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Table 1 Main environmental parameters of atmospheric test

stations in 2006—2012272%

_ Total

Exposure  CI deposition/ SO, deposition/ o
site (ngrem >d™") (ngem>dhy RS0

ng ng (h,a—l)

Wanning 3.87 0.478 6736

Xisha 11.23 <<0.01 5600
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Fig. 1 Macroscopic morphologies
of corrosion products formed on
pure zinc after cyclic immersion
experiment for 720 h in different
accelerated environments: (a) 1%
NaCl; (b) 2%NaCl; (c) 3.5%NaCl;
(d) 5%NaCl; (e) 7%NaCl
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Fig. 2 Microscopic morphologies
of corrosion products formed on
pure zinc after cyclic immersion
experiment for 720 h in different
accelerated environments: (a) 1%
NaCl; (b) 2%NaCl; (c) 3.5%NacCl,;
(d) 5%NaCl; (e) 7%NaCl
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Fig. 4 XRD patterns of pure zinc corrosion products after

cyclic immersion experiment in3.5%NaCl solution
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2 Fig. 3 Microscopic morphologies

2 of corrosion products formed on
pure zinc after cyclic immersion
experiment for 720 h in different
accelerated  environments  after
removed rust: (a) 1% NaCl; (b) 2%
NaCl; (c) 3.5% NaCl; (d) 5% NacCl,
(e) 7% NaCl
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Table 2  Fitting data of corrosion kinetic curves

Environment A n Correlation, R
1%NaCl 1.00923 0.845 0.886
2%NaCl 1.2437 0.943 0.976

3.5%NaCl 0.09575 1.464 0.993
5%NaCl 0.35353 1.234 0.973
7%NaCl 0.13 1.396 0.997
Wanning 91.61 0.95 -

Xisha 1438.83 0.195 -
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Fig. 5 Corrosion kinetics curves of pure zinc corroded by

cyclic immersion experiment in different simulated solutions
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Table 3  Statistical magnitude of corrosion mass loss in Wanning

1080 1 2160 h (125 P fir 3 Ji5 il o 245 2k B s RS0
JTT X, BL 68, 135, 270, 540 F1 1080 h [#)% A 0
THJE ol I S E A RV VD HL X, 45 3 SR AR e
Wk 3 F 4 g, o, WAREEIE LA G R Bl
P i RcEIR
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YR, IORIRBEHRTE 0.6 LA b, HATHUS 1Ok
Pho XUEHIRH AEARETTT T PP RO
8 SR (1 5 b DL AT AU N A B0 2 ) sl )
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Outdoor time/a Indoor time/h Xown X X X3 X, X
0.5 135 47.42 63.70 127.31 125.88 150.40 122.43
1 270 91.61 114.42 244.76 347.26 353.78 322.20
2 540 176.98 205.52 470.56 958.00 832.15 847.94
4 1080 341.90 369.18 904.67 2642.84 1957.36 2231.53
8 2160 660.51 663.14 1739.25 7290.87 4604.07 5872.74
Fz4 VRO E MR UR G
Table 4 Statistical magnitude of corrosion mass loss in Xisha
Outdoor time/a Indoor time/h Xoxs X X X5 X, X
0.5 68 1256.92 35.68 66.68 46.12 64.53 47.00
1 135 1438.83 63.70 127.31 125.88 150.40 122.43
2 270 1647.06 114.42 244.76 347.26 353.78 322.20
4 540 1885.43 205.52 470.56 958.00 832.15 847.94
8 1080 2158.30 369.18 904.67 2642.84 1957.36 2231.53
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Table 5 Pretreatment results of corrosion mass loss in Table 8 Values of 4, nj relative to Wanning and Xisha in five
Wanning different concentrations of NaCl solutions
Yown g Y, Y3 Y, Y5 Relative to Relative to
. 0 no . Ao no
1 1 1 1 1 1 Wanning Xisha
1.932 1.796 1.923 2.759 2.352 2.632 1%NaCl  207.54 1.12 | 1%NaCl 5402.16 0.23
3.732 3.226 3.696 7.610 5.533 6.926 2%NaCl 9523 1.01 | 2%NaCl 1766.54 0.21
7.210 5.796 7.106 20995 13.014 18.227 3.5%NaCl 108.66 0.65 | 3.5%NaCl 712.94 0.13
13.929 10410 13.662 57919 30.612 47.968 50NaCl 9033 0.77 | 5%NaCl 841.60 0.16
7%NaCl  109.68 0.68 | 7%NaCl 788.67 0.14
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Table 6 Pretreatment results of corrosion mass loss in Xisha 1.1 150
Yoxs T ¢} Y; Y, Ys
1 1 1 1 1 1 o 10 1120 &
4 =
1.145 1.785 1.909 2.729 2.331 2.605 "q?), <2
& 0.9 190 2
1.310 3.207 3.671 7.529 5.482 6.855 g s
2 =
1.500 5.760 7.057  20.772  12.896  18.041 S 2
L 08fF 160 =
1.717 10347 13.567 57304 30333 47479 S 2
5 3
0.7F 430 <
T FWINAT I KRR
Table 7 Grey correlation of atmospheric exposure tests and 0.6 1' 2 35 5' 70
accelerated tests Mass fraction of NaCl/%
Grey correlation Wanning Xisha 6 AIFVREER) NaCl BT T i R R BE 1)
min min(Yy—Y;) 0 0 IR IR JE A b
max max(Y,—Y)) 43.99 5559 Fig. 6 Grey correlation and speed-up ratio of Wanning marine
atmospheric environment with simulated solutions in different
1% 0.955 0.909
concentrations of NaCl
2% 0.986 0.886
3.5% 0.752 0.737
1.0 50
5% 0.853 0.806
7% 0.780 0.758 o 091 140 3
) 8
"g =4
1/ny ny/n E‘DO'S_ 130 .'%
s 8
T 07F 120 &
T=(4/ 4)"" 12" = At (7 - — 5
= Q
- ~ N, 5 = o 9
FLUL, s L e 1) AR K=ar 15 06¢ 110 =
PRECCR, RRBEMIEEE. Wom=naiNEmha) 0s
9 Ny e T N = N 2 1 1 I 1 1 0
FRHG RIRERAGAH Y T3 A0 i 1 5 P b g ok 1 2 3.5 5 7
W 5 R NaCL SIS BIAA T 7 5. P Mass fraction of NaCl'%
Ao~ o {HINFE 8 FTH1. 7 AR NaCl ¥ s PUvb R R TABE I AR

BRI T PESIREE S FRIKIE NaCl g PERITELL
FOLYE VR 1) J S o e 5 e i s T S I PR AR 6 BB 88 AR ok Fig. 7 Grey correlation and speed-up ratio of Xisha marine
LLAER, nlE 6 17 fios. Jerhhnss b 2 Bopil 2 4k atmospheric environment with simulated solutions in different
ARAE 4 AEI S R ) s L concentrations of NaCl
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2.4 TR FESTIN

ZEA UL B b ah R, R N e bk 56 1
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TRBE (R} et 743y PR A 80 1 R ST
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Txs=841.60/"° )

e Tan AR 2%NaCl BT T KSR EE 1)
B IR GG I ), hy Txs 22 R 5%NaCl %
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() FN(9) A7 T Al J1 32 i 3k g b i 6 W i) A
JHAN KA R B S T TR) 2 TRD R DB, 12 RIS o R
Ohy 35 ARSI A B 58 R B A0 R B A T £ i
PEXTEE . BRI, ORI s AR RS TR, H
RTINS A REIE FH T JE5 b LB R 4 o e AR AL P B e A
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9 JIT A kg i FR R ek 7 i PO 7 9249 B AR )T
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Table 9 Indoor simulated accelerated time of prediction

model to predict corrosion of zinc

Accelerated time/h

Corrosion life/a

Wanning Xisha
1 96 842
2 192 940
4 385 1048
6 580 1118
8 774 1170

BUTRGG R wT A, A OCEE AT IDCRE AR 2 . S A
T3 PHUB IR AR Tl 0 T AR AR I T ) 3 A
EEPYIIbE S R C EHIRn v SRt Vi 2 N A Ve D
BT R AR AR e 3 W] DURRSE A Bk e 45 2R
FEMBIREI RILAER, - Mt S5 TRE I B A
HEMAE

3 it

1) 2HEFE R NI k56 e, LI ko™= 50
MEEANA I 5 T7 7 P RS SE B4 i
S5 RAHAL, 2 W JRIE 0 g i B ASADL I SR

2) I F JEE 0 i 56 AR A = A KR
TR AORIE M AT R B SR AIREE A 2%NaCl FHEA
T KA, RRIE N 5%NaCl UL g b KA1
A IR FE DL A A i R I L

3) K H RN S R ey v T g T AR )T
T PUEP P RIREE RSN IRASE ()T i A i B2
WA Tyw=95.231"" T, =841.60:"'°,
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Corrosion prediction model of pure zinc in
tropical marine atmospheric environment in China

FAN Jia-wen', CHENG Xue-qun"?, LI Xiao-gang"*?, XIAO Kui"?, DONG Chao-fang'?

(1. Corrosion and Protection Center, University of Science and Technology Beijing, Beijing 100083, China;
2. Key Laboratory for Corrosion and Protection, Beijing 100083, China;
3. Ningbo Institute of Material Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China)

Abstract: The corrosion behavior of pure zinc in tropic marine environment was simulated by cyclic immersion test, the
correlation between cyclic immersion test and outdoor atmospheric test was evaluated qualitatively and quantitatively by
comparing the corrosion morphologies, corrosion products and corrosion kinetics. The results show that the corrosion
morphologies, compositions of corrosion products and corrosion kinetics after cyclic immersion test are in good
correlation after the real atmospheric test. By Grey correlation method, using 2%NaCl solution to simulate Wanning
atmosphere and using 5%NaCl solution to simulate Xisha atmosphere meet both simulation and acceleration. The
corrosion life-span prediction method of pure zinc in two kinds of marine atmospheric environment is built by cyclic
immersion experiments: Ty, =95.23¢"%', T, =841.60:"'6.
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