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Corrosion behavior of 2024-T3 aluminum alloy in
simulated marine atmospheric environment
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Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The corrosion process of 2024-T3 aluminum alloy in marine atmospheric environment was simulated by a
cycling salt spraying test. The corrosion evolution of 2024-T3 aluminum alloy as a function of corrosion time (117, 242,
362, 487, 598 h) was investigated by corrosion mass loss test, scanning electron microscopy (SEM), energy-dispersive
spectroscopy (EDS) and electrochemical techniques. Consequently, corrosion kinetics, the morphologies of corrosion
products and pits, the composition of corrosion products and the electrochemical characters of rust layers were obtained.
The influence of the rust layers on the atmospheric corrosion of 2024-T3 aluminum alloy was studied. The results of
corrosion kinetics analysis show that the rust layers can well protect 2024-T3 aluminum alloy from corrosion. The results
of electrochemical measurement further illustrate that the protective effect of the rust layers is first enhanced, and then
weakened, at last enhanced slightly again as the corrosion time increases.
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1.1 SEIg#r#y

SRR A HEID 2024-T3 844, HAk2z o
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Table 1 Chemical composition of 2024-T3 (mass fraction, %)
Fe Si Cu Mn Zn Mg Al
0.50 050 4.18 030 030 1.30-1.80 Bal.

1.2 BERRETXE

K H 2 H Q-fog 23 vl A7 1) CCT BB £ 25150
PUHEAT B s 5y, SEIR S BN BCE IR 2 Py, &k
TN 4%~6% (T 7> E0) NaCl #i. S5 11 57
1174 242, 362, 487 F1598 h, FEANJE 5 S H
4 PP BGRFERT 3 AN AL 2R

®2 AT LR

Table 2 Test conditions of cyclic salt spray

Experiment . Duration
Procedure  Temperature/'C
No. time/h
1 Fog 35 2
2 Dry 40 2
3 Humidity 40 1

SERBCGRFET 3 T R A b . AR 5%
FRHE GB/T 1654519965, K A Jif il i) 2% 11 BE 15 65 il
J& ARFE R I E T 90~100 "CI) 50 mL H;PO,+20 g
CrOs+1 L H,O BRAFMr, — Bl im] i, MBREB I
HAKFE, 2RISR I S B s T, FRa
K2 0.1 mg). R AR, HERFE TR
/NT 1 mgo FETHE TSR RIS 225 A RE IR 40
I LA IS I R 2

T3 1 PR TSR 853 3 0. ISEARGR
FE_EVIEZ 15 mm X 15 mm FARFER F, o 1 gk
iTBRS . RH XL30FEG MHH B 4445 1= K TE 30
DA B Je iR IR T B3 R FH A4 B B Fr e
WA TR T 2 1 57 o

1.3 EFRI

KH PARSTAT2273 £ H = AR R AT HIAL
ML, A KCL H R WH(SCE) A Z: L Hitk, Pt s
AR HR, AR BT 0.3 mol/L Na,SO4 %,
TEQ0E1) CHATS . eI vy, Frofisil
fikese g, MATACHBBTINR, HURX A 10°~10°
Hz, L3R 10 mV.e AZHFHHTINNR 5 AT A AL ih
LR, s A Y LA OFF % WA £0.8) V, LA
0.333 3 mV/s 4144 8 IR 1) BH AR AT IR AT
BELFE AR AR s K Zsipwin V3.0 B3R T iU 4

2 FHR51R

21 Bshz
K1 BT N AEPR 6 25 5286 Fh 2024-T3 4584410 i
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Fig. 1 Corrosion mass loss of 2024-T3 aluminum alloy as

function of corrosion time in cyclic salt spray test
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Fig. 2 SEM images ((a)—(e)) and EDS
spectra ((f), (g)) of corrosion products
on surface of 2024-T3 aluminum alloy

after corrosion for different time: (a) 117

l h; (b) 242 h; (c) 362 h; (d) 487 h; (e) 598

h
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Fig. 3 SEM images on surface of 2024-T3
aluminum alloy after removing corrosion
products as function of corrosion time:

(a) 117 h; (b) 242 h; (c) 362 h; (d) 487 h;
() 598 h
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Fig. 4 Polarization curves of naked and rusted 2024-T3 aluminum alloy in 0.3 mol/L Na,SO, solution as function of corrosion time:
(a) Shorter corrosion time; (b) Longer corrosion time
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Fig. 5 Nyquist and Bode plots of EIS results for naked and
rusted 2024-T3 aluminum alloy in 0.3 mol/L Na,SO, solution:
(a) Nyquist plots; (b) Bode plots

FH ] 6(a) F1(b) B 7= () 45 285 L o0 A8 S B Ui R AT
A, Mg ROAR S, IRz 100
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6 AR 1 2024-T3 B4 155 AL K

Fig. 6 Equivalent circuits for naked and rusted 2024-T3
aluminum alloy: (a) Equivalent circuit for corrosion time of 0,
117, 242, 362 and 487 h; (b) Equivalent circuit for corrosion
time of 598 h
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Table 3 EIS parameters of 2024-T3 aluminum alloy after fitting

Corrosion R/ Rt/ Ohrust/ R/
time/h  (Qem?®) (Qem?)  (Fremd) (Q-em?)

Qt/ Rrustl/ Crustl/ RrustZ/ QrustZ/
(F-cm?)

(Qem?) (Fem ) (Qem®)  (Frem?)

0 8.53  1.12X10* 1.21X107° 0.905
117 10.8 41.6
242 9.31 33.9
362 12.8 50.2

478 9.97 20.3

5.89X10° 5.389X107° 0.888

1.45X10* 2.10X10* 099  — - - - -
4.82X10°° 0.948 8.78X10° 4.59X10°° 0.947 - - - - -
239X10°° 0.909 2.39X10° 579X10°° 0.947 - - - - -
2.65X10°° 0.962 3.81X10° 422X10° 0967 - - - - -

2.94X107° 0.906 2.35X10° 7.62X10°° 0915 - - - - -

947 2.13X107 50.5 4.52X107°0.903

598 6.70 - - -
250
24+ "R
L A_Ql
- 200
16k {150 &
E 16 :
(@]
= L2r 1100 2
&= &)
0.8F
250
0.4F
1 1 1 1 ] 0
0 120 240 360 480 600

Time/h
7 RIEFIAAE R 2024-T3 A BB B PTE S5
Ry 1O, BHJE il 1] ) A2 4K
Fig. 7 EIS parameters of R, and O, for naked and rusted

2024-T3 aluminum alloy as function of corrosion time
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