$52% 410 ] #AHAE Vol52  No.10
2023 4 10 J THERMAL POWER GENERATION Oct. 2023

DOI:10.19666/j.r1fd.202305359

£ at AR 4% 13MnNIMOR 4a F JE 48 % 22 4
A B RE G

MRAEEE Y, B B2, BEABL?, mERL gl
(LAMN MK I RIZA RN, L7 I 215004;
2P HRARERERD AR IAARRANE, & J M 510735)

i B sHET 14 R A s AL B &k et mik £ 369 13MnNIMoR 4R &) W48 07 14 6L T 164
BERAITHER, B3RO A PR, BHA R F TR, »ATIE
2 E R R FIT AR . BRKIN: REABFTERAT, dE&E XM A
G, RdmE5EARY B IHHHRILAF 7 KA L kAo T AWM E s, MESMEE
SR EMGE L SR M A AT dAb . P HIXBE, RREWRREBAEF L
VE, mAELEIEEE RSBmO RS, HEAIELE R LM, HAMREEXF Z iy &,
S BB 7% Ao B BUIR AL AT B F K

[x 4 7] 32 A 244 13MnNIMOR 48; A8; Z4; HF M

[SIAAHRR] b g, 4%, KA, 5. KiHRZL 13MnNIMoR 4R 34 8 & 44047 A R L %-a[l]. #H X &, 2023,
52(10): 25-30. CHEN Zhongbing, ZHAO Yi, ZHAO Mingkai, et al. Long-term service behavior and influence of non-metallic
inclusions in 13MnNiMoR steel[J]. Thermal Power Generation, 2023, 52(10): 25-30.

Long-term service behavior and influence of non-metallic inclusions in
13MnNiMoR steel

CHEN Zhongbing?*, ZHAO Yi?, ZHAO Mingkai?, SHANG Jianlu!, YAO Xianghong!

(1. Suzhou Nuclear Power Research Institute Co., Ltd., Suzhou 215004, China;
2. China Energy Engineering Group Guangdong Power Engineering Co., Ltd., Guangzhou 510735, China)

Abstract: A concentrated downcomer stub of a boiler drum with 13MnNiMoR steel in a power plant, which was
replaced due to cracks and non-metallic inclusions after 14 years in service, was dissected, and the behavior
characteristics and influence of the non-metallic inclusion were analyzed through chemical composition analysis,
mechanical property testing, microstructure and defect morphology observation. The results show that under service
load, non-metallic inclusions become crack sources and microcracks by means of self cracking, interface separation
from matrix or hole formation at the end, and microcracks converge to form macro cracks. When tensile and impact
tests on the serviced materials, the area without inclusions was cracked and expanded in plastic mode. While innon-
metallic inclusions area, the cracks nucleated with non-metallic inclusions and expanded in a brittle mode, resulting
in a significant reduction in the strength and plastic toughness of the materials compared with that before service.
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Fig.1 Structural diagram of the drum downcomer
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Tab.1 Chemical Composition of the stub
TR c Si Mn Cr Mo Cu Ni Nb P S
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Fig.2 Metallographic structure of the stub
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Fig.3 Morphology of non-metallic inclusions in a cross
section area of the stub
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Tab.2 Tensile test results of the stub material
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Tab.3 Impact test results of the stub material
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Fig.5 Fracture morphology of transverse impact specimen
at 1/2 wall thickness
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Fig.6 Crack appearance on the outer surface of the stub
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Fig.8 Micro morphology of cracks
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Fig.9 Non metallic inclusions in cracks
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Fig.10 Composition analysis of a inclusion
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Fig.11 A Cracked Inclusion
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