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specimen tested at 650 °C/200 MPa: fracture surface (e) microstructure of the fracture
surface, voids can be seen and (f) microstructure of the CGHAZ region, void can be seen
Failure mechanism of the P92 steel
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Creep curves (creep strain vs. time) of ERNiFeCr-2 weld joints performed at 650°C under (a)
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Macrostructure of the longitudinal section of the fracture creep specimens. The
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Optical microstructure of the creep fracture specimen at 650°C under 80 MPa: (a) fracture
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image of the creep fracture specimen tested at 650°C under 180MPa: (d) fracture surface
(e) coalescence of cavities can be seen near the fracture surface and (f) microstructure of
the fracture surface at high maghnification

Creep failed specimen at different test condition (a) 650 °C, 130 MPa (b) 650 °C, 150 MPa
(c) 650 °C, 180 MPa and (d) 650 °C, 200 MPa

Creep curves (creep strain vs. time) of P92 weld joints performed at 650°C under the higher
stress range of 150-200 MPa and 130 MPa as shown in (a) and (b), respectively

Creep rate vs. time plot of P92 weld joint shown to find minimum creep rate by plotting the
data in the form of log-log scale

Log-log plot of minimum creep rate against the applied stress of P92 weld joints. The data
are linearly fitted with the best-fit line to determine stress exponent (n = 9.7)

Log-log plot of rupture time vs. stress for P92/304L dissimilar weld joints at 650°C

Plot of stress vs. LMP data at 650°C have been fitted using second order polynomial fit
(a-d) Overall macrostructure of the creep ruptured specimen consisting of necking region,
P92 HAZ, weld metal and 304L BM

Optical microstructure of the creep ruptured specimen tested at 650 °C, 130 MPa: (a)
fracture surface, voids can be seen (b) microstructure near the fracture surface (c)
microstructure of the weld and P92 HAZ interface (d) fracture surface microstructure of
the creep ruptured specimen tested at 650 °C, 150 MPa (e) microstructure near the fracture
surface and (f) microstructure of the P92 filler weld fusion zone

Optical microstructure of the creep ruptured specimen tested at 650 °C, 180 MPa: (a)
fracture tip surface, voids can be seen (b) microstructure of the fracture tip surface at high
magnification (c¢) P92 CGHAZ region (d) fracture tip surface microstructure of the creep
ruptured specimen tested at 650 °C, 200 MPa (e) microstructure near the fracture surface
and (f) ICHAZ region microstructure

FESEM microstructure of the fracture creep specimen at 650 °C, 130 MPa (a) fracture
surface (b, ¢) microstructure near the fracture surface and (d) microstructure at the P92
CGHAZ region, voids can be seen

EDS elemental map of creep cavity present near the fracture tip surface for the specimen
tested at 650 °C, 130 MPa (few W and Cr elements spots are marked by circle)

FESEM microstructure of the fracture creep specimen at 650 °C, 150 MPa: (a) fracture
surface (b, ¢) microstructure near the fracture surface at low and high magnification.
FESEM microstructure of the fracture creep specimen at 650 °C, 180 MPa: (d) fracture
surface (e) microstructure near the fracture tip surface (f) microstructure at the P92
CGHAZ region, voids can be seen along the PAGBs. FESEM microstructure of the fracture
creep specimen at 650 °C, 200 MPa; (g) fracture tip surface (h) microstructure near the
fracture surface and (i) microstructure of the weld fusion zone

(a) Appearance of the creep specimens after fracture and (b) macrograph of the fractured
creep specimen

Creep curves of ERNICr-3 filler tested P92/304L DWJ at 650 °C under the stress range of
100-180MPa. (a) Short term creep and (b) long-term creep and their creep rate plots were
given in (c) and (d), respectively

Stress dependence of minimum creep rate has been plotted to determine stress exponent
(n) at 650°C for ERNiCr-3 filler. The obtained ‘n’ value is approximately 8.6 in the stress
range of 100-180MPa

FESEM characterization of the fracture tip surface (a) fracture surface of the creep
specimen tested at 650 °C, 100 MPa (b) microstructure showing the cavities near the
fracture tip surface () creep cavity at high magnification (d) fracture surface of the creep

xviii

118

119

120

120

121

122

123

123
124

125

125

126

127

127

128

129

130

131



8.45

8.46

8.47

8.48

8.49

9.1

9.2

93

9-4
9.5
9.6
9.7
9.8

9:9
9.10
9.11

9.12

specimen tested at 650 °C, 130 MPa (e) microstructure showing the creep cavities near the
fracture tip surface at high magnification (f) microstructure of the HAZ region

FESEM characterization of the fracture tip surface (a) fracture surface of the creep
specimen tested at 650 °C, 150 MPa (b) microstructure showing the creep cavities near the
fracture tip surface at high magnification (c) microstructure of the CGHAZ region (d)
fracture surface of the creep specimen tested at 650 °C, 180 MPa (e) microstructure
showing the creep cavities near the fracture tip surface at high magnification (f)
microstructure of the ICHAZ region

Vickers hardness profile across the creep tested specimen at 650 °C under different
stresses: (a) 100 MPa (b) 130 MPa (c) 150 MPa (d) 180 MPa and (e) 200 MPa (P92-
ERNiCrMo-3-304L DW.)J)

Vickers hardness profile across the creep tested specimen at 650 °C under different
stresses: (a) 80 MPa (b) 100 MPa (c) 130 MPa (d) 150 MPa and (e) 180 MPa (P92-ERNiFeCr-2-
304L DW))

Vickers hardness profile across the creep tested specimen at 650 °C under different
stresses: (a) 130 MPa (b) 150 MPa (c) 180 MPa and (d) 200 MPa (P92-Thermanit MTS 616-
304L DW))

The fracture surface of the creep ruptured specimens tested at 650 °C under various
stresses: (a) 80 MPa (b) 100 MPa (c) 130 MPa (d) 150 MPa and (e) 180 MPa (P92-ERNiFeCr-
2-304L DWJ)

The macrograph of the P92/304L DWJ produced with ERNiCr-3 butter layer and ERNiCr-3
filler metal

(a) Interface of P92 BM and ERNiCr-3 butter layer showing heterogeneity present all across
the fusion boundary, various region of P92 HAZ based on temperature experienced (b)
CGHAZ (c¢) FGHAZ (d) ICHAZ and (e, f) microstructure near 304L HAZ and weld fusion zone
interface

Elemental compositional variation across interfaces (a) P92 BM and ERNiCr-3 butter layer
(b) ERNiCr-3 butter layer and ERNiCr-3 weld fusion zone and (c) ERNiCr-3 weld fusion zone
and 304L HAZ, measured by EDS

EPMA study of P92-IN82 butterlayer-IN82 weld metal interface

EPMA study of the P92 HAZ and ERNiCr-3 butter layer interface

EPMA study of the ERNiCr-3 butter layer and ERNiCr-3 weld metal interface

EPMA quantitative map across interface of 304L HAZ and ERNiCr-3 weld fusion zone

(a) Region of the ERNiCr-3 butter zone showing growth of ERNiCr-3 dendrites (b) interface
of two layers in ERNiCr-3 butter zone (c) center of ERNiCr-3 butter zone (d) interface of
ERNiCr-3 butter zone and ERNiCr-3 weld and (e, f) ERNiCr-3 weld illustrating different
boundaries (SSGBs, SGBs and MGBs)

EPMA, X-ray map of ERNiCr-3 butter layer

EPMA, X-ray map of ERNiCr-3 weld

(a) RT specimen before and after fracture, (b) HT specimen before and after fracture, (c)
stress v/s strain curve for both RT and HT specimen, (d) variation in tensile properties at RT
and HT

Hardness plot across the DWJ along with hardness indent in various zones
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Description

Heat input

Heat transfer efficiency
Arc voltage

Welding current

Average travel speed
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Austenite
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SEM
FESEM
EDX
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IR
DCEN
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UTM
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Full form

Ultra-super-critical

Creep strength enhanced ferritic
Austenitic stainless steel
American society for testing and materials
Gas tungsten arc welding
Tungsten arc welding

Dissimilar weld joint

Co-efficient of thermal expansion
Carbon deduced zone

Heat affected zone

Coarse heat affected zone

Fine grain heat affected zone
Intercritical heat affected zone
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Electron probe micro analysis
Optical emission spectroscopy
Prior austenite grain

Prior austenite grain boundary
Infrared

Direct current electrode negative
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liter per minute

Wire cut electric discharge machine
Universal testing machine
American society of mechanical engineers
American iron and steel institute
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