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Study on the Microstructures and Properties of TIP TIG Joints of Ultra-
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Abstract: The TIG backing + TIP TIG welding method was used to connect G115 steel pipes of ®530%115mm in power
plant boilers, and a high-temperature tempering treatment was carried out at 770 °C. The microstructure and mechanical
properties of the joint were analyzed using metallographic, hardness, impact, and electrochemical corrosion testing methods.
The research shows that the weld bead area is mainly composed of martensite and a small amount of ferrite, with the struc-
ture being mainly equiaxed and columnar crystals; the heat-affected zone is mainly composed of plate martensite and some
original austenite structures; the parent material presents a needle-like martensite morphology. The hardness of the joint
shows a trend of first decreasing and then increasing, with the lowest at the parent material (210.5 HV,,), the heat-affected
zone slightly higher than the parent material zone, the hardness of the fusion zone first decreasing and then gradually increas-
ing, and the highest hardness in the weld bead zone being about 281.3 HV,. The impact toughness shows the opposite trend,
with the impact absorption work of the heat-affected zone reaching 103.09 J, significantly better than the 59.37 J of the weld

FSEHE: 2024-09-22  fEEHHE: 2024-10-16
HEEWH: ILARA AAREI4 (ZR2016JL017)
BWIES: X W8(1979—), 5 Wit #d%, FENH S B MR S 7 M58 . E-mail: liupeng1286@163.com.

/@

Al X S 3 S 0 38 X o R G20 2R 5D b 4 W I 5 E 0L+




= a5 S R T N B 20 T 5 M Ok i W 3 5 o F O+ 98 \@
I

156 F 5K

2025 4F:

bead zone, but both meet engineering requirements. Electrochemical corrosion tests reveal that the parent material has the

best corrosion resistance, while the weld bead area has reduced corrosion resistance due to the high-hardness martensite

structure. The research indicates that the TIP TIG welding process can achieve high-quality connections of G115 heat-

resistant steel pipes, but the high hardness and low toughness characteristics of the weld bead area need to be further im-

proved through process optimization (such as heat input control or alloy composition design) to enhance the comprehensive

service performance of the joint.
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Table 1 Chemical composition of G115 steel pipe (wt. %)

C Si Mn Cr Co Ni

w Nb N Cu Al \4

0.065~0.095 <0.5 0.30~0.70  850~9.50  2.85~3.20 <0.03

240~3.10  0.03~0.09 0.005~0.012  0.50~1.10 <0.01 0.16~0.24

®2 GUSREMNF MR
Table 2 Mechanical properties of G115 steel pipe

R3 EEFELEESEE

Table 3 Relationship between welding method, passes and layers

BURREE  JEMGREE WS ehidimlosh R L
R/MPa R, /MPa A% AT /HBW  /HV
2600 >80 >20 >40 195250 195~265

T 228k 4R, FTigfiss h BYHIS,
o2z e s fion . MRz iR p IE T 5 4 TE N
TR R FH R AR, TIG IR IE A AR i
10~15 L/min, TIP TIG % 1E Fi A5 AR & R 20~
25 L/min, & 18 N B AR 0 10~12 L/min,

U= PIRN SR SR iE
TIP TIG 48 6
TIP TIG 43~47 5
TIP TIG 14~42 4
TIP TIG 6~13 3
TIG 5 3
TIG 34 2
TIG 1~2 1
22 PR 10K 230 Hz.

®4 EERIZSH

Table 4 Welding process parameters

M2 B BM Effmm BHEERVA BIHE/V RS/ (mmeminT) X228/ (meminT) R A/(KT-mm™!)
T5W  TIPTIG BYHIS 2.4 150~180 11~15 50~80 0.74~1.18 0.74~1.94
#i5 TIPTIG BYHIS5 1.0 170~200 11~15 50~80 1.74~1.48 0.74~1.94
Wi GTAW  BYHIS 1.0 90~120 8~10 30~50 — 0.52~1.44

K5 BELBYHISLERS (REDE, %)

Table 5 Chemical composition of filler wire BYH15 (wt. %)

C Si Mn Cr Ni Al Co
0.115 0.31 0.63 8.93 0.45 0.01 2.97

Mo W \% B Nb N
0.05 2.58 0.2 0.005 0.03 0.0023

KV B CURHEEIE 2 MR T AR (R] B 43 1A
1.5 mm A1 3 mm, 3% FIE R SHNE 1 s,

JRHE 58 W B A ARSI B Tl A FeCl,
RV (5 g FeCli+50 mL HCI+100 mL H,0) . &
20 G115 SRR 2 3k 5 WU A0, AT L 42 3k B R
U TR G M XA % AL R 335 AT, A R 2% 1) 334
SSRGS ] Wk G . A TS 2
O30T PR S R Dy ) ok b o U AKX
3, 23 O 56 1T X T X AR X

% JH Nikon Epiphot 300U/200 %! 4> #H & {55 .
HV-1000 74 5 f0R5 B 11 | H Ak 27 J8 ik 2 B 3 48 %
JBW-300H #Y i i g A1 X 422 3k 45 DXl i A L 41
B B o3 AT T ik ke B vps B0 MR AR A T IR 5 0

] HREJ B

1.5 mm e 3 mm

E1 HORE

Fig. 1 Groove diagram
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Fig.2 Macro-morphology of the welded joint
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Fig. 3 Microstructure of the root zone
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Fig. 4 Microstructure of the filling zone
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Fig. 5 Microstructure of the capping zone
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Fig. 6 Hardness distribution of each zone of the welded joint
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Fig. 7 Impact absorption work of the joint
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Fig. 8 Electrochemical corrosion diagram of each zone of the

welded joint
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