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Abstract Gas tungsten arc welding (GTAW) was used to
join plates of Inconel 718. The mechanical properties were
determined by tensile, microhardness, and instrumented
Charpy impact tests. An ERNiFeCr-2 filler metal fed by a
semi-automatic mechanism was used. Partial dissolution of
the strengthening phases, y' and ", induced a soft region
(~ 225 HV, ) in the heat-affected zone (HAZ) during
welding. The yield strength (371.3 MPa) of the as-welded
joint is approximately 45% of the base material in aged
condition (822.7 MPa). The welds were subjected to a
hardening recovery post weld heat treatment (HRPWHT).
Impact testing of the hardened welds revealed a reduction
of 17% in energy absorbed with respect the aged base ma-
terial. Hardness measurements showed an increase to
~ 410 HV,; in the fusion zone; however, due to segrega-
tion of Nb and formation of carbides, the precipitation of
v" is not fully completed, and the yield strength (719 MPa)
of the heat-treated welded joint is lower than the base ma-
terial in aged condition.
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1 Introduction

Ni-Cr-Fe alloys are sought after in a number of applica-
tions in aircraft, power generation, and petrochemical in-
dustries due to their excellent mechanical properties at
cryogenic and high temperatures as well as corrosion re-
sistance in aggressive environments. The Ni-Cr-Fe alloys
hardened by precipitation are used when corrosion resis-
tance and mechanical strength at high temperatures are
demanded [1]. In virtue of these characteristics, the engi-
neering applications of Ni-Cr-Fe alloys have been increas-
ing and, as a consequence, its welding metallurgy has be-
come an active field of research, especially because these
materials are used in paramount components of gas tur-
bines in aeronautic, nuclear power, oil, and food industries
[2, 3].

Several welding processes may be used for welding Ni-
Fe-Cr alloys. However, engineers must be aware of some
metallurgical issues related to the fusion zone (FZ) and
HAZ. While solidification cracking and undesirable sec-
ondary phases precipitation are the most important
weldability problems in the FZ; liquation cracking, Laves
phase precipitation, ¢ phase, and carbides formation in the
HAZ are the main concerns in the reliability of the welded
joints. For instance, precipitation of secondary phases in
Inconel 718 (IN718) occurs by the segregation of Nb and
Mo during solidification; this behavior is promoted by the
content of Fe in the matrix [1]. Additionally, the presence
of Laves phase and NbC in the welded joints leads to low
strength and reduced ductility in the FZ making this zone
prone to failure [4]. Furthermore, the precipitation of NbC
in the HAZ reduces the content of Nb available for the
formation of the strengthening y” phase [5]. Even if the
IN718 welds are subjected to an annealing treatment, the
presence of NbC is not suppressed because these carbides
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precipitate again during the aging treatment [6]. Another
factor that decreases the mechanical properties of the
welded joint is the reversion of precipitates in the HAZ
where the y’" and y” phases partially dissolve due to the
temperatures experienced during welding [7].

This study deals with the microstructural characteristics
and mechanical properties of IN718 GTAW welded joints.
The results are comparatively reported for the as-welded and
post weld heat-treated welded joints. A glance to the open
literature shows that the information concerning the welding
metallurgy and mechanical behavior of IN718 welds is
lacking.

2 Methodology
2.1 Materials and welding

An Inconel 718 plate of 1500 x 300 x 6.35 mm was used. The
material was supplied in annealed condition with the follow-
ing mechanical properties: Vickers hardness number of
236.4+5.2, yield strength 0f430.3 = 5.7 MPa, tensile strength
of 842.9 + 15.3 MPa, and elongation of 51.4 £ 0.7%.
Metallographic samples of 60 x 10 x 6.35 mm of base mate-
rial were mirror polished using conventional techniques. The
microstructure was revealed by immersion of the samples in a
solution of 67% HCI + 33% HNOs. Optical microscopy was
used to analyze the structure of the material and the different
zones of the welded joints. The chemical composition of the
base and filler metals as determined by optical emission spec-
troscopy is shown in Table 1.

Plates of 150 x 75 x 6.35 mm of base material were ma-
chined to obtain a single V-groove joint according to the di-
mensions indicated in Fig. 1.

The plates were hardened by precipitation prior to welding,
which is the typical condition for using the IN718 alloy. The
plates were solution heat treated at 1065 °C for 1 h followed
by cooling in atmospheric air. Subsequently, the plates were
aged at 720 °C for 8 h and finally furnace cooled. This heat
treatment provided a Vickers hardness number of 408.5 + 3.2,
yield strength of 822.7 £ 9.6 MPa, tensile strength of
1090.3 + 4.6 MPa, and elongation of 41.2 + 3.9%. After
welding, in order to restore and increase the strength in the
HAZ and FZ, respectively, some welded joints were subjected
to an HRPWHT as detailed above for the IN718 plates.

2 mm

Fig. 1 Design and dimensions of the single V-groove joint used

A semi-automatic gas tungsten arc welding (GTAW) pro-
cess was used (Fig. 2) to weld the IN718 plates. An ER
NiFeCr-2 filler wire, 1.1 mm in diameter, was fed by a semi-
auto mechanism at 170 mm s~'. The GTAW torch was set at
approximately 15° with respect to the normal of the plates and
displaced at 4 mm s . A mixture of Hy (2%), CO, (0.12%),
He (30%), and Ar (67.88%) was used as shielding gas flowing
at 16.50 dm® min ' Alternating current and tungsten-thorium
electrode were used with a potential of 29 V and current of
356 A. These parameters provided a heat input of
1806.7 J mm ™, considering a thermal efficiency of 70%.

2.2 Macro and microstructural characteristics
of the welded joints

The optical and scanning electron microscopes were used to
analyze the microstructure of the welded joints in the as-
welded and HRPWHT conditions. The mechanical properties
of the welds were determined by means of microhardness
measurements, tensile, and instrumented Charpy impact tests.

Transversal welding profiles were cut from the welded
joints for microstructural analysis. The FZ, partially melted
zone (PMZ), and HAZ were analyzed to determine the
microstructural characteristics of the welds. Additionally,
energy dispersive X-ray spectroscopy (EDX) was used to
determine the chemical composition of the matrix and
some secondary phases. This technique was also used to
obtain elemental concentration maps in some areas to ob-
serve the distribution of certain elements.

2.3 Evaluation of mechanical properties

Vickers microhardness measurements (maps and profiles)
were performed to analyze the local variations in hardness
across the welded joints. The indentations were made by
applying a load of 1.0 kg (9.81 N) during 15 s. The

Table 1  Chemical composition of the materials used (wt. %)

Material C Cr Fe Mn Ni Mo Ti Al Other
IN718* 0.05 18.3 19.34 0.08 52.7 29 1.03 0.58 5.02 Nb
ERNiFeCr-2* 0.05 17.7 20.3 0.08 51.7 3.1 0.98 0.45 545 Nb
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Fig. 2 Semi-automatic GTAW process

impressions were carried out in linear profiles separated by
1 mm between one and another, the distance between in-
dentations was 500 um and the length of the profiles was
~ 25 mm (12.5 mm from the center of the weld bead to
both sides). The information was processed by using
OriginPro 8 ® to obtain the mapping representation of
the hardness variations across the welds.

Tensile testing of the welded joints was performed on
standard subsize specimens, according to ASTM ESM-04
[8]. The cross-head travel speed was 1 mm min '. The
length increment during testing was measured with an ex-
tensometer placed in a gauge length of 25 mm. To deter-
mine the strain hardening exponent, n, and the strength
coefficient, H, the recommendations of the ASTM E646-
16 standard [9] were fulfilled. The fracture surfaces obtain-
ed from tensile tests were analyzed to correlate the mor-
phology of the fracture and to obtain information about
fracture mechanisms.

An instrumented Charpy impact device was used to deter-
mine the impact resistance of the welded joints. Subsize spec-
imens (5 x 10 x 55 mm) were machined according to the
ASTM E23-02A standard [10]. The V notch was aligned on
the FZ for the welds in both conditions (as-welded and
HRPWHT). The results obtained were compared with those
for the base material. The samples were taken from the

Fig. 3 Microstructure of the
IN718 alloy in a annealed and b
aged conditions

transverse direction of the weld bead. The data were treated
according to the ASTM E2298-15 standard [11].

3 Results and discussion
3.1 Microstructure of the base metal

The characteristic microstructure of the IN718 alloy in
annealed and aged conditions is shown in Fig. 3. An aus-
tenitic matrix, 'y, with equiaxed grains and the presence of
twinning was observed. This microstructure was produced
by the mechanical deformation during rolling and anneal-
ing treatment. Twinning is typical in annealed alloys with
FCC crystallographic structure [12]. Additionally, it is pos-
sible to observe, under the resolution of the optical micro-
scope, the presence of carbides randomly dispersed in the
austenitic matrix. The IN718 alloy was received in
annealed condition, which promotes the distribution of
the alloying elements within the matrix. However, the op-
tical micrographs reveal that this metallurgical condition is
not fully completed as evidenced by the presence of car-
bides observed in both conditions, aged and annealed.

In the aged condition, Fig. 3b, it is possible to observe
a major presence of MC-type precipitates (where M may
be Ti or Nb or even both), MoC and M¢C (where M may
be Fe, Cr, Mo, W, and Nb) as compared to the annealing
condition (Fig. 3a). This observation is supported by the
results obtained from the composition dot maps shown in
Fig. 4. In these images, it is possible to evidence the
concentration of these elements in the particles seen in
the micrograph in secondary electron mode shown in
Fig. 4a.

The presence of these secondary phases is produced as a
result of the segregation of Nb and Mo during solidification
[1]. Also, due to the partition of these elements, formation of
Laves phase is likely to take place. The precipitation of Laves is
promoted by the content of Fe in the austenitic matrix [13—15].
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Fig. 4 Elemental concentration
in an optical field of IN718 in
aged condition
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Fig. 5 Transverse view of the
welded joints in a as-welded and
b HRPWHT conditions
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Fig. 6 Microstructure in the
middle of the fusion zone. a As-
welded and b with HRPWHT

3.2 Macro and microstructural characteristics
of the welded joints

Figure 5 shows the welding profiles obtained from IN718
plates in the as-welded (Fig. 5a) and HRPWHT (Fig. 5b)
conditions. As can be observed, the welded joints exhibit an
adequate welding bead geometry with complete penetration
and without lack of lateral fusion. Also, no visible inclusions,
spatter, or distortion were observed.

The microstructure in the FZ of the welds in the as-welded
and HRPWHT conditions is presented in Fig. 6. The typical
columnar dendritic structure is appreciated in both conditions.
Also, traditional columnar competitive growth can be ob-
served, which is produced by the reorientation of dendrites,
which tend to grow preferentially on the <100> directions
[16], i.e., the crystallographic growth in FCC structure (IN718).

In order to ascertain the presence of Nb and Mo segregated
during the solidification, an elemental concentration map on
the dendritic columnar structure in the middle of the FZ was
performed as shown in Fig. 7. The segregation of these ele-
ments is highlighted by the bright areas in Fig. 7e and f that
represent the zones with more concentration of Nb and Mo,
respectively. The partition of these elements gives rise to the
precipitation of secondary phases (Laves in the case of Nb)
and to Mo depleted zones that make the weld metal prone to
localized corrosion.

Figure 8 shows the microstructure at the interface formed
between the FZ and HAZ of the welds in both welding con-
ditions. The FZ and HAZ are clearly delimited by the partially
melted grains in the base material. The welds exhibit epitaxial
growth, which means that the dendrites grow in a different
direction depending on the orientation of the grains in the base
material [17]. An increment of secondary phases in the HAZ
and FZ was observed after the HRPWHT. EDX punctual mi-
croanalyses and dot maps confirmed the presence of Nb, Ti,
and Mo carbides in these zones as shown in Fig. 9. Only one
elemental concentration map is presented, but the analyses
performed to the other particles in both samples exhibited
similar results.

The increment of carbides in the HAZ and FZ may be at-
tributed to the strong tendency of carbon to segregate towards
the liquid during solidification, allowing the formation of car-
bides. Besides, carbon has a high diffusivity in solid state in a
Ni-based austenitic matrix. Thus, C diffuses from the FZ to the
HAZ and reacts with some alloying elements forming carbides
in addition to those already present in the alloy [2, 18].

Figure 10 shows the microstructure of the HAZ. Figure 10a
and b corresponds to the HAZ in as-welded and HRPWHT
conditions, respectively. Figure 9 confirmed the presence of
secondary phases rich in Mo, Nb, Ti, and C, most likely cor-
responding to carbides. Although the sample shown in
Fig. 10b was subjected to solution heat treatment at 1065 °C
for 1 h followed by and aging at 720 °C, the quantity of
precipitates in the HAZ did not decrease significantly. Thus,
solution heat treatment dissolves part of these carbides, but
they tend to precipitate again due to the aging treatment [6].

3.3 Variations in microhardness in the welded joints

The Vickers hardness number of the base material IN718 in
anncaled and aged conditions was 236.4 + 5.2 and
408.5 + 3.2, respectively. This increment in hardness was
the response to the heat treatment, solubilization, and aging,
resulting in the precipitation of the hardening y” and vy’ phases
[19]. In order to establish the variation in hardness along the
weld profile in the as-welded and HRPWHT conditions, mi-
crohardness profiles and mapping representation were plotted
as illustrated in Fig. 11. In these images, it is possible to iden-
tify the FZ, HAZ, and BM. In the as-welded condition
(Fig. 11a and c), an important decrement of approximately
150 units in hardness at the FZ and at the HAZ was observed
with respect to the base material in aged condition. In the case
of the FZ, the factor that contributes to the low hardness is the
Nb segregation during solidification, favoring the precipita-
tion of NbC and decreasing the amount of Nb for the forma-
tion of the y” phase [5]. Regarding the HAZ, the reduction in
hardness was associated to the partial dissolution of the sec-
ondary phases in the region adjacent to the FZ. The peak
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Fig. 7 Elemental concentration
map in a dendritic structure in the
FZ of a welded joint in the as-
welded condition
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Fig. 8 Microstructure at the FZ/
HAZ interface in a as-welded and
b HRPWHT conditions

Fig. 9 Elemental concentration map of particles in the HAZ after HRPWHT

Fig. 10 Microstructure in the
HAZ in a as-welded and b
HRPWHT conditions
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Fig. 11 Hardness distribution in the welded joints. a and b
microhardness maps for the as-welded and HRPWHT conditions,
respectively and ¢ comparison of microhardness profiles for both welds

temperature in this zone is higher than the precipitation tem-
perature of the vy’ and y" phases leading thus to its complete or
partial dissolution. This behavior was previously observed by
Hirose et al. [7].

@ Springer

Figure 11b and ¢ shows the hardness distribution of IN718
welded plates subjected to the HRPWHT. From the micro-
hardness profile, it is possible to observe that the FZ has a
similar level in hardness as compared to the base material in
aged condition. In spite of the increase in hardness in the FZ
and HAZ with respect to the as-welded condition, the values
were still lower than the average value measured in the base
material. Even when the samples were subjected to solution
heat treatment, NbC precipitated during the aging process.
Also, the segregation of Nb is not suppressed because it is
considered that the solid-state diffusion of substitutional ele-
ments is very limited [1]. The partition of Nb and the conse-
quent precipitation of NbC are associated with the loss of the
strengthening y" phase [5] which is reflected in a reduction in
the hardness of these zones. The amount of these secondary
phases, formed during the HRPWHT, is not enough to achieve
the average hardness values of the base material in aged con-
dition. In this context, it is reasonable to expect that certain
amount of the Nb present in the austenitic matrix was con-
sumed by the precipitation of NbC during the prolonged hold-
ing time at 720 °C, limiting thus the extent of hardening and
recovery in this zone.

3.4 Tensile strength of the welded joints

Conventional stress-strain behavior of IN718 in annealed
and aged conditions is shown in Fig. 12a whereas
Fig. 12b plots the curves for the welded joints in the as-
welded and HRPWHT conditions. A summary of the re-
sults obtained from these tests is listed in Table 2. Tensile
properties in longitudinal (L) and transverse (T) to rolling
direction were determined for the annealed condition. The
stress-strain behavior in both directions are very similar;
this behavior was promoted by the annealing treatment, as
it produces the homogenization of the microstructure. In
response to the aging heat treatment, an outstanding in-
crement in tensile properties has been obtained in the
IN718 alloy as a result of the formation of v’ and y”
secondary phases. This hardening is produced because
the dislocations in the material need more force to cut
the vy’ precipitates along with the strain produced by the
v" phase in the FCC austenitic matrix. The BCT crystal
structure of the y” phase is coherent with the FCC aus-
tenitic matrix. The strain generated by the lattice mis-
match, ~ 3%, between y and y”, increases the mechanical
resistance at low temperatures in this alloy [1].

Tensile behavior of the welded joints is shown in
Fig. 12b. A ductile failure was exhibited for the as-
welded condition. Although the samples presented the
necking phenomenon in the HAZ due to the plastic defor-
mation, failure took place in the FZ. It was observed that
this area did not present an evident plastic deformation as
seen in the HAZ. This behavior is not consistent with



Int J] Adv Manuf Technol (2018) 94:3949-3961

3957

Table 2 Tensile properties obtained from stress-strain curves of IN718

Material oo (MPa) Omax (MPa) Fracture energy Number () H (MPa) Elongation (%)
MJIm>)
IN718 annealed 4303 + 5.7 8429 £ 153 387.7£12.7 0.26 1467.8 514 +£0.7
IN718 aged 822.7+9.6 1090.3 + 4.6 434 +5.1 0.12 1482.0 412+39
IN718 as-welded 3713 +£12.3 660.0 + 13.49 147.6 £+ 26.13 0.31 1304.3 257 +3.7
IN718 HRPWHT 719.0 £ 39.0 988.0 = 12 246.6 = 10.7 0.20 1640.6 269 +24

09 yield strength, o, tensile strength, n strain hardening exponent, H strength coefficient

hardness results obtained for this condition, because the
lowest hardness values were obtained at the HAZ and frac-
ture was expected to occur in this zone of the welded joint,
i.e., the tensile specimens failed in the FZ due to the pres-
ence of brittle secondary phases which acted as crack nu-
cleating agents. A similar behavior was reported by Hirose
et al. [4]. The tensile strength (~ 660 MPa) and yield
strength (~ 371 MPa) were lower than the base material
in the annealed condition. This decrement, as pointed for
hardness variations, is likely due to segregation of Nb dur-
ing the solidification of the weld pool and the subsequent
formation of NbC. This microstructural feature decreases
the content of Nb available for the formation y” phase in
the FZ and PMZ. These findings are consistent with the
studies of Hinojos et al. [5].

The conventional stress-strain behavior for the welds
subjected to HRPWHT is shown in Fig. 12b. It is evident
that yield (~ 719 MPa) and tensile strength (~ 988 MPa)
values are slightly lower than the base material in aged
condition. In this instance, the tensile specimens failed in
the HAZ, where necking due to the plastic deformation
was seen and the soft region across the welded joint was

a

1200

1000 IN718 Aged

800
<
[aW)
S 600 ——IN718 Annealed L
2 ——IN718 Annealed T
2 400

200

0 T T T T T T T T T T T T T
00 0.1 02 03 04 05 06 0.7

Strain

located according to hardness measurements. Even when a
solution heat treatment and age hardening [20] were given
to the welded joints, the tensile mechanical properties were
lower than the base material in aged condition. This issue
has been previously explained in terms of Nb segregation
and the posterior formation of carbides, which tend to di-
minish the Nb available for the formation of the strength-
ening y"” phase [5].

In the as-welded and HRPWHT conditions, it was observed
a serrated plastic behavior, which can be classified as type A or
C (the geometry is similar, and it is not possible to differentiate
the exact shape of serrations), according to the classification of
Rodriguez [21], i.e., serrations that appear in a periodic way
through the plastic zone in a stress-strain curve. The serrated
plastic flow is described as an anomalous behavior, which is a
common manifestation of the dynamic stress aging (DSA) phe-
nomenon. The DSA is produced for the interaction between
atoms of solute that diffuse and the mobile dislocations during
the plastic deformation; it depends on the strain rate and tem-
perature that define the mobility of the dislocations and the
dilution of solute atoms, respectively. It has been found that
the fatigue resistance of materials having an austenitic FCC

b
1200
1000 HRPWHT
800 -
5 As-welded
S 600
A
g
o 400+
200
0 T T T T T T T T T T T T T
00 0.1 02 03 04 05 06 07
Strain

Fig. 12 Conventional stress-strain curves for a base material in annealed and aged conditions and b welded joints in the as-welded and HRPWHT

conditions
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Fig. 13 Force-time curves obtained from instrumented impact Charpy tests for IN718, a annealed, b aged, ¢ as-welded, and d HRPWHT
Table 3 Average fracture energy ] -
obtained from impact Charpy Material condition IN718 annealed IN718 aged IN718 as-welded IN718 HRPWHT
tests
Energy (MJ m ) 128+ 1.5 10.6 £ 0.5 10.5 £ 0.6 84+05

Fig. 14 Tensile fracture surfaces
of the base material in a annealed
and b aged conditions

Mapping
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Fig. 15 Fracture surfaces at the
fusion zone for welds in a and b
as-welded condition and ¢ and d
with HRPWHT

matrix decreases due to the lack of homogeneity in the defor-
mation and the hardening induced for the DSA [22, 23].

3.5 Impact resistance of the welded joints

Figure 13a and b show the force-time graphs obtained from
instrumented impact Charpy tests on IN718 in annealed and
aged conditions, respectively. Table 3 shows the average values
of the absorbed fracture energy as measured from these graphs.
Considering the ASTM E2298-15 standard, it is possible to
observe a type C geometry, corresponding to a fully ductile
behavior [11]. It is evident that yield force (Fy,), maximum
force (Finax), and the force for unstable crack propagation
(Fag) in aged condition (Fig. 13b) are higher than those obtain-
ed for the annealed condition (Fig. 13a). However, it has been
observed an improvement in terms of absorbed fracture energy

Fig. 16 Reconstruction in 3D of
the topography of the IN718
fracture for specimens a annealed
and b aged

for the annealed condition (Table 3), i.e., higher ductility than
for the aged condition.

Figure 13c and d shows the force-time curves obtained in
the FZ for the welded joints in the as-welded and HRPWHT
conditions, respectively. A ductile behavior was observed in
both conditions. The as-welded samples presented a reduction
in terms of absorbed impact energy in comparison with the
base material in annealed condition; this reduction was attrib-
uted to the brittle secondary phases formed during the welding
process. Nevertheless, the samples in HRPWHT exhibited a
lower impact resistance than for the as-welded condition. This
aspect is mainly related to the hardness increment observed in
Fig. 11, which shows that the FZ of the HRPWHT sample
exhibits the highest hardness of the welded joint suggesting
a brittle behavior in an impact. Despite the similitude in hard-
ness values for the FZ in the HRPWHT sample and base metal
in aged condition, the impact resistance of the welded joint is
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lower. This is owing to the presence of the secondary Laves
phase (brittle phase), which tends to produce detrimental ef-
fects on the mechanical properties [24].

3.6 Fracture surfaces

The fracture surfaces obtained from tensile tests for base ma-
terial in annealed and aged conditions are shown in Fig. 14. A
completely ductile fracture appearance was observed, which is
characterized by the presence of microvoids formed during the
deformation process, as well as the presence of secondary
phases.

The fracture surfaces for the IN718 welds are shown in
Fig. 15a and b. It is possible to observe ductile and fragile
regions. It is believed that the brittle fracture was because of
the presence of secondary phases such as Laves and 6.

The fracture was ductile for the samples with HRPWHT as
shown in Fig. 15¢ and d. In the topography of the fractures, it
is observed the presence of secondary phases. It is thought that
these particles are Nb and Mo carbides as suggested by EDX
analysis.

The fracture surface topography is shown with more details
in the three-dimensional reconstruction presented in Fig. 16,
where the presence of voids is evident as well as peaks of
different size produced by plastic deformation in the material.
Also, it is possible to observe the nucleation, growth, and
coalescence of microvoids.

An EDX analysis in the surface of the fracture revealed the
presence of Mo and Ti in the secondary phases. As it has been
mentioned, the Nb and Mo tend to segregate during the solid-
ification that is because these elements have a partition coef-
ficient, k, lower than one, i.e., with the presence of Fe, this
coefficient tends to be minor.

4 Conclusions

Microstructural characterization and mechanical evaluation of
the welded joints revealed a significant reduction in mechani-
cal strength due to the partial dissolution of the strengthening
phases vy’ and y” in the HAZ. The mechanical properties of the
welded joints may be improved by hardening recovery provid-
ed by the post weld heat treatment. However, tensile strength
and impact resistance are not fully restored due to the presence
of brittle secondary phases such as Laves. The existence of this
phase is assumed owing to the Fe content in the ERNiFeCr-2
filler metal, which enhances the formation of this phase.
Despite of the annealing before the aging treatment, it is not
possible to avoid the Nb partition because the solid-state diffu-
sion is insignificant for this element. In virtue of this, an impor-
tant number of carbides nucleate and grow in the HAZ and FZ
limiting thus the precipitation of the hardening 'y” phase. These
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metallurgical mechanisms prevent to achieve the mechanical
strength of the hardened IN718 alloy in the welded joints.
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