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Abstract The corrosion of a refinery heat exchanger, especially a water—phase heat exchanger, is a serious issue. The corrosion
perforation and scaling of tubes are the main causes for the heat exchanger failure due to the existence of plenty of S*, CI°, Ca™ and
Mg*" in the corrosion medium. Based on the experience of corrosion of refinery heat exchanger tubes (10* carbon steel) in their
operation processes, the corrosion behaviors of 10" carbon steel in saline wastewater with different S* concentrations are investigated
by means of the immersion test and the electrochemical methods. The surface photographs and the compositions of corrosion products
are taken and determined by digital camera and X-ray diffraction spectrometer. The experiment results indicate that the uniform
corrosion rates of 10" steel decrease gradually with the increase of the S* concentration in the corrosion medium within the scope of
the test. The corrosion degree of 10" carbon steel comes down to a moderate corrosion from a heavy corrosion when the S*
concentration in the medium is higher than 250 mg/L. XRD results show that the main compositions of the corrosion products are
Fe;0,, CaCO; and FeS. Meanwhile, Cl™ in the corrosion medium can penetrate the corrosion product to accumulate and produce the
pit corrosion on the surface of 10" carbon steel because of the existence of C1” when the S* concentration in the medium was less than
100 mg/L. And the pitting corrosion resistance becomes worse with the decrease of the S* concentration.
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Table 1 Chemical compositions of 10 carbon steel
JLR C Si Mn P S Cr Ni Mo Cu
/% 0.09~0.12 0.20~0.26 0.44 <0.02 <0.01 <0.05 <0.01 <0.01 <0.025
F2 HMMIFES02 FIZKFEAHT
Table 2 Contents of the corrosion medium of refinery exchanger E502
SEREA B/ (mg- L) cr COy Ca™ SO Mg™ HCO, pH{H
EEREYIN 242.66 19.25 112.3 240.24 200.15 435.5 8.16
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Fig. 1 Corrosion rates of 10" carbon steel at
different S* concentration
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%3 NACE#R/# (RP-0775—2005) % & {h 72 B B # 7
Table 3 Qualitative classification of corrosion rates in
NACE RP-0775—2005

Ak WS @ %/ (mm-a™) SR/ (mm-a™)

BRI R <0.025 <0.127

o R ok 0.025~0.125 0.127~0.201

TEE S 0.126~0.254 0.202~0.381
™ R T ol >0.254 >0.381
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Fig. 2 Surface images of 10" carbon steel at
different S concentration
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Fig. 3 X-ray diffraction patterns for the corrosion products
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Fig. 4 Surface images of 10* carbon steel with the film
of the corrosion products removed
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Fig. 5 Tafel polarization curves of 10" steel at
different S* concentration
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Table 4 Electrochemical parameters of polarization
behavior for 10* steel at different S* concentration

S* i/ (mg- L) E.../V b/ (Avem™)  pou/(mmea’)
50 -0.898 7.09%10°° 0.834
100 -0.873 3.80x10°° 0.447
150 -0.882 1.82x10° 0.214
200 -0.824 2.37%10°° 0.279
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Fig. 6 Nyquist diagrams of 10" steel at
different S* concentration
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