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ABSTRACT: The work aims to study the degradation law of two kinds of protective coatings after 3 years of natural exposure
in hot and humid marine atmospheric environment. Steel and aluminum (steel) connection fittings were selected as test samples
and Wanning of Hainan was determined as the test site. The appearance, color difference, luster, surface Fourier transform infra-

red spectrum and electrochemical impedance of coatings A and B for different exposure time were measured periodically.
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Through comparison and analysis of the test results, the degradation degree of the two coatings for different exposure time was

judged, and the degradation law was finally obtained. The coating A was severely aged after one year of natural exposure: the

coating in fastener area was peeled off, the optical loss rate in plate area was about 75%, the impedance modulus was reduced by

five orders of magnitude, the color difference AE" was 5 (slight discoloration), and the organic groups in the coating were seri-

ously aged and degraded. After two years of natural exposure, the coating B was seriously aged: the coating in the fastener area

was spalling and rusting, the plate optical loss rate was about 20%, the impedance modulus was reduced by two orders of mag-

nitude, the color difference AE" was 11 (severe discoloration), and the organic groups of the coating were slightly aged and de-

graded. For screw connection structure, the connection area is not only easier to be corroded, but also increases the inconsistency

of the adjacent plate area. The protection ability of coating system B is better than that of coating system A. The effective pro-

tection time of coating system B is about two years, while that of coating system A is less than one year.

KEY WORDS: natural exposure test; coating degradation analysis; protection ability

ABLTRJEAE 4 B I 7 i BAT )iz R, Rl
SEAE S SR A e U FE bR TR I, WR)Z R
Rl N ZRA, EE ARG R EE R Y P A
JZRE . PR R, WERGE A RRERE TR
RAAT A RIREARH Z 2 e, B9 P2 AR
SRR, AR . AHXIRREE | TSP AN AU
AL S T R PGHB TN IR 2 R R A AR
REST, WFTE A 2 0OTT e S g = s e A [ 4R 28 5
B AR SCERFTE 1T, o B T 52 0 5 I 0 1L
B HAREGIAR . SR, i TIRZE R I, L
LeSEPR FARIERIANT R ENE , SRR BT E ) A BE B
SERRARLS, A B AR PR A 1 AR A B A B B I
K, (ERT UG g3 S Wi )2 R G S PRl 26 1R R B9
KDL

T ARG ZAE A SRR T MBS B0, Zhang
SUNBET 4 FE SR RGNS T 1Y
S, Bano SFMIESY T LIRSS T R AR IR)Z
TERTFM T R A AMPLEL . JAT, T2
HEAMRERGHN ARIARIET T —RIWH5E, H

DB 5F K 22 SR AL, 5 AR 5 48 AN TRl 2
R B 1 R X SO S 5 ) S ol i LA T g
i Pl 2B 1] T W R R Y 0] T Y LA v 95 A 5] - i
& B EE A F R N R —, NI B
5N T4 R BT E IR 2 R 5.

AL 4 SR IR BRI, TR T
PO E RS R 2R 5E 3 a 0 2 FNRE RS A1k
0L AR . SRR L EE AN
1% (FTIR ) FEALZ#BAPTERE (EIS ), XT3 A A
FREEAT T 2 MR 2R R BT EE T, FIWT LA AN [
TR T SRR, I B A bR,

1 e

M5

AIRE AR 2 R (A9 IRBEEE AT,
Sl 2 FAFERTRZERR (IRZE AL IREB) B
SIURA, ERERAR P 1 TR, 2 R AR
WA 1R 2, 2 FhiRIE R FE AN R 3,

1.1

H H K
' o 12 @ o Bfii: mm
PR IX i i Fgx |50
b mEGX BEEK |
. 105 L 105 N
€ > <€ >
RHEBEE — L XHERRE
[ . : 10 } - 1% 3
e~ A 103 >
BRI
K1 e A5
Fig.1 Structure of test connector
x1 BEEEFHLERS (RESH)
Tab.1 Chemical composition of aluminum alloy matrix (mass fraction)
%
Si Cu Fe Mn Mg Cr Ni Zn Ti Al
<0.10 1.4~2.0 0.05~0.25 0.20~0.60 1.8~2.8 0.10~0.25 <0.10 5.0~6.5 <0.05 =90
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Tab.2 Chemical composition of carbon steel base (mass fraction)
%

C Si Mn Cr Ni Fe
0.28~0.34 0.90~1.20 0.80~1.10 0.80~1.10 <0.030 =97
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Tab. 3 Main components of the two coating systems
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Fig.11 Bode diagram of coating A exposed for 1, 2 and 3 years: a) phase angle; b) impedance modulus
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Tab.5 Equivalent circuit parameters of impedance spectrum of coating A exposed for 1,2 and 3 years
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(Q-cm”)
1 R(C(léigm) 3.40x10° 9.40x10°  8.35%10°° 0.64  2.18x10° 2.20x10°° 5.77x10° 6.70x10°
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Fig.12 Bode diagram of coating B exposed for 1, 2 and 3 years: a) phase angle; b) impedance modulus
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Tab.6 Equivalent circuit parameters of impedance spectrum of coating B exposed for 1, 2 and 3 years

7 s R/ CJ/ R/ HAAHL BH.(f=0.01 Hz)/
i) /2 S (Q-cm) (F-em) (Q-cm) (Q-cm?)
SRR R(CR) 525 4.39x107"° 7.89x10° 5.62x10°
Q/ n R/ Qu/ n R/ HEIRHLBH(f=0.01 Hz)/
(Fs"T-em?) ! (Q-cm?) (F-s""-cm™) 2 (Q-cm?) (Q-cm?)
1 R{Q[R(QR)]} 5.78x107"° 0.95 2.48x10° 8.94x107'° 0.71 1.42x10"° 4.30x10°
2 R{Q[R(QR)]}  2.42x107° 0.86 7.94x107 5.73x1078 0.69 8.33x10° 1.46x10°
Q./ n R/ Qu/ n, R/ Quy/ n R/ HEURHELE=0.01 Hz)
F-s"lem?) ' (Qem?) (Fs®lem?) 2 (Qeem?) (Fes"em?) 0 (Qrem?) (Q-cm?)
3 R(QR)(QR)QR) 121x107" 0.632.96x107 5.11x10° 1 2.18x10° 1.57x10” 0.934.26x10° 2.19x107
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