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Fig.1 Morphology of elbows for penetration detection: (a) leakage
elbow; (b) pitting elbow; (c¢) uncorroded elbow
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Fig.2 Macroscopic morphology of the outer surface of the elbow:
(a) overall appearance of the outer surface; (b) localized

corrosion morphology; (c) leakage area morphology
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Fig.3 Macroscopic morphology of internal surface of elbows:
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(a) overall appearance of the inner surface; (b) weld

corrosion morphology; (c¢) leakage area morphology
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Tab.1 Chemical composition %
JEEFERME GB/T 14976 —2002 Hrifk 25 B ST
w(C) <0.07 0.05
w(Cr) 17.00~19.00 18.23
w(ND) 8.00~11.00 9.20
w(P) <<0.035 0.028
w(S) <20.030 0.023
2w (Mn) <2.00 0.76
w (S <1.00 0.64
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Fig. 4 Morphology of elbow base material
REREE Y BEIS 0BTl R R I R 20 R iy
O 50 B0 A Fe69.19% . Cr19. 5%, Ni9. 04 % .
Mnl. 43%.Si0. 84%, HEHF L T RZ LG &R E
0Cr18Ni9 N IEEAAHAT
2.3 WM

R P LGS S Sk it X IS R R A0 R (b) 4 000X
P& 5 B UL it DA R T S A AR P 8 IR TR M6 REEMR

Fig. 6 Morphology of inter surface
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Fig. 5 Morphology of outer surface
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Fig. 8 Metallographic structure of elbow at different positions
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Fig.9 Surface SEM morphology of samples before (a) and

after (b) acid washing
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treatment methods of

Failure Analysis on Leakage of Stainless Steel Elbow

LUO Qingye, TAO Ran
(Beijing Institute of Aerospace Testing Technology, Beijing 100074, China)

Abstract: A certain stainless steel nitrogen gas supply pipeline experienced gas leakage during use, and preliminary inspection

confirmed that it was caused by corrosion perforation in the heat affected zone of the elbow weld. Through the use of

macroscopic observation, physical and chemical testing, scanning electron microscopy observation, and energy spectrum

analysis, the cause of the leakage was carefully analyzed. The results show that the inner and outer surfaces of the weld

contained elements such as S and Cl, and there were intergranular corrosion and pitting corrosion in the heat affected zone of

the elbow. Improper control of process parameters during elbow welding resulted in sensitization in the heat affected zone,

leading to intergranular corrosion. During the pipeline manufacturing process, acid pickling and passivation exacerbated

intergranular corrosion of stainless steel, causing pitting corrosion and leakage under the influence of some hazardous elements.

Finally, corresponding improvement measures were proposed to ensure the safe operation of the system.

Key words: stainless steel elbow;leakage;intergranular corrosion; pitting corrosion
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