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Fig.1 Schematic of the experimental test cell: 1-
gas-liquid booster pump, 2-fluid reservoir, 3-
modulating inching valve, 4-counterbalance valve,
5-nanometer, 6-valve, 7-surge tank, 8-cooling
equipment, 9-temperature controller, 10-thermal
sensor, 1l-reference electrode, 12-counter elec-

trode, 13-working electrode, 14-reaction kettle
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Fig.2 Mass gain rate of organic coating as a function of

immersion time under different pressures (a) 0.1

MPa,; (b) 0.1/3.5 MPa; (c) 0.1/6.3 MPa; (d) mass

gain rate comparison
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Fig.3 Mass gain rate of organic coating as a function of immersion time under 0.1 MPa pressure (a) and fitting

results of mass gain rate during the later stage of immersion (b)
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Fig.4 Nyquist (a,b) and Bode (diagram on the right) plots of organic coating in 3.5 mass% NaCl solution

under cyclic pressure of 0.1/3.5 MPa
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Fig.6 Nyquist (a, b and ¢) and Bode (diagram on the right) plots of organic coating in 3.5 mass% NaCl solution

under cyclic pressure of 0.1/6.3 MPa



4 R ICE - I EJIXT AR BRI S R BAT AR M 279

SR WAR S B EIRZ /)R Hk A A R X B
R DA e, L T S B st ) 45, BELBfE R
TREAS, SIERAH RRAE T 4 MR, BB
TNERTE B (12~24 h) BEGTRHE S BESTER AR & &
A BARE, SERH I AR 5b TR, 123 25 h (38 2 4
PEER R HAP A 7 451 ) , PHPL S PR =0t [ o s
fiE, PHPTE N WA, A e s iR, HPw
BWORATIRN (Qe~Rpore) HIRIBME AL, HKIED
K (Qai~Re) FIHEFIRE /&R B A i b 2= 8
Pt R, WHRASR (Q1~R1) FRE SR EHHE
b, BRI IR 6 S A R O BELRS 1 AR
3. FE 25~156 h 1Z{UET[EI Y, EIS &R A =46t
[EH %, RIAEFTFE Sc iR SRR #E T 40T, 156
h 5 (B 6¢), FERAINE R, EIS R A BT
(R, AR REHTRE B B R, FTREE iR B+
JEMA BOBE IR BRI 2, BTk SR SEIR I
YIRIBERSVE I IRSS, SBPRASINER, RENT
PEREAR 2, SRR INE 5b,

3.3 EIS 4#F

FIAE 5 FFRSR RN EIS BiEitiTadr,
AREIRBHEE C.. WEILKEME Ryoec. WE/£
o F P L TR R B LR R LR Can AR5 RS
BB Ree SFSHUE.

3.3.1 WA ENANEERRGH A BT AW
TG R B 7 2540 T VR 2 P25 Bl V2 3 B [ A8 A B0 il
LE. ATUEL, BIEVERE (0~24 h), REH
Z b V2 0 Aot () i T AR A, i BT R R VA VR
TR B LSRG B A EIR B IR P 24 h
G, WE AN ERK T EEBAE AL
U WHE/3.5 MPa fEHRESIKMT, 7258 2 MG
HEMAN, HETH Cc R R THEETFHLRE, m
TESE 3. 4 MEAHABIN, FET C. K TEETH
gE. B A MER)E, C. BERMIRRIZLED, X
Al REZE A1k 2 AW SR BT, 515 C.
R Ay B i RV W0 155 1 LI 2 A LB S 28 b
B WAL Bl 5 /3.5 MPa JEERFE 1 444 48

——0.1/3.5 MPa
—o—0.1/6.3 MPa
@

© &

C, IFem®

0 50 100 150 200 250
Immersion time /h
Fig.7 Capacitance of coatings (Cc) as a function of im-

mersion time under cyclic pressure condition

t, W /6.3 MPa SRR (F THY Co E3LE T
AR 2B 2~5 DMEIFREBIN, ®IET Co \TH
JE TR J5 5 MEFRAMN, WIET Co AHXE
.

BAh, HEPH RS E SR T Ce AT, 1E
BRI EP, #E/6.3 MPa B3 E T TR
AW KT /3.5 MPa THYZR.

3.3.2 MIAENMERERILGHn K 8 AW
FEER 1 2505 T TR J2 FLBR L BELRE ¥R 96 Bk 1] 24 Ht
£8. 1EHT 36 h IRIEHTE A, HE/3.5 MPa g3 &S
FAFT, URJZFUR e BELBE 1R I B[] S A< T 2 T R,
A TR L A A W 2o U 2 3 T ) L 5 R B o2 3
FIRBEWNERBA; 36 h J5 (55 2 DGR b E
FMHT), Rpore BHEWEAR, SRR AR T8
6 MRS, XRWIEIIedt T M W iR =
TREEE, AR T IRZRIBESPER . 56 3. 4 JE3F A
W, Roore IR Y HAMEAEAL AL : 3 IRIF Rpore
WK T R R A SR, R SIAERT, SR FLBR
FHAREH ., 1R 84 h )5, WRIZ LB s BHAR AL AR X
B, ERRTE 2.0x10° Qom? 247, BHIRARIED)
HA - RIER.

W /6.3 MPa {3 E S5 T IRIZEHEHEZL
MERIAK: TFHRIER 12 b W, Ryoe HEIR
B[] S T 2 REAR, RS, TR2 RS RIEDN,
SRR AL AR FUREAR T3 7 R, e T R

1012
——0.1/35MPa
10"k —o—0.1/6.3 MPa
~_ 10"
£
o
90 10°kF
&
10°F
3
106 L L L L L L L L
0 5 10 15 20 25 30 35
Immersion time /h
10°
(b) ——0.1/3.5MPa
n n —o—0.1/6.3 MPa
S -
e 10
(5]
]
.
104 3 @
103 L L L L
0 50 100 150 200 250

Immersion time /h
Fig.8 Pore resistance as a function of immersion time
under cyclic pressure (a) 0.1/3.5 MPa: 0~36
h, 0.1/6.3 MPa: 0~12 h; (b) 0.1/3.5 MPa: 36~240
h, 0.1/6.3 MPa: 12~240 h



280 H R 5 B P 2 AR 3%

WG IR 2 NS R IR BIA IR R /& R 2k
S, R B EREGAL. RIS RS IE A B
W, Rpore FE 5.0x103~1.0x10* Q-cm? JEE W2 B8]
FCBPIFIME R 1 254 T Rpore ATAI, BER
HHHEI Y, /3.5 MPa fERFE S 544 T B Rpore
HOH /6.3 MPa TRIZERK 1~2 MR, XK
P ESIR, HRRBENINEE K, FHEAT
JETRYEA BT IR R NG5, TR Z 0 A o Ay B
PIERREAL, RGP,

3.3.3 MBI E ) AR JEE B B ARAT AW Fen B
9a, b A AAERBE Ca MR HEE R b
BRI AR T ZE. FTLAE L, H /3.5 MPa 3
JIFIRI 29 h, WRIR /5@ T BAL 2 s R i
B 36 h J5 (58 2 MEFRFAAMER), Ca B#E
WK, MBH Ree BRIV, X & F A& R T BT
R EE S AL SR B e Y R TR/ &R
AR E, SEEibr RV EREEREA B %3, 4
MEFEAIAN, Ca 5 Re #ZIUAHRS R 8 JE BAPEAS
R mHET, Ca BEHEK, MV R 2RI
ANy HHET Ca U, XMRH) R K. HEMPEEFE
W, Ca 5 Rey WIE—PMEUNTEEINEL. W E/6.3
MPa JEFFE S5 T, F I AL 28 iU WY AE 129
12 h JFEEHFIRIE L, 5 /3.5 MPa JE3 K1 T Y
SERMUAGET 17 h, XRFAEMTERESET
EARGBNBIRZ/GRERA T, N T 7w

(@ ——0.1/35MPa

10*F

0 50 100 150 200 250
Immersion time /h

(b) ——0.1/3.5MPa

7_
10 —o—0.1/6.3 MPa

t

R, Q-cm?

10*

0 5I0 1(I)0 150 2(I)O 250
Immersion time /h

Fig.9 Double layer capacitance (a) and charge transfer

resistance (b) as a function of immersion time un-

der cyclic pressure

AL R . BAh, 1E 12~132 h RIRF
[P, Car TEAR/INHTE R PN 2 RSP B, T X R F
Rey TEARKHE R PRI I35 7E 133~168 h, Car 77
TE— BRI, WRgERE— B ER
LA, MRH Roe JASATE ShIE B2 W, B
FLEAE— B/ MEE AL,

4 g

(1) MEERFESHMFT, WREA. WREALK
RS HECRIN T 5830 E S L AEEH AR 5
RSP A R IR R FLBR F FEL AR, T
JE TR R FLBR AL LA T

(2) 5 /3.5 MPa fE3F K7 A, HE/6.3
MPa JEFRESHFMT, HHRIERER S EL R =
MALFBREBAZIREAT, MR T HRENTOKE,
HRRERAT ., WELKRBEHEREK, RETR
JZ /&R S AL RIS A R A, T B T 46
HREBREH RS,

SEH

[1] Schumcher M. Sea Water Corrosion Handbook [M]. New
Jersey: Noyes Data, 1979: 107-964

[2] Antoine E, Lemoine L, Peyronnet J, Collection of data on
the corrosion of steels and on the marine environment at
great depth [R]. Commission of the European Communi-
ties, 1982: 105

[3] Beccaria A M, Poggi G, Gingaud D, et al. Effect of hy-
drostatic pressure on passivating power of corrosion layers
formed on 6061 T6 aluminum alloy in sea water [J]. Br.
Corros. J., 1994, 29(1): 65-69

[4] Beccaria A M, Poggi G. Effect of some surface treatments
on kinetics of aluminum corrosion in NaCl solutions at var-
ious hydrostatic pressures [J]. Br. Corros. J., 1986, 21(1):
19-22

[5] Cao C N, Zhang J Q. An Introduction to Electrochemi-

cal Impedance Spectroscopy [M]. Beijing: Science Press,

2002: 154
(G%w, HEFE BAPETESRe (M) Jtat Bl h R,
2002: 154)

[6] Wang C, Wu H, Yang HY, et al. Electrochemical behavior
of organic coatings in simulated deep ocean environment
[J]. Corros. Sci. Prot. Technol., 2009, 21(4): 351-353
(G, R, B ESE. IR BEIER RS i AL 21T
AR [J]. BB SERE R, 2009, 21 (4) : 351-353)

[7] Yan R, Geng Z, Wu H, et al. On failure mechanism of
submarine surface coatings [J]. J. Naval Univ. Eng., 2005,
17(5): 38-42
(Fel, BR&, RATE. W MERE B R MR [J]. BET
FEAEESEH, 2005, 17(5): 38)

[8] Gao Y, Zhang H, Zhang L X, et al. The study of test
for permeability resistance in chemical medium of the
SEBF/SLF anti-corrosion coating [J]. Total Corros. Con-



4 R ICE - I EJIXT AR BRI S R BAT AR M 281

trol., 2002, 16(3): 30-33 transport behavior and impedance models of epoxy coated
(B9, 5k4L, 5k H%%. SEBF/SLF B g kiR 2 Mg E ik metals in NaCl solution by EIS [J]. Prog. Org. Coat.,
RERHFST [J]. AT Mz, 2002, 16(3): 30-33) 2004, 51: 145-151
[9] Zhang J T, HuJ M, Zhang J Q, et al. Studies of impedance [11] Shao Y W, Gu S H, Zhang T, et al. Effect of size of mica
models and water transport behaviors of polypropylene filler on diffusion of water in epoxy coatings [J]. Paint Coat.
coated metals in NaCl solution [J]. Prog. Org. Coat., Ind., 2007, 37: 11-14
2004, 49: 293-301 (RS, U, TS, 7 BRSO R ROV K AEFR A o
[10] Zhang J T, Hu J M, Zhang J Q, et al. Studies of water PHEAT AR [J]. Rk, 2007, 37: 11-14)

EFFECT OF CYCLIC PRESSURE ON DEGRADATION
BEHAVIOR OF EPOXY COATING IN SIMULATED
DEEP OCEAN ENVIRONMENT

TANG Junwen!, SHAO Yawei!, ZHANG Tao!, MENG Guozhe!, WANG Fuhui'-?

1. Corrosion and Protection Laboratory, College of Materials Science and Chemical Engineering, Harbin
Engineering University, Harbin 150001;

2. State Key Laboratory for Corrosion and Protection, Institute of Metals Research, Chinese Academy of
Sciences, Shenyang 110016

Abstract: The effect of cyclic pressure on the degradation behavior of the epoxy coating on carbon steel surface
in 3.5% NaCl solution in a simulated deep-ocean environment was studied using electrochemical impedance
spectroscopy (EIS) and weight method. The results showed that the EIS characteristics displayed a periodic
variation under the cyclic pressure condition. The coating capacitance at high pressure was higher and the
coating resistance was lower than that at atmospheric pressure during immersion periods, respectively. With
increasing the cyclic pressure, the corrosion medium such as water had diffused to the coating/metal interface
more easily. As a result, the increase of the water absorption capacity of the epoxy coating and the decrease of
coating resistance were observed. The coating protection properties were obviously deteriorated.

Key words: epoxy coating, cyclic pressure, deep ocean corrosion, electrochemical impedance

spectroscopy (EIS)



