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The manufacture of coated electrodes for manual arc welding is
a complex technological process. The development and manu-
facture of electrodes with nanosized particles introduced in the
coating requires considerable scientific and production resources.
The subject of the present study is to develop an express method
of introducing nanosized particles in the coating of electrodes for
manual arc welding aimed to modifying the structure of the weld
metal and to improving its mechanical properties. This will give
possibility for preliminary assessment of the effect of different
nanomodifiers introduced in the coating of the electrodes on the
structure and the mechanical properties of the weld metal.
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1. INTRODUCTION

Extending the life cycle of machine parts is the foundation of a number
of scientific studies. One of the methods used is overlay welding of parts and
recovery of worn surfaces. The manual arc welding is widely spread in practice.
From the point of view of technology the overlay welding is a variety of welding,
in which coated electrodes are used in manual arc welding. This method is
particularly efficient when nanomodifiers are introduced in the overlay metal
to modify the structure of the layer and to improve its mechanical properties.

There is an increased interest in nanomaterials observed in the scientific
research and the engineering practice. The topicality of these studies is de-
termined by the properties of those materials, their application capabilities
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and the possibility to create qualitatively new technologies and materials. A
major type of nanosized particles used for modification is titanium-containing
one, mainly titanium dioxide, titanium, titanium carbonitride [1–3].

There are different technologies [4] to introduce nanomodifiers in the liquid
phase of the weld metal.

The coated electrodes are obtained through compression the coating onto
a metal rod. The nanosized particles are introduced in the coating in the
process of manufacture of the electrodes.

An innovative technology is developed and nanomodified coated electrodes
are manufactured with addition of titanium nitride, chrome-cladded titanium
nitride, alumina, silicon carbide, titanium carbonitride and carbon-cladded
titanium carbonitride [5–6]. The testing carried out reveal that the wear
resistance and hardness, as well as the microstructure of the overlay metal are
significantly improved [7–11].

A method of introducing nanosized particles in the coating of the electrodes
by means of immersion the same in water glass emulsion is proposed [12]. The
observed increase in the hardness of the overlay welded layers is negligible and
the most likely reason is that the nanosized particles are concentrated in the
top layer of the coating and are released and emerged to the surface with the
slag (Fig. 1).

Fig. 1. Illustration for the probable emerging of nanosized particles
from the surface of the coating of the electrode to the released slag [12]
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2. DESCRIPTION OF THE METHOD

The developed express method for evaluation is based on nanomodification
of the liquid phase by means of the coating of the tested electrode. Part of
the coating is removed in one or more spots, evenly over the entire length,
thus forming a groove with cross-section of rectangular, triangular or another
geometrical shape (Fig. 2).

Fig. 2. Cross-section of a tested electrode with part of the coating removed:
1 – coating, 2 – metal core of the electrode, 3 – groove (spots with partially

removed coating)

The weight of the coating Tct [g] is calculated as the difference between the
average weight of ten coated electrodes and the average weight of ten metal
cores, all taken at random:

Tct = Tav e − Tav mc,

where Tav e is the average weight of a coated electrode, and Tav mc is the
average weight of the metal core of the electrode.

The pattern for removal of the coating is selected (Fig. 2). It is advisable
to select symmetrical arrangement of the grooves for a more uniform distri-
bution of the introduced nanosized particles. The number of the electrodes
for nanomodification is determined and part of the coating is removed. The
weight of the coating removed Tr ct [g] is calculated by weighing the electrodes
before and after removing a part of the coating.

Then fresh coating of weight equal to that of the removed coating Tr ct

is mixed up with the quantity of nanomodifier corresponding to the desired
percentage of final nanomodification.
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Fig. 3. General view of vibration mill

The resulting mixture is treated in vibration mill (Fig. 3) for a pre-set
time in order to homogenize the mixture and to activate the nanosized parti-
cles.

Then the powder thus obtained is stirred with a component with adhe-
sive properties, possibly neutral to the welding process. After mixing the
nanomodifying paste is filled uniformly in the grooves and the electrodes are
dried in oven at 350 ◦C for 1 hour.

During the testing the electrodes with nanomodified coating are compared
to the reference electrodes of the same grade.

An advantage of the proposed method is the possibility to evaluate the
impact of different types and quantities of nanomodifiers on the structure
and the properties of coated electrodes for welding and overlay welding of
different alloys, as there is no need for the same to be produced by conventional
technology and therefore the costs are relatively low. The method is applicable
for preliminary tests and evaluation of the impact of the nanomodifier.

3. EXPERIMENTAL

Nanomodification of the coating of electrodes for overlay welding of shafts,
rails, crossings, screws, gears, etc., with Brinell hardness HB > 250 and chem-
ical composition of the overlay metal given in Table 1, is carried out.
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TABLE 1. Chemical composition of the overlay metal

C, % Mn, % Si, % Cr, %

0.1÷ 0.15 1.6÷ 1.8 0.4÷ 0.8 0.8÷ 1.2

The nanomodifier selected is TiN. The nanomodification of the coating is
carried out according to the method described above. The diameter of the
electrodes is Ø4 mm. Overlay welding in three layers is carried out on the pre-
cut and cleaned strips measuring 78 × 60 × 10 mm (Fig. 4). The subsequent
layers are welded after cooling on air to temperature under 100 ◦C.

Fig. 4. Strip after three-layer overlay welding

The strips are made of low-carbon structural steel S235JR. The steel grade
is selected with view of minimum influence of the weld metal on the parent
metal.

The layers of length 50 mm and width 22 mm are welded with oscillating
motion of the electrode. The overlay welding is carried out with reverse polar-
ity at welding current 170 A. The strips welded with nanomodified electrodes
are marked with “N” and the reference ones are marked with “R”.

4. RESULTS

After welding each subsequent layer, the formation of welded seam and the
type of the slag are visually evaluated. There were no significant changes in
the formation of the weld, the type of slag and its separation. In welder’s
evaluation, there are no changes when burning the electrode. No surface im-
perfections are found.
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Fig. 5. Increase of hardness of nanomodified samples:
Hrel – relative change of hardness after nanomodification;

R – reference sample; H – nanomodified sample

After mechanically removing the surface layer, the Brinell hardness is mea-
sured.

The Brinell hardness for both the reference and the nanomodified samples
are determined as the average of the measured values in twelve points along
the weld. In Figure 5 the relative change of the hardness in the reference and
the modified sample is shown.

The relative gradient of hardness is determined by the formula:

Hrel =
HN

HR

,

where HN is the hardness of the test sample measured according to the de-
scribed method, and HR is the hardness of the reference sample measured
according to the described method.

The comparison between the reference and the nanomodified sample shows
that the hardness of the nanomodified overlay layer is increased with about 20%.

5. CONCLUSION

• An innovative method with introduction of nanosized particles in the coating
of electrodes for manual arc welding is developed applicable for preliminary
testing and evaluation of the effect of different nanomodifiers.

• The method gives possibility for a preliminary evaluation of different types
and quantities of nanomodifiers on the structure and properties of coated
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electrodes for welding and overlay welding of metals and alloys, which are
not necessarily manufactured by the conventional technology and therefore
the costs are relatively low.

• The testing carried out proves that the hardness of the nanomodified overlay
layer is increased with about 20%.
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НА ОБМАЗКАТА НА ЕЛЕКТРОДИ
С НАНОРАЗМЕРНИ ЧАСТИЦИ ПРИ ПРОЦЕС 111
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Резюме. Производството на обмазани електроди за ръчно
електродъгово заваряване е сложен технологичен процес. При
разработването и изработването на електроди с добавени в об-
мазката наночастици се изисква използването на значителен
научен и производствен ресурс. Предмет на настоящата статия
е разработването на експресен метод за внасяне в обмазката
на електроди за ръчно електродъгово заваряване на нанораз-
мерни частици, които да променят структурата на метала на
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шева и да подобрят механичните му свойства. Това ще даде
възможност за предварителна оценка на влиянието на различ-
ните наномодификатори, добавени в обмазката на електроди-
те, върху структурата и механичните свойства на метала на
шева.
Ключови думи: обмазани електроди, ръчно електродъгово за-
варяване, наномодификатори, наваряване.
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