H31E H3IW b E KR T IR Vol. 31 No. 3
2018 4 6 H CHINA SURFACE ENGINEERING June 2018

doi: 10.11933/4.issn.1007-9289.20171017002

RTS8 E MR EE i8N SUR MR T

SR, RAEEDR?, mEsese, X OER, T3, X|Ee?
(1. B R HE ST, B 2002455 2. dEE s T K K2 MpbRl 5 TR24BE, dbat 100191)

o OEE: PR R IR S 4 0 R A — Bl R o SO RIS T B 65 B b 2 Nk BE XA A 4 B R 2 Sl W
BURME R RZ W . W TR IR I T 8-FR Mk . R @R MF E R 3 MUIEHIXT AR pH BB N 5 3l T 414k
P&, PR YO BB R A B BTIE A ST T G IS )2 S R L T P R ok W R A RS, &
T 8- ¥R oot AR AR LA B B9 Ema N, I E X pH AR 1L A I S A9 N . 8-F5 LM R LR Y
TN TI0 X T AR R T T 2 A ™ 2 WY s ), S IO B I R, R EUE B SRS AR . K
FEHN B s s s T2 BB P RE,  8-FR s obkoxt 4 JE Ik SR B SR DV ] o 8- R s ok R A T T LA A ol
TES A 8-FRHE s vk 1) I )2 v B L W I B B 2 6 s RSE R/, 24920 pm, [T IR 8- ik s 3 00 1) O 1 ) ot 0 0 e J b
KHEIR: A4 BB POER; BRI PR E

FESHES: TG174.3 HKFRARRS: A NXEHS: 1007-9289(2018)03-0116-10

Effects of Fluorescent Agent on Sensitivity of Corrosion Monitoring of Anticorrosion
Coatings on Aluminum Alloy

JU Peng-fei', ZHAO Xiang-ni’>, XIONG Liang-liang’, LIU Zhao* YU Mei’, LIU Jian-hua’

(1. Shanghai Aerospace Equipment Manufacture, Shanghai 200245; 2. School of Materials Science and Engineering, Beihang
University, Beijing 100191)

Abstract: Fluorescent agent can be used to monitor the initial stage of aluminum alloy corrosion. Effects of species and
concentration of fluorescent agents in protective coatings of aluminum alloy on the corrosion monitoring sensitivity were

studied. Fluorescence responses of 8-hydroxyquinoline, morin and coumarin to AI**

and pH were studied by fluorescence
spectra. The influence of fluorescent agent addition on the corrosion monitoring sensitivity and performance of the coatings
was characterized by fourier transform infrared spectroscopy (FTIR), SEM, fluorescence microscope and electrochemical
impedance spectroscopy (EIS). Results show that 8-hydroxyquinoline has obvious fluorescence response to the change of AI**
concentration. Coumarin is sensitive to the change of pH values. The addition of 8-hydroxyquinoline or coumarin does not
obviously affect the sol solutions and sol-gel films. Additionally, the sol solutions keep stable, and the films are dense with
good adhesion to the matrix. The addition of fluorescent agent enhances the protection properties of the films, and 8-
hydroxyquinoline shows the corrosion inhibition performance. Both 8-hydroxyquinoline and coumarin can be used to monitor
corrosion. The size of fluorescent spot detected in the film with 8-hydroxyquinoline, is about 20 um, smaller than that in the

film with coumarin, which indicates the higher sensitivity of 8-hydroxyquinoline to monitor corrosion.
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Table I Chemical components of AA2024-T3 aluminum alloy

(W1%)

Element Cu Mg Mn Zn
Content 3.8-4.9 1.2-1.8 0-0.9 0.25
Element Si Fe Al
Content 0.5 0.5 Bal.
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Table 2 AI’* concentration and pH gradient of different
fluorescent agent solution

Sample Car”/(10° mol-L™) pH
1 1 7.1
2 3 7.5
3 6 8.0
4 9 8.6
5 10 9.0
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Fig.4 Surface SEM images of sol-gel coatings containing fluorescent agent
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Fig.5 Cross section SEM images of sol-gel coatings containing fluorescent agent
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Fig.7 Bode plots of sol-gel coatings containing different fluorescent agent after immersion for different time



122 b B xR T LT IR

2018 4F

B, BEES I A . X
BT 8-FRSLMEmR AT 5 AL S & W LR J ik A
JOR BRI i, A — 2 AR fE3R
6 KI5, & ERIZR G T VIR, &
TR R PR T S 1 A A A S BUBR
B PEREREAI .

£ Bode MR MK, iR IX AR BUIE R SNZ
FLBELAY R/, AR X AR BB 9 )= AL BEL A D
PR AT LA iE i Bode AR A IR R ECHLE BRI =
MBI PERE, SO EFERIBEEML, & 8-k
WAEDHR PR 3 JIC BE I R V= AR 23 6 K, R FHATTT
w5, VLW 8- R HA —E S MM RE, BN
ARG SR AL ok R

2.5 RIS

T AN TRV DG TR 1A 8 G TR M e 22 152 Y i I J = 3
) e 8. RE, M TBEZEBGHELE, A
BRI A A, i TAERIEHTN R R
BUE M, B IR AT T W] 2 Ay
POURL; EFERNB B IRZ NG 3 KT
MBLDEE AT, (E R T80 B B Ao 301U b A P 4K
fiX, FOCRBNESS, WK 8 Fin. ML, &4
8- 5k W AR P 5 MG 58 M J2 0 R ) B T BRI e
A, UL SR i R R A W B S oy, ok — 2

= 208m
—

7.87 pm

6.06 pm
O 8.47 pm
1257 pm &

20 pm

(d)2.5mM

(b) 5 mM

(e) 5mM

ULEH B 8-F2 s w1 V5 IC B FEC R 2 X 40 4 B
R EA —E B ER

T 8- FRILME IR I Z 2955 4 R BLEE T,
H IR RN 5 5 7 5 28 R J2 ) 300 g ok i
FHZEARK, W 9 Bk,

E 10 s h & & R IZR 4 Rk
MR FN2E WABE IR R, AR B2 1 R/
BB SSRGS, I AN
[ AT BE B 22 5 AR B T R R R
B PO R T AT UM AR B I o A
TR/INFIE SR T AN TR A 1 A g ol v 7™ R

3 3 MR 4 Ry B 5 6 I 7 I 8 S oS 2 A
3.5% NaCl W 4T 7 d RIS i geit4h
S5 0 57 T A R B R 2 RTA R T LJE l
MR o SIS 2 00 g B8 2 5 b o 0 s R 2
SR RIARE], OGRS, kR
INFEAR A BE R IR K, B A ORI
JE 58 B 2 JES AT I 9 i R 24 30 pm, &
8- 0 S s A 114 7 R 5 22 T e ) 3 2 Y i RUSE
2920 pm, PRI 8-F LMk EL A T g %) ok
BB . AR R T IRHR A A T 2 B 2 A
F ., RESEAT SO s R BE I 2 W B 4 ke, )
K 8-F2 s A 7 i S5 R e g 8 4 AR A5 o

BEAR, B 8- I IR o0 1) 95 G o5 s/ B SR

-~ 20 um

(c) 10 mM

9.75 um

O

20 pm 20 um

(f) 10 mM

8 E LR A BB IR Z R AR 3 RIDLE RBIERR (a)(b)(c) MIFOLRHBUESR (d)e)D

Fig.8 Optical photos (a)(b)(c) and fluorescent images (d)(e)(f) of sol-gel coatings containing coumarin after immersion for 3 days
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Fig.9 Optical photos (a)(b)(c) and fluorescent images (d)(e)(f) of sol-gel coatings containing 8-hydroxyquinoline after immersion for 4 days
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Fig.10 Optical photos (a)(b)(c) and fluorescent images(d)(e)(f) of sol-gel coatings containing coumarin after immersion for 4 days
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Table 3 Analysis of fluorescence point of coatings containing 8-

hydroxyquinoline with different concentration after immersion

Immersion Fluorescence Size of  Intensity of

Concentration

days/d point point/um  the point
0 No
3 No
2.5 mM
4 Yes <20 Low
7 Yes 90 Low
0 No
3 No
5 mM
4 Yes 20 Low
7 Yes 177 Low
0 No
3 No
10 mM
4 Yes 20 Low
7 Yes 180 Low

®4 STRIREEEENRERAR SN
Table 4 Analysis of fluorescence point of coatings containing

coumarin with different concentration after immersion

. Immersion Fluorescence Sizeof Intensity of
Concentration

days/d point point/pm  the point
0 No
3 Yes 30 Low
2.5 mM
4 Yes 30 Low
7 Yes 150 High
0 No
3 Yes 36 Low
5 mM
4 Yes 40 Low
7 Yes 200 High
0 No
3 Yes 48 Low
10 mM
4 Yes 52 Low
7 Yes 231 High

O 76.10 um

50 pm

11 F 8-SR BRI S BE BRI R IR 2 IR ISR 16 R
MIFOL WRIE S

Fig.11 Fluorescent image of sol-gel/epoxy coating containing 8-
hydroxyquinoline after immersion for 16 days
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Fig.12 Fluorescent images of sol-gel/epoxy coating containing 8-

hydroxyquinoline after long-time immersion
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