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Analysis and measures for cracking and failure of gas heat exchanger shell in SiCl, cold
hydrogenation process
LIU Jing
(Sinopec Chuanwei Chemical Co., Lid., Chongqing 401220, China)

Abstract: The cracking and failure reasons for the S31608 outer shell of the gas heat exchanger in the cold
hydrogenation unit are analyzed. Metallographic analysis, energy spectrum analysis, SEM and other methods are
used to analyze the chemical composition, microstructure and corrosion products of the failed part of the outer
shell. The results show that the main failure mode of the heat exchanger shell is stress corrosion cracking. The
crack morphology at the port position is irregular, with locally penetrating cracks occurring. The corrosion area is
characterized by intergranular and transgranular cleavage fractures, but the proportion of intergranular fractures
varies in different areas, and there are secondary cracks. High level of Cl element is detected in different areas
of the fracture surface, under the pressure inside the shell, stress corrosion cracking occurs in the heat
exchanger shell. In addition, there is carbide precipitation on the surface of the fracture, mainly chromium
carbides, which leads to a certain potential difference between the grains and the “chromium depleted zone”,
causing selective localized corrosion in the “chromium depleted zone”.
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Table 1 Design conditions of gas heat exchanger
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Table 2 Analysis results of chemical composition of shell material %
WiH w(C) w(Si) w(Mn) w(P) w(S) w(Cr) w(Ni) w(Mo) w(Cu)
Feik 0.048 0.49 1.21 0.034 0.002 16.88 10.16 2.01 0.19
S31608" <0.08 <1.00 <2.00 <0.035 <0.015 16.00 ~ 18.00 10.00 ~ 14.00 2.00 ~ 3.00
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Table 3 Tensile test result
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Fig. 2 Micromorphology of fracture inside shell
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Fig. 3 Micromorphology of fracture at 1/2 wall-thickness of shell
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Fig. 4  Micromorphology of fracture on the outer surface of shell
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Fig. 5 SEM and EDS analysis of corrosion products on shell fracture surface
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Fig. 6 SEM and EDS analysis of surface corrosion products near cracks in inner wall of shell
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Fig. 7 Dendritic crack morphology and metallographic structure of crack sections
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Fig. 8 Composition analysis of corrosion products inside crack
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