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Abstract: Microstructures and mechanical properties of GH4169 alloy cylinder and its weld joints in a
supercritical water reactor are studied after operating 2000 h. The results show that the GH4169 alloy
cylinder exhibits good corrosion resistance under conditions of high temperature, high pressure, and
sucrose mixed solution; the thickness loss rate of the cylinder is 0.005-0.255 pm/h; the corrosion products
primarily consist of oxides and phosphates. However, the welded joints connecting the cylinder and other
components represent a vulnerable point that significantly impacts the remaining lifespan of the reactor. The
calculated crack propagation rate of the GH4169 alloy cylinder is 5.25 pm/h, indicating that it would only
take 762 h for the crack to penetrate through the wall of the connector. Additionally, severe fracture occurs
(the circumferential length of the crack is approximately 1/4 of the circumference) at the weld joint
between cylinder and stainless-steel, resulting from the synergistic effects of galvanic corrosion, crevice
corrosion, and concentrated stress. Despite these challenges, the strength loss of the cylinder is relatively
small, which means that the cylinder maintains satisfactory mechanical properties.

Key words : supercritical water oxidation; GH4169 superalloy ; corrosion rate ; stress corrosion cracking
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Fig.2  Surface morphology of cylinder components of supercritical water reactor

(a), (b)outer surface; (¢)inlet end; (d)outlet end; (e ), ()grid plate
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Fig.3 Microstructure at different positions of cylinder body (a)0°;(b)90°; (¢)180°
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Fig.5 Microstructure at different positions of welded joint between cylinder 1 and connector
(a)0";(b)90°;(¢)180%; (d), (e) partially enlarged photographs
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Fig.6 Morphology and area scan results of cracks at welded joint between cylinder 1 and connector
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Fig.7 Macro-and micro-morphology at different positions of welded joint between cylinder 2 and grid plate

(a)macro-morphology; (b)90"; (¢)180°; (d )partially enlarged photograph
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Fig.8 Fracture morphology of welded joint between
cylinder 2 and grid plate
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Fig.9 CLSM(a) and SEM(b) microstructures on inner surface of the cylinder body
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Fig.10 Microstructure and area scan results of corrosion layer on the inner surface of cylinder body
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Fig.12  Schematic diagram of crack formation process at welding joint between cylinder body and grid plate
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