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Fig.1 Variation of corrosion rates with HCl concentra-

tion in HpS-containing solutions at 90 C
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Fig.2 Potentiodynamic polarization curves of carbon
steel in HoS-containing solution with different HCI

concentrations at 90 C

Table 1 Corrosion parameters obtained from potentiody-
namic polarization curves for carbon steel in HaS-

containing solution with different HCl concentra-

tions.

HCl Ecorr ba be Ry Teorr
/mol.L=t  /V  /V.dec™! /V-dec™! /Q-cm? /mA-cm~2

0 -0.67 0.07 0.32 129.30 1.88x10~1!
4.54x1073 -0.65 0.08 0.49 77.98 3.99x1071
9.09x1073 -0.64 0.07 0.37 66.42 4.51x10~!
2.27x1072 -0.63 0.09 0.24 51.84 5.49x10~1
4.54x1072 -0.60 0.08 0.21 37.17 7.15x107!
9.09%x10~2 -0.57 0.09 0.17 22.50 1.49
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Fig.3 Typical Nyquist diagrams obtained on carbon
steel in the solution of 0.25 mol/L NasSO4+6.22
mmol/L HaS with different concentrations of HCI
at 90 C.

(a) HCl-free, 4.54 mmol/L HCI and 9.09 mmol/L
HCI; (b) 2.27x1072 mol/L ~ 9.09x10~2 mol/L
HC1

Fig.4 Equivalent circuits used to simulate the EIS dia-
grams obtained from carbon steel in 0.25 mol/L
Na2S04+6.22 mmol/L HaS solutions with differ-
ent HCI concentrations. (a) without HCI and with
low concentration of HCI (less than 9.09x10~2
mol/L HCI); (b) with 9.09x10 ~2 mol/L HCl
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Fig.5 Plots of R¢t and R, as a function of the HCI con-
centration in 0.25 mol/L NaSO4+46.22 mmol/L
H>S solution at 90 ‘C
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Fig.6 SEM micrographs of surface morphologies of carbon steel in HaS-containing solutions with different
concentrations of HCL. (a) without HCI; (b) without HCI and with the corrosion product removed; (c,d)
4.54 mmol/L HCI; (e,f) 9.09 mmol/L HCI; (g,h) 2.27x10 ~2 mol/L HCI; (j,k) 4.54x10~2 mol/L HCI,
(m,n) 9.09 x10~2 mol/L HCI; (b,d,f,h,kn) with corrosion product removed.
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Fig.7 XRD analysis of corrosion products on the elec-
trode surface of carbon steel in the HoS-containing
solution with 9.09 mmol/L HCIl and without HCI
at 90 C
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CORROSION BEHAVIOR OF CARBON STEEL IN
H,S-HCL-H>,O AT 90 C
II -The Effect of HCI Concentration on Corrosion Behavior of

Carbon Steel in H>S Solutions
TANG Junwen!, SHAO Yawei!, CHEN Zhen?, ZHANG Tao!, MENG Guozhe', WANG Fuhui®3

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

2. Academy of Lanzhou Petrochemical Company, CNPC, Lanzhou 730060;

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

Abstract: The electrochemical behavior of SAE-1020 carbon steel in acidic simulation solutions containing
H,S with different concentrations of HC1 at 90 ‘C 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
H>S-containing solutions. Large numbers of corrosion holes formed on carbon steel in HoS-containing solution
without HCI, 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 HaS-containing solutions with and without HCL.

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



