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Abstract: The dissimilar combination of 2.25Cr-1Mo (P22) and modified 9Cr-1Mo (P91) obtained

using Gas Tungsten Arc Welding (GTAW) process employing the Ni-based superalloy filler ERNiCr-3

(IN82) and ERNiCrMo-3 (IN625) have been investigated for microstructure evolution and mechanical

properties. The butt weld joint was produced using single bevel groove geometry. The structural

integrity of the welded joint was measured in respect of tensile strength, impact toughness and

hardness. The alloying elements’ segregation at the inter-dendritic areas of the weld metal was

witnessed while using the IN82 and IN625 filler. The impact test trials showed the mixed mode of

fracture with an impact toughness of 82 ± 6 J and 70 ± 5 J for IN82 and IN625 filler, respectively,

ensuring that the welded joint was safe for the end boiler application. The tensile test coupons

were fractured from the P22 base metal in all the trials and for both the fillers which confirmed the

negligible effect of the filler composition on the tensile properties. The hardness plots showed the

inhomogeneity in hardness value, which was also supported by the microstructure evolution along

the weldments. The average hardness of the IN82 filler was measured lower than the IN625 filler.

Keywords: single bevel; GTAW; IN 82; IN 625; impact toughness; microstructure

1. Introduction

For sub-critical and supercritical power units, Cr-Mo steels are used as potential
candidate materials because of its attractive mechanical properties at elevated service
temperatures [1]. The Cr-Mo steels are developed to operate in a wide temperature range
from 450–620 ◦C. The Cr-Mo steel with a lower Cr percentage, i.e., 2.25Cr-1Mo (P22)
was developed to operate in the temperature range of 450–550 ◦C, whereas for a higher
operating temperature in the range of 550–620 ◦C, Cr-Mo steel was developed with a Cr
percentage of about 9% (P911, P91 and P92) are used [2–6]. P92 steel is the latest member
of this family which is designed to operate at a high temperature of about 620 ◦C [7]. The
steel was developed by modifying the composition of the P91 steel, i.e., addition of W and
B [1]. The P91 steel consists of Mo of about 1% to enhance the solid solution hardening.
However, the formation of the unwanted Laves phase during service conditions is mainly
promoted by Mo and results in a reduction in creep strength of the P91 steel. To suppress
the laves phase formation in P91 steel, Mo is replaced with W in P92 steel. The addition of
B in P92 steel enhances the creep strength by retarding the carbide particles’ coarsening,
which provides the grain boundaries pinning effect.

The dissimilar joining has been used extensively in supercritical power plants, nuclear
power plants, and the chemical and aerospace industries in order to increase the flexibility
in design and save the overall material cost [8–11]. The key issues in dissimilar joining
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of two different grade steel is elemental diffusion across the interface, mismatch of the
thermal expansion coefficient which is also the origin of residual stresses, and selection of
filler metal [12–15]. The P91 and P22 steel are characterized by good weldability and can
be welded easily by any fusion welding process. However, the dissimilar joining of P91
and P22 steel create several issues due to differences in chemical composition, mechanical
properties and thermo-physical properties. However, the major challenge faced is about
the selection of the filler metal. As P22 filler has poor mechanical properties, P91 fillers
are preferred over P22 steel. The matching P91 filler offers good strength and hardness
to the welded joint but the major problem is the diffusion of elements near the interface
and the crack susceptible microstructure in the weld fusion zone, i.e., brittle untempered
martensite which may combine with the residual stress or diffusible hydrogen content
present in the weld metal. This results in catastrophic failure of the welded joint. The brittle
microstructure in weld metal also results in poor impact strength for welded joints and
it requires post-weld tempering (PWT) which is costly and time-consuming [16,17]. The
PWT has been referred to impart the ductility of the brittle crack-susceptible microstructure
produced from P91 filler. However, PWT causes the development of the carbon-depleted
(CD) and carbon-enriched (CE) zone at the interface of weld metal and P22 steel as a result
of C diffusion from P22 steel to weld metal [14,18]. The formation of the CD and CE zone
produces the variation in mechanical properties, i.e., microhardness in very narrow regions
near the interface. The CD zone facilitates the crack initiation during long-term exposure at
high temperatures. The detailed mechanism of CD and CE zone formation and precipitation
sequence and chemistry of the precipitates in CD zones has been presented in detail by
Sudha et al. [18]. The width of CD and CE zones and their respective hardness is mainly
governed by PWT temperature and time [14,19,20]. The research has also been conducted
to minimize the width of the CD and CE zone during the PWT process. Activated TIG and
the use of the interlayers have been proposed as effective methods to minimize diffusion
at the interface [21,22]. The diffusion of elements mainly encountered during the PWHT
process and to remove the process of PWT after welding, Snilkumar et al. [23] suggested
the joining of P22 and P91 steel using the solid-state friction stir welding process. However,
inferior mechanical properties were obtained for the FSW joint as compared to the A-GTA
joint. Kulkarni et al. [22] attempted the A-TIG joining of the P22/P91 steel to overcome
the diffusion problem. The A-TIG welded joint exhibited good tensile properties but poor
impact toughness (10 J). Hence, to further impart the ductility to the welded joint, PWT was
recommended. Few studies on applying the Ni-based filler to make the dissimilar joint of
P22 and P91 steel have also been published [8]. The welded joints produced using Ni-based
filler can be used directly without PWT as an austenitic microstructure in the weld metal
does not show any major response to tempering. However, a major problem faced in the
Ni-based filler is the poor impact toughness which is mainly caused by segregation of Nb,
Mo and Cr along the inter-dendritic boundaries. Tammasophon et al. [24] investigated the
dissimilar weldments of P22/P91 steel produced using the IN625 filler for the different
condition of PWT. The optimum PWHT parameters was recommended about 750 ◦C for
2 h. Sauraw et al. [8] also used the Ni-based ERNiCrMo-3 filler to prepare the weld joint of
the P22/P91 steel and investigated the structural integrity of the welded joint and residual
stresses formation. The welded joint produced using ERNiCrMo-3 filler exhibited the fairly
good tensile and impact properties in as-welded conditions.

From a literature review, it was observed that the dissimilar welded joints of P22 and
P91 steel are most commonly employed in power plants and the welding of these steels
are subject to several issues. Few of these issues have been addressed, however, some
areas such as the diffusion of elements and poor impact strength of the welded joint still
need major attention. The problem related to diffusion of elements across the interface is
mitigated by the A-TIG and FSW process up to some extent, but poor impact strength is
still a serious issue for such type of joints which require PWT. However, PWT is considered
as a major cause for diffusion of elements. Hence, the application of Ni-based filler for
making the P22/P91 joint has been investigated recently; but, the addition of alloying
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elements makes the filler costly compared to matching the P91 and P22 fillers. To minimize
the cost of the filler, i.e., amount of the filler, the selection of the bevel groove geometry over
V groove geometry is another option. In the present investigation, a dissimilar welding
of P91 and P22 steel was performed using the gas tungsten arc welding (GTAW) process
by employing IN82 and IN625 filler. The single bevel groove geometry was cut in the
plates to prepare the GTAW joint. A detailed investigation of the microstructure evolution
and structural integrity of the weldments was performed, and an effort was also made to
develop a structure–property relationship.

2. Experimental Details

The P22 and P91 steel plates of dimensions 120 mm×55 mm×10 mm were selected
for the experiments. The chemical compositions in wt.% are as follows: P22 steel: C: 0.10,
Cr: 1.91, Mo: 0.95, Mn: 0.34, Si: 0.36, Nb: 0.025, Ni: 0.20, Ti: 0.03, Cu: 0.18, balance Fe; P91
steel: C: 0.08, Cr: 8.24, Mo: 0.90, Mn: 0.46, Si: 0.23, V:0.18, Nb: 0.05, Ni: 0.24, Ti: 0.004, Cu:
0.04, balance Fe. The dissimilar, single bevel butt weld joint of P22 steel and P91 steel was
produced using the gas tungsten arc welding (GTAW) process by employing IN82 and
IN625 filler. Figure 1 shows the detail of single bevel groove geometry. The composition of
filler metals and weld metals are given in Table 1. The composition of the base plate and
weld metal was analyzed using optical emission spectrometer while filler composition was
given by the supplier. The tensile strength, % elongation, and impact energy of the P91
steel were 715 MPa, 20%, 252 J, respectively. For P22 steel, tensile strength, % elongation,
and impact energy were 610 MPa, 35%, and 320 J, respectively. The welding parameters are
listed in Table 2. The arrangement of the plate before welding is presented in the schematic
image (Figure 2).

Figure 1. Schematic showing the bevel groove geometry.

Welding was performed in a shielding environment of argon which was supplied at a
constant flow rate of 15 L/min. A standard metallographic technique, including grinding,
polishing and etching, was done to reveal the weld metal microstructure. Samples were
etched in an electrolytic solution at 9 V for 25 s. The formation of various sub-zones along
the weldments is presented in Figure 2. To compare the impact strength of both the fillers,
a standard notch of depth 2 mm was cut in the centre of the weld metal (Figure 2). The
test was carried out on Charpy Impact Tester (FIT-400-ASTM-D) as per ASTM E23-02a
standard. The microhardness measurement was performed in the weld metal for both the
fillers and the indention load was kept at 500 g while dwell time was 10 s. To evaluate the
room temperature tensile properties of the weldments, a tensile test was conducted on a
standard tensile specimen (Figure 2) which were fabricated as per ASTM E8 standard.

Table 1. Chemical composition of the base plates, filler metals and weld metals.

Element C Mn Si Cr Mo Nb Ni Ti Cu V Fe

Filler wire ER NiCrMo-3 (IN625) 0.01 0.36 0.04 20.28 9.38 3.85 62.89 0.15 0.01 - 0.38

Filler wire ERNiCr-3 (IN82) 0.02 3.07 0.18 19.10 - 2.35 72.83 0.29 0.01 - 0.14

Weld metal ER NiCrMo-3 (IN625) 0.01 0.27 0.03 21.38 9.05 3.38 59.28 0.24 0.02 0.01 5.18

Weld metal ERNiCr-3 (IN82) 0.01 2.60 0.14 20.05 0.52 2.23 70.01 0.31 0.004 0.02 4.05
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Table 2. Welding process parameters employed in GTAW.

Position
Welding
Current
(amp)

Arc
Voltage (V)

Shielding
Gas Pure Ar

(L/min)

Electrode
Diameter/Tip

Angle

Electrode
Material

Heat Input
(kJ/mm)

Travel
Speed (mm/s)

Root pass
(Top side)

120 12–13

15 2.9/60◦
2% Thoriated

Tungsten

1.27 1.2

Filling pass 1 132 14–15 2.36 0.8

2 142 16–17 2.69 0.857

3 140 16–17 2.69 0.857

4 148 17–18 3.35 0.774

5 148 17–18 3.35 0.774

 

Figure 2. Schematic diagram showing arrangement of plates, sub-zone formation across weldments,

extraction of mechanical and metallographic testing specimen, and dimension of the specimens.

3. Results and Discussion

3.1. As-Received Material

The microstructure of base metals is displayed in Figure 3a,b. A typical ferritic-bainitic
matrix is seen for P22 steel while the SEM image shows the distribution of the precipitates
within the bainitic matrix (Figure 3a). The precipitates were confirmed as M7C3, M23C6 and
M3C of varying sizes and shapes [15]. The matrix contains the precipitates either along the
bainitic lath blocks or grain boundaries. A tempered martensitic microstructure is seen for
the P91 steel (Figure 3b). The distribution of the precipitates is seen along the prior austenite
grain boundaries (PAGBs) and within the matrix (Figure 3b). The coarse precipitates of
size 100–200 nm, decorated along the PAGBs were confirmed as Cr rich carbides (M23C6)
whereas the fine precipitates within the matrix were V and Nb rich carbonitrides of size in
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a range of 10–50 nm. The grain size was measured 11 ± 4 µm and 15 ± 3 µm for P22 and
P91 steel, respectively.

 

Figure 3. Microstructure of base material: (a) P22 steel, (b) P91 steel.

3.2. Microstructure Evolution near Interface and Weld Metal

The weld metal shows the austenitic microstructure with Ni weight percentage of
70.01% and 59.28% (Table 2), for IN82 and IN625 filler, respectively. The interface of the
weld metal and P22 steel shows the macro segregation consists of the unmixed zone (UZ),
type II boundary, peninsula and island, Figures 4a and 5a [25]. The macro segregation
is also noticed for the interface of the P91 steel and weld metal, Figures 4b and 5b. The
composition difference of the BMs and Ni-based filler leads to the macro segregation at
the interface. Near the P22 steel interface for IN82 filler, a banding phenomenon is noticed,
which is promoted by macro segregation and change in the solidification rate near the
interface. Jula et al. [25] also reported the banding phenomena near the interface for DWJ
of the P91 steel and AISI 316 steel. The weld metal near the interface was solidified as
columnar dendrites (Figure 4c) for IN82 filler, whereas for IN625 filler, both columnar and
cellular dendrite formation occurred (Figure 5c). The filler with high Ni content mainly
solidifies in austenitic mode with distinct grain boundaries, including the solidification
sub-grain boundary (SSGB), the solidification grain boundary (SGB), and the migrated
grain boundary (MGB) as mentioned in Figure 4. The segregation of the alloying elements
along the inter-dendritic areas and boundaries are also marked in Figures 4 and 5.

The bulk weld metal shows the typical equiaxed dendritic microstructure for both
the fillers (Figures 4d and 5d) because they do not process any allotropic transformation.
The segregation of the particles is also seen along the SSGBs and SGBs. For IN625 filler,
less or negligible amounts of the migrated grain boundaries (MGBs) are seen, and it was
mainly due to the higher density of the precipitates along SGBs, which stops the migration
of the crystallographic component [26]. The IN82 filler mainly shows the presence of
MGBs, whereas weld produces with IN625 have SGBs and SSGBs along with precipitates.
The precipitates located along the SGBs provide the pinning effect to the crystallographic
component and stop their migrations. Typical SEM images of bulk weld metal for both
fillers are depicted in Figure 6. The major segregation of Nb and Ti particles is observed
for IN82 filler, whereas for IN625 filler, major segregation is observed for Nb and Mo
particles. The EDS spectra of the segregated particles and dendrite core for both the filler
are presented in Table 3. The EDS results show the formation of Nb and Ti-rich carbides in
IN82 filler weld whereas Nb, Cr and Mo-rich carbides of type NbC and Mo6C or M23C6

for IN625 filler. The SGBs, SSGBs and segregation of the alloying elements are marked in
Figure 6 for both the filler metals.
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Figure 4. Characterization of weld metal and interface for IN82 filler: (a) interface of weld metal

and P22 steel, (b) interface of weld metal and P91 steel, (c) weld metal near the interface, (d) bulk

weld metal.

 

Figure 5. Characterization of weld metal and interface for IN625 filler: (a) interface of weld metal

and P22 steel, (b) interface of weld metal and P91 steel, (c) weld metal near the interface, (d) bulk

weld metal.
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Figure 6. SEM image of bulk weld metal for (a) IN82 filler, (b) IN625 filler. 
Figure 6. SEM image of bulk weld metal for (a) IN82 filler, (b) IN625 filler.

Table 3. EDS result of the white particle and dendrite core for IN625 and IN82 filler.

Filler Metal EDS Location C Ti Cr Fe Ni Nb Mo

IN625 filler
White particle 8.52 0.42 19.25 9.86 38.61 12.82 10.52

Dendrite core 9.45 0.25 17.52 11.85 48.4 5.68 6.85

IN82 filler
White particle - 0.82 18.52 3.52 55.71 20.85 0.58

Dendrite core - 0.15 20.12 6.82 69.64 2.85 0.42

In multi-pass welding, a wide region of a heat-affected zone (HAZ) contains large
amounts of inhomogeneity in microstructure and mechanical properties. The P22 region
adjacent to the fusion line contains coarse prior austenite grain (CPAG) bainite (Figure 7a)
within the matrix of untempered bainite. The lath blocks (optical image) and undissolved
precipitates (SEM image) are also observed in Figure 7a. The region of CPAG bainite is
mainly exposed at temperature much higher than Ac3 that results in dissloltion of the
grain boundary stabalizing precipitates. This promotes the significant grain growth in
the CPAG bainite region. The region does not show any ferrite inclusion or pro-eutectoid
ferrite formation. The P91 steel region adjacent to the fusion line contains an untempered
martensitic matrix having coarse prior austenite grain (CPAG) martensite. The region
shows similar behaviour to CPAG bainite. However, in place of bainitic blocks, martensitic
lath blocks are observed withing the PAGs (Figure 7b). The region after the CPAG bainite is
fine prior austenite grain (FPAG) bainite for P22 steel (Figure 7c) which experiences tem-
peratures higher than or near to Ac3 and enables the partial dissolution of grain stabalizing
precipitates. This results in finer grains in FPAG bainite than in CPAG bainite. The undis-
solved precipitates are also seen along the bainitic blocks and within the grain interior for
FPAG bainite. The region of FPAG martensite that is adjacent to CPAG martensite contains
untempered martensite, fine PAGs and few undissolved preipitates along the boundaries
and grain interior (Figure 7d). The HAZ of P22 steel adjacent to over-tempered BM is
referred as inter-critical HAZ (ICHAZ) where peak temperatures reach in between Ac1 to
Ac3 and metal undergoes the partial transformation to austenite. The partial transformation
of austenite leads to the formation of the complex microstructure which consists of the
ferrite phase (tempered bainite/ferrite), i.e., untransformed ferrite (UF), and untempered
bainite, i.e., austenite transformation products (ATP), as observed in Figure 7e. The ICHAZ
of the P91 steel consists of the ferrite phase (tempered martensite/ferrite), i.e., UF and ATP
(untempered martensite) (Figure 7f).
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Figure 7. CPAG region: ((a) P22, (b) P91); FPAG region ((c) P22, (d) P91); inter-critical HAZ ((e) P22,

(f) P91).

3.3. Mechanical Properties

3.3.1. Tensile Properties

Table 4 shows the tensile test results for all the trials and for both the filler. The ultimate
tensile strength (UTS) was 715 ± 15 MPa and 610 ± 2 MPa for both P91 steel and P22 steel,
respectively [8]. The UTS was measured 608 ± 3.5 MPa and 611 ± 4 MPa for both IN625
and In82 filler, respectively, which was close to the UTS of P22 BM. For each filler metal,
three test coupons were tested and each test coupon was failed from the P22 BM instead of
the weld metal. Hence, it can be stated that the joint is safe for end application. The P22
BM was recognized as the weakest portion of the welded joint. The variation in the filler
metal composition has observed a negligible effect on the UTS value. The yield strength
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(YS) was 410 ± 2 MPa and 412 ± 2 MPa for IN625 and IN82 filler. The UTS and YS of
the welded joint were measured lower than the P91 BM and were in the range of P22 BM.
The joint efficiency lower than 100% for both the fillers was due to the fracture from week
P22 BM. The % elongation of the welded joint was measured lower than the P22 BM but
higher than the P91 BM. Hence, it can be stated that the filler composition has a negligible
effect on the tensile properties of the dissimilar weldments of the P22 steel and P91 steel.
For a similar type of joint with V groove geometry, the tensile failure was reported in P22
BM for ERNiCrCoMo-1 and the ERNiCrMo-3 filler weld with a tensile strength value of
618 ± 30 MPa and 615 ± 4 MPa [8,27]. The failure for the V groove butt joint was also
observed in the region of P22 BM. Kumar et al. [23] also performed a comparative study
for dissimilar weldments of P22 and P91 steel using the friction stir welding (FSW) and the
activated-TIG process and observed better tensile properties for the A-TIG welded joint
than FSW. The failure of the tensile test coupons was observed in the P22 BM for A-TIG
and in the weld metal for FSW joint. Kulkarni et al. [22] also reported a similar observation
for dissimilar A-TIG weldments of P22/P91 steel, i.e., failure of a tensile tested specimen
from P22 BM. Hence, it is good to observe the results for single bevel groove geometry
similar to the conventional V groove and A-TIG joint in low time and cost as a single bevel
needs less filler metal.

Table 4. Tensile test results.

Sample
Yield

Strength (MPa)
Tensile

Strength (MPa)
% Elongation (% e)

Fracture
Location

Joint
Efficiency
(%) [28]

P91 base metal [24] 475 ± 25 715 ± 15 20 ± 2 - -

P22 base metal 495 ± 5 610 ± 2 35 - -

N625
filler

Sample 1 408

410 ± 2

608

608 ± 3.5

26

27 ± 1

P22 base

85Sample 2 412 605 28 P22 base

Sample 3 410 612 27 P22 base

IN 82
filler

Sample 1 415

412 ± 2

610

611 ± 4

25

26 ± 1.5

P22 base

85Sample 2 412 615 28 P22 base

Sample 3 410 607 26 P22 base

3.3.2. Hardness and Impact Toughness

The hardness plot presented in Figure 7 indicates the composition gradient across
the weldments. A similar trend of hardness variation is obtained for both the fillers.
A gradual increase in hardness from weld metal to HAZ was observed on both sides
and then decreased gradually from HAZ to BM. The hardness variation is influenced
by the microstructural inhomogeneity along weldments. The weld metal hardness was
222 ± 8 HV and 255 ± 6 HV for the IN82 and IN625 filler, respectively. The higher hardness
of the IN625 filler weld might be due to the higher segregation of alloying elements Mo
and Nb than the IN82 filler, which resulted in increased precipitation hardening. The peak
hardness of 448 HV was in P91 coarse-grained HAZ, whereas the lowest of the 207 HV
was measured in the soft ICHAZ of P22 steel. The hardness in the coarse-grained HAZ
of P22 steel was 352 HV and 367 HV for the IN82 and IN625 filler, respectively. The filler
composition has observed a minute effect on the hardness of HAZ of P22 and P91 steel
(Figure 8).
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Figure 8. Hardness indent plot along weldments.

An impact toughness test was carried out at room temperature to measure the impact
strength of the welded joint. The impact test of the weld metal was also conducted for
both the filler composition and the notch was cut in the top region as well as the root
region, as depicted in Figure 2. The impact toughness of the P91 and P22 BM was 105 J
and 188 J [8]. The impact toughness of the IN625 filler weld for the V notch in the top
region was measured to be 70 ± 5 J, which was lower than the IN82 filler weld (82 ± 6 J)
(Table 5). The impact toughness for the V notch in the root region was measured to be
88 ± 5 J and 92 ± 4 J for the IN625 and IN82 filler weld, respectively. The poor impact
toughness for the IN625 filler might be due to the higher segregation of Mo and Nb at
inter-dendritic boundaries for the IN625 weld than the IN82 filler weld [8]. However, to
meet the end application requirement for such type of dissimilar joint for a power plant
application, the minimum impact toughness value was recommended at about 47 J (ISO
3580:2004) [29]. The impact toughness of the weld metal obtained for both the filler metals
meets the essential criteria of 47 J. However, for a similar type of dissimilar joint with P91
filler, poor impact toughness of the weld metal was reported (lower than the 47 J) [16]. The
poor impact toughness for the matching P91 filler was attributed to the formation of the lath
martensitic microstructure in the weld metal. However, in the present investigation, due
to the use of the Ni-based filler weld, it was solidified as an austenitic microstructure. For
conventional V groove geometry with ERNiCrCoMo-1 filler and ERNiCrMo-3 filler, impact
toughness was 96 J and 65 J, respectively. Kulkarni et al. [22] reported the impact toughness
of the dissimilar P22/P91 A-TIG weldments lower than 47 J and hence the joint was not
acceptable in the as-welded conditions. The dissimilar weldments’ impact toughness in
the Ni-based filler is mainly governed by their dendritic microstructure and segregation of
alloying elements.

Table 5. Impact toughness of weld metal for IN625 and IN82 filler.

Impact Toughness AW

IN625 filler
Impact toughness (weld metal: top) 70 ± 5 J

Impact toughness (weld metal: root) 82 ± 6 J

IN 82 filler
Impact toughness (weld metal: top) 88 ± 5 J

Impact toughness (weld metal: root) 92 ± 4 J
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4. Conclusions

The weldments of the P22 and P91 steel were manufactured by a single bevel groove
joint using Ni-based IN625 and IN82 filler. The weldments were produced successfully
without any defects. The following conclusion are drawn from the present analysis.

• The microstructure characterization showed the macro segregation at the interface
of the weld metal and BMs. The macro segregation at the interface was attributed
to a variation in microstructure and the chemical composition of the Ni-based filler
and BMs.

• The weld showed the austenitic microstructure with a Ni weight percentage of 70.01%
and 59.28% for the IN82 and IN625 filler. For the IN82 filler weld, Ti(C, N) and NbC
were observed as a major phase, whereas for the IN625 filler, the major phase was
M6C, M23C6 and NbC.

• The tensile test coupons showed the failure from the P22 base metal in all the trials
and for both the fillers, which confirmed the negligible effect of the filler composition
on tensile properties and also that the joint was safe for boiler application.

• The hardness of the IN82 filler weld was measured as lower than the IN625, which
was attributed to the higher density of secondary phases along the inter-dendritic
areas in the IN625 filler weld.

• The impact toughness of the weld metal for both the filler was measured as lower than
the BMs. The impact toughness of the IN82 filler weld was measured as higher than
the IN625 filler weld, and that might be due to the higher segregation of the Nb and
Mo in the IN625 filler weld.
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