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Fig.1 Optical micrograph of SAE-1020 carbon steel
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Fig.2 Relationship of corrosion rates with H2S concen-

tration in 0.25 mol/L Na2SO4 at 90 �

�'�H2S z�dl 408.4 mg/L 2�&4}��QJx 82 mV�&4}�?Y�BoIO(Sp�G [16,17]�rE[�&4}��QgG5tX�N?YoIOFl_���?BoIOFlT��Vh��{`:�m���&4}��Q?YoIOFl_�p�G�t2Bo Tafel '℄(^V$�{
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H2S 2p 8 #�H2S z�v/~f�&4}Y���~f��\vo^}#���t��L�G*h�90 �n���H2S pa{g&v_�e0p&4IO�H2S z�,2�&4IOx'��?j H2S p	Ag&v~x H+ z��H2Sz�y2�H+ z�~f�:nYo�o^IO�N4x	�
3.4 3G}�Q[y 4 � 90 ��2tz� H2S n��>�p EIS��1S.V�6#/�y�*��G52{EN��L�� H2S a{2�#/�yt�N� Warburg#/k��*he0&4�\F:�4��j�L�a{ H2S 2�:�IO#.�6#/�y2��/Ylt��/Y$L�2��/Yl}o*d/�

10-3 10-2 10-1 100 101 102

-1.0

-0.8

-0.6

-0.4

 

 

E
S
C
E
 /V

I /mA cm-2

without H2S

58.9 mg/L

199.0 mg/L

341.7 mg/L

408.4 mg/L

Fig.3 Potentiodynamic polarization curves of carbon

steel in 0.25 mol/L Na2SO4 solution with differ-

ent concentration of H2S at 90 �
Table 1 Corrosion parameters obtained from potentiody-

namic polarization curves for carbon steel in the

solutions with different concentrations of H2S

H2S Ecorr Rp ba bc Icorr

/mg·L−1 /V /Ω·cm2 /V·dec−1 /V·dec−1 /A·cm−2

0 -0.710 1319.00 0.06 0.12 1.29×10−5

58.9 -0.690 265.30 0.07 0.65 1.02×10−4

199.0 -0.668 129.30 0.07 0.32 1.88×10−4

341.7 -0.646 62.85 0.07 0.41 4.27×10−4

408.4 -0.628 46.94 0.08 0.45 6.42×10−4
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Fig.4 Nyquist plots of carbon steel in the solutions with-

out and with different concentration of H2S at

90 �

Fig.5 Equivalent circuits used to simulate the EIS dia-

grams obtained for carbon steel in the solutions

without H2S (a) and (b) with different concentra-

tions of H2S
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Fig.6 Plot of the charge transfer resistance (Rct) as a

function of the H2S concentration in the solutions
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Fig.7 SEM morphologies of carbon steel with (a,c,e,g and j) and without (b,d,f,h and k) corrosion products

under different concentration of H2S. (a,b) 0 mg/L H2S; (c,d) 58.9 mg/L H2S; (e,f) 199.0 mg/L H2S;

(g,h) 341.7 mg/L H2S; (j,k) 408.4 mg/L H2Sh*LN��^0uHpT^p&4C�l��FL �T�Tp8l\ep8 [22∼28]��� [4∼6]*h�Fe { H2S �L�1rI*L�+d{�I*dJlLT^��%℄�jj EIS l XRD  Æ� G�&4C�p*LkB1*<���
Fe + H2S + H2O ⇔ FeSH−

ads + H3O
+ i

Fe + HS−

⇔ FeSH−

ads (2)
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Fig.8 XRD pattern of corrosion products on surface of

carbon steel in solution with 199.0 mg/L H2S

FeSH−

ads → FeSH+
ads + 2e (3)

FeSH+
ads → FeS1−x + xSH− + (1 − x )H+ (4){Lg H2SpjsL��}o*drI�\�2�)L�+d FeSH−

ads����+d�Boo^�}�;�3��X*L�+C� FeSH+
ads�℄ &4IO�,��L[�rT^��	Y��t�}o*d"5

Fe+ z�pI�Qn�V�U% Fe pBo�	`a"�:n FeSH+
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CORROSION BEHAVIOR OF CARBON STEEL IN H2S-HCl-H2O

AT 90 	 -The Effect of H2S Concentration on the Corrosion Behavior of

Carbon Steel

TANG Junwen1, SHAO Yawei1, GUO Jinbiao2, ZHANG Tao1, MENG Guozhe1, WANG Fuhui1,3

1. Corrosion and Protection Laboratory, College of Materials Science and Chemical Engineering, Harbin Engi-
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2. The Academy of Lanzhou Petrochemical Company, CNPC, Lanzhou 730060;
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Abstract: The electrochemical behavior of low carbon steel in acidic simulation solutions containing different

concentrations of H2S at 90� was investigated by mass loss method, electrochemical measurements and obser-

vations of scanning electron microscope (SEM) and X-ray radiation diffaction (XRD). The results showed that

the cathodic depolarization was enhanced greatly and the corrosion rate of carbon steel increased remarkably

with the increase of H2S concentration. The severe corrosion holes were observed on the carbon steel surface in

the H2S-containing solutions. The corrosion products layer deposited on carbon steel were mainly composed of

mackinawite, which became loose�easily cracked and sloughed off with increasing concentration of H2S.

Key words: carbon steel, hydrogen sulfide, corrosion, mackinawite


