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flux cored arc welding (FCAW)

friction stir welding (FSW)

gas tungsten arc welding (GTAW)

shielded metal arc welding (SMAW)

field emission scanning electron microscopes (FE-SEM)
X-ray diffraction (XRD)
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ABSTRACT

In this research, the effect of graphene oxide (GO) and reduced graphene oxide (RGO) nanosheets on the mechanical
and microstructural properties of AISI 304 stainless steel welded joints produced by the flux-cored arc welding
(FCAW) method was investigated. Light microscope, field emission scanning electron microscope (FE-SEM) equipped
with energy-dispersive X-ray spectroscopy (EDS), X-ray diffraction analysis (XRD), Raman spectroscopy, and tensile
strength test were used to characterize the samples. GO was synthesized by modified Hummers’ method and reduced by
hydrazine. Accordingly, the pastes of GO and RGO in different concentrations of 1, 3, and 10 mg/ml were applied in
the groove. The results demonstrated that increasing the RGO concentration up to 10 mg/ml improves the tensile
strength and hardness values of welded joints up to 23% and 43%, respectively. It seems that RGO nanosheets have a
significant effect on the mechanical properties of the welded joints by pinning of dislocations.

Keywords: Flux-cored Arc Welding; Graphene; AISI 304 Stainless Steel; Microstructure.

1. INTRODUCTION

The welding and joint quality of AISI 304 stainless
steel and its mechanical properties are significant in a
large number of industries [1]. Recently, a variety of
carbon nanostructures such as carbon nanotubes
(CNT) and graphene have been known to improve
welding properties [2]. This study attempts to find the
effect of GO and RGO nanosheets on the mechanical
and microstructural properties of AISI 304 stainless
steel welded joints produced by the FCAW method.

2. MATERIALS AND METHODS

AISI 304 stainless steel with dimensions of
200x100x5 mm® was used as the base metal.
After cutting the samples, the groove was
prepared in a V-shaped with an angle of 60°.

3. RESULTS AND DISCUSSION
3.1. Optical Microscopy
Figure 1 shows the optical microscope images of

mkhosravi@birjandut.ac.ir

the best samples (RGO-10 and GO-10) according to
the results of the mechanical tests compared to the
based metal. In this regard, the average grain size
was calculated. The average grain sizes for welded
metal of control, GO-10, and RGO-10 samples were
22.1, 11.4 and 10.6 pum, respectively.

3.2. SEM

Figure 2 shows SEM images of RGO-10. As can
be seen, nanosheets are distributed completely and
homogeneously in the weld metal.

3.3. Hardness

The result of hardness measurement of the welding zone
is presented in Figure 3(a). Accordingly, hardness value
is increased with an increase in the concentration of
RGO and GO in the welding area. Moreover, the
maximum hardness value was found in RGO-10 and
GO-10 samples. The improvement of hardness is
attributed to the reduced grain size due to the presence of
graphene nanosheets as demonstrated in Figure 3(b).
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; a5 2 pm
Figure 1. Optlcal microscope 1mages of a, ,c) AISI 304 stainless steel, d,e,f) GO-10 pastes, g,h,i) RGO-10 pastes

in the welding zone

100 pm

Figure 2 SEM of a) distribution, b,c, and d) RGO morphology and composition in the weldlng zone
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Figure 3. a) Hardness, b) Grain size and c) Stress-strain curves related to welding area reinforced with GO and
RGO in various concentrations as GO-1, GO-3, GO-10, RGO-1, RGO-3, and RGO-10 compared to the welding
zone of the control sample

3.4. Tensile Strength Sustainable Nano-surfaces of the East (payanano.com)
Tensile strength results are presented in Figure 3(c). company for supporting this research.
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