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Abstract: The effect of repair welding number on microstructure of the hastelloy X fabricated via TIG process was
investigated. The SEM, EDS and OM were used to determine mechanical properties and the microstructure of HAZ zone,
respectively. Results showed that the grain size of base metal determined by OM and SEM was 64.11 µm with M6C and M23C6
carbides (6.16, 18.71 µm respectively). Also, using welding for three times caused increase of grain size (15%, 22%, 26%
respectively) and the heat input made some carbides dissolve. The grain growth through HAZ zone venially affected the strength
of alloy. The results of tensile test demonstrated that UTS increased by repair welding, 1%, 2% and 3% respectively. As the UTS
of base metal was 727 MPa, the fracture phenomenon occurred. Furthermore, repair welding of mentioned alloy did not exceed
more than three times.
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1. Introduction
Super alloys are widely used in many industrial fields
because of its superior properties such as high strength at high
temperatures and high oxidation and hot corrosion resistant.
Nickel-based super alloys are widely used as high temperature
turbine components. Hastalloy X alloy is used in high
temperature applications that are often under high stresses and
cyclic loadings conditions. Hastelloy X super alloy is a nickel
based alloy strengthened by solid solution [1].
Its alloying elements are chosen in a way increasing the
mechanical properties and improving high temperature
corrosion, creep resistance, fracture toughness, and structural
stability [2, 3].
Nickel base super alloys like Hastelloy X can be welded by
all fusion welding processes such as GTAW, GMAW, SMAW,
SAW, PAW, EBW and RSW. GTAW is widely used for all
parts of material especially for thin parts. The GTAW welding
parameters influence the quality, productivity and cost of
welding joint. The perfect arc can be achieved if all the
welding parameters are conformed. The matrix of this super

alloy is austenite.
In fusion welding process, depending on the heating and
cooling conditions and heat input, microstructure, chemical
composition and mechanical properties of heat-affected HAZ
drastically differ from the unaffected base metal (BM). During
the welding, in heat-affected zone of Hastelloy X, the amounts
of M6C and M23C6 carbides change.
The γ ' precipitations are not observed in the microstructure
due to high amounts of Al and Ti. Since the amount of the
elements such as Al, Hf, Ta, and Ti is very low in Hastelloy X,
formation of γ ' does not occur in structure of this alloy.
Microstructure composition of the alloy contains an austenite
matrix and M6C and M23C6 carbides enriched in Mo and Cr
elements, respectively [3].
Most previous investigations focus on the one-time welding
of Hastelloy X. Stolloff [5] observed that precipitation of fine
carbide particles in the matrix of Hastelloy X increased the
strength of the alloy. Effects of minor elements were considered
by Richards and Chaturvedi [6]. Wang et al [7] focused on the
influences of parameters of tungsten inert gas arc welding on
the morphology, microstructure, tensile property and fracture of
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welded joints of Ni-base super alloy. Results show that the
increase of welding current and the decrease of welding speed
bring about the large amount of heating put in welding pool and
the enlargement of width and deepness of the welding pool. The
heat input increases with the decrease of welding speed and the
increase of welding current [7]. Zhang Lee et al [9] Worked on
the hardness and strength in the welding zone of the Hastelloy
X is due to M6C carbides and their distribution. Zhang et al. [8]
suggested about analysis on the micro fissuring behavior in the
heat- affected zone in Nickel-base super alloy and observed that
during the CO2 laser welding, Hastelloy X dissimilar with
Mar-M247 alloy was formed through the epitaxial growth
process in the interface of weld metal and base metal in the
Hastelloy X [8]. According to the high price of super alloys and
also its need to frequent repairing, there is no evidence research
about the number of repair welding on these super alloys. This
study investigated effect of the welding parameters such as
number of repair on morphology and mechanical properties of
the hastelloy X fabricated via TIG process.
Experimental Procedure
Firstly, the samples were cut to reach the required
dimensions, 350 × 150 × 2 mm, according to ISO 15614-1.
Standard square butt joints were used for the welding of
samples. Specially designed fixture was used for welding
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process to avoid distortion and oxidation. Chemical
composition of Hastelloy X has been provided in Table 1.
Table 1. Chemical composition of Hastelloy x (Wt%) [4].
Element
(Wt %)

Ni
47

Cr
22

Fe
18

Mo
9

Co
1.5

W
0.6

C
0.10

Mn
1

Si
1

B
0.008

Parameters of the manual gas tungsten arc welding (GTAW)
such as welding current, voltage, heat input and etc. are shown
in table 2. ERNiCrMo-3 was used as filler metal. Firstly, the
joint areas of sheets were cleaned by alcohol. Optimal
parameters were applied through Welding process. The
samples were conductively Welded and protected with highly
pure argon gas.
Table 2. Welding condition.
Process Pass
TIG

1

Filler metal Length Current
Dia (mm)
(mm) (A)
1.6
350
60

Voltage
(V)
13

Speed
cm/min
Manual

After welding of the plates with mentioned dimensions and
analysis of HAZ zones, near of the weld zone was cut in order
to imply second time welding. As shown in figure 1, this
process was repeated three times.

Figure 1. Schematic image of specimens.

Finally, OM and SEM were used to determine microstructure and grain size.
Table 3. Chemical composition of wire welding ERNiCrMo-3 (Wt%) [7].
Element
Wt%

Ni
a
58

Cr
20-23

Fe
5

Mo
8-10

Nb/Ta
3-4

Ti
0.4

C
0.10

Mn
0.5

Si
0.5

Al
0.4

Table 4. Mechanical properties of ERNiCrMo-3 [7].
Ultimate Tensile Strength(MPa)
786

Yield Strength at 0.2% Offset (MPa)
455

Figure 2. Schematic image of tensile test.

Elongation (%)
35

Cu
0.5

S
0.015

P
0.02
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After welding of all specimens, the samples were cut
perpendicular using a cut-off machine. The microstructure
was revealed using an etchant. The microstructures of samples
were studied by optical microscope equipped with image
analysis software (MEIJI Techno), scanning electron
microscope (SEM- Seron tech) using backscattered (BSE) and
energy dispersive spectrometry (EDS) with 16.0 kV
accelerated voltage. Tensile test was done according to the EN
895 that two samples are provided for each of the three
specimens as shown in figure 2.

2. Results and Discussion
2.1. Microstructure and SEM Analysis
Figure 4 indicates OM micrographs of Hastelloy X. As
observed, the microstructure of this alloy included continuous

phase γ (austenite) in the mixture. Grain size of base metal
measured via image analysis software was 64.11, 6.16 and
18.71 µm, for M6C and for M23C6 inclusive samples,
respectively. Increase of Grain size was 15, 22 and 26% for
one-time, two-time and three- time welding, respectively.
Moreover, decrease of M6C carbides was 34, 49 and 50%,
respectively. Also, increase of M23C6 carbides was 32, 39 and
50% for one- time, two -time and three time welding. Fig 6
and 7 provide EDS spectroscopy results performed as a
elemental analysis. As seen, M6C and M23C6 carbides were
significantly observed in matrix and boundaries, respectively.
A significant difference was observed between weight percent
of nickel and other elements. The microstructure of this alloy
included fine particles and carbides distributed in the context,
as shown in Fig 4 and 5.

Table 5. Grain sizes and carbides sizes in HAZ.
Sample
Base metal
one-time Welding
two-time Welding
three-time Welding

Grain sizes (µm)
64.11
73.94
78.648
81.335

Percentage (increasing)
15%
22%
26%

M6C (µm)
6.16
4.015
3.099
3.08

Percentage (decreasing)
34%
49%
50%

M23C6
18.71
24.70
26.15
28.24

Percentage (increasing)
32%
39%
50%
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Figure 3. Sizes of grain and carbides.

Heat input during the welding caused grain growth and dissolution of carbides.

Figure 4. (a) HAZ area for one- time welding, (b) two- times welding, (c) three- times welding.

Figure 5. (a) SEM image of one- time welding, (b) two- times welding and (c) three- times welding.

Figure 6. SEM image and EDS analysis of M6C carbides. (

6).
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Figure 7. SEM image and EDS analysis of M6C (

Table 6. Atomic table of EDS analysis for
(1)
Elements
C
Cr
Fe
Ni
Mo
W
Total
(2)
Elements
C
Cr
Fe
Ni
Mo
W
Total

Atomic
9.922
24.864
2.103
2.229
56.753
4.129
100.000

2.2. Tensile Test
Results of tensile test (DIN EN 895) performed for three
specimens showed that "UTS" was approximately the same in
all specimens. The strength of HAZ zone was higher than that
in base metal which can be attributed to the dissolved carbides
mentioned in table 5. As shown in table 8 and figure 8,
increase of UTS was 1, 2, and 3%, respectively, which caused
fracture of base metal in all three specimens [11, 12].

Atomic
11.615
15.411
3.261
2.742
66.462
2.510
100.000

Atomic
9.332
18.174
7.969
54.855
9.670
100.000

Elements
C
Cr
Fe
Mo
W
Total
(2)

Atomic
7.593
30.347
19.616
24.512
17.932
100.000

3.83).

Due to less grain size and carbides, hardness of the HAZ
zone was higher than base metal. SEM micrographs of
carbides of HAZ showed that carbides uniformly were
distributed through the zone and size of carbides in HAZ was
much less than that in base metal (Table 5) [10].

6 (M6C).

Table 8. The results of tensile tests.

Table 7. Atomic table of EDS analysis for carbides.
Elements
C
Cr
Fe
Mo
W
Total
(1)

6) and M23C6 (

Elements
C
Cr
Fe
Mo
W
Total
(3)

Atomic
15.130
56.851
8.334
10.688
8.997
100.000

Figure 3 illustrates the OM micrograph of HAZ of the
samples. It can be observed that the structure of all samples
was fine grained. SEM and EDS micrographs confirmed
attention of two different carbides such as M6C and M23C6
(tables 6, 7). Also, EDS analysis showed that the mixture
particles were M6C carbides enriched by molybdenum. Thus,
Cr can be replaced with M in M23C6. The size of carbides in
base metal was measured to compare the size of different
carbides in HAZ zone. Average size of carbides in base metal
was 6.16 and 18.71 µm for M6C and M23C6, respectively.
Comparison of Grain sizes between HAZ zone and base metal
as well as weight percent of carbides played a important role
on evaluation of mechanical properties [3, 4] (Fig. 5). The
M23C6 carbides precipitated coherently in the matrix.
Microstructure of HAZ zone contained fine grains (grain size
number 5) GTAW method. Grain size in HAZ zone and in base
metal were determined via image analysis software [8, 9].

Specimen
1-1
1-2
2-1
2-2
3-1
3-2

UTS (MPa)
747
723
748
738
749
757

Average (MPa)
735
743
753

Y. S (MPa)
380
395
420
430
410
438

Figure 8. Tensile test of base metal and three specimens.

3. Conclusions
1. The hastelloy X was successfully fabricated via TIG
process and the effect of repair welding number on its
microstructure and mechanical properties was
investigated.
2. Grain size of base metal was 64.11 µm. Also, that of
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HAZ zone at one-time, two-time and three-time welding
was 73.96, 78.648 and 81.335 µm, respectively. In other
words, grain growth percent was 15, 22 and 26%,
respectively.
3. The carbides observed in the base metal and HAZ zone
were rich in molybdenum (M6C) and chromium (M23C6)
with 6.16 and 18.71µm in size, respectively which were
dissolved because of the heat. Besides, reduction of
carbides was 34, 49 and 50% for M6C and increasing 32,
39 and 50% for M23C6, respectively).
4. As the UTS of base metal was 727 MPa and increased 1,
2 and 3% during welding, respectively, the fracture
phenomenon occurred.
5. Repair welding of hastelloy X successfully continued to
three times.
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