39 4 :542-549 2017 4
Chinese Journal of Engineering Vol.39 No.4: 542—549 April 2017
DOI: 10.13374/j. issn2095—9389.2017.04.009; http: //journals. usth. edu. cn

2024—T351

P
100083
X E-mail: cfdong@ ustb. edu. cn
SO, N
2024—T351
C ; S
480 h 720 h ;
TG172.3

2024—T351
6h

Stress corrosion cracking of 2024—T351 aluminum alloy in SO, mixed salt spray

environment
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ABSTRACT The stress corrosion cracking of 2024—T351 aluminum alloy was investigated by finite element simulation analysis

scanning electron microscopy/energy dispersive spectrometry and X—ray photoelectron spectroscopy through SO, mixed salt spray test.

Results indicate that stress corrosion cracking initiates preferentially at the region of stress concentration of the C—ing top for 2024—

T351 aluminum alloy. The morphologies of loose corrosion products change from fine rod-like and flocculent to platedike. Secondary

cracks form in the internal corrosion crack after 6 h when the corrosion time increases to 480 h and the fractures and cracks in the

surface of the C+ing side penetrate the whole sample. The C+ing sample completely breaks after 720 h. The opening crack propagation

is a mixed mode of transgranular and intergranular while the main cracks extend along the normal of the C—ing and the secondary

cracks extend mainly along the grain boundaries.

KEY WORDS aluminum alloy; atmospheric corrosion; sulfur dioxide; stress corrosion cracking

2xxX
N N (Cl” S0,
Al O
ing SCC) .

20160709

( stress corrosion crack—



2024-T351 + 543 -
cl- S0,
S0,
2024—T351
2024-T351 S0,
8 ? 7TA04  2A12
2A12 1
6 1.1
7B04.B95.2D70  2DI2 2024-T351
2024-T351 C GB/
T 15970. 5—1998 “
5 :C ” 1
C
240 2000
0 GB/T 15970. 5—1998 A
90% C
LYI2 SO, Cl°
LY12 e . C S S
2024—T351 SO, Cl- L
1 2024-T351 ( )
Table 1 Composition of 2024—T351 aluminum alloy %
Cu Mg Mn Si Fe Zn Ti Cr Al
3.8~4.9 1.2~1.8 0.3~0.9 <0.5 <0.5 <0.25 <0.15 <0.1
1 2024-T351 C
Fig.1 2024—T351 C-ting aluminum alloy specimens
1.2
S0,
ATLAS CCX2000
GB/T 14292—1998 X
5% +0.5% NaCl 50 mL
+20¢g 1000 mL.
35+1°C  100% SO, 2.25 x 107", .
6.12.24.96.240.480 720 Keller (1 mL +1.5mL +
h 2.5mL +95 mL )
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Table 2 Mechanical parameters of 2024—T351 aluminum
/GPa /MPa
73.1 0.33 325 0.45 15
2.2 2024—T1351 C
3 S0, 0.9 (
3 S0, C
() ~(g) 6.12.24.96.240.480 720 h

loy

)

2 2024-T351 von—Mises
Fig.2 Distribution of von—Mises stress on 2024—T351 aluminum al-
C
C
240 h C
(cl-  s0,)
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S0,
6h ( 3(a)) C
12h  ( 3(h))
.(a) ~(g 6.12.24.96.240.480 720h

Fig.3 Macroscopic morphologies of C—ing specimens after testing for different periods in SO, mixed salt spray environment: ( a) — g) original mor—

phologies after 6 12 24 96 240 480 and 720 h tests; (a;) —( g,) de—usting morphologies after 6 12 24 96 240 480 and 720h tests
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Fig.4 Microscopic morphologies of C—ring specimens after testing for different periods in SO, mixed salt spray environment: ( a) —( e) obtained at the

test periods of 6 12 24 96 and 720 h; (e;) high-magnification of the area marked in Fig. ( e)
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5 S0, C . (a) ~(e) 6.12.24.96  720h
(a) (a)
Fig.5 Microscopic morphologies of de-rusting C—ing specimens after testing for different periods in SO, mixed salt spray environment: (a) —( e)

obtained at the test periods of 6 12 24 96 and 720h; (a;) high-magnification of the area marked in Fig. ( a)
( 5(a)) 3 ¢ 4

Table 3 EDS results of points shown in Fig. 4 after different salt spray

test periods

Pidaparti
Patel " 2024-T3 ( 1%])
0 Al Mg Cl Cu
1 45.00 45.58 — 9.42 —
2 37.00 59.76 1. 15 2.09 —
3 40. 21 59.79 — — —
4 37.91 46.22 — — —
2.4
5 44. 50 41. 15 — 5.91 —
2024—T351 C
6 44.32 55. 68 — — —
SO,
7 46. 88 53.12 — — —
3
ALLO cl 8 40. 84 46. 24 — 9.53 3.39

Mg Cu . Cl 9 14.50 21.30 — 7.71 62. 49
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4 Avantage . C
6( a) Al 2p 74.04.74.59 480h
74.89 eV Al, 7( c) (d)
(50,) 5~ALO,  AI(OH), 240h  480h 2024-T351
10.8% -70%  19.2%. O l1s C
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Fig.6 XPS spectra of A12p (a) O 1s(b) and Cu2p (c) of corrosion products formed on the aluminum alloy after salt spray test for 720 h
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Table 4 Position and relevant composition of XPS fitting peaks
Al 2p O ls Cu 2p
/eV 1% eV 1% eV 1%

74. 04 10. 8 Al (S0,) ; 530.24 7.6 H,0 932.15 46.3 CuCl

74.59 70.0 Al, 0, 531. 60 49.0 02" 932.93 53.7 Cu, 0

74. 89 19.2 Al( OH) 4 532.40 13.4 S0%-

532.79 30.0 OH"
7 2024-T351 C . (a) 240 h; ( b) 480h; (¢)  Keller

(240h) ;(c¢) Keller

(480h)

Fig.7 Side of the Cing crack formed in environment with SO, for different periods: (a) 240h; (b) 480h; ( ¢) morphology after erosion with Kel-

ler reagent (240 h) ; (d) morphology after erosion with Keller reagent (480 h)
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