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Abstract

In order to study the corrosion fatigue crack propagation performance of aluminum alloy, 6005A-
T6 aluminum alloy was selected as the research object. The improved single-edge notch tensile
(SENT) specimens parallel to the X-axis and parallel to the Y-axis were cut in the XOY plane (the X-
axis direction is the rolling direction), and the corrosion fatigue crack propagation experiment was
carried out in the laboratory air and 3.5 wt.% NaCl (pH = 5) solution environment. The results show
that the material exhibits a distinct rolling texture with elongated and flattened grains in the X-di-
rection (parallel to rolling) aligned along the rolling direction after rolling. The 6005A-T6 alumi-
num alloy contains numerous fine 8"-Mg:Si strengthening phases within the grains, while discon-
tinuous coarse precipitates (primarily -Mg.Si) are present at the grain boundaries. The pro-
nounced precipitate-free zone (PFZ) are observed on both sides of the grain boundaries. Compared
with the inert air condition, the crack growth rate of the sample in the NaCl solution environment
increases significantly, the crack growth threshold decreases, and the corrosive medium signifi-
cantly accelerates the fatigue crack growth, showing obvious environmental acceleration effect.
Further analysis of the fracture morphology shows that the crack propagation path in the corrosive
environment is more tortuous, accompanied by complex behaviors such as crack deflection, closure
and bifurcation. Mud-like corrosion products, intergranular secondary cracks and corrosion pits
can be observed on the fracture surface, and the fracture mode shows the mixed characteristics of
intergranular and transgranular. Based on the perspective of electrochemical-mechanical coupling,
the process of pitting corrosion caused by Cl corrosion promoting the initiation and propagation of
fatigue cracks under cyclic loading was expounded, and the internal physical mechanism of “corro-
sion-fatigue” synergistic damage was revealed.

Keywords

6005A-T6 Aluminum Alloy, Corrosion Fatigue, Crack Growth, Paris Law, Fractography

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. B

SRR IR . AT R e e 2 AR, FERE IR . TR MR T
B2 ARG LRI 1] [2]. AT, 7ESEBRIRAEIREE R, % KINR 5T A CUBT-H S A B (i
HEERA . WHRHSGIA B R ALK ) T, AR B R 5 2 R, SRR R S, S
PERERE 2 IBAG[3] [4]. FEKIISZIEIA EATE - AR, 98255 R RO B RIS, BRI 1 &5
HIR 22 AR APES] [6]. 55 Ml 2 /S ih RS2 A SR FO WL 55 AN ), S Db B 858 5 5 R 57 3 b IR
FRT 1R A B 25 AT A, AR A PR B O L AT R o 28 3 5/ (O 30 JE v B R P I Y, FLe
ARG S5 IR S R A7) PR A TR 52 R AR R, PRI 5 AR A R
T R, KB A B AR SE A s IR, R KA R BV R B
AU 1 IRAS SRR TS, TR By B . RIL, sy e — A AL, 1S
AR 4 R TR (B R PR A EE T, FC A AL 1 2 B — ) 310 P 5B A9 P e ok T sk,
ASCIRNIRVE T 4088 S 1 J A B P 0 57 24000 R SRR T ML 01 75 6 T J2 22 4 VR Atk R
SO T 52 46  H P S B 5 R AR 2 A M FA VR R S R AN A 4 4 4 AP I PR ]

ik

DOI: 10.12677/ms.2026.163063 166 B R 2%


https://doi.org/10.12677/ms.2026.163063
http://creativecommons.org/licenses/by/4.0/

Wt 2

FEMEBT S R e R AL 7 B SR, ORI E R R I e B S KIIE AT e e MR A T B TR
%,

ZFRR (815X 7050 Faf <, RAIEHIALBIE RGO IC TR SN SN 7 L 55 R 8 e 1
SCMRAE . WEFCAE SRR RN TR R EE RN s A RANIR LI 2% ETT 2 4%, REL
PREHESRI, HRE— DT E 6%, ¥ RE AR I RS HIER, ST S BOR A i
PET P, CHEOK 2 A[9]iH i 444 Gt e K e SR R ME N 5| AR S R So L], #E7 7 R & RRSHE
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Figure 1. Experimental design: (a) Sampling location (b) Sample size (c) Corrosion fatigue crack propagation test device
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Figure 2. EBSD microstructure of 6005A-T6 Aluminum Alloy
[ 2. 6005A-T6 $5& & EBSD MALR
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Figure 3. TEM microstructure of 6005A-T6 Aluminum Alloy
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Figure 4. Expansion rate of parallel rolling direction specimens in air and NaCl environment
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B AR S, 4 Paris A UTERIIR da/dN-AK SRR, G0 AGE M T AK {8 AT RO 2

I B B Paris [X), TIAE AK SR 1T DA o (RS & X)) i 70 B A U A7 A R i 25 o BRI, A

BIF U T 472 B A% 16 24 o 2 VAR I B 02 0 (X BT 2R PR [R5, BRI T X B2 T Y Paris H % C
BAm DLRAH NI Paris J5 2, BARILESE I FERIE UL T4 1.

Table 1. Paris formula fits relevant data

& 1. Paris AR EHEEIE

A Paris # %1 C Paris # % m Paris 14k 772
P1-NaCl 413 x1077 3.06 da/dN = 4.13 x 1077 (AK)*%
P2-NaCl 2.56 x 1073 1.21 da/dN =2.56 x 107 (AK)!*!
P3-NaCl 1.74 x 1073 1.54 da/dN = 1.74 x 107 (AK)'>

Pl-air 1.00 x 107 5.00 da/dN = 1.00 x 107 (AK)S

P2-air 7.97 x 107 1.45 da/dN =7.97 x 1076 (AK)! 45

P3-air 1.8x1078 4.14 da/dN = 1.8 x 1078 (AK)*14

7E NaCl A ST, X MK Paris %48 C &AL 8240 m [£1%, AK = 10~20 MPa-m"? [X [H] ]
PR EIERE Y 1.25 x 107 mm/ik, ZZAMEN(1.52 x 107 mm/IR)H) 8.2 fF; REd & TH{E AKth
M SIRIE) 3.8 MPa-m'? [% %2 NaCl ¥5W ) 2.1 MPa-m'?, [&1EZ) 44.7%.

3.2.2. B OFERIFIE

I FE AR AW S B 0o 982 57 T 1 EAT E S (] 5 B, BT LR S8 il 55 W 1 A BT &l 49y
AN IR PIRGUX . RO R X LB X, 5T R X S Y 65%. W3R 17 o5 v HL
BISIM SURE 1l P03 2y AOH)s 5 AICL/K&EH), JRMBUE L) 8 AN/mm?, —IRERLUEL) 5 %
fmm, H RS W PFZ FEEBAEA 5 2 0bs W a8 L9 29 35%, 27 o i 2 DX 3 o] L ASERA 10 57 1
4, MESURIEEZ) 0.8~1.2 um (] 5), W7 VR pACHE RS FE IR

S AR LI R P AR b, K IREE iR R I B s GO AT B, X R T kA
X REY FAT I R EE R
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Figure 5. Macroscopic morphology of corrosion fatigue crack propagation in parallel rolling direction specimens
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P IRERARREAT T RS 6). FEE MR L L, RECE: E 3 B T8 i 77 179 s oW RUE B,
JRHB X SRR I H W R ST 5 P B AT 8, HAERGUR S T W XRHIE . REA G IR L EZ =]
MRS A IR . RAQHT 7 08P B 1 DX PR AL « SR SCTHT 15 B 1) LA AL A P2 DA R J8 et = e AR S B 4R
WY 80, BRAh, ROURAR IS I T RN Ji3a oA, 380 1 80 eI FRL Y7, AT
RTT T RE FE IR R o FEIEE SR 26 T, I B 5 K (1 I A2 R0 [14] g &
FH AR RS A, TR 57 75 i P AR AR o e Ak, 38 Pt o3 55 708 A A 14 B ) P ol
TR DI SR BV S A NS S T R, A R AU AR AL T v A8 T B AU 55 S R 2

X [FHRFEAE NaCl i, REUVHY TR EUINBGAH T 3, ROWEAR T2 A 5 12.5°, R4
T’ LN RE(<157) 8, (S EA) 75%, HARGU XILGELD, AR R A BV R X

Figure 6. Corrosion fatigue crack propagation path: (a) NaCl solution condition (b) air condition
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K7 RIS SR R o 57 R ALY TR AR E B B (B B BO R A REE R W R R B . £
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B IE R REE B 7 WA . R TR o BRI R P I RF SR NS SR, SOV 55 ST
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B, JRAEE T DX IR R E PR B . MR BLEIRE 1208 phop 57 i B 32 BRI U
TR 7 RIS B AR A R, S 7 3B SO8IAR 1 3K R AR BB ORI . BTS2 A P
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Figure 7. Corrosion fatigue crack propagation fracture morphology: (a), (b) NaCl solution condition (c), (d) air condition

7. BMIESRA RBEROMSR: (a). (b) FATELEIFE NaCl IREEIR#E (o) (d) PATELH A RESTFEIRE

3.3. EEALSIAGE

3.3.1. N RiEE

Efsoh B FALHI DT BT Y )RR A SRR, 0 BITE SR 3.5 wt.% NaCl i i 5% k479 57 2440
PR . AKHE SIS, R Paris A xUHATIE, il T RE RIEF (da/dN) B B 7 38 175
(AL I ZR (LI 8). SEEGRM]: S SIAEEMLL, NaCl WA EE 53 b 7l ey g
WA, T Paris 22X FE 1S A R IR T o 25 AK JE Bl RS R H B, TR T X S P R
X (4T AR AEAE SRR, PRI AHE 7t} da/dN-AK 28 _E S EZRVERRAE 1) [X B AT 2R 1k BV 4047, AT 3
HOG RE26PE R MR 30 Cy F6 8 m KRN Paris 72, VELNPIA 45 RIL AT 2.
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Figure 8. Expansion rate of vertical rolling direction specimens in air and NaCl environment

B 8. EEALHIAEESMEKIFE T RIER

Table 2. Paris formula fits relevant data

= 2. EEELHSFEIAAE Paris ARXBLEHEXHE

A Paris % %% C Paris # %t m Paris 1287772
C1-NaCl 1.61 x 1073 1.57 da/dN =1.61 x 107 (AK) 1.57
C2-NaCl 1.91 x 1073 1.52 da/dN =1.91 x 107 (AK) 1.52
C3-NaCl 2.03 x 1076 2.26 da/dN =2.03 x 107° (AK) 2.26

Cl-air 51x1078 3.63 da/dN =5.1 x 1078 (AK) 3.63

C2-air 2x107° 4.87 da/dN =2 x 107 (AK) 4.87

C3-air 4x107° 4.71 da/dN =4 x 107° (AK) 4.71

Y [HARFEE S S5 NaCl ¥ RIS T da/dN-AK X R 28 ILIK] 8, Paris AXXLA S % 2. NaCl
W, Y FAREE TGP RN 3.86 x 104 mm/IR, A% Q2.15 x 107° mm/W) 17.9 %, N
X [1] NaCLRFE I 3.1 4% s RAd B 1 THEE AKth SR ) 3.2 MPa-m!2 [ %2 NaClVE ¥ ) 1.5 MPa-m'?,
FEMRZ) 53.1%, &T X MAFE.

3.3.2. BFOSR4HE

S AR S5 AR o 9 5 T VAT E S AT (B 9), Y [AIRRBESE NaCl ¥, S0 4% T3 Wt
FE N 28.3°, KA MAT(>207) 5 FL) 60%, G0y IR RE, 1ERKMAERITA G TEE 7 X3 8(E
9), FARL XGIHAFE FY 8, R PR RGkE . HOd R R 5 PEZ &1,
EIR KA B R R A A4 il, REURENAEY B, HAER RIS LN 5, F R =k
4.

BRI Zeiss-AIM BDGSERAEE, WHE A SFELE 3.5% NaCl ¥ 5T % 57 2 LU oL J
TTRIEAT SR, SR 10 B, MR I, 9857 R GC PR Uy 3 BT 4 I (1 77 [l 44, (HZE BT 4 X
BRI T B R AR R T S RS A IR . HeAh, RS I RIS B RS WRHE. Y AR
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2 55 BT TR T 4 R IX 5 EL 2 45%,  IGRIBTIX o5 FL R 35 OK . W7 1 T 7 5 )5 HLAN Y S B SOIR JE ok
FEY), TEBUE L) 18 AN/mm?, IRELHEY 12 F/mm, ZIRESUEKMERFEMERK, #Ha
5 ERGUEM; HrinWiR B2 65%, o fhlraRd X 57 #E S0 L 58 S e Vs o, RS B
DASUEE, B R AORDRES P2 2 2 v T X AR (R 10).

ATHY & S

i
i 4 4
MHEL  BEHRK FRIX

Figure 9. Macroscopic morphology of corrosion fatigue crack propagation in parallel rolling direction specimens: (a) Air
condition (b) 3.5 wt.% NaCl solution

9. BIMRFRYY REMMIR: (1) ZSHESH (b) 3.5 wt.% NaCliFi&RH

5, . e

Figure 10. Corrosion fatigue crack propagation path: (a) NaCl solution condition (b) air condition

E 10. BiESRYT RIER: () EEHEILFIGME NaCl FFEIRAE (b) EELLFI S REESIFEIRME
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B 11 B N & SR R R 55 R EURGE T IR BLCE I BO RV SIS B . 16 3.5 wt.% NaCl ¥
WA, TR B RFSAE N, W SRS R I CL R R R SR R W R N B, TR
AT RIS T W & A B T UGRAL, HR DT RESURI IR S K . 5 3 BT Hh i i IR L
TR IR (O W R R RS B S v, RSO BN, R R AR . AR AEIL AR
B, 28 TR 55 SR AL DAt it T 2R 5 2 et T SRR TEL S R R A A

Figure 11. Corrosion fatigue crack propagation fracture morphology: (a), (b) NaCl solution condition (c), (d) air condition

11. B REU RET O : (). (b) BEELHISE NaCl FRERME (o). (d) BEILBIFEESIFERHE

3.4. WiRSHT

6005A-T6 5 < (K8 T3 57 72 HLAL 7 T Tl (BH AR ) 5 0 #9855 (TR 3R BB & IS5 2R, CEIEIA
TR BRI 5 B NE RS, TSSO 4L 23 (e S AT HH AR . PRZ) S AL R (RS . i R SR I P 1
ROUGEESY R rAE, BANLHIIT .

3.4.1. BRFHES PFZ 3 PABE R HER

6005A-T6 & 4 in it PFZ N4l Al ik, 5 85 SO AT HAH(B-MgaSi)« i A B AH T B AL v il
PFZ VE AR ARSI iR . 428 CIH) NaClLIE R, CI-5 "Bt T PFZ K, BIR Al I RREIE,
TERCAT I AICL:, M EN: Al+3CI — AICL +3e . AICL KR4 HY, 248080 PFZ X IR K AL
PESOR B (pH <3), #E— B I BHNA MR, TEROE PFZ B ohvae . IGFREA T, o lya R g S g 4
P, BRI HEA A, HBELURA PFZ ¥R, TE s ST R IRIAE I B

DOI: 10.12677/ms.2026.163063 175 FHE Rl


https://doi.org/10.12677/ms.2026.163063

Wi 2%

AT A, PFZ XITCSRAA, SR SEERAR, EIEAEMT F 2 AR, FEELEX
SR, BriE Al JEAAFFER R ER, TR “WEMFE - TR - VIR BOTR, InIERE0HE PRZ 199 g X [
FEa ALV R A ON T, PRZ SRR E M0 AT, AU PRZ I RN BEARAIX P H, WFe D Y [l
FER S L B 57 o5 Ly PRZ 73 A %L, RG0S PRZ 9 RN S (w55, HOK A 2 & F I oAb 2 AL 22 5K
FHARGA i 2 AR, IR L0 i

3.4.2. SUEXREY RE9MEER

AR S R AR ) SR T(2H + 26 — 2H)FER BB EEIKEN T, FIRSERIG S XYL #a R 7E
NI RS T PFZ RATHEFERA X w4 o B E R AL AN RONE: (1) BRAR e B 18] (R 45 5
il A O R Y B 0 R B, R A EUIEAL, R S TR () PAEEEANTT, SR ST
HISMRL A BN, KGR B A RO 5B B IR, RS g [15].

A7t PFZ AR TP Se = I, X PFZ Jobr i, ik skbad, SR 79 8N, 51 PFZ 5
mA AL E R, SBURASG/RE TR, BOVESIRIT RV SSIEE . X e/ B & 57 1
YRGBT R A B T, AR SR L5 R0 U HES SR T ELIIT TG A SRR AU
KEES: Y HFERAESRFNET SR, [T HEMFZICAA SRR EE, B EK
FEX, RIS NG, (LR b W L K iE S Tt -

4. &g

(1) 6005A-T6 fH& &L + N TR, fPNAE 5~10 nm ) f'-MgSi 3246, & FAFLE 50~100
nm PR B-MgoSi #r HiAH & 20~30 nm TCUTHENT H 7 (PFZ), PFZ 55 & 54/ & 3 AT AR T B s Sk Rt
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