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Abstract
In the present work, the effect of friction stir welding with different rotating and traverse speeds on
the microstructure and mechanical properties of Monel 400 and AISI 1020 carbon steel were
investigated. The employed rotating speed changed from 200 to 400 rpm, whereas the traverse speed
was 50 to 100 mm/min. Sound welds were obtained at the rotating speed of 200 rpm with the welding
speed of 50 mm/min, while a groove-like defect was formed when the traverse speed exceeded 200
mm/min. Mechanical properties of the joints were then evaluated using tensile tests, impact tests,
bending tests and micro-hardness at room temperature. Microstructure evolutions of welds were
characterized using optical microscopy. Welds showed high tensile, impact and hardness results.
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requirements. The difficulties encountered when
1 Introduction
joining dissimilar metals include problems
Monel 400 exhibits excellent corrosion resistance
experienced when welding each base metal
in atmosphere, sea water, various acids and
individually, and problems unique to the range of
alkaline media. This characteristic coupled with
compositions and properties possible when
sufficient ductility and workability makes this
combining the alloys in various proportions.
alloy very attractive for a wide range of industrial
Joints between are exposed to strong corrosive
applications. Due to its unique properties, Monel
mediums such as H2S, SO2 and S03. Sadek and
400 is widely used in reducing and oxidizing
Abbas [2] have investigated dissimilar joints
environments, marine industry, power and
between carbon steel and Monel 400 produced
chemical plants as well as for manufacturing
by fusion welding techniques using two types of
valves, pumps, sensors, heat exchangers etc. [1]
filler materials. The objective of the present work
Dissimilar metal joints are widely used in many
is to investigate the weldability and essential
products in chemical, petrochemical and nuclear
properties of the above mentioned dissimilar
engineering. The application of the dissimilar
metal joints produced by Friction stir welding,
metal joints not only satisfies the different
In this regard, friction stir welding (FSW) is
requirements of various service conditions, such
among the new techniques for joining different
as heat resistance and corrosion resistance, but
materials [3, 4]. There are many works regarding
may also result in large savings of novel and
the effect of FSW parameters on the properties of
expensive materials, reducing the cost of
similar materials joined by FSW. Study the effect
products. There are even cases for which there is
of welding speed on the microstructural
no choice other than to join dissimilar metals
evolutions and mechanical properties of friction
together in a single product to meet the design
stir welded Inconel 600 [5]. Also, investigation
of the effect of rotating speed on the properties
of Ti–6Al–4 V joined by FSW was done [6].
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Study the effect of alloying elements on the
microstructure of dissimilar joint of Mg–Zn– Zr
alloy (ZK60) and titanium produced using FSW.
The average tensile strength of the joint was 237
MPa, which was about 69 % of that of ZK60.
Failure was occurred mainly in the stir zone of
ZK60 and partly at the joint interface [7].
Investigation of the microstructural evolution of
dissimilar joint of 304 stainless steel and st37
steel was conducted. The applied FSW technique
produced sound welds between the st37 and 304
stainless steel plates. In the stir zone of the 304
stainless steel, the refined grains were formed via
dynamic recrystallization process [8]. Lap joining
of dissimilar Ti and Al alloys by friction stir
welding and an excellent surface appearance can
be obtained easily [9]. Study the influence of
rotating speed on the microstructure and tensile
strength of the dissimilar friction stir welded
aluminum alloy 6061 [10]. The aim of present
work was to join the dissimilar alloys of
Monel400 and AISI 1020 carbon steel via FSW
and to study the microstructural evolutions and
mechanical properties of produced weld. The
rotating and traverse speeds were adjusted so that
to achieve the sound butt joints with the best
mechanical properties.
2 Experimental procedures
Dissimilar materials used in this study were 3 mm thick AISI 1020 Carbon Steel and Monel400.
The chemical compositions and mechanical
properties of AISI 1020 Carbon Steel and
Monel400 are given in Tables 1, 2 , 3 and 4
respectively.
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Table (2) Chemical composition of Monel400
(wt%)
Ni

Cu

Fe

Mn

Mg

Co

Othe
rs

65.5

29.7

1.36

1.23

1.1

0.57

0.57

Table (3) Mechanical properties of AISI 1020
Tensile
Strength,
Yield
310 MPa

Tensile
Strength,
Ultimate
450 MPa

Elongation
at Break
26%

Table (4) Mechanical properties of Monel 400
Tensile
Strength,
Yield
172-345 MPa

Tensile
Strength,
Ultimate
585 MPa

Elongation
at Break
32%

The tool, used for FSW, was made of WC
(tungsten carbide) having a shoulder of 20 mm in
diameter. The pin length was 2.8 mm for the butt
joint and its tip was tapered from 10 mm at the
pin root to 8 mm at the pin tip, as shown in Fig. 1

Table (1) Chemical composition of AISI 1020
Carbon Steel (wt%)
C

Mn

0.193 0.652

Si

P

S

0.22 0.006 0.002

Fe
Balance
Fig. (1) The tool used for FSW
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(a)
Fig. (1) Initial microstructure of: (a) Monel 400,
and (b) 1020 AISI Carbon Steel.
The initial microstructure of 1020 AISI carbon
steel contained of ferrite and pearlite, while that
of Monel 400 consisted of equiaxed grains Fig.2.
Radiographic inspection showed sound welds as
shown in Fig. 3.

ISSN: 1007-6735

(b)
using conventional polishing methods. In order
to characterize the micro-structural evolutions,
the specimens were etched, Monel 400 was
etched using HNO3:FeCl3:H2O = 30ml:500g:
per liter , Carbon steel was etched using Picral
5%, then optical microscopy (OM) were used.
The micro-hardness tests were performed in
order to obtain the hardness profile across the
cross section perpendicular to the weld line.

The tensile samples were also prepared
perpendicular to the welding direction. The stir
zone and the unaffected base material were
located in the gauge section of the tensile
specimen. The impact test was obtained and also
the bending test

Fig. (3) Shows radiographic films for the
dissimilar joint between Monel 400 and AISI
1020 Carbon Steel using friction stir welding
The FSW process was carried out using the
rotating speeds of 200, 250 and 400 rpm and
traverse speeds of 50 and 100 mm/min. The
plates were joined in a butt-weld configuration.
During the FSW, plunge depth of 3 mm was
applied. For microstructural observations, the
specimens were cut perpendicular to the FSW
direction. They were then polished and etched
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3 Results and discussion
3.1 Microstructural evolutions
Figures 4 and 5 illustrate the cross sectional
area of the produced FSW. Generally speaking,
there are four distinct regions after FSW.
These include the nugget or stirred zone (SZ),
the thermomechanically affected zone (TMAZ),
and the heat-affected zone (HAZ) and the base
metal (BM).
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Fig (4) cross sectional area of the produced
FSW showing the carbon steel inside Monel 40
Figure 6a–c shows the microstructure of the
three zones marked in before, regarding the FSW
carried out at the traverse and rotating speeds of
50 mm/min and 200 rpm, respectively. According
to Fig. 4, the SZ shows a complete mixture of
Monel400 and AAISI 1020 Carbon Steel obtained
at the optimum speeds of 50 mm/min and 200
rpm. However, the thermomechanically affected
zone (TMAZ) in the retreating side and the HAZ
in the advancing side were not clearly observed.
TMAZ-SZ interface on the advancing side is
sharper than that in the retreating side.
As reported by other researchers [11–13], this
indicates the asymmetry of welds produced by
FSW.
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Fig (5) cross sectional area of the produced
FSW showing Monel 400 inside Carbon steel
As shown here, the difference between the
zones can be enhanced when dissimilar materials
are welded. The TMAZ shows severe deformed
grains, which are orientated perpendicular to the
traverse direction of the original grains

(a)
.

(b)
Fig. 6 a The interface between b TMAZ and SZ
in the advancing side b the region illustrating
HAZ, TMAZ and SZ in retreating side and c the
SZ
(c)
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At a constant rotating speed, the grain refinement
was gradually pronounced by increasing the
welding speed. In addition to processing
parameters, this can be explained in terms of the
low stacking fault energy (SFE) of Ni and Cu
[14]. In general, the materials with low SFE are
unable to undergo the re-arrangement of
dislocations by dynamic recovery mechanism. In
other words, in case of materials with low SFE,
the dynamically recrystallized grains are easily
formed. As a result, when the SFE is low, the
stable grain nuclei can form during the thermo
mechanical treatments such as FSW [15].
Figure 6a shows the SZ micro-structure of the
specimen subjected to FSW at the traverse and
rotating speeds of 100 mm/min and 400 rpm,
respectively. The EDX and SEM results regarding
the composition are presented in Fig. 8a-c.

(a)
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Fig (7) cross section showing the
interference between Monel 400 and AISI
1020 carbon steel Obviously, there is a
desirable mix of two alloys in the SZ

(b)

Fig (8) The EDX and SEM results : a for area
analysis for Carbon steel inside the Monel , b
for area analysis for Monel 400 inside the
Carbon steel and c is SEM image taken from
SZ
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3.2 Mechanical properties
3.2.1 Tensile strength
The tensile specimens fractured in a region
corresponding to the AISI 1020 carbon St,
which also demonstrated ultimate tensile
strengths comparable to those of the AISI 1020
Carbon St BM, as it has lower UTS than that of
Monel 400 and the weld, therefore the fracture
occurred in the weakest part of the weld. Table
4.1 showed approximate values of the ultimate
Tensile strength (UTS) of the two base metals ,
a similar joint for Monel 400 and the dissimilar
weld joint between AISI 1020 carbon St and
Monel 400 and it was accepted according to
API 1104 [16] and ASME IX [17].

Monel400
AISI 1020
Fig.(9) tensile specimen for Monel 400 and
AISI 1020 Carbon Steel
Table (5) Tensile values :

Specimens
Tensile
strength
(UTS)
MPa

Monel
AISI 1020 Monel –
base metal carbon steel C.Steel
585

450

460

3.2.2 Microhardness
The hardness profile taken from the different
zones of dissimilar welds is shown in Fig. 10.
According to Fig. 10, there are two distinct
regions in the hardness profile. The first is
regarding the advancing side (Monel 400),
whereas the second is concerning the retreating
side (AISI 1020 Carbon St). The average
Volume 24, Issue 10, October - 2022

ISSN: 1007-6735

hardness of the stir zone (SZ) was found to be
significantly higher than the hardness of both
alloys; this is followed by a decrease in
hardness amount regarding two HAZs located
on the advancing and retreating sides.
By starting from the AISI 1020 Carbon St
towards the Monel 400, the first zone was the
AISI 1020 Carbon BM. This zone had the
lowest hardness in the macro-hardness profile
and its hardness was, according to the Ferrite
and Pearlite microstructure in carbon steels. The
measured values of hardness were in good
agreement with previous determinations by
other researchers [18].

Fig. (10) Hardness profile across the specimen

3.2.3 Impact
The absorbed energy in weld metal center line
and the intersection of fusion line on both sides
with specimen mid-thickness. Toughness of
FSW was relatively high , this could be related
to fine grain structures of FSW weld metal,
HAZ and TMAZ.. Impact value of joint
produced by FSW are shown in table (6).
Table (6) absorbed energy value in the FSW
joint
Test temp C Impact value (j)
Room temp
21.8
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3.2.4 Bending
No cracks or imperfections were observed in
both welds as shown in figure 4.27, this could be
related to the formation of sound welds, ASME
B31.3 [22] and API 1104 [23] reported that the
bend test was considered acceptable if no crack
or other imperfection exceeding 1/8 in. (3 mm).

Fig. (11) Bending specimens for the welded AISI
1020 Carbon St and Monel 400 by FSW.
4 Conclusions
1- FSW process under the selected parameters,
produced sound accepted welds without cracks
and cavities between Monel 400 and AISI 1020
Carbon Steel.
2- Investigation of microstructures by EDX and
XRD of FSW weld metals showed that no
intermetallic compounds were formed.
3- Bending test showed no cracks or
imperfections in joints produced by either FSW,
Impact value of joints produced by FSW was
good, Hardness of FSW weld was increased in
the SZ, The ductile fracture was observed after
tensile test the joints.
4- Because of a considerable grain refining in the
weld and HAZ of FSW, Ultimate tensile strength
of FSW joint was relatively high and it was
accepted according to API 1104 or ASME IX.
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