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Abstract: Welding of cryogenic 9Ni steel is performed using NiCrMo alloy systems with different Nb and C
contents. The microstructure and mechanical properties of the welded joints are investigated, and the
fracture toughness of the joints under ultra-cryogenic conditions is analyzed by crack tip opening
displacement (CTOD) tests. The results show that the welded joint exhibits distinct zoning characteristics.
The nickel-based weld metal primarily consists of an austenitic columnar crystal matrix and secondary
phases. The secondary phases include fine nanoscale banded precipitates and Nb-rich solidification phases
formed in the final stage of weld pool solidification. The precipitates are mainly composed of metal carbides
(MC) and Laves phases. With the increase of Nb and C content, the number and average particle size of
secondary phases in the nickel-based alloy increase, leading to an improved tensile strength of the joint, but
reduced cryogenic impact toughness and fracture toughness. The load-notch opening displacement (F-V)
curves show that the characteristic load F,, of the joint first increases and then decreases with the addition of
Nb and C, while the corresponding characteristic plastic displacement value V/, decreases monotonically
with the increase of secondary phases. The fracture surface of the CTOD specimens shows the same zoning
characteristics. As the Nb and C content increases, the width of the stable crack propagation region on the
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fracture surface gradually decreases, indicating a deterioration in the fracture toughness of the weld.

Key words : NiCrMo alloy ; 9Ni steel welding ; Nb content ; microstructure ; mechanical property
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Table 1 Welding process parameters for preparing welded joints

Interlayer . .
Welding speed/ Heat input/

temperature/  Current/A Voltage/V .
(kJ-em™)

C
<100 130 25 15 13

(ememin 1)
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Table 2 Chemical compositions of materials used for experiments (mass fraction/ %)

Material Nb C Si Cr Mo Fe w P S Ni
Base metal 0.05 0.28 0.064 Bal. 0.0031 0.002 9.2
17 0.29 0.03 0.25-0.3 12.5-13 6.2-6.5 4.5-4.6 1.37-1.42 <20.01 <0.01 Bal.
27 0.64 0.04 0.25-0.3 12.5-13 6.2-6.5 4.5-4.6 1.37-1.42 <20.01 <20.01 Bal.
37 1.04 0.05 0.25-0.3 12.5-13 6.2-6.5 4.5-4.6 1.37-1.42 <20.01 <20.01 Bal.
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Fig.1 Sampling location of the mechanical properties-testing samples and size for fracture toughness sample of test plates after welding

(a)sampling location of the tensile and cryogenic impact samples ; (b)sampling location of the CTOD samples; (¢)size of the CTOD samples
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Fig.2 Macroscopic metallographic structure of welded joints and white rectangular field in metallographic macroscopic samples

(a)macroscopic metallographic structure ; (b)white rectangular field A ; (c)white rectangular field B;

(d)white rectangular field C; (e)white rectangular field D
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Fig.3  Microscopic morphology of the welded metal and the characteristics of precipitated phases by TEM

(a)microstructure of the fusion zone by OM; (b)microstructure of welded metal by SEM

(¢), (d)characteristics of the precipitated phases in welded metal by TEM
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Table 1  Basic mechanical properties of welded joints
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Fig.5 Morphologies and chemical compositions of the secondary phases in the weld metal after electrolytic extraction experiment

(a), (b)morphology of extracted secondary phases; (¢)chemical composition at point 13 (d)chemical composition at point 2
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(a)macroscopic morphology ; (b)micro zone of intergranular fracture ; (¢)characteristics of the fracture dimples by high magnification
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Fig.8 Force-notch opening displacement curves of the welded metals(1) and fusion line(2) zones in welded joints with different contents of secondary phases

(a)sample 17; (b)sample 27; (¢ )sample 37
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Fig.9 Particle size distribution of the precipitated phases in welds
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