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HCln�℄+�%FR℄g�P�4u8da HCl#R(o�%FR�\ 8.30 g ·m−2
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Fig.1 Variation of corrosion rates with HCl concentra-

tion in H2S-containing solutions at 90 �
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Fig.2 Potentiodynamic polarization curves of carbon

steel in H2S-containing solution with different HCl

concentrations at 90 �
Table 1 Corrosion parameters obtained from potentiody-

namic polarization curves for carbon steel in H2S-

containing solution with different HCl concentra-

tions.

HCl Ecorr ba bc Rp Icorr

/mol·L−1 /V /V·dec−1 /V·dec−1 /Ω·cm2 /mA·cm−2

0 -0.67 0.07 0.32 129.30 1.88×10−1

4.54×10−3 -0.65 0.08 0.49 77.98 3.99×10−1

9.09×10−3 -0.64 0.07 0.37 66.42 4.51×10−1

2.27×10−2 -0.63 0.09 0.24 51.84 5.49×10−1

4.54×10−2 -0.60 0.08 0.21 37.17 7.15×10−1

9.09×10−2 -0.57 0.09 0.17 22.50 1.49
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3.3 �)Zh1:8^ HCl n�Z��o EIS B��A� 3 M-�*��vWiP HCln�L:�j HCln��u�<9.09×10−2 mol/L�#�vWi�2�kHB/#|G<�O�j HCl n��p 9.09×10−2mol/L
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Fig.3 Typical Nyquist diagrams obtained on carbon

steel in the solution of 0.25 mol/L Na2SO4+6.22

mmol/L H2S with different concentrations of HCl

at 90 �.

(a) HCl-free, 4.54 mmol/L HCl and 9.09 mmol/L

HCl; (b) 2.27×10−2 mol/L ∼ 9.09×10−2 mol/L

HCl

Fig.4 Equivalent circuits used to simulate the EIS dia-

grams obtained from carbon steel in 0.25 mol/L

Na2SO4+6.22 mmol/L H2S solutions with differ-

ent HCl concentrations. (a) without HCl and with

low concentration of HCl (less than 9.09×10−2

mol/L HCl); (b) with 9.09×10 −2 mol/L HCl
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Fig.5 Plots of Rct and Ra as a function of the HCl con-

centration in 0.25 mol/L Na2SO4+6.22 mmol/L

H2S solution at 90 �

da#�62ZnX��%+�Q�X%{o#_�%Wi�a H2S �4u����OoJWw
:aRWw�Mku
L�vb�=l�� [6]�x h{q�%�+nRWw}ioiYu[��ykqRWweU6aR(2Z�O�%+�
 HCl ox�d|E�4oH��b�EJWwo�	�a
a7�S��ÆRWw�o=l��+nRWw8:eU�<_�%�W2�k%{o#_�%�
3.5 ���O�P 7 kFL 6.22 mmol/L H2S o_g�4uu
HCl #Pda 9.09 mmol/L HCl #�62Z�%Ew XRD �z�A�*9'X�BzZ���62Zo�%Ew�HD�J[1�mackinawite��O�2℄ 90 ��H2S _g4uo HCl XL%0R(�%Ewo�O�D�J[1k�62Zoj7�%Ew�
4 H5lW��BC�A� 2�2℄�R(a 90 �H� H2S�4u.lCS2�k Fe og��	�=lCSk��lWCS�<_�R(aM'�Y��o�%;S*2-k [7,19,20].lCS�

Fe → Fe2+ + 2e (1)=lCS�
2H2S + 2e → 2HS− + H2 h

2H+ + 2e → H2 (2)H_*��J�_g4u HCl n�o�+��4H�d|�z�F�x/�Pl6�o.l�	��2��x/�R(�%CSx �a H2S �4u��62Z℄Ge�O7D�W�tCoJW[�%Ew��1O�kD�J[1P^b[1 [21∼25]�'�2℄ [13,26,27]�aH��o H2S �4u�R(.l�	o^#��< Fe2+ n�oC$I+n�62Z!L Fe oJWwo�O�=lZE H+ o_Yf�HS− 2��x=l�lWCS��4H�d|����OoJWw�	FRdx��_�H EIS��K SEMP XRD�z�A�90��aFL8^ HCl n�o H2S _g4uR(2Z�%Ewo�OCS*2-���
Fe + H2S + H2O ⇔ FeSH−

ads + H3O
+ h

Fe + HS−

⇔ FeSH−

ads (3)

FeSH−

ads → FeSH+
ads + 2e (4)

FeSH+
ads → FeS1−x + xSH− + (1 − x )H+ (5)
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Fig.6 SEM micrographs of surface morphologies of carbon steel in H2S-containing solutions with different

concentrations of HCl. (a) without HCl; (b) without HCl and with the corrosion product removed; (c,d)

4.54 mmol/L HCl; (e,f) 9.09 mmol/L HCl; (g,h) 2.27×10 −2 mol/L HCl; (j,k) 4.54×10−2 mol/L HCl;

(m,n) 9.09 ×10−2 mol/L HCl; (b,d,f,h,k,n) with corrosion product removed.

20 40 60 80 100

 

-Fe

with 9.09 mmol/L HCl

 

 in
te

ns
ity

 /a
.u
.

2  / o

Mackinawite

without HCl

Fig.7 XRD analysis of corrosion products on the elec-

trode surface of carbon steel in the H2S-containing

solution with 9.09 mmol/L HCl and without HCl

at 90 �H��|#�
FeSH+

ads + H3O
+
→ Fe2+ + H2S + H2O (6)

H2S _g�4uu HCl hn��u#��4H�IJWw�	FR��u�{l2Z Fe2+ n�o

C$IZ�
:, Fe o.l�	MV��{l2Z℄C���3��O}$Q��.llW�{�,�4��P�O}$Ew�JP}$Ew*m�℄C��,�5�
�0k�1�OkD�J[1oJWw [28]�a EIS v ( 3) �2�kB/#|G<��4k�%��o={DoW�{VWCSI�%Ew#&D�~�J� HCl n��+��4H�d|�{l2Z�%CS���0kH��	CS-s��1�,�6��O*��7�
��-Y�4�JWwo�OFR�u�9q{l2ZMkoJWw#&�}��<_ EIS v2�kus
(R"�J
HCln��+
��0��j HCln�k 9.09 ×10−2
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2
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CORROSION BEHAVIOR OF CARBON STEEL IN

H2S-HCL-H2O AT 90 	Æ -The Effect of HCl Concentration on Corrosion Behavior of

Carbon Steel in H2S Solutions
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1. Corrosion and Protection Laboratory, College of Materials Science and Chemical Engineering, Harbin
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Abstract: The electrochemical behavior of SAE-1020 carbon steel in acidic simulation solutions containing

H2S with different concentrations of HCl at 90 � was investigated by mass loss method, electrochemical mea-

surements, SEM observations and XRD. The results indicated that the cathodic depolarization was promoted

greatly and the corrosion rate of carbon steel increased remarkably with the increase of HCl concentration in

H2S-containing solutions. Large numbers of corrosion holes formed on carbon steel in H2S-containing solution

without HCl, whereas only the uniform corrosion characteristic was observed on carbon steel surface in the

simulation solutions containing different concentrations of HCl. Mackinawite was the sole corrosion product

formed on the carbon steel surface in the H2S-containing solutions with and without HCl.

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


