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1. BEMTRFFIRX, KR HH 266041)
(2.32102 #BBA, W% MEE 265200)

W O X TB04-T74 #546 & AT B FR BUHS I PR AR SAUA0 5 PR IR IR BUR B+ TN, ATl 46 4 28308, 1 )5 JF F b o
ZORE RS, R Kelvin 74T (SKP) FME B A8 #e 21 4M 63l (FT-IR) HARXS 7B04-T74 56 &R 2K R WG
AT RFNEL AT L. e BB R I 4 00 LR 2 e, BKREANEL 3 mm, £H 4 KK HA
A BRI e o SKP RS, RR T, 4 S5 URE 5 R IR DX A5k ) AR 4T 1B A7 B X B BF ] B A8 A6 U AR B, RIR Ak 5 ] R ) Uk
-4 A ST 1) ¥ B A 2 51 R i i R, TS DB g PR BRS¢ SRRl 22 (¥ AR AT BB AE WE SR RR AR, WIE
FERTE G, S HR R B 2 E) Y LA 2 AR RS T 22 AR 3R . FT-IR 20 M7 SR 22 S i = M B e 2> 24 AI(OH)3. AlLO;

A AICIs B H o K=, KA AL R BT 7B04-T74 S ERE TIEM T AR Xt ira R

B, 2 B BH AR S A 7 X 220K T Tl 0y R i 2 S MR R /DS

REEIE: 7TBOA-T74 R e WIEMAR, ZREM; 4 Kelvin R5F; (4 B A H 20 5ok

FEES LS TG178.2; V252.2

XHERFRIRAD: A

XE4S: 1002-185X(2021)09-3184-10
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WE T A S RE B RAETAR N LR I —F R 6
JEE T, R A AR MR B T KA ER R e S 2R
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VF 22 22 38 BT E 2200R 5 b = A 1 S DR RO Sz e PR 25 AT T
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LORIE K = A IR B L M R 3R T AL 5 B K
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FE— PR TCHR I A 1 ) R SR TR R R SR B
2RI TR 2 (AGRE ) R 118202024 gy
FGE T bk 25 5 36 AR B T e 1 L AR BRI RS 5 1R 22 18]
FRAT AT 2 Ay o S2bs SKP BRI, Wi
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R G LR T B R BB IR 2 R R B WL RS
B T MR AR 2 R B2 KT LL 7B04-T74 S
IPHAR 484k 2 1QH-15 JEE 3 /QF S-15 TH A 1K 22 AWF AN 5.,
TEREARAE 2R )E 5, A SKP ALV R A F2 J Tt
22, 1) B AN 43 A7 R R B P A IR DX 3 ) i S B I T] £ AR 4K
SR FH {8 B AR e 2T A3 40 BT I ik P I R Gy, — T TR AT
PLIE7R 7B04-T74 586 LRI ALEE, 5 —J7 TH AT
DAVTA A [R] 1) 462 8 i S 47 508 220K J ok PR B8R A2 o

1 £ W

AR 7B04-T74 4G &AfE NEEM, RTH
150 mm>75 mm>2 mm, HALZERA W 1o 5 iR ik
ITRME WAL BT KA 2 PRI T i — 2
A HB/Z233 XA 12E 47 Bt i BH A 04K (sulphuric acid
anodizing, SAA)ALEE, SHALEIE 4~5 pm; TRAKIE
HB/Z118 Xt ik ¥ ik 41T 5 IR FH # %4 1L (chromic acid

anodizing, CAA)ALHE, A fLIEE 2~3 um. HHLRZiE
FH WAL D S0 e A2 77 1) QH-15 B i BRS8N
QFS-15 fiif % 58 2 e TG 6 G ER T AR, ¥ 2% B R F 58 At
Wor RN R 1 T 5 S B %9 (3535) pm. 4 2
WRE IG5 e BARGE T 51 T3 2.

AR AR UE 1SO 17872:2007 ik BE k47 R R, RIJR
T HA# A OLFA P-800 2] JJ, XIJE IR ~F KA & i i
1Fn. FE S1 R S2 BRI 48k T A 0 % UG s 2
Fiom, FEARA V T, WRJE R 28 54k 1 RIR 58
%) 200 pm.

22 R R 56 MK 48 BR HE GB/T 26323-2010 Chf o
BrFRAE 1SO 4623-2:2016) #EATEY, S iR i B R i
FEAEMIRI ER R 28 /SHP 1 h DA R 2R bl SR J5 Kl b
JE T H1200C s, HERRBLER. R
6 IR B R AE (4042) C, HE O I FE AR R 7E (8245) %
BRRFEMEESN 3 4, REUKPHE TN, [HEE

1 TBUMA-TT4BEESMULERS
Table 1 Chemical composition of 7B04-T74 (/%)

Zn Mg Cu Ni Ti

Cr Mn Fe Si Al

6.09 2.54 1.65 <0.05 0.017

0.13 0.26 0.14 0.049 Bal.

®2 TBUA-THARAC/IMEHRRER
Table 2  List of 7B04-T74/coating systems

ID  Pre-treatment Coatings Dry film thickness/pm
S1 SAA Primer 3545
S2 SAA Primer+topcoat 70410
C1 CAA Primer 3545
c2 CAA Primer+topcoat 70410
150
[} i
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g
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1 RRMRST R &

Fig.1 Size and position of the scribe marks (mm)

Topcoat

Primer

B2 B S1AT S2 RIR B TH ) OM BE A
Fig.2 OM images of the cross sections of sample S1 (a) and S2 (b)

with a scribe mark
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Wity @A RS TR

50 3%

30 mm. RIGEIE A 42 d, SRR 7. 14, 21
A1 42 d J5 AT 6 MR AT SKP R

WA KH7700 #a 20 = 4k 045 i A ok U il
JE 22 WK BE AN B B, DASE S VT A 2R TR AR B
RIGSE G, WKIEARTE 1SO 4624-2016 {# 4] PosiTest
AT-A F ik & 774 (BEF EAR 20 mm) X #
RIJR X 35k % J2 B 2 A g A7 AR, ARt 3 A
LB (RSB G M2 (AL ED , T E BCPEIME .

i MR VersaScan il X 4716 B Ak 2 T4
IR AR RE R T AR AT HA 20 AT o AR TE =3 4% 1R R 3
17, MXTREE 70%. HREFRBNEME R 30 pm, HEN
80 Hz, PRIRXFER I T340 B 7E 50 pm. FREFHES
SIBEI K, FHREAR 10 pm. BT AR E AT IR
BE TR AT HUAL A2 10 R DL KA TR AR FT LA 1Y
ZiE RO S ST Y S PR DN = B RN A 8 s A X 1A
HEAT A 5E

T S fiiF PosiTest AT-A Fr ik 2 HE & /704X %
b6 h 2 R )Z, 0 R B R = s R, &
TR AL P IS R FH Nicolet iS50 8 HLIH-AR #e 21 4P ik A%
T S50 28 PRI 23 S R 6 JEE il = kAT 4040 o A, 4 IR
o 32, ¥R 4 e, 933 B 4000~400 cm™.

2 #R5iT8

2.1 PARELFNRECIEXRIT R ALY E T

TE 220K iR 30 TP 6 A, 1 et 58 R AR AT
SKP Wi, LB 7t FH AR A Ak Ak BE ORI 78 IR JE X
7B04-T74 584 & RIT AL IIRZ M o 3% IR T /R SCHR
AR 0 2% A 0 A 28 URE 23 T B AT W, 0 B R T
FHi7 A, FHEEEN 2000 pm>2000 pm, S K
N 200 pm. R ZE AT R 3, ARIT HA 4> A T L
TS INE 3 MK 4 fix. 5 7B0A-T74 4445k

b, BHARE A AL FE 2 25 5 v T R T ARAT AL, 1T oA
RL 5y AT AR A 3550, L v i e B A0 4 e Ak 3L 5 R 1 P
PP ME T T 953 mV/, AH Lb 4% 18 BH AR 80 Ak RE 22 1
215 mV, i & B A S8 Ak Ak T 6 45 4 4 3 T HL 7 (R 4R T
TERSE N . WEKEE, Z&BAMEEYZ R
AR BLAE F (i J2 -4 8 7 T FR U2 1A T J30) P 12 J ) 52
Mo, S1 A0 C1 1R MR IT A S5 A T 8 L AR BH 4
AREE, (HEAAMEINHA, H 2 KFERRATH
P SEAR T, ZEACN 2 mVs i — DR E &S,
RAT FALAE AR /N, S2 Al C2 BBk ~F 34 Fia Ao 2 {8
21 mVe MBLEMNKZS RArf3H, & E iR
BIRIZAHE G, 7B04-T74 84 & MR R T 1 HLAL 2 A7
BRI E], WA AS B W, [F R R HER B
JE kAL T B CE Sl AT 5 AR FT LA 2 [R) A7 AE 2R 1
KERD , M5 H A T R fik A= H A R Tl A Bl
B HA EAFRm . ik, PHAREL AR E R Z
AbFE N R FE R B AL . R R S oy e S R 2 T F
KLY EIFEFE 3 AN J5 T it 48 & e A B R 1

#3 TREXEIIER 7BO4-TT4EEENRITHEAE
Table 3 Volta potential values of AA 7B04-T74 after anodizing

and coating treatment (mV)

Treatment type Emax  Emin© Emax—Emin  Emean
Substrate -646  -806 160 -731

SAA 257 150 107 222

CAA 53 -43 96 7

SAA+primer -48 -123 75 -80
SAA+primer+topcoat -47 -108 61 -81
CAA+primer -43 -137 94 -78
CAA-+primer+topcoat -69 -133 64 -102

SAA Topcoat

Y/mm

0 05 1 15 2 25 3 35 4
Primer X/mm Substrate

B3 BRERFHARSE AN IR Z MBS 7B04-T74 454 4 BIARIT AL 43 A xof B P
Fig.3 Comparison plots of Volta potential distribution of 7B04-T74 after SAA and coating treatment: (a) 3D plot and (b) 2D plot
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Fig.4 Comparison plots of Volta potential distribution of 7B04-T74 after CAA and coating treatment: (a) 3D plot and (b) 2D plot

2.2 BERIRXISARITE AL RERT B AT 1L

5~ 8 Fron4r Bl S1. Cl. S2 1 C2 ikFEEE
IR DX 3 00 AR F T FELAST e 60 o T 149 2, R ek 1] 43 31
J90.7.21 F1 42 d, Wi+ 44 5y 6000 pm>6000 pm,
RJRAL T e, MR A AR T, AP KHN
200 pm. FHE 5 AT, 2R HGRIG T 4T, BT E
RRALEE H T 7B04-T74 #5440, S1 lFERIR &b
AR AT AL 7R MR & S B M I ARAT A, HfE AR
TR PO 5 B U S -4 R SR T R AR AT HBLAL, T ) 700
mV AR IT AL 2 . RIS TR G 7 d 5, T RIDR AR T il
PRI ARG RIR A FARIT AL B s BT K A

£.600 !
(U1]

E/mV

1-300
-400
-500
-600

s [24]

FAEWRE R 8 W2 -6 8 S R ARAT AL T B
FEUG I AR EE T A 1) AR . K5 21 d S, R
SR ARAT AT — 20 BT, sEamm T HIE R E-
& JE S, o AL X RIE ab m EE, RE
R -4 B S R IR S R A R, AR B2
Wl RIFTREZ . HE 6 i K, CL{FEE S1
A R A

HE 7 7TRUEH, I S2 WFEmIRE-&
J& ST Ak T -80 mV Zi A5 B s AR AT HLAL, 7 d S BRI E
-800 mV iity, 42d f5EsA LTt BT M AE R
IRALFIARE, W58 7 d JERPRAMARFIT AL 2 BTt

50,
-100 |
150 A 2
-200 |

E 250 |
*.300 |
350 |

£4

5 BURE S1 B8 RIIR DX AR 3T FEL Az [ 5050 I 18] £ 38 A
Fig.5 Variation of Volta potential across the scratched area of sample S1 with the test time: (a) 0 d, (b) 7 d, (c) 21 d, and (d) 42 d
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Fig.6 Variation of Volta potential across the scratched area of sample C1: (a) 0 d, (b) 7 d, (c) 21 d, and (d) 42 d

E/mV

E/mV

7 BURE S2 B8 RIIR DX IR AR 3T FEL A 8 58 I 8] £ 8 A
Fig.7 Variation of Volta potential across the scratched area of sample S2: (a) 0 d, (b) 7 d, (c) 21 d, and (d) 42 d

Z£45-300 mV, & T IR =-4 8 5 i ARIT HL A4 500 mV,
Z R KR AR I ARAT A EE AR R AR T, 5IRE-S 8 SR
RET AT ) AR TG /)N, R e AR AT HLAST [X S0 7 4
%, 42 d 48 2 mm. C2 EERIEASHIE S S2 Bkt
FAL, AH C2 BUFE R ARAT FBALIX 38 42 (4 1 mm).
PLEZE R, SFIREREN 7B04-T74 B84

ME, W5 7 d 5T RIR IR E -4 08 S A x T4
IR I8 N A, T 2 2 1) 3 1) PN 22 2 22 0K J8 k2B 11
HEIRE S, BE NI TB04-T74 B4 & kA JE L
BN BH %A 5 (anodic undermining) M1, 3% 5 HAth 2% 2%
T RULAMRER G S BT A5 I 22 4R DL B A — B
X HU R RE (ST RN CL) A B (S2 F1 C2),
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8 BURE C2 B RIYR DX I8 AR 37 PR Aoz 5 5 36 I 1] (35 A2
Fig.8 \Variation of Volta potential across the scratched area of sample C2: (a) 0 d, (b) 7 d, (c) 21 d, and (d) 42 d

AL A [RS8 I TR J R Bl A v AR AT HLAE [X 45K
BB, P 0 JER K A A 22 R kR B 1 R K
FEME . 4 SEuURE AR AR AT HL A BE I 18] AN W7 224K
KA BT KRR E B BT B R - R 5
HHKAEE . A, @RAUY S REWKF
MAEAFAEKIOR 0L S AR, BT HEEM AR E
s KT EBAE IR, EREEM )RR
A 2 10 (1 U2 PR A, T B AR AT 3
FERIR IR SR T, KAEIRE h B i BRI B
WAL S TR T2 AN BH AR A T2 P S5 25 2 e AR AT R Ao
PR o
2.3 fEZLRBHREERSITR

BUIRREATH] 7 d I, 4 S iRE SR Ab 24 1 1S o
W s, (HRA A S2 WP EH A L RIR AL 2% i 3L
—k L, KIE CREZRIRRA N ERES) 7))

4 0.72 F10.58 mm; 14 d i}, 14> S1ikFEA1I 1A C1
PR IR R AL & HI— S i i 22, K24y R 1.85
A 2.43 mm, S2 K B2 gk A K, (AR
AR, 21 d i, —A C2 AR IR Mz, HAb 3
FARFE L2 B 2, 42d 1, RIS Rk
4 fiir, BFAFER) 3 A TAT IR A 180 2 M
DT Ehe, AR LR YN T 5, 8
22 (K BE AN R 3 mm, B RIDR XK )2 I B
BI7E 2~3 MPa Z [8] . LA S2 3 FE b 85 K 11 i h 22 A 491
Rt ) AR K R 9 FroR, e KEUEE S
KR TAT 7 AL 3%, B 7 d JEbh 2 2 Ko B i b,
MG WS, M 14d & 42 d IR

EFFE MIL-PRF-23377K B b 5 5 1 22 4R Ji ol ik
I8 4 S5 hniE GBIT 26323 24l , FoMH a2 K IR BRI 224K
JEE Pt REFR AR s R TR S AR 282 R Tl i 56

T4 ROELREM 42diRIBER

Table 4 Results of the standard filiform corrosion for 42 d

Number of samples with

Maximum number of filaments in a

Length of the longest filament,  Adhesion at scribe

filaments single sample L/mm marks/MPa
S1 1 5 2.10 212
S2 2 3 0.78 2.48
C1 2 3 2.62 2.60
c2 1 2 0.81 2.77




= 3190 -
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5550 %

B9S2 ik b B b 22 B I I 0 2 K 72

Fig.9 Growth process of the longest filament on sample S2 with time

J T i 22 (K FE AN BRI 6.35 mm, KBS 22 KR A
T 3.175 mm. ZHX —RdE, TROTE A R &
JERIERE AR R B AT W 2R 8 h e R o X B R AN
B, R IR B AR R b 22 25 B0 il i K T
T 22 1) K P X R T AR R o F U AT ) R SRR 11
LR B PR R L L AR R P, X S5 RS T 2.2
o PHEI . 6T S1 ORI C1iREE. S2 M C2 ik EE, K
AR EA RO T, 2 FhPHAR A Ak 7 3T 15 3126
LRI S5 R, B 2 Pl BH AR A 7 2R 220K 85 Tl
SO 22 e PRI /N o 2 R B R R BH AR S A A B X AR A
R AL MEETHERAE NS (WL 2.1 75 LEHZN
PR BIAR TSR, R E T N A AT A 1R O AR 4
1 AR TR BH A A
2.4 BAEMLNRERSITR

X9 TR S2 WAE LK I 8 h 22 3E4T SKP
WA, MR A A 50, BP0 pm, H
0 N A 26 P9 1 X 48 (1100 pm>2500 pm)
ZERLEE 10, il 10 A 9 Fron, JE R ARFT H
BLAr A AR SR 2 (8] B A B AE S . K 10
rhORT DU %% 380 J ik 22 Sk 0 (~650~-568 mV) FlJ i 22
R (FF-400 mV) Z (el K Hfr 2, B 11 BoR
T B9 I ik 22 Y A€ R 2R AR AT R A A, R RA
FONE M ERX — 2. XRS5 2Z kT
HoAth RBVER A & AT 70 4 G071 300k — 5, B | g ik
HL AL AR ) 5 R ok 22 SRR A, A R T
I LA DX 5 88 P v M BE AV A A — 2, T T ik ) S
FUZH A A B, R AN Sk R] (¥ HLAL 2
SHEETFAW RAER, Bl i RIX
ol el 37 2 (10 Ji DR U 8 T R0k 2 e i A7 A2 20T, HLpk
YR 55 G R e A BT e 2.5 AT R T I R . S Ab,

-300
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Y/mm
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Volta Potential/mV

-550

-600
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0.5
X/mm

K10 P9 th s JiE il 22 AR 4T R AL 23 A7
Fig.10 Volta potential distribution of the filament as indicated in
Fig.9
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P11 ]9 IR A € R R T 22 TR AR AT AL 23 A1 ]
Fig.11 Volta potential profile along the filament as indicated in
Fig.9
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TR F 3 WL 552 ) Sk 3R 358 1) FLASE DA B T 3 2 1] (¥ R
i 2 45 DA B AR 8K 7 sRORNG 2 4R R B R TG AN [
2.5 B

KB 9 IR BRI A NIRE LG, 25
JEE T S an ] 12 Firow, AN TR A B AL K = FT-IR
Heik 13 Fros . AT _En] 52 21 5 il 4 1
DUE IR Z 53 8, IR Mg E) 2 &
FISAMBEE A N — IS . 60 E R 5
Thez 2 B AbFN 2z 3k C Ab 6k L AR AL, RIJR A &b
(8 ik = R T 3 B R A RSy, (HAE
W& E LEEHENER. it E,
3700~3400 cm™ 3t [ A 7 AN S E TR 2
R, b TR = AIOH)BT. 1 T AICH,
FE RT3 23 K R i Al(OH)sCI 2H,0 F1 AI(OH),CI, Y6
W A 7E 1636, 973 1 711 cm™ b BRI, i B 1E
1625 1 852 cm™ 4k H BT, Seil A E 1414 cm™

12 9 H B JS ik 42 22 B AR ) AR TR 3
Fig.12 Surface morphology of the filament as indicated in Fig.9
after the pull-off test
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K13 JEih2e EAFIALE AL G M i FT-IR St

Fig.13 FT-IR spectra of corrosion products at different positions

LRI A B 1498 A1 1414 cm™ Ab Ry IE(E 2
Al O it i L £ B8 308 5 of L A 0 W g e 45 £ 988 1
AT LA RIRE A 4 AI(OH), & B B T HAB P ik,
ALO; & MK T HARLB &, XFRES B, C Hibid
B B A BH R B R % o 7 B C ARG 5 B b2 AuL,
JR KR BE A& C AL T8 bl 22 Sk A0 J5 3, SN B ok 22
R R RR I ALY AI(OH); Bk, X
Lok A Y M4 AE TBOA-T74 454 4 1 A ot it 72 b 7 B o

IR G kR o M A R 2.4 5 SKP IR 45 SRt
FR B, 7B04-T74 fRE S1RIZ R R I LR E th2 7E
AR ZERES N B E . — BN, BIRRN K
HETE S 22 1 S (B ARUIX), BRI SEUIE 5 s B e AR A
e F ) S Rk 22 f) R (B AEUIX )P, R b
SAVEWAF

BH A 52 -
AI+3CI" = AICI, +3¢° (3)
FFI A2 sz I«
0,+2H,0+4e” — 40H" (4

R E R RAAE T, BB FIELKm, HEk
ANEE T K JE 724 AI(OH);:

AICI, +3H,0 — AI(OH),+3H* +3CI (5)

B &S FaEBRMZRER TIEREIMEMR, H
RS 5 AN I RO, 153X — i B B B AR,
Ji§ b 22 AN 1) T R o« AI(OH) 5 WU 2218 3 2% /K I 34k
NZ LK E AR

2Al(OH); — Al,0,+3H,0

3 & it

1) B 2 H A% S A A 3 R 6% 1R BH A S8 Ak Ak B 34 T
RERE TB04-T74 HBEEMARITHAL, HE QH-15
JREEF QFS-15 TG, RATHALA i R, (HARFT
LA 20 AT SE N340 50, A BH A S A A B R U 2 T 4
1 7TBO4-T74 454 & 1A it J6 i 1 R o

2) 4 BRI IR X AR AT A A B 58 1 R AT
A & AL AR R A, RITE SR IR 0 RIIR Ak 1 AR 4T AL
B MR E-4 8 T B AR, AE NIRRT, R
B 7 d J5 ARAT HALXT LR 3 R AR S e, P 2 Ta) 3 )
HLAL 2 51 R MR S D & 2R B ol L R BE AR A R

3) FLANJE b 22 (AR AT HLA AR R R TH Y B 2 TR
BB, T8 2 Sk 3 AR 5 2 1] 1 B K He
722 i 2R B AR 3R 1 3R BN

4) QH-15 JKEM QFS-15 ME MIRIEE R A B K
U (VTN 220K 85 b P B, LGV +THD VR 1 2H 5 R AR
T HJZRE. 2 FhPH AR E A T O 200K 6 Tl ) 52 22

(6)
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Wity @A RS TR

50 3%

SR

5) K IR Adh A0 ik 22 TR IR R Tk ) R R Ay R R
Al(OH)3. Al,O3 f1 AICI; K 343 /K RF= 10, £2RIE
T R R AR ) EAG S SR T 7TB04-T74 4
BEEAETERMER TR AR,

S0k
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Investigation of Filiform Corrosion of Coated 7B04-T74 Aluminum Alloy
by Scanning Kelvin Probe and FT-IR

Zhang Yangguang'?, Chen Yueliang', Zhang Yong®, Bian Guixue', LiJunliang', Wu Xingjun*
(1. Naval Aviation University Qingdao Campus, Qingdao 266041, China)
(2. The 32102nd Unit of PLA, Yantai 265200, China)

Abstract: Four types of samples were obtained by anodizing 7B04-T74 aluminum alloy with sulfuric acid or chromic acid and then
spraying primer or primer and topcoat. Then a standard filiform corrosion test was carried out and the corrosion behavior and mechanism
of 7B04-T74 aluminum alloy/coating systems were investigated by scanning Kelvin probe and Fourier transform infrared spectroscopy
(FT-IR). Optical microscope observations reveal that the number of filaments on the four types of samples is small, and the length is no
more than 3 mm, indicating that the four types of specimens all have good corrosion resistance. The results of SKP tests show that the
variation of Volta potential across the scratched area with the test time is similar among the four kinds of samples. The potential difference
between the scratch and the surrounding coating-metal interface causes the occurrence of filiform corrosion, and the corrosion mechanism
is anodic undermining. The Volta potential of a single filament decreases towards the head and increases towards the tail, and the potential
difference between the head and the tail promotes the propagation of the filament. The results of FT-IR show that the main components of
the filiform corrosion products are Al(OH)s, Al.Os, AICI;and their partially hydrolyzed products. The main chemical reactions in the
filiform corrosion are similar to the pitting corrosion of 7B04-T74 aluminum alloy under the erosion of chloride ion. Comparative analysis
shows that the influence of two anodic oxidation modes on filiform corrosion is less different.
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