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Performance evaluation of T91/TP304H steel welded joints in subcritical
boilers after long-time operation
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Abstract: For the dissimilar steel welding joint of T91/TP304H subcritical boiler superheater pipes that have been in opera-
tion for nearly 93,000 hours, systematic microstructure observation, mechanical property testing, and creep rupture perfor-
mance analysis were carried out using instruments and equipment such as metallographic microscope, Vickers hardness tes-
ter, universal testing machine, and scanning electron microscope. The study found that after long-term high-temperature ser-
vice, the tissues of both T91 and TP304H steel pipe samples showed significant aging characteristics. Specifically, on the
T91 side, M23C6 phase, Laves phase, and MX phase precipitated at the grain boundaries, while on the TP304H side, Cr-rich
M23C6 phase precipitated at the grain boundaries. The aging levels of the joint tissues were both between 3 to 3.5. The frac-
ture locations of the high-temperature tensile test and the creep rupture test were both near the fusion line on the T91 side, in-
dicating that this area is the weak zone of the joint. Moreover, through the temperature curve extrapolation method, the esti-
mated residual life of the T91 side was calculated to be 55,000 hours, while that of the TP304H side was 50,500 hours. How-
ever, the overall performance of the joint has deteriorated, and its reliability for safe operation has decreased.
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Table 1 T91/TP304H chemical composition range(wt. %)

R C Cr Si Ni Mn

P S Mo \Y% Nb N

T91 0.08~0.12 8.0~9.0 0.2~0.5 <0.4 0.3~0.6
TP304H 0.04~0.1 18.0~20.0 <0.75 8.0~11.0 <2.00

<0.02 <0.01
<0.030  <0.015 — — — —

0.85~1.05  0.16~0.27  0.05~0.11  0.035~0.070
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Fig. 1 Macro photo of dissimilar steel pipe



55 6 1 TR, & WIGFE TO1 4N/TP304H RN AR EERE S K I IR AL R REAIFST 149
20l R i 2h SR B . TP304H ] 52 SF- 1 A TO1 M4k Kz - 44 BE A 129.072 pm, TP304H

BEJE 5 7.19 mm, TO1 il S0 - 14 B J&L A 7.50 mm,
BEJEL 5 F TP304H — il , #E 00 TP304H fil] N % 42 fk. iz
T R T E T TO 1 — {0 PR B S A B I P R B

XHARE P RE AL R JEE B A T o, A& 2 r 7

AR AY, e -S4 JEE B 7 53.285 m, B 420 Ak B JEL s £
TR A 22 05, TE PR 7 AR A 2o v 45 3 PN BE S Ak M
FETER P54 , B TP304H M4 Ak Bz I 75 F B e T
TO1 M,

#*2 TY9UTP304H BFNEFIMEFIEEE (B AL mm)

Table 2 Outer diameter and wall thickness of T91/TP304H dissimilar steel tubes (unit:mm)

WATS WA AMEL SME2  SMES  AMR4 SMETHS ROR1 mIMD  W¥3 R4 RURT
1 TP304H 44.76 44.58 44,58 44.65 44.64 7.55 7.47 7.47 7.51 7.50
2 T91 44.22 44.03 44.36 44.27 44.22 7.29 7.12 7.15 7.20 7.19
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Fig.2 Thickness of oxide skin on the inner wall of dissimilar steels
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Table 3 T91/TP304H chemical composition (wt. %)

[i8=2 C Cr Si Ni Mn P S Mo Y Nb N
T91 0.10 9.06 0.28 0.048 0.54 0.014 <0.010 0.83 0.20 0.055 0.040
TP304H 0.061 19.20 0.43 9.39 1.15 0.027 <0.010 — — — —
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Fig. 3 Histomorphology of welded joints of T91/TP304H dissimilar steels
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Fig. 4 Microstructure and morphology of T91/TP304H dissimilar
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Table 4 Microhardness of T91/TP304H dissimilar steel welded joints

TO1fil] TP304H {il]
¥ T91 ] O JREEIX ~ TP304H1
PG X G X
1 200.4 275 218.7 180.7 180.3
2 199.8 269.3 2245 174.3 178.9
3 203.4 283 218.9 177.5 163.4
4 207.1 285.4 2225 168.3 169.7
SEHME 2026 278.2 221.2 175.2 173.1
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Table 5 T91/TP304H dissimilar steel welded joints tensile at high

temperature
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Table 6 Creep endurance test results

FEfh BE el I W A M 171 TE S .

P P JE/°C - J1/MPa B )/ Wil
1 T9/TP304H 580 110 3 000(A ) —
2 TY9/TP304H 580 120 2657.1 TO1 MBAGAIX.
3 TY9U/TP304H 580 130 1925 TO1MBAGIX.
4 T9I/TP304H 580 140 724.24 TO1MBAGAIX
5 T9I/TP304H 580 150 696.01 TO1MEAGAIX
6  TOL/TP304H 580 165 445,58 TO1MEAGAIX
7 T9U/TP304H 580 170 330.45 TO1MEAGAIX
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Fig. 6 Creep persistence curve
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Fig.7 Macroscopic photograph of fractured specimen
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Fig. 8 SEM morphology of T91 and TP304H high temperature

tensile fracture
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Fig. 9 SEM morphology of T91/TP304H dissimilar steel joint persis-
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