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Haszpanue nyoaukauuu: «WELDING FLUXES»

ABSTRACT. Welding techniques and technology occupy one of the leading positions
in production today. In automatic and semi-automatic welding of steels, one of the
three main elements determining the quality of the welded joint is flux. Fluxes intended
for welding steels using an electric arc are often slag systems based on manganese,
potassium or magnesium. In recent years, fluxes prepared mainly from fluoride salts,
1.e. fluoride fluxes, have appeared.

KEW WORDS. Welding fluxes, potassium or magnesium, fluorine fluxes, flux-
silicates, passive fluxes, glassy, pumice-like fluxes.

Classification and functions of fluxes. Specially prepared metal granulated powder
with individual grain sizes of 0.25 - 4 mm is called welding flux.

Flux is one of the three main elements that determine the quality of the welded joint in
automatic and semi-automatic welding of steels.

Fluxes for electric arc welding of steels are often based on slag systems based on
manganese, potassium or magnesium. In recent years, fluxes based mainly on fluoride
salts, i.e. fluoride fluxes, have appeared.

Fluxes can be classified according to several characteristics:

a) by chemical composition: flux-silicates, fluoride fluxes. Flux-silicates, in turn, can
be divided into manganese-free, medium-manganese and high-manganese varieties
according to the amount of manganese in their composition;

b) by the ratio of basic and acidic oxides in their composition: acidic and basic fluxes;
c¢) according to function: fluxes for welding low-carbon, low-alloy and high-alloy
steels; d) according to welding process: fluxes for automatic, semi-automatic and
electroslag welding;

e¢) depending on the degree of alloying of the weld metal: passive (almost does not react
with the weld pool), low-alloyed (melted) and high-alloyed (heat-bonded ceramic)

fluxes;
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f) depending on the bulk density of the particles: vitreous (y > 1 kg/dm?), pumice (y <
1 kg/dm®) fluxes.

In electric arc welding, fluxes perform several functions, the main of which are to
physically isolate the weld pool from atmospheric influences; stabilize the arc
discharge; create a given chemical composition and properties of the welds; ensure
good shape of the weld metal; ensure that the welds reach the surface without cracks
and gas pores, and that the slag crust is easily separated from the surface.

Physical isolation of the weld pool from the atmosphere. The separating effect of the
flux depends on the size of its particles (fine or large) and physical structure (vitreous
or pumiceous). A mixture with a dense structure of fine-grained particles (vitreous
flux) and a certain ratio of particles of various granulometric composition, ensuring
their dense arrangement, has the best separating ability.

Due to the porosity of the particles of pumice-like flux (bulk weight 0.7 - 1.0 kg / dm3),
it does not sufficiently protect the weld pool from atmospheric influences, therefore,
when using such a flux, the nitrogen content in the weld can reach 0.025 - 0.35%, which
1s 10 - 15 times higher than the nitrogen content in the weld formed with pumice-like
flux. In addition, pumice fluxes introduce a large amount of hydrogen into the arc head
zone, which can cause pores to appear in the weld metal. Therefore, although pumice
fluxes have some advantages over glassy pumice from a technological point of view
(the weld is better formed, the arc burns more stably), from a metallurgical point of
view, their use is not advisable in cases where it is necessary to obtain a good quality
weld.

The thickness of the flux layer on the surface of the metal being welded determines
how effectively the weld pool is protected from the effects of the atmosphere.

The required thickness of the flux layer is determined by the power of the arc used for

welding (Table 1).
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Table 1

The required thickness of the flux layer on the surface of the metal being welded

Welding current, A
200-400 400-800 800-1200

Flux layer thickness, mm
25-35 35-45 45-60

Stabilizing properties of fluxes. Due to the insufficient stability of the arc in the air
atmosphere, it is almost impossible to weld with bare wire in alternating current when
the rated voltage of the supply transformer is 60 - 65 V. When welding under flux, the
electric arc burns stably even in alternating current.

The stabilizing properties of the flux are also of great importance for the formation of
the weld. In particular, when welding large metal thicknesses in one pass, increasing
the stabilizing properties of the flux leads to an increase in arc length (at the same
intensity), which creates favorable conditions for obtaining the desired geometry of the
weld and ensuring the high-quality (without slag inclusions, voids and cracks)

appearance of the welded joint (Fig. 1).

Darpa

Figure 1. The effect of arc length on the transverse profile of the weld in submerged
arc welding of thick steels: a - short arc, b - long arc.

The effect of fluxes on the molten liquid bath. In arc welding, welds are formed due to
the melting of the electrode wire and the base metal. Depending on the geometry of the

welded joint, the welding conditions and modes, the share of their participation in the
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formation of the weld varies quite widely. 30 - 70% of the weld metal is formed due to
the melting of the electrode wire. However, if the welding conditions are not constant
(uniform), the ratio between the shares of the base metal and the electrode wire remains
approximately the same. Thus, the chemical composition of the weld is determined by
the composition of the wire and the base metal, as well as by the metallurgical
processes occurring in the melting zone (welding bath) between the molten metal and
the flux. The amount of an element in the weld can be expressed by this equation:
[Me]ch = a [Me], + v [Me]v + [Me]

in which:

[Me]cnu - the actual amount of a given element in the weld metal;

[Me], - the amount of the element in the base metal;

[Mely - the amount of the element in the weld pool;

[Me] — the change in the amount of this element in the weld compared to its initial
amount as a result of the interaction of the metal and the flux; a and v are the respective
contributions of the base metal and the electrode wire to the formation of the weld.
The most important metallurgical interaction processes between the molten fluxes -
silicates and the liquid metal during welding are the following:

SiO,+2 Fe —» Si+2 FeO; (1.1)

MnO + Fe — Mn + FeO; (1.2)

P,Os+5Fe > 2P+ 5FeO; (1.3)

Si0, + Ti — Si+ TiO, (1.4)

Reactions (1.1) and (1.2) occur mainly in the welding of low-carbon steels under high-
manganese fluxes used in industry. The course of reactions (1.1) and (1.2) has a
positive effect on the properties of the weld, since its additional alloying with silicon
and manganese (when using low-carbon welding wire made of hot steel) allows the
formation of welds with a low tendency for pores and heat cracks to appear on the
surface. Reaction (3) also occurs mainly in welding under manganese fluxes, which are
usually characterized by a relatively high phosphorus content (0.10 - 0.15%). The

development of reaction (1.3) is undesirable, since this increases the phosphorus
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content in the weld, which leads to a decrease in the impact toughness of the weld and
an increase in the fracture threshold during cooling.

Forming ability of fluxes. The viscosity of fluxes at high temperatures, as well as the
temperature dependence of this viscosity, affect their forming ability. However, the
forming ability of the flux also depends on the welding technology and, first of all, on
the power of the welding arc. Fluxes that provide good weld formation at low currents
may be completely unsuitable for welding with powerful arcs. At low and medium
currents (about 1000 - 1100 A), liquid fluxes (OSTS-45, AH-348 and others) provide
the best formation of the weld, since their solidification temperature is relatively high
(1150...1250 °C). When welding with high currents (1300 - 3000 A), viscous fluxes
with a steeper solidification curve provide better formation of the weld.

The gas absorption of the flux has a significant effect on the formation of the weld.
This gas absorption depends to a large extent on the physical state of the flux
(pumiceous or glassy) and on the granulometric composition (fine or coarse grains). In
welding with powerful arcs, pumiceous (bulk weight 0.8 - 1.0 kg / dm?) fluxes with
large grains (grain size 2.0 - 2.5 mm) produce well-formed welds.

Table 2 gives the recommended grain sizes for various welding methods and modes.
Table 2

Flux grain size requirements depending on welding methods and modes

The role of the flux Grain size, mm The relevant
the biggest | the smallest | state standard
(GOST)
Automatic welding:
Up to 600 A 1,6 0,25 3584-83
At a current of 600 — 1200 A 2,5 0,4 3584-83
In currents greater than 1200 A 3,0 1,6 5336-80
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