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Effect of Ce content on microstructure and its evolution of deposited metal
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Abstract: The application of 1 000 MPa-grade high strength steel in the hydropower sector has become increasingly mature.
However, the development of corresponding high-performance welding consumables in China remains limited. One of the key
challenges in the research and development is maintaining high toughness at low temperatures in high-strength deposited metal. In
this study, the deposited metal was optimized by adding Ce elements. Microstructural characterization methods, including SEM,
TEM, and CLSM, were employed to investigate the effects of Ce content on the strength-toughness properties and microstructural
evolution of the deposited metal in submerged arc welding of 1 000 MPa-grade high strength steel. The results indicate that when
the Ce content is 0. 02%, the tensile and yield strengths are increased by 3. 7% and 17. 2%, respectively, achieving the best balance
between strength and toughness. The low-temperature impact toughness is generally enhanced, with the most significant
improvement observed at a Ce content of 0.01%, showing increases of 24.3% and 42.2% at —40 °C and —60 °C, respectively.

Microstructurally, Ce can refine grains, resulting in a more dispersed distribution of M-A constituents and enhancing the toughness
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of the microstructure. However, when the Ce content reaches 0. 04%, the sizes of blocky ferrite and acicular ferrite increase, along
with a higher proportion of large grains, adversely affecting the tensile strength. In terms of the evolution mechanism, the
synergistic enrichment of Ce and C induces lattice distortion, promoting the formation of M-A constituents. At a Ce content of
0.02%, the residual austenite content increases, leveraging the TRIP effect to enhance plastic deformation capacity and facilitating
the transformation of lower bainite, thereby achieving a synergistic improvement in strength and toughness. In contrast, a Ce
content of 0.04% leads to exacerbated grain boundary segregation, the formation of Ce-containing brittle phase precipitates, and

reduced austenite stability, resulting in a deterioration of impact toughness compared to that at a Ce content of 0. 02%.

Highlights: (1) The influence of different Ce contents on the strength and toughness of deposited metal in 1 000 MPa-grade high

strength steel was elucidated.

(2) The microstructural evolution of deposited metal in 1 000 MPa-grade high strength steel under varying Ce contents

was revealed.
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Fig. 1 Schematic diagram of welding test plate
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Table 1 Welding experiment paraments
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Table 2 Chemical compositions of deposited metal

C Si Mn P S Cr Ni Mo Ce Fe
0.08 0.15 1.8 0.01 0.003 0.5 2.7 0.7 0 R
0.08 0.15 1.8 0.01 0.003 0.5 2.7 0.7 0.01 R
0.08 0.15 1.8 0.01 0.003 0.5 2.7 0.7 0.02 R
0.08 0.15 1.8 0.01 0.003 0.5 2.7 0.7 0.04 i
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Fig. 2 Schematic diagram of sampling location
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Table 3 Mechanical properties of deposited metal with different rare earth contents
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Fig. 3 Strength and toughness of deposited metal with
different rare earth contents
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Fig. 5 Microstructure of 1000 MPa grade high strength steel deposited metal with different Ce contents. (a) OM of 0%
Ce; (b) OM of 0.02% Ce; (c) OM of 0.04% Ce; (d) SEM of 0% Ce; (e) SEM of 0.02% Ce; (f) SEM of 0.04% Ce
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Fig. 6 EBSD orientation images of deposited metal for 1000 MPa grade high strength steel with different Ce contents.
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Fig. 7 EBSD phase-distinguished maps of deposited metal for 1000 MPa grade high strength steel with different Ce
contents. (a) 0% Ce; (b) 0.02% Ce; (c) 0.04% Ce
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Fig. 8 TEM microstructures of deposited metal for 1000 MPa grade high strength steel with different Ce additions. (a)

0% Ce; (b) 0.02% Ce; (c) 0.04% Ce
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Fig. 9 TEM microstructures of deposited metal for 1000 MPa grade high strength steel with different Ce additions. (a)

0% Ce; (b) 0.02% Ce; (c) 0.04% Ce
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Fig. 11 High-temperature metallographic observation of microstructure evolution of deposited metal in 1000 MPa-
grade high-strength steel with different Ce contents. (a) 0%Ce T =1 403.1 C; (b) 0%Ce T =689.6 C; (c)
0%Ce T =689.6 C; (d) 0.02%Ce T =1 401.5 C; (e) 0.02%Ce T =716.8 C; (f) 0.02%Ce T =449.8 T; (g)
0.04%Ce T =1 390.6 C;(h) 0.04%Ce T =699.2 C; (i) 0.04%Ce T = 480.5 C
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Fig. 12 Differential thermal analysis results of samples
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Fig. 13 Observation of bainite nucleation behavior in deposited metal of 1 000 MPa-grade high-strength steel with
different Ce contents. (a) 0%Ce T = 425.3 C; (b) 0.02% Ce T =418.2 C;(c) 0.04% Ce T=431.2C
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