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Abstract: The 20Cr32NilNb cast heat-resistant alloy furnace tube was welded by argon arc welding with high nickel and
low nickel welding wires. The microstructure and mechanical properties of the two weld joints were compared and analyzed
by optical microscopy, hardness test, and tensile test. The experimental results show that the base material of the weld joint
is composed of columnar austenite grains and network grain boundaries, while the weld metal is composed of small needle
or columnar austenite grains and chain or block carbides distributed along the grain boundaries. Affected by welding heat in-
put, the grain size of the base metal located in the heat affected zone becomes larger and secondary carbides precipitate at
the grain boundaries. The microhardness of the heat-affected zone of the weld joint decreases by about 20HV,, compared to
the base metal. The microhardness of low nickel welds is slightly lower than that of high nickel welds, which is similar to
the base metal and is about 220HV,,, which is beneficial for improving the mechanical properties of weld joints. The tensile
mechanical properties of the two weld joints meet the welding qualification requirements, and their short-term tensile me-
chanical properties are the same. However, the high-temperature tensile endurance of low-nickel weld joints is 3.9 times that
of high-nickel weld joints. This is because low nickel alloy welds are more prone to precipitation of carbides, hindering
grain boundary slip and dislocation aggregation, and improving their creep resistance.
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x1 BMUFERS (RESH, %)

Table 1 Chemical composition of base metal (wt. %)

C Si Mn P S

Cr Ni Nb Mo Fe

0.12 0.40 1.78 0.002 0.001

24.56 34.18 1.46 0.32 37.177

x2 BHUERS (RESH, %)

Table 2 Chemical composition of welding consumables(wt. %)

Svv) C Si Mn P S Ni Nb Ti Cu Mo Fe
R 0.016 0.04 2.85 0.0035  0.0035 70.07 2.73 0.282 0.010 — 1.690
R 0.158 0.20 6.67 0.0021 0.001 31.37 1.342 — 0.014 0.03 37.917

1.2 ITEZ8H

TR0 R AR IR, 3 B & 1 R, T
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F, IF A A5 LT, B 25 L3R 1T ) S AL RN
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S DG B84 (Axio Lab. A1) WLEE 4542 3k
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Fig.1 Welding groove
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Table 3 Welding process specification
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/A Y H#/(L*min™")  /(L+-min™")
R EWREE  85~110 9~11 15 10~15
WP EWEAE 95~120 10~12 15 10~15
SE EWRIEE 95~120 10~12 15 10~15
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Fig.2 Schematic diagram for optical microscopy and microhardness

testing
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Fig. 3 Microstructure of weld joint with high-nickel content
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Fig.4 Microstructure of weld joint with low-nickel content
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Fig.5 Microhardness of weld joints
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Fig. 6 Stress-strain curve of weld joints at room temperature
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Table 4 Tensile mechanical properties of joints at room temperature

J iR JiE A58 2/ MPa VORISR /MPa Wi E

FEdh 1 286 539 Jsk
R FER2 302 541 s
FHH 294 540 —
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Fig. 7 Stress-strain curve of weld joints at 900 °C
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Table 5 Tensile mechanical properties of weld joints at 900 °C
S TR i B
FE E e WA
/MPa /MPa
- e 1 105 141 JRa
;M FEf 2 104 139 Pt
A FHMH 104.5 140 —
FEfh 1 110 140 i
(i S, .
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" Ty 108 140 —
F6 BEELSERBAAMNIK
Table 6 Tensile mechanical properties of weld joints at 900 °C
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FER 1 900 40 182 forts
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FHIE — — 191 —
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