H32%E W FEHEERFIR

Volume 32 Number 9 The Chinese Journal of Nonferrous Metals
DOI: 10.11817/j.ysxb.1004.0609.2021-42466

2022 4F 9 J
September 2022

B Ih%T 2024 358 €M NF M RERIFZMN

I AN, R OB, EHE'?, KO, SE, RFED

(1. TERZ%E P TRESR, 1)1 750021;
2. TR TR CAE E ALK E, )11 750021)

B 2. 20248 G W TS T, R RO ARSI 32 B BRI i, & B iS5
M A fiy . ASSCRA2024 805 GOAWE O B, B F AR s AR S E A R A T R B S A B
RVT 2024 835 S AEAN R PRIy 18] N 1 0 2 PR RE AR A . AL 22 T DO LR 5 I TR AT AR AIE . S5 SRR -
2024 F3 5 S AE EXCO VPR 1 0~9 h i, HLJE P R 3 R By s ek D 1) o VR 5 S e 5 i T8 e
I TR A SES, TP R tR,  PhIT RO HE K. R IRETR 2024 87 & @A) 2 VEREA BN o B Tk 8]
FE 1 h A, PlT S SK R  B rp PR AR BE L T o S MR R T o, P i A2 10 3RS0 g
J5 R T 69%; R TRI [RIEE 1 hiny, PhUTAER Ty A S8 3 REHI 58 1 By e rh (KsEm,  (ERE L
PURLORAE AR SR 55 75 i T M B I84% . 2024 B 72 EXCO I P ThUm B8 57 W28 s & B 22
figp T DT SR AT BT 2R D R 5 T AR

KA. B, Y7 s RO 20240658

XERS: 1004-0609(2022)-09-2580-15 FESES: TGI72 XHEFRERS: A

sIcigX: £, R OWF, EMEE, & T 2024 5 G S ROM S YERE R 2 [J]. o E A (8 R R,
2022, 32(9): 2580-2594. DOI: 10.11817/j.ysxb.1004.0609.2021-42466

WANG Guan, WU Yan, KOU Lin-yuan, et al. Effect of corrosion on mechanical properties of 2024 aluminum
alloy[J]. The Chinese Journal of Nonferrous Metals, 2022, 32(9): 2580 — 2594. DOI: 10.11817/j. ysxb.
1004.0609.2021-42466

2024t SRR . BRI, Tz
R FHUEMR . . @A maeas
F IR SEAR A 2 b, o Tk A B A T e 4
HARE SARHEA R B AR h 2 32 BUAS[R R P2
B, DL B i s 40 & P BEIR LB E
KeAFE, g TR R T L™ ERfEE.
— 7T, JE I ke A R AR Y A A A R, A
2n B R e B 1R R 20001478 53— 5T,
JE& ik K FL 51 R A S0 J5 b £ B0 & T N

2z A R I BB L, IR RS E
SR TR AT N BA R L

[ N A Ak 22 S E T TE T A0 S e I AT
N, PR T R S TALE SRR TR L g T
SR, A BUR MLEI X R A SRR
FEEP . HARLOWM A& S i s il i 20
JRARE 5 AR A 22 T 14 S5 8 RS 2238 P 5 17 it )
JEE oA H T S AR T e AR A A
%, FEVEBUT T8 2 BB OO SE IR, MO i 5 A A

EEWE: BEXAAR LS EYIH (52165020); 75 HA AR =54 % BT H (2019AAC03031); T E HFERIR A A T H
(2020); HEIZK & AWt R T-RITE B H (2018 YFB2004000)

Uis BEA: 2021-09-30; 1&iTHHER: 2021-11-16

BEEE: T o, 8#d%, Mt Hih: 13895189949; E-mail: belonging@163.com



532455 9 EOGE, e ST 2024 HA SR TR RE RO IR 2581

(R JEE Bl bRl A ) ok S R ) R SPIREE, JBS
TP R AR R A HE 7 T BRI L
I 5 T L SIS 9 JEg k() 7 F e 2R A RHE r
IR R PR B (0 2 [EAE R R A R EvE TR,
AN BT R BRI B T IR, AR A SR TR
ThIT, AT RCA R T R i R R ST HETRT R
TR AR LR, S A RS A 1R g A
&, RZ 5 s ik 2207 A R L . Fh
A SR R AR AL 2 A s AL 2 B, 15 5
T TBS0 45 G A 75 A [ JEE b A 5 AR ) R ik LA
HJE ol LR B U B e AL SR S . FOLAR
SOV LBt FAE R/ SV TR pH AR TR K CI
WEAH K. NAEMAFN B, A E A
7o FAL SRR BTIEAS B T I A Fril 22 H AR
s ARG P 2 HA B B S %) RS PR IR S AL
M P, X N A DA PR IR NN ) 5 8 0 0
RSN R B RAF I — B i
BG40 2 5 K 0 e M RL ) S 1k e R R AL
CAPRAZ %R LG vhox R -G 6 3R T B BB VAR
W=, sl Ese 22 k. OGER 5P I
T h AAT046 56 w2 fi ks e, S
A AR R B A W& E . Iest,
JRE 1 70~ A0 2 3 I [ 2 2 T JE b A R R, T RS
et 07 36 RS P e A2 (RS A AR A Ak v O A B
Wk SR 2%, BT B TR AT DR /N A2 52 e % 57
REUVAZ AN 55 73 i AR 3= 22 J R0

gx LRTiR, AT AR AR SR o LB A B
TR MR T SRR e b, R R
TR EAPRR R AR AT RS AL
RGWTTL. Bk, ASCLL2024 & SN,
K ZATIN 5 WO A A S & T B, REEET
EXCO(Exfoliation corrosion) 3| 7& J& 14 ¥ i X} 2024
AE R S AT A RIS . I s Ak
SN SEM 43 SE, BRI 2024 B G S AEANFE
T [E] R B 12 RE 0 AL R R T L 2 B
HHEOFNWFHE, N ERE S S0 7 2 R
TR AR F ARG S

1 SCIg

AR SC R 2024 15 540 48 SEI AR T HIE 5T
TAE, B RO R I (R BN A IR STE A 7 A&

PRI 2024 R RS G BN 2.0 mm, HEE
o AR 1

R 2024805 BRI
Table 1
(mass fraction, %)

Cu Mn Mg Cr Si Zn Al
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Chemical composition of 2024 aluminum alloy
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Fig. 3 Shapes of corrosion pits at different corrosion time: (al)—(a4) Microstructure; (b1)—(b4) 3D reconstruction map;

(c1)—(c4) Surface height map
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Fig.6 Variation of hardness of 2024 aluminum alloys at

different corrosion time

18] 9 1~9 h I, 2024 55 6 4 (18 5 T B4 58 0
2, JFAEJE 1A Y 9 hnk, R Ok B B E
115.04 HV, BRJEHEFE T T 14.28%. 44
3(al)~(ad) P 1, Bl I A ZE K, 2024 855
SR IR 2 G5Bk, AT S8 T R B (1
BEAIC

17 Bt R A () 6 b st 1] 1 2024 48 & 4 1R R
TI-RARRh 2. B 7R, 2024 A S L AA
ST R A b O VAL W e el SO AR i
KT B Hhs B LT —80 @it E
BRI PRV R 28 78.3 GPa, it BB TR (38
PR M. R, X R0 A e A 2
XA B N L S IR, e R s AN AN A P

Stress/MPa
(oS]
()
(=

—=—(Oh
200 - k==l
—4—3h
—v—6h
100 —+—9h

0 0.04 0.08 0.12 0.16 0.20
Strain

7 ANIFFE RIS TA) R 2024 555 42 0827 - A2 ith 2
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Table 2 EDS analysis results of corrosion products (mass
fraction, %)
Al Cu Mg Mn O Cl
68.50 3.79 1.42 0.43 23.22 2.60
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Fig. 10 Morphology and EDS analysis results of corrosion products after corrosion for 9 h: (a) Morphology; (b) Al element;

(c) O element; (d) Cl element
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Electrochemical test results of 2024 aluminum alloys at different corrosion time: (a) Polarization curves; (b) EIS-
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Table 3  Fitting results of electrochemical parameters
R/ R/ Y/ J Y
Corrosion time/h S, i ’ n Peor! V ot -2 con/—l
(Q-cm™) (Q-em™) (S-em™-s™") (LA-cm™) (mm-a™)
1 1.638 36.70 1.28x107° 0.726 -0.886 1.433 154.384
3 1.703 31.94 1.71x1073 0.726 -0.892 1.984 213.746
6 1.750 27.97 2.54x107 0.739 -0.897 2.146 231.199
9 1.849 16.68 3.40x1073 0.798 -0.902 2.928 315.448
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Fig. 13  Fracture morphologies of uncorroded fatigue specimen: (a) Fracture shape; (b) Crack source; (c) Crack extension

area; (d) Transient fracture area
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Fig. 14 Fracture morphologies of fatigue specimens at different corrosion time: (a) 1 h; (b) 3h; (c) 6 h; (d)9h
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Fig. 15 Morphologies of crack source areas of fatigue specimens at different corrosion time: (a) 1 h; (b) 3 h; (c) 6 h; (d) 9 h
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Fig. 16 Morphologies of crack extension areas of fatigue specimens at different corrosion time: (a) 1 h; (b) 3 h; (¢) 6 h;

() 9h
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Fig. 17 Transient break areas of fatigue specimens at different corrosion time: (a) 1 h; (b) 3 h; (c) 6 h; (d)9h
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Effect of corrosion on mechanical properties of 2024 aluminum alloy

WANG Guan' 2, WU Yan', KOU Lin-yuan? ZHANG Pei!, ZOU Ze-kun', ZHU Xue-jun'?

(1. School of Mechanical Engineering, Ningxia University, Yinchuan 750021, China;
2. Ningxia Key Laboratory of Computer Aided Engineering Technology for Intelligent Equipment,
Ningxia University, Yinchuan 750021, China)

Abstract: The 2024 aluminum alloys are commonly used in the aerospace industry and are subject to corrosion
from salt water environments during service, which can significantly reduce the service life of the structure. In this
paper, the mechanical property changes, electrochemical corrosion mechanism and fracture crack evolution of
2024 aluminum alloy at different corrosion time were investigated by mechanical tests, electrochemical analysis
and scanning electron microscope analysis. The results show that the corrosion morphology is a mixed corrosion
pattern of pitting and intergranular corrosion when the immersion time is 0-9 h. As the corrosion time increasing,
the corrosion rate accelerates and the size of the corrosion pit gradually increases. The corrosion pits have a
significant effect on the mechanical properties of 2024 aluminum alloy. The stress concentration caused by the
corrosion pits makes a rapid decrease in hardness, tensile strength and elongation of the specimens when the
immersion time is 0—1 h, and there is 69% reduction in fatigue life due to crack sources sprouting from the
corrosion pits. When the corrosion time is more than 1h, the slow expansion of the corrosion pits in depth direction
weakens the effect of stress concentration, leading to a slowing trend of hardness, tensile strength, elongation and
fatigue life reduction. The fatigue fracture of 2024 aluminum alloy after corrosion in EXCO solution is a mixed
mode of intergranular fracture, cleavage fracture and ductile fractures.
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