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Table 1 Chemical composition of base material (wt%)

Cr Ti Nb Fe Mo Al

Si Mn P+S Cu W+C Ni

21.50 0.11 3.27 4.56 8.76 0.15

0.025 0.18 0.01 0.13 0.045 Bal.

=2 BEdBsy

Table 2 Parameters of welding experiment

No. Y content/wt% Plasma gas flow/L-min" Welding current/A Protective gas flow/L-min” Welding speed/mm-min’
1 0.2 3 95 8.5 110
2 0.3 3 95 8.5 110
3 0.4 3 95 8.5 110
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Fig.1 Surface (a, c, e, g) and cross section (b, d, f, h) morphologies
of plasma welded joints with different Y addition: (a—b) Owt%,
(c—d) 0.2wt%, (e—f) 0.3wt%, and (g—h) 0.4wt%
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Fig.2 Microstructures of weld zone (a, ¢, e, g) and heat affected zone (b, d, f, h) of welded joints with different Y addition: (a—b) Owt%,
(c—d) 0.2wt%, (e—f) 0.3wt%, (g—h) 0.4wt%
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Fig.3 SEM images of welded joint with Y content of 0.3wt%: (a) base metal, (b) weld zone, and (c—d) enlargement of weld zone
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Fig.4 EDS spectrum analysis of second phase in the weld zone: (a) point analysis of base metal, (b) point analysis of weld zone, (c) line scanning,

and (d) mappings
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Fig.5 Fracture location diagram (a) and stress-strain curves (b)
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Table 3 Properties and fracture locations of welded joints

No. Yield strength, R , /MPa Tensile strength, R _/MPa Elongation, A/% Fracture position
Base metal 643.11 838.42 55.68 Base metal
1 (0wt% Y) 559.18 729.00 45.23 Welded seam
2 (0.2wt% Y) 486.55 634.31 3936 Welded seam
3(0.3wt% Y) 595.68 776.59 46.60 Base metal
4 (0.4wt% Y) 519.23 676.92 42.31 Welded seam
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Fig.6 SEM images of tensile fracture under different addition amounts of rare earth Y elements: (a, a,) Owt%, (b, b,) 0.3wt%, and (c, c,) 0.4wt%
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Fi.8 Impact fracture topography of samples with different Y contents: (a—b) HAZ and WZ of 0wt%; (c—d) HAZ and WZ of 0.3wt%; (e—f) HAZ and
WZ of 0.4wt%
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Effect of Rare Earth Element Yttrium on Microstructure and Properties of Plasma Arc
Welding Joints of Inconel 625 Superalloy

Zhang Zhongke'?, Ji Baocheng', Chen Rongyao', Liu Lina'
(1. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Plasma welding technique was used to weld the nickel based superalloy Inconel 625 plate (100 mmx50 mmx4 mm) with yttrium (Y)
metal powder. The samples were characterized by OM, SEM and mechanical properties test. The results show that the joint formation is optimal
when the welding current is 95 A, the welding speed is 110 mm/min, the plasma gas flow is 3 L/min and the content of yttrium element is 0.3wt%.
The microstructure of the weld zone is fine equiaxed crystal, and the finer and more uniform grains appear in the heat affected zone after adding
yttrium element. A large amount of Laves phase, carbide phase (MC) and yttrium-rich phase (Y-riched) are precipitated in welded joints. With the
increase in yttrium content, the tensile strength, yield strength and elongation of the joint increase first and then decrease. When the yttrium
content is 0.3wt%, the tensile strength of the sample is the highest of 776.59 MPa, the yield strength is the highest of 595.68 MPa, and the
elongation is the highest of 46.60%. The overall property of the sample is higher than that without adding rare earth. Both tensile and impact
fractures are ductile fractures. When the yttrium content is 0%, the hardness of weld zone is the highest, and the hardness of weld zone decreases
significantly after the addition of yttrium element.

Key words: rare earth element yttrium; nickel-based superalloy; plasma arc welding; microstructure; mechanical property
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