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The article is devoted to the study of basic mechanisms of control of structure and physical-chemical properties of
slag oxide-fluoride melts to develop fluxes with predicted chemical, metallurgical and technological parameters for
welding high-strength low-alloyed steels. The addition of MgO into the slag melts of the MgO-Al,0,-SiO,~CaF,
system provides an abnormal decrease in the thermodynamic activity of silicon oxide in them due to the formation of
a refractory dispersed phase MgO-ALQ, in the melt. On the basis of methods of national standard and gravimetric one
the procedures for determination of quantitative content of MgO-Al O, in liquid and solid slags of the MgO-AlL,0,_-
SiO,~CaF, system were proposed. Its optimum content in a slag melt was determined, in which the combination of
optimal chemical, metallurgical and technological properties of flux during electric arc welding is provided. 12 Ref.,

1 Table, 5 Figures.
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The existing conceptions about the behaviour of
welding slag melts, which are based on the ion the-
ory of electrolytic dissociation of atoms, are some-
what obsolete. The structure of real welding slags is
much more complicated than that of perfect and ideal
ionic solutions. In metallurgical and welding slags
predominantly a polar bond exists. When describing
the structure of such slag melts, the leading role is
assigned to the opinions defined by the ability of ox-
ides-complexing agents to polymerize in the melt,
forming a framework, as well as by the ability of cat-
ions (for example, Na*, Ca") to break this framework,
releasing, as a result, the atoms of free non-bridging
oxygen [1-3]. In the recent years, the ion theory has
been criticized in the metallurgical literature due to
the lack of adequate approaches in describing the po-
lymerization processes of SiO, and other oxides. In
the metallurgical literature, a number of new theories
[4, 5] were proposed, which describe the formation of
polymer heteromolecular complexes in the melt (na-
nomicelles, associates, clusters, etc.). K. Mills notes
[2] that in the recent years our knowledge about the
structure of slag melts has significantly improved with
the development of new techniques such as X-ray and
neuron diffraction, Raman spectroscopy and nuclear
magnetic resonance. In particular, it was established,
that metallurgical slag melts are not a homogeneous

liquid, as it was considered earlier, but heterogeneous,
i.e. those, containing solid and liquid phases [6, 7].

The carried out analysis of gradient-temperature
conditions of a weld pool existence in submerged
electric arc welding [8] and the study of state dia-
grams of the oxide-fluoride systems [9, 10] showed
that slag melts are heterogeneous during welding.
This was confirmed by the method of high-tempera-
ture X-ray diffraction during investigations of the slag
system MgO-A1,0,-SiO,~CaF, in the solid and mol-
ten state [11]. It was established that when the con-
centration of MgO is higher than 20 % and ALQ, is
higher than 25 % at the temperatures above 800 °C,
due to the increase in the diffusion of aluminium and
magnesium ions, the compound MgO-ALO, is formed
at a melting point of 2135 °C. Such a compound is
the only solid crystalline phase in the studied melts
at the temperatures up to 1500 °C. By the method of
scanning electron microscopy with a local chemical
analysis of phases, it was determined that MgO-A1,0,
is observed in the form of octahedra with the sizes of
10-35 pum after melting of fluxes and in slag crusts in
the process of welding.

The aim of this work was to determine the
quantitative content of refractory dispersed phases
MgO-A1,Q, in the welding slags of the system MgO-
Al1,0,-Si0,~CaF,, their influence on physical-chemi-
cal properties of slag melts, chemical and metallurgi-
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Composition of model agglomerated fluxes of the system MgO-A1,0,-Si0,-CaF,, content of MgOAL,0, in them and results of chem-
ical analysis of the 5™ layer of surfacing under these fluxes by the wire Sv-07GINMA

Content of
0, 1 1 0,

Content of components, % MgO- AIZ 0, % Content of elements in the weld metal and wire, %

Object Method of| Gravi-
MgO SiO, ALO, CaF, national | metric C Si Mn Ni Mo

standard | method
Wire Sv-07GINMA — — — — — — 0.087 0.371 1.44 0.61 0.62
Flux 7 - 40 25 25 0 0 0.040 0.561 0.69 0.46 0.48
9 20 20 35 25 22 21 0.046 0.525 0.81 0.48 0.49
4 30 20 25 25 20 19 0.049 0.484 0.81 0.46 0.48
15 40 10 25 25 28 27 0.05 0.315 1.03 0.47 0.51

cal and technological parameters of fluxes in electric
arc welding.

Investigation of the structure of liquid and sol-
id slags by the method of high-temperature X-ray
diffraction. The methods for determination of the
content of compound MgO-A1,0, in solid and mol-
ten slags by the methods of gravimetric analysis and
national standard, respectively, were developed. The
gravimetric method is based on the ability of the spi-
nel not to dissolve in most strong acids. The principle
of the national standard method is in the fact that a
diffractogram is obtained, in which the studied sub-
stance is present and a substance, used as a national
standard. In our case, monoclinic tungsten oxide WO,
was chosen. According to the ratio of heights of the
peaks of the national standard substance and the stud-
ied substance, the content of the latter was determined.
The experimental calibration diagrams for WO, and
MgO-A1,0, are in a good correlation with the results
of simulation conducted with the application of Pow-
derCell program. The results of MgO-A1,0, content
in the model agglomerated fluxes of the system MgO—
Al1,0,-SiO,~CaF,, determined by the gravimetric
method, are in a good correlation with the data of the
national standard method (Table).
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Figure 1. Dependence of mass fraction of WMgAlzo
the system MgO-Al1,0,-SiO,-CaF, on the temperature
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It was established, that the content of MgO-A1,0,
in the model of agglomerated fluxes during heating
up to 1500 °C and in the slag crusts during welding
is approximately the same. The influence of tempera-
ture-concentration factors, which determine the pro-
cesses of formation of MgO-A1,0, in the melts of the
system MgO-A1,0,-Si0,-CaF,, was investigated.
When introducing CaF, into the slag system MgO-
A1,0,-Si0,, the temperature of the initial formation
of MgO-A1,0, decreases from 1300 °C to 1100
1150 °C. The temperature dependence of the content
MgO-A1,Q, in the range of 1200-1500 °C has a lin-
ear character (Figure 1). On the basis of the obtained
results, the recommendations for the formation of
refractory dispersed phases in slag melts in the indus-
trial manufacture of agglomerated and fused fluxes
were worked out. Thus, a high-temperature calcina-
tion of the charge can be performed not for separate
components, as it takes place today, but for mixtures.
Perspective is the adding of substances containing flu-
orine: fluorite or fluorspar into the mixture of magne-
site and alumina. In addition, fused fluxes for welding
and related processes or fused semi-products with a
controlled content of dispersed phases in a melt can
be melted in gas-flame or electric arc furnaces due to
changes in the conditions of the charge loading into
the furnace, temperature melting modes, etc.

Investigations of the activity of SiO, and O
ions by the method of electromotive force. In the
work [12] we proposed a method for the in-process
determination of the SiO, activity in oxide and ox-
ide-fluoride slag melts and designed an original elec-
trolytic sensor for measuring the EMF, which is stable
in oxide-fluoride slag melts at the temperatures up to
1500 °C.

It was concluded, that a decrease in the activity of
Si0, (Figure 2, @) in the melts of the system MgO—
Al1,0,-Si0,~CaF, from 0.06 to 0.012 wt.% occurs
due to the formation of refractory dispersed phases of
MgO-A1,0, in the melt. During the development of
modern agglomerated fluxes, it is important to study
the influence of metals, being in the composition of
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Figure 2. Dependence of thermodynamic activity of SiO, in a slag melt of the system MgO-A1,0,-Si0,-CaF, at 1400 °C on the con-
tent of MgO (a) and the influence of the following metals on it in the amount of 1 % (b): 1 — flux without admixtures; 2 — Fe—Mn;

3 — Mn; 4 — Fe-Si; 5 — Fe-Ti; 6 — Si—Ca

the alloying base of the flux, on the oxidizing effect
of molten fluxes on a weld pool metal. A thermody-
namic analysis of the probability of running chemical
reactions of interaction of silicon oxide with differ-
ent metals was carried out and their influence in the
amount of 1 % on the thermodynamic activity of SiO,
in the melts of the system MgO-A1,0,-Si0,~CaF,
was experimentally investigated. The most effective
(reduction by 2-3 orders) is the adding of silicocalci-
um and ferrotitanium into the composition of fluxes
(Figure 2, b).

The influence of the activity of oxygen ions and
the activity of silicon oxide on the transition of oxy-
gen and alloying elements into the deposited metal at
applying the model agglomerated fluxes of the system
MgO-A1,0,-Si0,-CaF, with different contents of
MgO-Al,Q, (Table), formed in the fluxes during their
heating, was studied. The dependence between the
content of MgO-A1,0, in the flux, the thermodynam-
ic activity of oxygen ions in the slag melt (Figures 3,
4) and the oxygen content in the weld metal was es-
tablished. The best deoxidizing ability belongs to the
flux with the highest content of MgO-A1,0, among
investigated fluxes, which is at the level of 28 %. In
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Figure 3. Dependence of the activity of oxygen ions in slag melts
of the system MgO-A1,0,-Si0,-CaF,on the content of the com-
pound MgO-A1,0,in them
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the field of compositions containing MgO-A1,0, of
19-22 wt.% in the melt, the approximate parameters
for the activity of oxygen ions and silicon oxide in
the melt were obtained. At the same time, a partial
increase in the content of A1,0, in the flux due to the
corresponding reduction in the content of MgO is not
accompanied by an increase in the activity of oxygen
ions, by the losses of Mn and a significant increase in
the recovery of Si in the deposited metal (Table) at
significantly better properties of the flux formation.
With an increase in the activity of oxygen ions in the
slag melt to higher than 0.06 mol.%, an increase in
the oxygen content in the deposited metal is observed
(Figure 4).

Determination of influence of the MgO-ALQO, con-
tent in liquid fluxes on their physical and chem-
ical properties and welding-technological char-
acteristics. It was determined that in the range of
compositions MgO — 20-25 %; A1,0, — 25-35 %;
Si0, — 15-20 %; CaF, — 15-25 %, a combination
of optimal chemical, metallurgical and technologi-
cal properties of a flux during electric arc welding is
provided due to the formation of refractory dispersed
phases MgO-A1,0, in a slag melt in the range of 19—
22 %. It was established that their formation in the
melt expands the temperature range of solidification
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Figure 4. Dependence of the oxygen content in the deposited met-

al on the activity of oxygen ions in the melt of the system MgO—
Al1,0,-Si0,-CaF,
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Figure 5. Temperature dependence of toughness of model ag-
glomerated fluxes of the system MgO-A1,0,-Si0,-CaF, (com-
positions of fluxes 4, 7, 9, 15 are given in Table)

of fluxes up to 1180-1510 °C. It is shown that for the
temperature dependences of toughness (1) (Figure 5)
of these fluxes a gradual increase in the toughness in
the process of cooling is characteristic, caused by a
multistage formation in the melt of solid dispersed
phases. At the same time, the conditions for removal
of gases from the welding zone are improved. In the
above-mentioned range of compositions, the optimal
values of electrical conductivity were also achieved at
the level of 0.11-0.16 (Ohm-cm)!, which is important
for preventing the shunting of arcs in multiarc weld-
ing. With an increase in the content of MgO-A1,0, to
28 %, the melt toughness increases. It results in dete-
rioration of weld shape and the formation of under-
cuts during welding.

Conclusions

1. The influence of temperature-concentration fac-
tors on the processes of MgO-A1,0, formation in the
melts of the system MgO-A1,0,-SiO,-CaF, was de-
termined. The recommendations for the formation of
refractory dispersed phases in slag melts in the tech-
nological processes of manufacture of agglomerated
and fused fluxes were worked out.

2. On the basis of methods of the national standard
and gravimetric method, the procedures for determin-
ing the quantitative content of MgO-A1,0, in liquid
and solid slags of the system MgO-A1,0,-Si0,-CaF,
were proposed.

3. Reduction in thermodynamic activity of SiO, in
the melts of the system MgO-A1,0,-SiO,~CaF,from

28

0.06 to 0.012 mol.% when adding MgO into the flux
in the amount of up to 15% is caused by the formation
of refractory dispersed phases of MgO-A1,0, in the
slag melt. The influence of metals adding into the slag
melts on the thermodynamic activity of silicon oxide
was determined.

4. 1t was established, that the formation of
MgO-A1,0, in the melt expands the temperature
range of fluxes solidification up to 1180-1510 °C.
For polytherms of toughness of these slags, a gradu-
al increase in the toughness in the cooling process is
characteristic, caused by the multi-stage formation of
solid dispersed phases in the melt.

5. It was determined, that at the composition of a
refractory dispersed phase of MgO-A1,0, in a slag
melt in the amount of 19-22 %, the combination of
optimal chemical, metallurgical and technological
properties of a flux during arc welding is provided
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