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7D��ni)#�wT`�>Y���oB�6g�A�< 3.5 MPa $Y)^<℄ 3.5%NaCl �.|isT��%n����A�<�Y)^<!�;HiB�ax�
2 H℄*))#5C Q235 mN"�4eKZ 50 mm

×24 mm×2 mm�4e^�^CxDAU�t\Uu 400♯��/YOG�5UOAM�
!b�|`D�^CXUJ�VY)s�F A�B ?����0w"9\I![M9T 0.5 h�8D��0^�}^C^�℄4e��℄1h!b 15 h�\℄ 60 �!b�|/T 24 h�^<L| 320 µm±

20 µm�;4Pd 23 cm2�X;��ni)#�wT`�>Y��8D$V|awr��v�K�i�A�<��>Y�T`�w�+	℄ 1 K-�
EIS;�8D�rÆseTq�̂ <4+(�se��se2se�KZ 20 mm×20 mm
�9"se Ag/AgCl 9"se�EIS ;�D Zaner sT�(�g�;4gL�b 105 Hz∼10−2 Hz�ov1�x
Cl� 100 mV�50 mV H 20 mV�FL^<�L�℄�dLq^<i�%J℄�AR$;�i
a"�w��%sgf2_3in?��d

0 h∼48 h pv8D 100 mV il��pMJÆ^<
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Fig.1 Experimental device used for simulation of deep-

sea environment. 1-nitrogen vessel, 2-pump, 3-

valve, 4-cooling equipment, 5-temperature mon-

itor, 6-reference electrode, 7-thermocouple, 8-

working electrode, 9-counter electrode, 10-pressure

meters�iw�, l��{w�u 20 mV��%�z
3.5%NaCl �.��A�<�B�H 3.5 MPa�EIS)#?�D ZSimpWin �z`I�
3 6/aL?
3.1 #ZSO!& EIS B℄ 2 ^<℄B�s3Z�d$vi Nyquist℄�*y��dL,^<*y^<s� Cc N^<s� Rc 0>�tk�sI	℄ 3a K-�t| Rs �.s��Cc ^<s��Rc ^<s���du
10 h��%nmg}My Warburg �%�j/FL^<�L�̂ <|℄�Vrmi�d�D�s�z�.�^<℄i2�'h1\, tk�sI	℄ 3b K-�t| W  Warburg �%�JÆ�d$vi!E�Nyquist ℄�$g}�%Oi���{w��DRJÆs�z�.�^<|i3��[�^<s��{w��JÆ�d$vi�04!E�71 h M
�s�z�.�[f[^</�:	P�	PRsT�
�#,���k�sI-L℄ 3c�t| Cdl �s<s��Rt sF
2s���:^T℄�6&E$vi�%M��%Am℄	PR�f�{ATHi2�Xg�+�%AmJ\2��X�evTz;HG,x4���d 504 hM�%n℄mg}MyA2�Qm�tk�sI	℄ 3d K-�
3.2 3.5 MPa Z=S& EIS B℄ 4 ^<℄ 3.5 MPa s3Z�d$vi
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Fig.2 Nyquist plots of the coating after different immer-

sion times in 3.5% NaCl solution at atmospheric

pressure (a) 1 h∼71 h, (b) 71 h ∼129 h, (c) 201 h

∼720 hj*^/FL�A�<rHAs�z�.H�%Amki2��+2�;HJ\G,x4��X6��o*6$M�B�s^<i!�;HJÆ�d$vi!E�� 4 �3Zik�sIT���-	℄ 3a∼3d K-��-�� 4 %3Zi�����A�<s^<i!�;Hs��0�k�sIT��℄ 3c
�DR�A�<+^<i!�;H��A�'�
3.3 9JZ=S& EIS B^<s� Cc J�d$vi'T2q	℄ 5 K-�FL H2O i�sB?W℄L0�i!bHa^<�.^<pAMt�sB?}e℄�X�+^<s� Cc e℄�X;^<s�i'T*6D3�o^<pA;H [7∼10]�℄B�s�Cc qi'T�H�?�p6�Qm [8,10]�℄�du,���0 h∼100 h
�CcJ�d$vi!E�He℄�DRs�z�.X;
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Fig.3 Electrical equivalent circuits for the coatings af-

ter different immersion times in 3.5% NaCl solu-

tion (a) 0 h∼1 h, (b) 1 h∼10 h, (c) 71 h∼504 h,

(d) 504 h∼720 h^<+r�
Ha^<iH|�-�100 h pM�CcJ�d$vi!Eer[N�^<pA�{[f�H����℄ 3.5 MPa �<s Cc OHMyRwi��ÆQm��dLq�0 h∼50 h
Cc q$LB�siq�pM?-���jDR�A�<r-A�dLq^<ipA;H����dMq^<pALi℄�B�d���^<s� Rc *6D3*mHa^<i�d�Dg!�H|�XB�qN^<|ia+Xgi?��a+i℄�6g+℄s�.i|H2�s�z�H2O�O2 H4�
X;j	Xg2�f[^<N^T*P [11,12]�ev^T�%�3Z�A�<s^<s� Rc J�d$vi'T}|�℄ 6
w-�B�s�dLq�0 h∼71 h
�FLs�z�.X;^<℄ia+℄~z�^<℄�[�Rc �{w��bFL^<�L6g"CHWCi�d�D�Rc w�i�|J��^<�H�Bi�P�D�71 h pM�Rc �Hw� 2 %?�j�W$s�zk�[u^</�:	P�̂ <s�:���%�℄JM�E$vi�d;H| Rc eJ℄}�
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Fig.4 Nyquist plots of the coating after different immer-

sion times in 3.5% NaCl solution at 3.5 MPa pres-

sure (a) 0.5 h∼8 h, (b) 10 h∼720 h
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Fig.5 Evolution of coating capacitance Cc vs the time of

immersion in 3.5% NaCl solution
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Fig.6 Evolution of coating resistance Rc vs the time of

immersion in 3.5% NaCl solutionkwiq�*Rs�z2��Jkw�℄ 3.5 MPa�<s, ^<�d 1 h pM Rc �Hw��*Rs�z�H�^<℄2��^<�PÆ^Rw'?�pM�∼100 h
J�di�^<i�d�DY3Y
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Fig.7 Evolution of double-layer capacitance Cdl (a) and

charge-transfer resistance Rt	b�vs the time of

immersion in 3.5% NaCl solution
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Fig.8 Evolution of breakage frequency fb vs the time of

immersion in 3.5% NaCl solution
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EFFECT OF HYDROSTATIC PRESSURE OF 3.5%NaCl

SOLUTION ON THE CORROSION BEHAVIOR OF

EPOXY COATING

LIU Haoyu1, LIANG Xiaofeng1,2, SHAO Yawei1, MENG Guozhe1, ZHANG Tao1, WANG Fuhui1,3

(1. Corrosion and Protection Laboratory, College of Materials Science and Chemical Engineering, Harbin

Engineering University, Harbin 150001; 2. Narada Power Source Co.Ltd, Hangzhou 310013;

3. State Key Laboratory for Corrosion and Protection, Institute of Metal Research, Chinese Academy of

Sciences, Shenyang 110016)

Abstract: The effect of hydrostatic pressures of 3.5%NaCl solution on the corrosion resistance of the epoxy

coating was studied by using electrochemical impedance spectroscopy (EIS). The results revealed that the

hydrostatic pressure greatly affected the failure process of the coating. The diffusion rate of the electrolyte

solution through the coatings was accelerated in the solution under high hydrostatic pressure. Compared

with the case under atmospheric pressure, the coating resistance was reduced; the charge-transfer resistance

was decreased, metal corrosion reaction was more accelerated; the protection properties of the coating was

deteriorated.

Key words: epoxy coating, hydrostatic pressure, EIS, degradation


