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Abstract: The wide adoption of pressure vessels in petrochemical, power plant boilers, and energy manufacturing
has been demonstrated. However, with social development and technological innovation, an increasing number of
pressure vessels are operating under extreme conditions of strong corrosion, high temperature, and high pressure.
Thus, stainless steel is generally overlaid on the surface of pressure vessels to improve overall performance. After the
stainless steel overlaying process, heat treatment on the component is necessary to eliminate the localized stress and
improve the pressure vessels’ reliability. However, heat treatment leads to alloy elements’ diffusion, resulting in
decarburized layer formation. The carburized layer and the martensite area near the fusion line are crack-prone, which
reduces the pressure vessels’ lifespan. Multiple groups of heat treatment processes were employed to analyze the com-
position change, microstructure evolution, and performance difference in the stainless steel weld overlay samples to

explore the transformations of the stainless steel flux cored wire weld overlay transition layer under the heat treatment
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condition. The results show that the precipitation of Cr-rich carbide plays a prominent role in the bending crack of

stainless steel weld overlays. When comparing a Q345R component under different process conditions, the precipita-

tion of the carbides becomes more intense, and the degree of hardening increases with increasing heat treatment tem-

perature and holding time. Compared to a 15CrMo sample under the same heat treatment process, carbon atoms in

the Q345R base metal have stronger migration ability, resulting in a more severe Cr-rich carbide precipitation and

higher crack tendency. The microhardness test results revealed that the highest hardness value near the fusion zone of

the stainless steel flux cored wire weld overlay layer is less than 350HV, s to ensure bending performance. For

Q345R and 15CrMo, two suitable heat treatment process parameters are proposed. This research work provides a

basis for the heat treatment process formulation of stainless steel flux cored wire weld overlay.

Keywords: stainless steel flux cored wire; weld overlay; heat treatment process; carbide precipitation
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Fig.1 Weld overlay schematic diagram
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Tab.1 Chemical compositions of base materials and deposited metal

1k Wwe Wi Whin Wp Ws Wer Wi Who Weu
Q345R 0.170 0.29 1.39 0.003 0.009 0.03 0.005 0.03 0.009
15CrMo 0.120 0.52 0.59 0.004 0.001 1.41 0.150 0.55 0.026
309LMo 0.012 0.48 1.04 0.014 0.004 22.40 12.400 2.09 0.029
*k2 WERIZSH
Tab.2 Weld overlay process parameters
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Tab.3 Weld overlay samples number and heat treatment
process parameters

RFES S RS Bl
S0 SR Q345R
S1 620°C,4h Q345R
S2 620°C,22h Q345R
S3 650C,4h Q345R
S4 650°C,22h Q345R
S5 690°C,4h Q345R
S6 690°C,22h Q345R
S7 690°C,22h 15CrMo
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Fig.2 Distribution of element C near the fusion line of
typical samples

20.0 Fpf —— SO
s 175¢ s
& 15.0f w86
f; 12.5F o T ST
o100} &
& 75t '
© sof

25F o

0 L— . .
-600 -400 -200 O 200 400 600
B /um

3 ARKHRALMHEA SR Cria %
Fig.3 Distribution of alloying element Cr near the fusion
line of typical samples
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(a) J#25(S0) (b) 620 C,4h(S1)

(¢) 650 C,4h(S3) (d) 690 C,4h(S5)
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Fig.4 Microstructure of weld overlay samples under different conditions



2022 4E 11 H

K RAE SRAE PN 2GR 22 AR L I R

+ 1155 -

2. Zad PAb R A A X R 2R A
A, WA LR SR — ML 0N R 2 1A, St
P2 — M BRI B A A e 2 8. /S &
T Q345R JEMTEA I PAb 3 T 25 254 T HE KA
W2 R, ATUAR ) 76 Q345R AEMARY I,
B 5 $AAh PRV RE T vy, B IR AE K | S8 J2 V5 B 4 T
K. &l 4 S7 H 15CrMo 7E 690 °C . 22 h PAbFR4c
TR EHA. AR TR Q345R BRIy
S6, HAMRRZ TEE N 25 ~ 27 um, 15CrtMo  FEAR Y15
A X B2 e BR8N, A 9 ~ 11 um.

40

[C1620°C i
35T m=6s0C
£ 30 F £ 690 C
=5
B2
B8] o0t
i
B OI51 _
?—lp 10 -
5 L =
0 1 1
4 22
{5 5L ]/

H5 QMSRETRALES A FHISRHEBERE
Fig.5 Width of carburizing layer in weld overlay sam-
ples of Q345R under different heat treatment con-
ditions
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Fig.6 Statistics of ferrite number of weld overlay transi-
tion layer samples of Q345R before and after heat
treatment
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Fig.7 SEM microstructure of typical weld overlay samples
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Fig.8 EDS test and analysis of carbides
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Tab.4 Results of carbide EDS test

TR Jik s EU% JEFEH I %
C 11.74 37.97
Si 0.17 0.23
Cr 9.17 6.85
Mn 455 3.22
Fe g A
JoS Ty 100.00 100.00
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Fig.9 Microhardness distribution in the fusion zone of
typical samples
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Tab.5 Maximum hardness in the fusion zone of weld
overlay samples under different heat treatment

processes
SRS | RS b IR (HV o.005)
S0 SRS Q345R 290.9
S1 620C, 4h | Q345R 259.2
S2 620°C, 22h | Q345R 3583
S3 650C, 4h | Q345R 410.7
S4 650°C, 22h | Q345R 430.7
S5 690°C, 4h | Q345R 500.4
S6 690°C, 22h | Q345R 5723
S7 690°C, 22h | 15CrMo 328.8
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Tab.6 Cracking results of weld overlay bending samples
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S6 690°C, 22h Q345R WAL AR
S7 690°C, 22h 15CrMo RIT%E
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Fig.10 Macro morphology of side bending samples
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Fig.11 Microstructure of bending crack in S6 sample
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