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ABSTRACT: The paper aims to study the corrosion behavior and fatigue deterioration law of aeronautical aluminium alloy
specimens with damaged anodic oxide film under accelerated corrosion conditions in laboratory, and to compare with specimens
with intact anodic oxide film. 2024-T3 aluminium alloy specimens with different surface states were studied, accelerated corro-
sion tests of different time lengths and DFR experiments after accelerated corrosion were carried out. Corrosion behavior was
observed by observing corrosion morphology, measuring pit depth and pitting corrosion rate. Degradation law of DFR was stud-
ied by calculating the DFR after corrosion. Corrosion pits appeared in 2024-T3 aluminium alloy specimens with intact and
damaged anodic oxide film after 180 h and 36 of accelerated corrosion, respectively. The average corrosion pit depth and accel-
erated corrosion time coincided with power function relations. The degradation laws of DFR of the specimen with intact anodic
oxide film and damaged anodic oxide film under accelerated corrosion in laboratory coincided with exponential function. Com-
pared with the specimens with intact anodic oxide film, the damage of anodic oxide film would reduce the corrosion resistance

of 2024-T3 aluminium alloy specimens and accelerate the degradation rate of fatigue property of specimens.
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Tab.l Chemical composition of 2024-T3 aluminium alloy %
. Other Impurities
Element Si Fe Cu Mn Mg Cr Zn Al
Single Total
Content 0.35 0.45 3.8~3.9 0.5~0.8 1.5~1.7 0.10 0.20 0.05 0.15 Bal.
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Fig.1 Test pieces: a) test piece size; b) photos of test pieces
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Fig.2 Pre-corrosion test spectrum
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Fig.3

Corrosion morphology of anodic oxide film intact specimen under different corrosion time
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Fig.4 Corrosion morphology of anodic oxide film damaged specimen under different corrosion time
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Tab.2 Depth of corrosion pits of anodic oxide film intact
specimen under different corrosion time

Pre- Average depth

corrosion Depth of corrosion pit/pm of corrosion

time/h pit/pum
144 0 0
180 6.621 6.621
216 10.154 10.154
252 23.69 12.533 18.111
396 60.002 40.576 38.588 5.968 36.283
540 166.448 208.68 41.562 111.943 90366

35.673 48.249 54.893 64.563 81.285
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Tab.3 Depth of corrosion pits of anodic oxide film damaged
specimen under different corrosion time

Pre- Average

corrosion Depth of corrosion pit/pm depth of cor-

time/h rosion pit/um

0 0 0

36 15342 10752 12433 11.175 12.426
27869 18241 19547 23224 25901

2 28006 19753 24450 19.742 22.970
58205 33753 42224 30744 37.649

108 33.925 50319 39.963 36558 36.608  39.127

41.137 42.404 36.918 36.526 29.973

SCHR[10138 S hBTIR BE D 58 Bl ] ¢ 45 & 7%
PR

D=Ar" (1)

K 4. b A HEL

%UFH%E@%I*&Q%U%EUXTW A7 34 s e
WRBEHEATA (B ST R e i s 3 A ik e 2 i
Y Jig mamxﬁ ), BAAR AR R S8 A I Diae=
0.010 £31° ) ARG R* R 0.9698 5 FH MY S Ak BE T it
IR Diamage=0.2016 £ UG HEBE R> 4 0.9928,
A i 5 s AL, BHAR SR AR RS AT L3RR JR) il
Ji ol A AR TR) 98007 At b e K 4 1 fn R AR A
JR AR, AR — BB T, JOTR AR S ik )
PRI 4

100
[ ]
g0 L = Anodic oxide film intact
§_ ® Anodic oxide film damaged
=
&
g
8
§ a0
Yt
o
2 20}
=]
0F
0 100 200 300 400
Corrosion time/h
Bl 5 PR iR A A 2k
Fig.5 Changing curve of average corrosion pitting depth
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Tab.4 Pitting corrosion rate of anodic oxide film damaged Fig.6  Changing curve of pitting corrosion rate

specimen under different corrosion time

Pre-corrosion time/h Pitting rate/% 3 DFR iE{'t *yﬁ%ﬂ’f H: ﬁﬁ?‘i
0 0
36 6.84 3.1 DFRiXImZER
72 11.12

MRAESCIR 13145 1 1977 1% BFRHLRIR 25, P26

108 2.13 BRI DFR RS ILE 5. % 6.
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Tab.5 Results of fatigue test of anodic oxide film intact specimen under different pre-corrosion time
Pre-corrosion

time/h Omax/MPa Fatigue life/cycle

0 79.167 — 180234 256215 338403 226975 283179 320868 345753 —

6 83.333 271578 242203 224739 210985 232365 307302 251470 213698 —
12 83.333 226352 195730 179856 163617 180966 252703 200471 168 369 —
24 83.333 177247 206357 200769 213705 205506 202346 139726 200871 276336
36 83.333 185654 145790 185220 191913 193395 152228 166336 211232 144314
72 83.333 — 162013 159312 143303 158114 166835 181593 175558 —
108 79.167 — 249 853 201717 141005 195836 223363 175093 — —
144 79.167 — 226215 148403 265113 206975 183179 179093 — —
180 75.000 — 270234 246215 188403 226975 193179 140868 — —
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Tab.6 Results of fatigue test of anodic oxide film damaged specimen under different pre-corrosion time

Pre-corrosion time/h Omax/MPa Fatigue life/cycle
0 75 256 945 214 453 195 369 306 975 223179
6 75 156 849 264 540 179 977 220996 191 796
12 70.983 210242 272 081 184 040 159 930 237 898
. L B (DFReuore) IS0 75125 ) 2 1Y 1 25 BRAL P36 250
3.2 DFRIBLME (PP Rewor) BT 120 55 .

i, HHEERNFES. Fo,
Mg HB 7710-94 {4 J@ AR 4075 98¢ 55 %5 o2 o i 1) Fi2XWSE Weibull 437 3K H 45 456 550408 1
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Tab.7 Confidence interval
n 2 3 4 5 6 7 8 9
Sc 1.24 1.195 1.175 1.16 1.15 1.13 1.125 1.12
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Tab.8 DFR of anodic oxide film intact specimen
under different corrosion time

Pre-corrosion o,/ Characteristic Nosjos/cycle DFR/MPa

time/h MPa life/cycle

0 79.167 294 219 123986  83.703
6 83.333 250 162 105 888  84.571
12 83.333 202 397 85671 80.061
24 83.333 210917 89675 81.016
36 83.333 179 287 76227 77.663
72 83.333 165 027 69543 75.821
108 79.167 206 204 85384 75.967
144 79.167 211 621 87628 76.485
180 75.0 222 511 94605 73.915
216 75.0 249 961 106276  76.206
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Tab.9 DFR of anodic oxide film damaged specimen
under different corrosion time

Pre-corrosion o Characteristic

N95/95/Cycle DFR/MPa

time/h na/MPa  life/cycle
36 75.0 249 229 102310  75.451
72 75.0 212 992 87435 72.397
108 70.983 223 330 91679 69.368
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Tab.7 Changing curve of DFR of AA2024-T3
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