3-4 54.37 139.52 99.83 18.47
3-5 52.48 128.57 91.35 21.76
4-1 59.38 164.62 131.87 10.94
4-2 59.12 166.17 129.88 12.94
4-3 42.07 122.65 60.77 27.06
4-4 42.47 133.19 62.35 27.76
4-5 61.30 167.77 134.30 10.59
5-1 51.20 136.33 69.91 15.06
5-2 44.87 142.55 71.85 28.24
5-3 67.97 199.32 167.57 10.24
5-4 74.49 217.17 185.84 13.53
5-5 56.32 150.98 124.69 15.65

M2 3T EUE Y, MR AS iR 5%~15%
WF, BEA T 2E R RE AR AT RN AR AR B R
60%~80% K, H IR R E R

RS AL AL, 25 AR TR,

¥

di 54 HYBEE | PSR B A o B fe i, 20l R

74.49 HV . 217.17 MPa £ 185.84 MPa, &£ 5 4-3 (1)
A%, 435N 42.07 HV, 122.65 MPa F1 60.77 MPa,
A2 3242 HV ., 94.52 MPa #il 125.07 MPa., FEh) 5-2 1
SEMRE R, M 28.24%, 1M 5-3 Ffik, M 10.24%, #H
25 18%, U5 BRI 3 KRR 2P R R I 2

25 ARESL T, ZRG 1 ERETE AR R A 22 Y
A 7 HRES, RI3-2, 4-1, 4-2, 4-5, 5-3, 5-4
M 5=5 Sk . o, ZRETERERRILII 5-4 SHE,
4 PHIEERetE b, BRAEMPZRSN, Hofh 2=k Reds
BRI IE i3 I AR A i G 7

R FE A5 D2 X G MR D) 2 P e 52 i (4 A
WY, ASCRAMZE AT ik ge g ik o, /)

B
o

I 26 10 R /N I B 4% DR 22 i 0 235 R 5 i) ) I8 2%
TR, WZErRILE 6.
*o6 WMESHE
Table 6 Extreme deviation analysis table
A ES
W gpasms wlEE WEE B A
% W /°C BFE] /min JREE/C BFIA] /min
1 A, B, C, D, E,
I A, B, G, D, E,
I A, B, G D, E;
v A, B, C, D, E,
A\ A By C D E,
Max[4;]- Max[B]- Max[C]- Max[D]- Max[E]-
R Min[4] Min[B] Min[C] Min[D]  Min[E]
=1.2,--,5 =1,2,---5 =12,---,5 i=1,2,>-,5 i=1,2,---.5
Forp, T, I, I, NAIVAGIR S AKETF

YA, Blan 4, 183 5 LA &Ry 5% FF b it
GERLEIME, RIS Ay, Ay, A, FI A NIRRT AR
TN 15%, 30%, 60%, 80% FE AR LS R AFEIIE, R
FteZE, BT T I VAV F i RAE R/ IME Z 22
M 2EREAR, R Z RN RE RS R . & IR
W 2E T - FACE R FI B T3R 7,

R7 NWFEEERZRHMMEERLCLERNERF

Table 7 Extreme results and weighting order of mechanical property factors

W2 R WAk WA WS SBJGEEE /B AR / 2 PR X 32 RESE R A AR e s BTGP
% W /°C fE] /min Kb min
iR /HV 8.12 3.52 7.13 11.96 9.17 IRJGREE | IR AR ] e A
PP /MPa 28.32 12.31 17.34 32.39 24.11 RJGREE | AR AR KCR] T S]] A
Jt IRGE S /MPa 37.25 16.48 39.12 41.55 28.34 WRJGRE . P AL T] | R A GBI ] A
FEfHR /% 7.35 3.81 4.12 11.15 3.58 BAGRSE . AR WEALEHR) . PR R | B AR

7 a5, XFF B, s NMEEPHRZER
HIRE)INHEFF N R e« Rigoeti s Ropasis R imsgaria
R s » X558 A8 R 52 M) g KA B /N DR 2540 31 MR

RN 0] S JEE 5 o S {4 R M) fe AR/ N IR
FR 353 18 I AR KR E]
N

RE SN B UL S e % S0 DR 32008 2024 4145
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Fig. 4 Influence of deformation annealing on the mechanical properties of 2024 aluminum alloy
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Fig. 5 Cross sections of intergranular corrosion of samples with different numbers
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Fig. 6 Polarization curves of samples with different numbers
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Table 8 Corrosion property orthogonal test results of
2024 aluminum alloy

AWETE o bt ) ot 0 JE5 ol R EF8 G T R £
AT AR, A A Dl RE U B IO Ak Hh £ 0055
SRR R, TN Lo, VENARRR . —BORUL, HE A AYIE
IR, R, (MK, T Lo, (EDB/IN, JUITR PR FE
T

Bl e B e oAk 8 v R T AR AL, 25 MR, HE
. R LT g WKL o 3R ERERAE, YRR . R, B L, 4
WE /um (Qem™®)  (A-em™) WE /um (Q-ecm”®)  (A-cm™) . 5 5
-1 734 36973 1ISE-05 |3-4 408 54310 7.08E-06 B9 12.5 pm, 9 318.3 Q-cm™ A1 3.93E-06 A-cm s
-2 495 55580 685E-06 |3-5  50.5 47235 8.13E-06 AR AL 5-2 BRI EE IR IR, R, e/, HAES5H
1-3 565 44304 850E-06 | 4-1 804 37802 1.07E-05 162.0 um 12 842.2 Q-cm™; FE&N 5-1 1 L., i K,
1-4 380 54918 695E-06 | 42 902 34598 1.17E-05 HASE 1.40 E=05 A-cm >, AT LIS, 3 4A48hnmy
1-5 1049 31868 1.16E-05 | 4-3 478 50630 7.42E-06 BRI/ MELZ 224951 149.5 um.. 6 476.1 Q-om™
2-1 391 54735 7.04E-06 | 44 299 57613 6.60E-06 2w N
A 1.007E-05 A-em™, X—Z5HLUEHT, #5500 K X}
22 136 87595 431E-06 | 4-5 185 64046 643E-06 e
AR S il BB AT S8 2 R
2-3 125 93183 3.93E-06 | 5-1 1261 28925 1.40E-05 g ” B n
2-4 217 51325 7.90E-06 | 5-2 1620 28422 131E-05 RERRENE S S e SR e 2 S
M4 /N N ZH . R 1Sk B F
2-5 223 69665 553E-06 | 5-3 668 45475 7.92E-06 PEAT S BORITT SR, 43 3125 IR 32X il P RS W (9 4L
3-1 408 52496 7.04E-06 | 5-4 554 38856 9.42E-06 B, WPREFR P, hE 9 nTH, XEIRE
32 315 50481 790E-06 | 5-5 674 38237 1.02E-05 R, I L, e e R/ INAIR R, 30 oA i AR
3-3 467 67945 5.94E-06 A TE]
#9 BHEREERENRECARNEXRF
Table 9 Extreme deviation and weighting order of the corrosion property factors
ES
M2 R AR WEE WiEE BAORE B & X )RR R AR i v EUIHE T
% WEE /°C WAl /min C min
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