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ABSTRACT

The present work contributes to previous research regarding the influence of Photocatalyst
Nanostructured Functional Ceramics (PNFC) additives on the welding and technological properties of
welding electrodes of the MR-3 brand. It presents a comparative analysis of the properties of welded joints
obtained during welding with the developed welding electrodes, with additives of PNFC brand ZB-2
(IMAN-8), and the ESAB E6013 welding electrodes. The focus was placed on the weld morphology,
microstructure, and mechanical properties in Shielded Metal Arc Welding (SMAW). The results show that
incorporating up to 2% PNFC ZB-2 in the electrode coating enhances melting efficiency, arc stability, weld
formation, and the microstructural characteristics of the weld metal. Compared to ESAB E6013
electrodes, IMAN-8 electrodes exhibit better performance in arc penetration, weld metal structure, and
mechanical properties of welded joints. From an economic perspective, IMAN-8 electrodes offer significant
advantages over E6015 electrodes, reducing total welding time by up to 50%, lowering electrode and
electricity consumption by approximately 50 %, and cutting overall welding costs by nearly half. Also, the
ability to weld thin sheets of carbon steel with IMAN-8 electrodes in one pass reduces the likelihood of
defects requiring reworking the weld.
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I.  INTRODUCTION

electrode material owing to the weld spatter. This affects

This work focuses on SMAW, a versatile joining process
for fabricating pressure vessels and boilers, which offers good
quality welds and it is critical for manufacturing steel
structures, particularly in the oil and gas sector [1, 2]. SMAW
is a manual joining process characterized by its flexibility and
transportability across various working conditions and
environments [3]. However, its main drawback is the loss of

productivity due to weld cleanup, and restoration [4].

Limited information is available about the wuse of
nanostructured materials in the welding field, but research
regarding their use has increased significantly in recent years.
A major advantage of using nanomaterials is their ability to be
tailored to specific requirements regarding size, shape, and
properties [5]. A promising type of nanomaterial comes in the
form of nano-powders, namely powders with a characteristic
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nanoscale size, which leads to significant changes in their
properties [6, 7]. Their use can significantly enhance existing
technological processes and create new production methods.
Authors in [8] demonstrated that nanosized refractory
compounds, such as titanium carbide or nitride, improve the
strength of laser-welded joints by refining their microstructure
from needle-dendritic to quasi-equiaxed and finely dispersed,
thereby enhancing mechanical properties, like strength and
plasticity. Authors in [9] proposed adding nano-powder to the
liquid glass during the production of electrodes to improve the
mechanical properties of the weld metal. Authors in [5] later
proposed modifying SMAW electrode production by
introducing Ti, Zr, and Cs nano-powders into the electrode
components via liquid glass, which enhances arc stability and
weld strength. The RCrO; ceramic materials, where R
represents a rare earth oxide, such as yttrium oxide, are highly
beneficial for applications in which electrical conductivity is
important, such as in electrodes. However, these materials have
some limitations, as they are not very stable chemically at
temperatures above 1600 °C, while they can be damaged by
thermal cycling at temperatures above 1500 °C and cannot
withstand rapid heating. These issues reduce their suitability
for applications requiring high-temperature resilience. In this
regard, authors in [10] studied the effect of infrared radiation
synthesized in the furnace of the NFC photocatalyst ZB-2. This
catalyst was added in small amounts (from O to 8%) to the
popular brand of welding electrode MR-3 to evaluate its
welding and technological characteristics. The results indicate
that optimal welding and technological properties are achieved
with a 2% ZB-2 additive in the electrode coating.

This study builds on previous research by further evaluating
the effect of a 2% ZB-2 photocatalyst additive on the coating of
MR-3 electrodes and its influence on the quality and
mechanical properties of welded AISI 1017 carbon steel joints.
The novelty of this work lies in the development and testing of
these new welding electrodes, comparing their performance in
weld morphology, microstructure, and mechanical properties
against widely used ESAB E6013 electrodes.

II. EXPERIMENTAL PROCEDURE

The experiments involved welding a 20 cm line on
rectangular AISI 1017 steel plates (200 mm x 100 mm x 1.8
mm). Prior to welding, the plates were cleaned with acetone,
and then they were joined using SMAW in a butt joint
configuration, as shown in Figure 1.

/
/ /

Fig. 1. Butt joint design.

E6013 and IMAN-8 electrodes with a diameter of 2.6 mm
and 2.2 mm, respectively, were used as filler material. During

SMAW welding, the current was set at 40 A, while the arc
voltage was determined by the arc length, which the welder
manually controlled. The chemical composition of low carbon
AISI 1017 steel plates, electrodes E6013, and IMAN-8 welding
rods [11] is given in Tables I, II, and III, respectively.

TABLE 1. CHEMICAL COMPOSITION OF MEDIUM-LOW
AISI 1017 STEEL WEIGHT %
Element C Fe Mn P S
weight % | 0.14-0.20 | 99.11-99.56 | 0.30-0.60 | <0.04 <0.05
TABLEII. CHEMICAL COMPOSITION OF ESAB E6013
WELDING ROD (AWS: SFA 5.1 E6013)
Element C Mn Si P S
weight % 0.08 0.46 0.22 0.023 0.020
TABLE IIL. CHEMICAL COMPOSITION OF IMAN-8 WELDING
ROD (SV-08A, GOST 2246-70 [11])

Element C Cr Mn Cu Ni
weight % <0.1 <0.12 0.35-0.60 | <0.25 <0.30
Element Si P S
weight % <0.03 <0.02 <0.03

After welding, the samples were extracted while avoiding
the starting and ending points of the weld, as displayed in
Figure 2. The morphology of the SMAW welds performed
using ESAB E6013 and IMAN-8 electrodes was analyzed to
assess their structural characteristics. Before the investigation,
the samples were polished up to 1200-grit fineness, followed
by a cloth polishing to a 0.05 um alumina surface finish. The
AISI 1017 weld zone was etched using nital solution (95 cc
ethylene + 5 cc HNOj3). The weld bead features were examined
with an optical microscope using Motic software (version 2,
Motic Images 3.0, Xiamen, China). Additionally, the
microstructural evolution of the fusion zone in both SMAW
welds was analyzed using a JEOL JSM-7600F Scanning
Electron Microscope (SEM).
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Fig. 2.
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Test specimen for the tensile test (mm).

Tensile tests were carried out at room temperature (24 °C)
using a WAW-300E electro-hydraulic servo universal testing
machine at a crosshead speed of 0.5 mm/min, a loading rate of
0.5 kN/s, and a strain rate of 1.6 x 107 s The specimens were
cut according to ASTM E8M-04 [12], as depiicted in Figure 3.
A total of three samples were tested for each weld type to
ensure the consistency and reliability of the results. Transverse
bend test specimens were prepared according to ASTM E190-
14 [13], as portrayed in Figure 4.
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Fig. 3. Tensile test specimen according to ASTM ESM-04 (mm).
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Fig. 4. Transverse bend specimen according to ASTM E190-14 (mm).

Vickers hardness tests were performed using an HVS-50
digital hardness tester with a standard load of 10 kgf and a
dwell time of 10 seconds, following the ASTM E-384-99 [14]
standard. Hardness measurements were taken along a
horizontal line, with indentations spaced approximately 0.5 mm
apart. The hardness line measurements were positioned 1 mm
below the weld surface, as depicted in Figure 5. The hardness
distribution was evaluated for both IMAN-8 and E6013 welds
to determine variations in mechanical properties across the
weld region.
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Fig. 5.
E-384-99.

Vickers hardness horizontal line test specimen according to ASTM

III. RESULTS AND DISCUSSION

The welding technological properties of the ESAB E6013
and IMAN-8 electrodes exhibit several key characteristics. The
arc is easily excited and stably maintained, the coating melts
evenly without excessive spattering, and the slag ensures the
proper formation of the bead seam. Additionally, external
inspection revealed no defects, such as cracks or pores in the
weld metal, regardless of the electrode used.

Figures 6 and 7 illustrate photographs from both welded
joints, captured from the welding side (Figures 6a and 7a) and
the back side (Figures 6b and 7b). The visual examination
revealed a smooth surface and uniform bead formation on the

front side for both electrodes. However, the weld seam created
with the E6013 electrode exhibited a narrower weld width and
a lighter surface compared to the IMAN-8 electrode. This
indicates a significantly higher wettability of the welded edges
with molten electrode metal, and more effective deoxidation of
the welded metal when welded with the IMAN-8 electrode. On
the back side of the welded plates, the weld seam formed using
the IMAN-8 electrode demonstrated a smooth surface and full
penetration through the entire thickness of the metal. In
contrast, the weld seams on the plates welded with the E6013
electrode exhibited incomplete penetration. The greater

penetration capacity of the IMAN-8 welding -electrode
compared to the ESAB E6013 electrode is evident in the cross-
sectional images of the seams presented in Figure 8.

Fig. 6. View of welded join performed with ESAB E6013 electrode from:
(a) front side and (b) backside.

Fig. 7. View of welded join performed with IMAN-8 electrode from: (a)
front side and (b) backside.

Fig. 8.
and (b) IMAN-8 electrode (x4).

Macrographs of weld beads performed with: (a) E6013 electrode

The increased rate of melting in the IMAN-8 electrode is
likely caused by the addition of a small amount of FNFK ZB-2
additives to its coating. This effect can be explained by the
Quantum Tunneling Effect (QTE), a phenomenon where
particles or waves overcome a potential barrier due to the
accumulation of a significant energy pulse [15]. According to
de Broglie, the wavelength of a pulse is determined by the
formula A = h/p, where A is the wavelength, h is Planck's
constant, and p is the particle momentum. When a large energy
pulse, such as photons, is accumulated, the particle wavelength

www.etasr.com

Touileb et al.: Effect of Nanostructured Ceramic Additives on the Mechanical Properties of Welded Joints



Engineering, Technology & Applied Science Research

Vol. 15, No. 3, 2025, 22466-22471 22469

decreases significantly. These "short-wave" particles can tunnel
through a potential barrier, overcoming it even at energies
below the barrier height. Unlike the standard tunneling effect,
QTE utilizes all photons that interact with functional ceramics
and converts them to the desired wavelength. This allows for
the efficient use of radiation energy through pulse focusing,
exceeding the effective energy of photons over their actual
energy [15].

Welds made using the IMAN-8 welding electrode achieved
complete penetration in a single pass, unlike those made using
the E6013 electrode, which exhibited incomplete penetration.
Therefore, to ensure complete penetration in the E6013 welds,
a back-side weld bead was carried out, as demonstrated in
Figure 9. The mechanical properties of the welded joints were
then compared [16].

Fig. 9. Macrographs of weld beads performed with E6013 electrode
welded on both sides.
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Fig. 10.  Results of horizontal hardness (Hv) of welded beads performed
with: (a) ESAB E6013 and (b) IMAN-8 electrodes.

The Vickers hardness measurements of the weld metal,
conducted horizontally along the welds, revealed higher
hardness values for the weld metal produced with E6013 than
IMAN-8 electrodes, as shown in Figure 10. At the same time,
the hardness at the center of the weld seams was 102% higher
than that of the base metal for the E6013 welds and 42% higher
for the IMAN-8 welds. At the edges of the weld seams, the
hardness increased by 112% and 57%, respectively. Thus,
IMAN-8 weld seams have a hardness closer to that of the base
metal, which contributes to the greater resistance of the welded
joints of carbon steels to dynamic loads compared to welded
joints obtained with the E6013 electrodes.

Figures 11 and 12 display images of the specimens after
tensile testing. The results show that all welded specimens
fractured in the base metal, regardless of the electrode used.
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Tensile specimen for welds performed with E6013 electrode after
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Fig. 12.  Tensile specimen for welds performed with IMAN-8 electrode
after breaking.

The tensile strength tests revealed that the IMAN-8
electrode welded joints exhibit tensile strength comparable to
the base metal, while the E6013 electrode welded joints have a
marginally lower tensile strength, as outlined in Table IV.

TABLEIV. TENSILE TEST STRENGTH UTS
Speci UTS [MPa] UTS [MPa] UTS [MPa]
pecimen .
max min average
AISI 1017 both-sided welded
with E6013 electrode il 381 388.66
AISI 1017 welded with
IMAN-8 electrode 400 392 394
Medium-low carbon AISI
1017 steel 401 388 393.6

A comparative analysis of the strength coefficient of the
welded joints (UTSwj/UTSbm) was carried out, showing the
ratio of the strength of the welded joint (UTSwj) to the strength
of the base metal (UTSbm). These results exhibit that the
E6013 welds had a strength coefficient of 0.987, whereas the
IMAN-8 welds achieved 1.001, as presented in Table V.
According to the Interstate Standard GOST 34233.1-2017 [17],
the minimum strength coefficient required for butt welds with
manual root welding is 1.0, while one-sided butt welds must
meet a minimum of 0.9. The E6013 welds fell below the
required standard, whereas the IMAN-8 welds exceeded it,
complying with international standards.

www.etasr.com

Touileb et al.: Effect of Nanostructured Ceramic Additives on the Mechanical Properties of Welded Joints



Engineering, Technology & Applied Science Research

Vol. 15, No. 3, 2025, 22466-22471

Furthermore, the relative elongation of the IMAN-8 welds
is slightly higher than that of the E6013 welds, but lower than
that of the base metal, as shown in Table VI. Additionally,
bending tests were conducted on the welded joints, and the
results indicate high bending angle values for both electrode
types, as portrayed in Table VII. Figure 13 depicts the
specimens after the bending tests, which demonstrated good
results for the welds obtained when welding with both tested
electrodes.

TABLEV.  STRENGTH COEFFICIENT OF WELDED JOINTS
(UTSWJ/UTSBM)
Specimen UTSwj UTSbm UTSwj/
P [MPa] [MPa] UTSbm
AISI 1017 both-sided
welded with E6013 388.6 393.6 0.987
electrode
AISI 1017 welded with
IMAN.S electrode 394.0 393.6 1.001

TABLE VL ELONGATION AT BREAK (IN 88 MM)
Specimen 8 [%] max 0 [%] min 8 [%]
average
AISI 1017 both-sided
welded with E6013 11.5 13.4 12.6
electrode
AISI 1017 welded with
IMAN-8 electrode 1.4 13.8 13.0
Medium-low carbon AISI
1017 steel 154 16.8 16.2
TABLE VII. BENDING TEST FACE TEST
Specimen Strength max [MPa] Bend angle [°]
AISI 1017 both-sided
welded with E6013 1390 180
electrode
AISI 1017 welded with
IMAN-8 electrode 1375 180

a b

Fig. 13.  Welded samples of bending test performed with: (a) ESAB E6013
electrode and (b) IMAN-8 electrode.

The microstructural analysis, as can be seen in Figures 14
and 15, showed that the improved mechanical properties of the
IMAN-8 welds were likely due to a finer microstructure and a
uniform distribution of pearlite throughout the weld volume.
Overall, the IMAN-8 welding electrode offers significant
advantages over the widely used E6013 electrode, increasing
welding productivity for carbon steel structures by up to two
times while reducing welding costs and energy consumption by
up to 50%. This ensures the production of high-quality welded
joints, making the IMAN-8 electrode a superior alternative in
welding applications.

Fig. 14.
(X500).

SEM image for specimen welded by ESAB E6013 electrode

Fig. 15.

SEM image for specimen welded by IMAN-8 electrode (X500).

IV. CONCLUSION

The present investigation constitutes a comparative study of
the morphology and mechanical properties of welded joints
produced using IMAN-8 electrodes, which contain
Photocatalysts of Nanostructured Functional Ceramics (PNFC)
brand ZB-2 additives, and ESAB E6013 electrodes. The
microstructure investigation revealed that the weld metal
microstructure produced using IMAN-8 electrodes exhibited a
finer grain size and a more uniform distribution of pearlite
compared to welds produced with E6013 electrodes. The
hardness of the weld metal obtained using IMAN-8 electrodes
was higher than that of the base metal but lower than that of
welds made using E6013 electrodes. The tensile testing showed
that welded joints produced with IMAN-8 electrodes had
slightly higher tensile strength and relative elongation than
those made with E6013 electrodes. The utilization of IMAN-8
electrodes enhances welding productivity for carbon steel
structures and components by up to twofold while reducing
welding costs and energy consumption by up to 50%. The
former also ensures high-quality welds. Based on these results,
IMAN-8 electrodes have the potential for improved
performance in welding applications. However, further
research is needed to investigate the long-term performance
and application of IMAN-8 electrodes in different welding
environments.
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