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ABSTRACT
a complex of investigations was performed to study the technological capabilities for application of combined gas-slag protec-
tion in mIg-process of copper alloy deposition on steel. It is shown that at semi-submerged arc surfacing (by semi-open arc) 
it is possible to control the technological characteristics of the welding arc, namely: increase its spatial stability, improve the 
pattern of electrode metal transfer (essentially reducing its spattering fraction), as well as provide a high-quality protection of 
the deposits from oxidation. Application of such a combined protection is particularly rational at a highly efficient process of 
two-electrode mIg surfacing.

KEYWORDS: copper alloys, combined gas-slag protection, spatial stability of the arc, two-electrode surfacing, deposited 
metal quality

INTRODUCTION
Copper alloys are widely used in various fields of me-
chanical engineering. In order to increase the structur-
al strength of products and save precious nonferrous 
metals, bimetal products steel + bronze are often used. 
the most common method to produce such parts is the 
mechanized and automated consumable electrode arc 
surfacing in shielding gases (mIg-process) [1, 2]. at 
the same time, to provide minimal penetration of steel 
and a slight transition of iron into the deposited met-
al, surfacing is performed on low current densities, 
which leads to a decrease in the process stability and 
a significant spattering of the electrode metal. Taken 
into account the high tendency of bronze (especially 
aluminium and silicon) to oxidation, a need arises to 
use more reliable protection of welding pool from air. 
It is typical that in surfacing of silicon bronzes even 
applying such an advanced process as СМТ Brazing 
of the fronius Company with the use of Cusi wire, 
on the metal surface, a film of a thin layer of silicates 
and oxides, that are poorly removed from the surface, 
is observed [3, 4].

the mentioned disadvantages are especially re-
vealed in a high-efficiency two-electrode MIG-pro-
cess of surfacing, in which the volume of molten 
metal increases and requires creating additional con-
ditions for its protection from environmental impact. 
In connection with that, the problem of studying tech-
nological capabilities of using a combined gas-slag 
protection in automated arc processes when the pro-
cess of melting and transfer of electrode metal occurs 
in a gas-protective environment and the weld pool 
metal is additionally protected by molten flux.

It should be noted that in the practice of welding 
production, the use of combined gas-slag protection is 
successfully realized in manual welding using coating 
electrodes and mechanized and automated welding 
using flux-cored wires [5‒7].

RESEARCH MATERIALS AND EQUIPMENT
the studies were carried out using specimens of 
steel of grade st.20 of 200×300×14 mm. the weld-
ing wire is bronze BrKmts3-1 of 1.2 mm diameter. 
As a shielding gas, argon of the first grade was used. 
The molten glass-type fluxes of general purpose of 
grades an-60sm, an-20s, an-26s, as well as the 
agglomerated flux UV420 TT of the Böhler Thyssen 
Company were evaluated.

the installation for surfacing is equipped with a 
mechanism for feeding two wires, which provid-
ed the process of surfacing with both one and two 
electrodes connected to a one power source (the so-

Figure 1. scheme of surfacing process with a combined gas-slag 
protection
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called split electrode). The power source is rectifier 
VDU-506. The laboratory equipment is fitted with a 
registration and measuring complex on the base of an 
analogue-digital converter aDa-1406, which makes 
it possible to monitor the actual parameters of the sur-
facing process and to study the technological proper-
ties of welding arc.

the scheme of surfacing process with a combined 
gas-slag protection is shown in figure 1.

EXPERIMENTAL STUDIES AND RESULTS
the principal possibility of mIg-process of surfacing 
bronze with a combined protection (over a flux layer) 
was evaluated during the one-electrode process. as 
the experiments showed, during traditional shielding 
gas consumptions, at the exit from the nozzle, its pres-
sure can blow the flux away, which leads to a deteri-
oration of the quality of deposits. It was determined 
that boundary argon consumptions should not exceed 
15 l/min.

In order to choose the optimal grade of flux, the 
impact of different fluxes on the stability of MIG-pro-
cess of surfacing, formation of deposited metal, sepa-
ration of slag crust and metallurgical quality of depos-
its (presence of pores) were studied.

table shows the appearance and geometric dimen-
sions of deposited beads, produced using fluxes of 
grades an-60sm, an-20s, an-26s and agglomerat-
ed flux UV420 TT.

as the experiments showed, in surfacing bronze 
BrKmts3-1 on steel with additional slag protection, 
the best results as for deposited bead formation, sep-
aration of slag crust and quality of deposited metal 
were obtained when using manganese-silicate flux 
an-60sm. It was found that the highest stability of 
the process is observed while using fine-grained flux 
with the grain size of 1.0‒2.5 mm (Figure 2).

To determine the optimal amount of flux, the 
height of its layer was changed in the range 4–8 mm, 
the rest of the process parameters was not changed 
(Iw = 180‒200 A, Ua = 24‒25 V, vw = 10 m/h, electrode 
stickout is 12 mm, Qar = 15 l/min). the best results on 
the process stability were recorded when using a flux 
layer of 6.0 mm height, which is evidenced by the os-
cillograms of current and voltage (figure 3).

In addition to increased stability of the surfacing 
process, at the height of the flux layer of 6.0 mm, 
spattering of electrode metal is also absent and a high 
quality of bead formation is observed. In this case, 
the arc is semi-open, a thin film of the slag covers the 
entire surface of the bead, as a result of which, it has a 
not oxidized “shiny” appearance, which is typical for 
bronze (figure 4).

In addition, when using a combined protection 
at the same modes, the shape of beads changes: the 
height of beads increases and they are getting narrow 
in the cross-section. In our opinion, such effect of flux 

Figure 2. Osclograms of surfacing processes using flux AN-60SM of different granularity

Table 1. Appearance and geometric dimensions of beads depending on flux grade

geometric 
dimensions 

of beads

protection ar Ar + АN-60SМ Ar + АN-20S Ar + АN-26S Ar + UV420ТТ
Bead width, mm 16‒17 14‒15 13.5‒14 13.5‒14 12‒13
Bead height, mm 3‒3.5 3.5‒3.8 4‒4.5 4‒4.5 4.2‒4.6

penetration depth, mm 0.3‒0.6 0.4‒0.45 0.4‒0.6 0.35‒0.45 0.35‒0.45
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on the formation of deposited beads occurs due to the 
improvement of a spatial stability of the arc, prede-
termined by the presence of the film of molten flux 
on the edges of the pool and in its tail part, which sta-
bilizes the position of the cathode spot on the surface 
of the welding pool. the quality of beads can also be 
affected by surface tension on the boundary molten 
slag–liquid metal–solid backup.

as was noted above, the need in additional pro-
tection of molten metal is especially relevant for the 
two-electrode mIg-process of surfacing bronze. the 
previously developed and mastered [2] technologies 
of surfacing bronze by a “split electrode” were fo-
cused on the processes with the wires of 2.0‒3.0 mm 
diameter with the use of flux or argon as a welding 
pool protection.

A complex of studies on the influence of mode 
parameters on the process of two-electrode surfac-
ing using a wire of 1.2 mm diameter with the use of 
a combined argon + flux protection was performed. 
Considering that along with the basic mode parame-
ters (current, voltage on the arc, speed of surfacing), 
distance between the electrodes has a significant im-
pact on the penetration of steel and the shape of the 
deposited bead. a number of experiments were per-
formed in order to optimize this parameter for wires 
of 1.2 mm diameter.

In the proceedings [2], that present the results of 
argon-arc surfacing of aluminium bronze BrAMts9-2 
of 2 mm diameter by a “split electrode”, for the ori-
ented choice of optimal value of the interelectrode 
distance, it is recommended to take the distance equal 
to three electrode diameters.

In our experiments, the distance between the elec-
trodes varied from 3.6 to 8.0 mm. the experiments 
were performed by surfacing of individual beads and 

each subsequent bead was deposited after a complete 
cooling of the plate.

surfacing mode: Is = 200‒240 A; Ua = 28‒32 V; 
vs = 12 m/h; Qar = 15 l/min, height of the layer of flux 
an-60sm is 6 mm.

figure 5 shows macrosections of cross-sections 
of the beads, deposited at a different interelectrode 
distance. It is clearly seen that with an increase in 
the interelectrode distance, the shape and degree of 
penetration of the base metal change. this change 
is predetermined by the peculiarities of welding arc 
burning, melting and transfer of electrode metal in the 
two-electrode process.

at optimal values of an interelectrode distance, an 
alternate arc burning at each electrode is observed, 
which provides a scattered heat input across the width 
of the pool and, accordingly, the minimum penetra-
tion of the base metal.

Figure 3. Oscillograms of current (a) and voltage (b) of the process of surfacing bronze BrKMtsЗ-1 at a combined argon + flux AN-
60sm protection

Figure 4. appearance of deposited beads: a — surfacing in argon; 
b — argon + 4.0 mm of flux AN-60SM; c — argon + 6.0 mm of 
flux AN-60SM
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It should be noted that at an interelectrode distance 
of up to 4.0 mm, the process of two-electrode surfac-
ing with a combined gas-slag protection is also char-
acterized by an increased stability (figure 6), which 
guarantees producing of well-formed deposits.

Considering that the two-electrode process allows 
improving the efficiency of surfacing by 1.5‒1.7 times 
(up to 3.0‒3.2 kg/h for the wires of 1.2 mm diameter, 
additional slag protection of welding pool provides a 
high quality of deposited metal (figure 7).

CONCLUSIONS
1. as a result of experimental studies, it was estab-
lished that the use of a combined gas-slag protection 
improves technological properties of the welding 
arc, namely its spatial stability due to the presence 
of shielding molten slag, affects the pattern of the 

transfer and the degree of electrode metal spattering, 
provides a high-quality formation of deposited bronze 
with its typical “shining” surface.

2. the best results of mIg-process of surfacing 
bronze BrKmts 3-1 using a wire of 1.2 mm diameter 
with a combined gas-slag protection were obtained 
when as an additional slag protection, the flux of grade 
an-60sm with 6 mm height of the layer was used.

3. the special rationality of using combined gas-
slag protection in the two-electrode mIg-process of 
surfacing copper alloys in order to better protect the 
volumes of molten metal and welding pool against 
oxidation, which were increased as compared to the 
one-electrode process, was shown. the basic param-
eters of the two-electrode mIg-process of surfacing 
with a combined protection of the wire of 1.2 mm di-
ameter are optimized. also, the optimal interelectrode 
distance was determined, which provides a slight 
penetration of steel and minimal mixing of base and 
deposited metals at the selected values of current and 
speed of surfacing.
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eQuipMent For high-perForMance supersonic plasMa spraying
oF wear-resistant, heat-resistant and heat-protectiVe coatings

The equipment is designed for 
applying wear-resistant, cor-
rosion-resistant, heat-shield-
ing and special coatings by 
spraying powders from metals, 
alloys, carbides, borides, ox-
ides and metal-ceramic mate-
rials. The thickness of applied 
coatings is from 20–50 μm to 
1–2 mm and more.

The equipment is designed for 
applying wear-resistant, cor-
rosion-resistant, heat-shield-
ing and special coatings by 
spraying powders from metals, 
alloys, carbides, borides, ox-
ides and metal-ceramic mate-
rials. The thickness of applied 
coatings is from 20–50 
1–2 mm and more.

parameters Values

Plasma forming gas
Air + methane,
propane-butane
(up to 5–10 %)

Plasma temperature, K 3500–7000

Plasma jet speed, m/s 1500–3000

Spray particle speed, m/s 400–800

Maximum spraying capacity, kg/h 15–50

Electric power, kW 40–180

Spray material utilization rate До 0,8


