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Effects of aging treatment on corrosion properties of
1933 aluminum alloy forging
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(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Key Laboratory of Nonferrous Metal Materials Science and Engineering, Ministry of Education,
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Abstract: The effects of aging treatment on the stress corrosion cracking resistance, intergranular corrosion (EC)
resistance and exfoliation corrosion resistance of 1933 aluminum alloy forging were investigated by means of optimal
microscopy (OM), transmission electron microscopy (TEM), slow strain rate testing (SSRT), double-cantilever-beam
(DCB) experiment, intergranular corrosion (IGC) and EC experiments. The results show that the 1933 aluminum alloy
forging under T6(120 °‘C, 24 h) aging treatment reveals the strongest stress corrosion cracking sensitivity and the critical
stress intensity factor Kiscc is only 8.95 MPa-m"?. After aging treatment at (110 “C, 6 h)+(160 ‘C, 8 h) and (110 °C, 12
H)+(170 C, 8 h), Kiscc is elevated to 23.84 and 27.56 MPa'm"?, respectively, which indicates higher stress corrosion
cracking resistance. Accompanying the improvement of stress corrosion resistance, the strength loss and plasticity loss
decrease sharply when the forging is aging-treated at (110 ‘C, 12 h)+(180 °C, 6 h). The forging has excellent intergranular
corrosion resistance under all aging treatments and the forms of corrosion are all pit corrosion. Meanwhile, the exfoliation
corrosion resistance of the forging is also very good. The level of exfoliation corrosion is EC when the forging is under
T6 aging treatment. After duplex aging, the level of exfoliation corrosion for the forging is EA”".
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Table 1 Nominal compositions of 1933 aluminum alloy
forging (mass fraction, %)

Si Fe Cu Mg Zn Zr Al

0.02 0.06 1.0 2.0 7.0 0.12 Bal.

ARSI R ARG BE T 2084 4 4, IRk
(120 °C, 24 h), (110 °C, 6h)+(160 C, 8h), (110 °C,
12 hyH(170 ‘C, 8h), (110 C, 12h)+(180 C, 6h).
A, (120 °C, 24 h)5(110 C, 12 h)+(180 'C, 6 h)
R 0T EE SRR AL, 43 5K 1933 BRA S F 1 To 2
INF5CRD T73 WA E5: (110 °C, 6 h)y+H160 C, 8h)5
(110 °C, 12 h)+(170 °C, 8 h) A H 4 i {1 1E AT 5286 75 2]
LA AU I 35 T2

1.2 KWAHZE

i W AR THCR A SE G 4% GB15970.7—2000 Frifk
AT WA K 1 R, WREEM RSEh d 4
mm X 20 mm. 2N AR R SLIGAE Letry Tl AR fr
ML BT, NASHEA A 5X10°° 57!, SEE AT
h 7SR 3.5%NaCl 7K, LU0 ok s I (R I i
JE#1 35 C)s.

U 25206 14 I GB 12445.1—90 FrvfEHE T, B
FEITANE 1 os. LA Bk 3.5%NaCl /KK,
S A PR AR TP AT, R A (35+1) Co

o [0 JE8 S 56 4 1 GB7998—87 hrvfEHEAT, HWAE
J7 R 1 Prose FEW A 57 g NaCl+10 mL
H,0,+1 LH,O, BN RN 6 ho SEIGE1H i K G FE
HEAT, VTR BE AR ERAE(35+1) °C, LA 10 mm*/L.

PV S b S 06 . ASTM G34—79 FrvfEdE T, Y
FET AN 1 R o JE i R 23 4 4.0 mol/L NaCl+0.5
mol/L KNOs+0.1 mol/L HNOs, JZEW/KE 1 L. %
by 20 em®/mL, ¥R HIE(25+3) C, R
[F]2h 48 ho BRI RS, 4l ASTM G34—79 hrutF)
W ] — A R VAN ] B ) () 0 e 0, I FH SRS AH AL
SR M ES . ARG SE S0 /T S A
a0, DASRAS S T

Sampling mode

Direct of last for of DCB

(3

Sampling mode Main direction
of SSRT -—~of metal flow
o Sample mode

z ofIGCa dEC
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Fig.1 Schematic diagram of sampling
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Table 2 Test results of SSRT
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Fig.2 DCB test results of 1933 aluminum alloy forgings
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Jog bk i Y B v, ) T kO AR AR W A BRI
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hYRATS, IR0 0N ) R sl ik fets 21— D4
5 Kisce N 27.56 MPa-m'2 454 (110 °C, 12 h)+(180
‘C, 6 h)INFRAE N Kisce BEA MG, (HW] 5 HEHE
Wi H: Kisee N T 27.56 MParm'2.,

22 @EEMERENIRER

3 Przck 1933 S0 G AR vl A) 5 T ey s 56 45
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Aging condition Environment Tensile strength/MPa  Elongation/% Strength loss/% Plastic loss/%
. Air 523 12.5
(120 'C, 24 h) 5.0 ~60
Corrosion solution 497 4.7
. . Air 499 115
(110 °C, 6 h)+(160 C, 8 h) 2.4 0
Corrosion solution 487 11.7
. . Air 466 11.4
(110 °C, 12 h)+(170 'C, 8 h) 1.1 0
Corrosion solution 461 11.5
. . Air 443 11.6
(110 °C, 12 h)+(180 'C, 6 h) 0.7 =0
Corrosion solution 440 11.5
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Fig.3 Test results of intergranular corrosion of 1933 aluminum
alloy forgings: (a) (120 ‘C, 24 h); (b) (110 'C, 6 h)+(160 C,
8 h); (c) (110 'C, 12 h)y+170 'C, 8 h); (d) (110 'C, 12 h)+
(180 C, 6h)
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Exfoliation time
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Fig.4 Test results of exfoliation corrosion of 1933 aluminum alloy forging: (a) (120 ‘C, 24 h); (b) (110 ‘C, 6 h)+(160 ‘C, 8 h);
(©) (110 'C, 12h)+170 'C, 8h);(d) (110 C, 12 h)+180 C, 6h)
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Fig.5 Cross-section morphologies and mass loss of 1933
aluminum alloy forging after exfoliation corrosion for 48 h:
(a) (120 ‘C, 24 h); (b) (110 °C, 6 h)+(160 °C, 8 h); (c) (110 C,
12 h)+(170 C, 8 h); (d) (110 C, 12 h)+(180 ‘C, 6 h)
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Table 3 Levels of exfoliation corrosion of 1933 aluminum

alloy forgings after different aging treatments

Aging condition Degree of EC

(120 C, 24 h) EC
(110 'C, 6 h)+(160 C, 8 h) EA"
(110 °C, 12 h)y+(170 °C, 8 h) EA
(110 °C, 12 h)+(180 C, 6 h) P
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Fig.6 TEM images of 1933 aluminum alloy forging after
different aging treatments: (a) (120 C, 24 h); (b) (110 C,
6 h)+(160 C, 8 h); (c) (110 C, 12 h)+(180 C, 6 h)
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Fig.7 3D optical microstructure of 1933 aluminum alloy
forging after (470 °C, 100 min) solution treatment and

quenching
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