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Investigation of microstructure and
mechanical properties of dissimilar joints
between AISI 321 stainless steel and X65

high-strength low-alloy steel

Mahmood Sharifitabar'  Sahar Khajeh Mahmodi 2

1. Introduction

The chemical compositions of high strength low-
alloy steels (HSLA) and stainless steels are
completely different. So, controlling the reactions at
their dissimilar joint interface and evaluation of
microstructure and mechanical properties of the joints
has a great importance from technical point of view.
API 5L-X65 micro alloy steel is used to make oil and
gas transportation pipelines thanks to its outstanding
high strength. This alloy has a ferritic-pearlitic
microstructure and the presence of minor constituents
of Ti, Al, Nb, and V in its composition results in the
transformation of austenite to fine-grained ferrite. On
the other hand, 321 stainless steel belongs to the
austenitic stainless steel group. The addition of small
concentration of Ti to the composition leads to the
stabilization of carbon and eliminates the grain
boundary corrosion at high temperatures between 550
and 790 °C. The dissimilar joining of these steels will
be a solution to overcome some limitations in
selection of engineering materials in chemical,
petrochemical, oil and gas, industries.

2. Materials and methods

In order to join 321 stainless steel to X65 HSLA steel,
plates with the dimensions of 12x100x300 mm? were
cut. Then they were cleaned and joined together by
shielded metal arc welding process using E308H and
E309L stainless steel electrodes with 4 mm diameter
as the filler materials. Finally, optical emission
spectroscopy, X-ray diffraction analysis, optical
microscope, scanning electron microscope equipped
with energy dispersive analysis and hardness and
tensile tests were employed to characterize the
welded joints.

3. Results and discussion
X-ray diffraction patterns of weld metals extracted
from dissimilar joints between X65 HSLA steel and
321 stainless steel made by 308 and 309 electrodes
are shown in Fig. 1. Austenite and ferrite were
identified in the structure of both joints. However, the
peak intensity of delta ferrite is higher for 309
electrode weld metal that indicated the higher volume
fraction of this phase in the microstructure of the
joint.

The micrographs of 308 and 309 weld metals in

the last welding pass are illustrated in Fig. 2(a) and
(b), respectively. A dark gray phase with worm-like
and layer morphologies was distributed in the light
gray matrix as shown in Fig. 2(a). Fig. 2(b) shows that
this phase has a skeletal morphology in the case of
309 electrode weld metal. Moreover, the volume
fraction of this phase was considerably higher. The
EDS results confirmed that the concentration of Cr
was higher in the dark gray phase than the matrix.
Since Cr is a ferrite stabilizer element, it was
concluded that the dark gray phase was ferrite
distributed in the austenite matrix. Figs. 2(c) and (d)
show that reheating significantly altered the
morphology and the volume fraction of delta ferrite
in the weld microstructure.

o O Austenite
O Ferrite

Intensity (a.u)

e M n 1 N 1 1 J
20 30 40 50 60 70 80

2 theta (degree)

Figure. 1 X-ray diffraction patterns of dissimilar joints
between X65 HSLA steel and 321 stainless steel welded
with 308 and 309 electrodes.

Figure. 2 Different morphologies of ferrite at the
microstructure of the joints for the last pass and the
reheated region made by (a) and (c) 309 electrode and
(b) and (d) 308 electrode.
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The interfaces between 309 electrode weld metal
with both X65 HSLA steel and 321 stainless steel are
shown in Fig. 3. An interface layer was detected
between the weld metal and X65 steel as shown in
Fig. 3(a). The distribution of alloying elements across
the interface is shown in Fig. 3(b). Putting the
composition of the interface layer on the Schaeffer
diagram proposed the formation of martensite phase
in this layer. On the other side, the interface between
the weld metal and 321 stainless steel was free from
any defect in Fig. 3(c) and the TiC particles were
detected at the heat affected zone of stainless steel as
illustrated in Fig. 3(d).

Figure. 3 Micrograph of the joint interface (a) between
309 weld metal and HSLA steel, (b) distribution of
elements across the interface, (c) joint interface
between 321 stainless steel and 309 weld metal, and (d)
heat affected zone of 321 stainless steel.

The distribution of hardness across the welded joints
are shown in Fig. 3. The weld metal hardness values
for 308 and 309 electrodes were respectively 30% and
38 % higher that the HSLA steel. Moreover, the mean
hardness of 309 electrode weld metal was slightly
higher than the 308 electrode weld metal.
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Figure. 3 Distribution of hardness across the dissimilar
joints between X65 HSLA steel and 321 stainless steel
made by 308 and 309 electrodes.

Tensile test results showed that the strength of the
joint set up using 309 electrode reached 562 MPa that
was 1.5% higher and its maximum elongation was
18.7% that was 26% lower than the joint made by 308
electrode. In all specimens fractured occurred at the
interface between the weld metal and the low alloy
steel. A mixed ductile-brittle facture mode was
observed on the fracture surface of tensile test
specimens.

4. Conclusion

In the present study, dissimilar joints were established
between X65 HSLA steel and 321 stainless steel by
shielded metal arc welding. 308 and 309 stainless
steel electrodes were selected as the filler materials.
Then, structure, microstructure and mechanical
properties of the joints were investigated. Results
showed that the formation of higher delta ferrite
content in the 309 electrode weld metal increased its
strength, while decreased elongation considerably.
Meanwhile, the formation of a martensitic interlayer
at the weld metal/HSLA steel interface concentrated
the fracture to this region. Finally, 308 electrode was
proposed as the proper electrode to joint these
materials.
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