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Abstract This investigation has been performed to
characterize dissimilar metal welds between type 310
austenitic stainless steel (SS) and Inconel 657 superalloy.
The welds were produced using four types of filler mate-
rials: Inconel 82, Inconel A, Inconel 617, and type 310 SS.
The weldments were characterized in detail using optical
metallography and scanning electron microscopy. It can be
concluded that Inconel A weld metal does not promote
severe hot cracking. Continuous NbC precipitates in the
Inconel 82 weld metal can sensitize the weld metal to
solidification cracking. The presence of high amounts of
Mo in Inconel 617 weld metal led to the formation of
brittle phases. In addition, continuous precipitates were
observed in the 310 SS weld metal, which can lead to poor
resistance of the weld metal to hot cracking. In the aged
condition, Inconel 82 and Inconel A exhibited good ther-
mal stability, whereas Inconel 617 and type 310 SS
exhibited poor thermal stability. Also, after subjecting the
heat-affected zone and interface between Inconel weld
metal and base metals to aging treatment, unmixed zone of
Inconel 657 base metal side has disappeared. Elimination
of this region can be attributed to high-temperature inter-
diffusion of alloying elements. Finally, it is found that
Inconel A and Inconel 82 weld metals are the best choices
for the dissimilar welds performed here, respectively.
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Introduction

AISI type 310 austenitic stainless steel (SS) is one of
the most important engineering materials used in high-
temperature severe conditions. This material has extensive
applications at elevated temperatures [1, 2]. In addition to
austenitic SSs, the nickel and nickel-chromium-based
superalloys have found suitable applications in oil and gas
industries because of their high resistance to corrosion, hot
oxidation, fatigue, and creep rupture. Chromium in these
alloys forms the adherent oxide layer that can protect the
alloy from detrimental oxygen attack. On the other hand,
nickel improves high-temperature strength and resistance
to carburizing atmospheres [3, 4].

ASTM A560 alloys, which have found many applica-
tions in high-temperature industries, consist of three grades
of nickel-chromium-based superalloys. The type which
contains 40-45 wt% Cr, 50-55 wt% Ni, and 1-2 wt%
niobium has been introduced as Inconel 657 commercially.
This alloy can tolerate high temperatures up to 1090 °C
and resist detrimental conditions produced by fuel ash
products, such as vanadium pentoxide and alkali metal
sulfate compounds. Oil and gas refining industries have
used this alloy for more than 50 years. Inconel 657 can be
used to produce structural members, containers, supports,
hangers, dampers, and spacers [5].

Type 310 SS can be joined using conventional fusion
welding techniques, such as shielded-manual arc welding
(SMAW), gas tungsten-arc welding (GTAW), and gas
metal-arc welding (GMAW). Welding of 310 SS can be
achieved with 310 SS filler material. In addition, for welding
of Inconel 657, ENiCr-4 electrode or Inconel 617 filler wire
and electrode is recommended, and all the SMAW, GTAW,
and GMAW techniques can be employed for welding.
Applying Inconel 657 alloy as heat-flow controlling
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components (dampers) and supports (hangers) in reformer
towers is highly recommended. The rotating axles, which
control the damper motion, are made-up of 310 SS because
they are exposed to lower temperatures. To join the dampers
to the axles located in the wall tower, fusion welding is the
normal process. Nevertheless, there are a few studies in the
literature, investigating the proper filler material, micro-
structural features, physical and mechanical properties of
the weld, and weldability of such dissimilar joints between
310 SS and Inconel 657. Therefore, the main purpose of this
article is to investigate the effects of aging treatment (at
1000 °C for 100 h) on microstructure [fusion zone (FZ),
heat-affected zone (HAZ), partially melted zone (PMZ), and
unmixed zone (UZ)] and thermal stability of the joints
(between 310 austenitic SS and Inconel 657 superalloy) that
have been individually welded under constant welding
parameters (i.e., constant heat inputs and dilutions) in order
to identify the most appropriate filler material.

Experimental procedure

The nominal composition of the base metals is presented
in Table 1. The type 310 SS had been hot-rolled, water-
quenched, and finally solution-annealed to dissolve any
precipitates. The Inconel 657 superalloy was obtained as a
plate in the as-cast condition. Samples of both materials
were then prepared with dimensions 160 x 60 x 12 mm
(Iength x width x thickness). The Inconel 82, Inconel 617,
Inconel A, and type 310 SS filler material were also supplied
for this study. The nominal composition of the filler metals
and electrodes differed primarily in their Cr, Ni, Nb, and
cobalt content. Inconel 82, Inconel A, and Inconel 617
contain niobium, whereas 310 SS does not (Table 1).

Two test plates with a 75°V groove were welded together
with a 2.5 mm root opening gap and a root face of 1 mm.

Welding was performed using manual GTAW butt weld
process with filler wires of 2.5-mm diameter to deposit to
passes of Inconel 82 filler metal, or by manual SMAW with
a coated electrode of 3.25 mm diameter to deposit Inconel
A, Inconel 617, and 310 SS electrodes. The weld metal
deposited by the GTAW process was shielded by argon gas.
After each deposited pass, the weld temperature was
allowed to decrease below 150 °C before performing the
next pass. Before welding, the test plates were clamped;
after each weld pass, the weld surfaces were cleaned with a
SS brush. The welding voltage (E), current (/), and speed
(V) were simultaneously recorded during welding. The
welding parameters were adjusted to obtain proper fluidity
of the molten pool for all the fillers and coated electrodes.
The welding parameters are presented in Table 2. Weld-
ments were sectioned in axis length perpendicular to the
weld fusion line to obtain samples for microstructural
analysis. The metallographically prepared specimens were
etched using Marble’s solution (10 g CuSO4 + 50 mL
HC1 + 50 mL H,0). Each weldment was examined using
optical metallography and scanning electron microscopy
(SEM). The SEM was equipped with an energy dispersive
X-ray spectrometer (EDS) for microanalysis. In accordance
with the design requirements for qualifying welding con-
sumables for oil industry service, the weld metal specimens
were also investigated after subjecting them to an embrit-
tling heat treatment at 1000 °C for 100 h.

Results and discussion
Microstructural of the base metals
Figure la shows the microstructure of the type 310

austenitic SS. Since this steel was water-quenched after hot
rolling, the final structure consists of fine equiaxed grains

Table 1 Chemical composition

of the base metals and filler Elements Base metals Filler materials
materials 310 SS Inconel 657 Inconel 82 Inconel 617 Inconel A 310 SS
C Max 0.1 Max 0.2 Max 0.1 Max 0.1 Max 0.1 Max 0.1
Si 1 1 0.5 1 1 1
Mn 2 1 3 2 3 2
Fe Rem. 1 3 5.5 12 Rem.
Cr 26 45 20 25 15 26
Mo - - - 10 1.5 -
Co - - - 10 - -
Ti - - 1 0.6 - -
Nb - 1 3 1 2.5 -
Al - - - 1 - -
Ni 21 Rem Rem. Rem. Rem. 21
Cu - - 0.5 0.5 0.5 0.75
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Table 2 Parameters of welding

Filler Welding Pass Current Voltage Welding speed Heat input Total heat input
materials process number (A) V) (mm/s) (kJ/mm) (kJ/mm)
Inconel 82 GTAW 1 120 12 1 1.44 5.93
GTAW 2 110 12 1.1 1.2
GTAW 3 110 14 0.85 1.81
GTAW 4 105 12 0.85 1.48
Inconel A GTAW 1 135 12 0.77 2.10 8.94
SMAW 2 105 26 1.76 1.55
SMAW 3 105 24 1.43 1.76
SMAW 4 105 24 1.25 2.02
SMAW 5 105 24 1.67 1.51
Inconel 617 GTAW 1 130 12 1.20 1.30 7.19
SMAW 2 90 24 1.58 1.37
SMAW 3 110 24 1.15 2.30
SMAW 4 120 24 1.30 2.22
310 SS GTAW 1 130 12 1 1.56 6.49
SMAW 2 100 25 3 .83
SMAW 3 110 25 1.88 1.33
SMAW 4 110 25 1.76 1.56
SMAW 5 110 22 2 1.21

Fig. 1 The microstructure of
a 310 austenitic SS, b Inconel
657 superalloy. ¢ White y/NbC
structure and dark o-Cr phase.
d Lamellar y/Laves structure
and cubic carbide precipitate
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of austenite. No carbides or carbonitrides were observed in Inconel 657 superalloy shows a relatively complex
the microstructure, but delta ferrite stringers (elongated  as-cast microstructure, which is completely dendritic and
parallel to the rolling direction) were present in the aus-  composed of columnar and equiaxed dendrites. This cast
tenite matrix. structure can be seen in Fig. 1b; interdentritic boundaries
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have experienced severe segregation, which can be
distinguished by their brighter color from darker dendritic
cores. In this alloy, niobium has a strong tendency to
partition to the liquid and form relatively low-melting
terminal solidification products containing NbC and/or
Laves phase. Several second phases can be observed in
Fig. 1b, which is obtained in the interdentritic regions;
white eutectic phases are the result of liquid transforma-
tion to austenite 4 niobium carbide (L — 7y + NbC) in
eutectic form. This structure is shown in the backscattered
electron (BSE) image in Fig. lc. This alloy contains
1-2 wt% niobium and small amounts of carbon. There-
fore, the formation of this eutectic structure is expected.
In previous investigations of nickel-base superalloys, this
phase is termed “chinese script” [6]. These eutectic
phases predominantly formed in the interdendritic regions.
Furthermore, it can be seen that dark phases that are
enriched in chromium, such as ferrite, are located near the
y-NbC structure (Fig. Ic). This phase has an important
effect on toughness of the alloy at elevated temperatures.
In addition, there is another type of eutectic structure in
the alloy, which mainly forms at the grain boundaries and
is fully lamellar. Figure 1d illustrates this structure, which
is the result of liquid transformation to austenite + Laves
(L — y + Laves) eutectic structure at the last stages of
solidification. It is clear that the y/Laves structure has a
lower melting point than )/NbC structure and therefore
has an important influence on the HAZ cracking of the
alloy. Figure 1d shows the coarse cubic precipitates that
appear dark in the BSE image, suggesting that they may
contain light elements (such as C, N, or O). EDS revealed
that coarse cubic precipitates were Cr-rich.

Fig. 2 a Macrophotograph of
weld section displaying places
of FZ microphotography.

b Inconel 82 weld metal
microstructure. ¢ Inconel 82
weld metal microstructure in
higher magnification.
Precipitation of fine continuous
NbC can be seen in the
interdendritic regions

Wign Dol WD —————————t t0um
00w | BIENOT. WL

Microstructure weld metals
Inconel 82 weld metal

Figure 2a, b shows the FZ macro- and microstructure of the
Inconel 82 weld metal, respectively. It can be seen that the
microstructure is fully austenitic. The weld metal contains
3% Nb, which has the beneficial effect of increasing the
thermal stability of the alloy for high-temperature opera-
tions. The Nb content in the Inconel 82 weld is enough to
change the FZ solidification mode from cellular to den-
dritic. Hot cracking is caused and controlled by the pres-
ence and the amount of continuous phases in interdendritic
regions. Nb is easily rejected into interdendritic regions
(Fig. 2c) during solidification (equilibrium distribution
coefficient of less than 1). In previous studies, differential
thermal analysis indicated that Nb addition decreased the
liquidus and solidus temperatures as well as increasing the
solidification temperature range Dt (Dt = Ty, — Ts, where
Ty is liquidus temperature and Ty is solidus temperature)
[6, 7]. This widening in solidification temperature range
can increase sensitivity to solidification cracking. It is seen
that continuous NbC precipitates (shiny) are formed in the
interdendritic regions. Figure 2c reveals that niobium car-
bides are formed in the interdendritic regions and they are
continuous. Based on this micrograph, Inconel 82 weld
metal is susceptible to hot cracking [7]. TiC precipitates
(darkly imaging) with a globular morphology are also
formed in the intergranular regions, but this second phase is
not continuous. This weld metal did not show the formation
of other second phases (such as topologically closed
phases).

u;m . Dot W
iltu’ ' BSE 107
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Fig. 3 a Inconel A weld metal
microstructure. b Inconel A
weld metal in higher
magnification. Segregation of
alloying element can be
observed in the austenitic matrix

Magn = Det WD }——————1 ks
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Inconel A weld metal

Figure 3 shows the FZ of the Inconel A weld metal. Although
Inconel A weld metal, similar to Inconel 82, has considerable
amounts of niobium (2.5%), its iron content (12%) is much
greater than Inconel 82 weld metal (3 wt%). The presence of
iron in nickel-based superalloys leads to a decrease in nio-
bium solubility in the austenite phase. With the increased
iron content in the nickel-chromium solid solution, the sol-
ubility of Nb is reduced. This can be observed in binary and
ternary phase diagrams of these elements [6, 7].

Under these conditions, partitioning of Nb to the inter-
dendritic regions in the weld metal is increased. Segregation
of alloying elements leads to a broadening of the brittleness
temperature range and constitutional supercooling can
occur. It can change the mode of solidification from flat or
cellular microstructure to columnar-dendritic microstruc-
ture [7-10]. But Fig. 3a, b does not show the formation of
continuous network of NbC in the interdendritic or inter-
granular regions. The niobium carbides (brightly imaging

3.00 oo .00
©PS : 2020

particles in the BSE image) and oxide inclusions (black
particles) are distributed in the austenite matrix. In contrast
to the Inconel 82 weld metal, which a continuous network
of niobium carbides is formed in its microstructure, there
is no evidence of such continuous precipitates along the
grain boundaries of Inconel A weld metal, although, NbC-
distributed precipitates and oxide inclusion are formed. It
can be attributed to the presence of higher amounts of nickel
and less amount of chromium in Inconel A weld metal than
that of Inconel 82 weld metal, which can dissolve the
excessive amount of Nb. Such conditions are expected to
decrease the hot cracking tendency of Inconel A weld metal
[10]. Oxide inclusions in the weld metal reveal that the weld
pool was not protected perfectly.

Inconel 617 weld metal
Figure 4 shows the FZ microstructure of Inconel 617 filler

material. This displays the presence of a clear and dis-
tinctive columnar dendritic structure, in comparison to

Mugh’. DM WD iy | K0 o1y
00 BSE 129

Fig. 4 a Inconel 617 weld metal microstructure. b Inconel 617 weld metal microstructure (perpendicular to dendrites). EDS for ¢ dendritic core
of Inconel 617 weld metal, d interdendritic region of Inconel 617 weld metal
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Inconel 82 and Inconel A weld metal microstructures. In
contrast to Inconel A and Inconel 82 weld metals, niobium
content is low (1 wt%), but the amount of molybdenum
(10 wt%) and cobalt (10 wt%) is high. Inconel 617 mate-
rial has about 5.5 wt% iron that can limit solubility of Mo
and Nb in austenite. The Mo partitioning coefficient
decreases as the iron content in the weld increases (i.e., as
the dilution level increases). These effects are controlled by
the influence of Fe on the solubility of Mo and Nb in
austenite and can be explained by the phase diagrams.
These diagrams indicate that the maximum solid solubility
of Mo in y-Ni is 35 wt% (at 1200 °C), whereas a maximum
of only 2.9 wt% Mo can be dissolved in y-Fe (at
~ 1150 °C). A similar trend is observed for Nb, where the
maximum solid solubility of Nb in y-Ni is 18.2 wt% (at
1286 °C), whereas it is only 1.3 wt% at a similar temper-
ature (1210 °C) in y-Fe. Elements such as chromium and
molybdenum have more tendencies to leave the dendritic
cores and to be rejected to interdendritic regions [11-14].
Mo segregated from the solid to the liquid and the Mo-rich
regions can be formed at the terminal stages of solidifica-
tion (Fig. 4c, d). In the Inconel 617 weld metal, solidifi-
cation initiates by L — 7y (austenite) primary reaction, by
which the y dendrites reject Mo into the interdendritic
liquid. As solidification progresses, the y dendrites become
richer in Mo at the solid/liquid interface until the maximum
solid solubility of Mo in austenite is reached at the edge of
the y dendrites. According to Fig. 4, Tables 3 and 4, it can
be said that since the interdendritic regions are enriched in
Mo and the microstructure is consisted of fully coarse
dendrites, thus the weld metal may have high tendency to
embrittlement and solidification cracking [7, 10].

310 SS weld metal
The only austenitic SS filler material used in this study was
310 SS. Figure 5 illustrates the 310 SS FZ. The mode of

solidification depends on welding parameters (heat input
value, welding speed, inter-pass preheating) and chemical

Table 3 EDS data for dendritic core of Inconel 617 weld metal

Element K ratio Wt% At.%
Al K 0.0017 0.173 0.364
Mo K 0.0554 5.544 3.287
Ti K 0.0016 0.160 0.189
Cr K 0.2382 23.820 26.085
Fe K 0.0641 6.415 6.534
Co K 0.1113 11.131 10.744
Ni K 0.5210 52.098 50.475
Total 100 100

Table 4 EDS data for interdendritic region of Inconel 617 weld
metal

Element K ratio Wt% At.%
Al K 0.0032 0.320 0.697
Mo K 0.1513 15.132 9.270
Ti K 0.0063 0.635 0.779
Cr K 0.2608 26.083 29.481
Fe K 0.0484 4.836 5.079
Co K 0.0924 9.239 9.214
Ni K 0.4313 43.130 43.176
Total 100 100

composition of the weld metal. As far as chemical com-
position is concerned, 310 SS filler material is simply
composed of Fe, Cr, and Ni. These elements are well
known for their low tendency to segregate in interdendritic
and intergranular regions. Thus, it is expected not to be
sufficient constitutional supercooling in order to alter the
solidification mode from cellular to dendritic (Fig. 5a).
Figure 5a shows that secondary arms have not developed
and therefore the microstructure is cellular. Since the weld
metal has some amount of copper, the formation of low-
melting point phases, which make weld metal more prone
to hot cracking, is probable. Figure 5b shows that low-
melting point phases are located in the intergranular
regions. According to this result, it can be expected that
310 SS weld metal exhibits poor resistance to hot cracking
[7, 10].

Aged weld metals

Figure 6a, b shows the microstructure of Inconel 82 weld
metal after being in 1000 °C for 100 h. They reveal no
considerable difference, when compare to unaged struc-
ture. But the formation of superior number of titanium
carbide in grain boundaries in relation to unaged weld
metal can lead to a decrease in the impact energy [15]. It
can be seen that NbC precipitates in interdendritic regions
are completely dissolved and some distributed NbC pre-
cipitates have remained. This microstructure indicates the
thermal stability of Inconel 82 at elevated temperatures.
Figure 7a, b exhibits the FZ of the Inconel A weld metal
after aging. Experiencing high temperature for a relatively
long time in this weld metal not only can eliminate severe
segregation of interdendritic regions, but also can increase
the size of initial precipitates. Microstructure of the aged
weld metal proved that there is no new precipitation.
Similar to Inconel 82 weld metal, Inconel A weld metal
shows good thermal stability at elevated temperatures [15].
A continuous network of precipitates is formed along the
grain boundaries and the microstructure is significantly
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Fig. 5 a 310 SS weld metal
microstructure. The weld metal
is fully cellular. b 310 SS weld
metal microstructure in higher
magnification

Fig. 6 Inconel 82 weld metal
microstructure a after aging,
b no continuous network of
secondary phases

Magn  Det WD
B00x  BSE 69

Fig. 7 Inconel A weld metal
a after aging, b elimination of
segregation

changed, by having the Inconel 617 weld metal subjected
to the aging treatment (1000 °C for 100 h). Moreover, the
aging leads to a formation of distributed precipitates within
the grains (Fig. 8a, b). This precipitates-saturated micro-
structure can be more brittle than that of the aged Inconel
82 and Inconel A weld metals that do not have any con-
tinuous precipitates in the intergranular regions [15]. In the
case of aged weld metal of 310 SS, formation of continuous
chromium carbides, that can strongly influence the
mechanical properties of the weldment, can be observed
(Fig. 9). Based on the descriptions mentioned above and
earlier published papers of the authors [7, 10, 15], the
weldments produced by Inconel A and Inconel 82 exhibit
the best mechanical properties (i.e., ultimate tensile
strength, yield strength, elongation, and notch toughness),
respectively.

@ Springer

Microstructure of UZ, PMZ, and HAZ before and after
aging

For instance, the interface between Inconel 82 weld metal
and Inconel 657 base metal is shown in Fig. 10a—c. The
interface between Inconel 82 weld metal and 310 SS base
metal is also presented in Fig. 10a, d, e. The UZ appears as a
laminar layer, where a small fraction of the base metal has
been totally melted and resolidified without undergoing any
dilution. The microstructure of the HAZ for Inconel 657
side (Fig. 10b) shows extensive grain boundary melting and
liquation. This PMZ is characterized by dendritic boundary
melting and thickening. The tendency of dendrite bound-
aries in Inconel 657 to melt is attributed to their niobium
enrichment; the presence of niobium at these boundaries not
only lowers the melting point constitutionally, but also
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Fig. 8 Inconel 617 weld metal
microstructure a after aging,

b severe precipitation in the
granular and intergranular
regions

Fig. 9 310 SS weld metal
a after aging, b in higher
magnification

Fig. 10 a Macrophotograph of
weld section displaying places
of UZ and HAZ
microphotography.

b Microstructure of UZ, PMZ,
and HAZ for Inconel 82
weldment before aging in
Inconel 657 side.

¢ Microstructure of BM and UZ
in Inconel 657 side at higher
magnification. d Microstructure
of WM, BM, HAZ, and UZ in
310 SS side. e Microstructure of
WM, HAZ, and UZ in 310 SS
side at higher magnification

d Inconel 65’7 =
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forms low-melting carbide-austenite eutectics during
solidification. The PMZ in this side of the joint appears to be
much wider, compared to the 310 alloy side (Fig. 10e).

On the other hand, remarkable grain growth occurred in
310 SS HAZ, which can be observed in Fig. 10d. The
microstructure reveals the presence of ferrite stringers in
some of the austenite grains within the base metal close to
the HAZ. These ferrite stringers probably remained from
the high-temperature primary processing of the base plate.
Homogenization of such segregates cannot be effective,
especially in austenitic alloys. The ferrite stringers have
been expanded and grown in places close to the fusion
boundary, presumably because more ferrite is usually
retained during rapid cooling after the formation of delta
ferrite due to the heating cycle.

After subjecting the HAZ and interface between Inconel
weld metal and base metals to aging treatment, an inter-
esting phenomenon has occurred: UZ of Inconel 657 base
metal side has disappeared. Elimination of this region can
be attributed to high-temperature interdiffusion of alloying
elements. Diffusion at high temperature (1000 °C) for a
relatively long time (100 h) can eliminate chemical com-
position variations between base metal and UZ. Therefore,
a distinct boundary between these two regions, UZ and
base metal, cannot be seen (Fig. 11a, b). Although severe
segregation of interdendritic regions in Inconel 657 base

Fig. 11 Microstructure of disappeared UZ, PMZ, and HAZ in
Inconel 82 weldment after aging: a WM, BM, PMZ, and disappeared
UZ in Inconel 657 side; b BM, WM, and disappeared UZ in Inconel

@ Springer

metal has been removed, Nb-rich phases have remained
relatively unchanged. Interdiffusion of alloying elements
and elimination of boundary between UZ and 310 SS base
metal can also be seen for interface of 310 SS base metal.
Observations made on HAZ of 310 SS side exhibited that
aging treatment does not cause any new precipitation
and primary probable precipitates have been dissolved.
Furthermore, region of grain growth after aging shows
no considerable difference with HAZ of specimens in
as-welded condition (Fig. 11c, d). Finally, it should be
mentioned that transformation of delta ferrite to sigma
ferrite due to aging treatment can significantly deteriorate
impact toughness of 310 SS base metal [15].

Conclusions

Microstructure of Inconel 657 is composed of columnar
and equiaxed dendrites. Several second phases were
observed in the interdentritic regions. In the case of Inconel
82, it is seen that continuous NbC precipitates are formed
in the interdendritic regions. Thus, Inconel 82 weld metal is
sensitive to hot cracking. Inconel A weld metal does not
show the formation of continuous NbC in the interdendritic
or intergranular regions. Inconel 617 weld metal has a
dendritic microstructure. This weld metal may have

657 side at higher magnification; ¢ WM, BM, HAZ, and disappeared
UZ in 310 SS side; d WM, HAZ, and disappeared UZ in 310 SS side
at higher magnification
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considerable tendency to embrittlement. In the case of 310
SS weld metal, formation of a continuous network of low-
melting phases makes weld metal prone to hot cracking.
After the aging heat treatment, the structures of Inconel 82
and Inconel A weld metal had no considerable difference
with unaged structure. These microstructures well indi-
cated the thermal stability at elevated temperatures. But
Inconel 617 and 310 SS weld metals exhibited poor ther-
mal stability. After subjecting the HAZ and interface
between Inconel weld metal and base metals to aging
treatment, UZ of Inconel 657 base metal side has disap-
peared. Elimination of this region can be attributed to high-
temperature interdiffusion of alloying elements. Finally, it
can be said that Inconel A and Inconel 82 weld metals are
the best choices for the dissimilar welds performed here,
respectively.
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