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The paper gives the results of investigation of the influence of various kinds of alkali-silicate binder on
adaptability to fabrication and welding properties of coated electrodes for tin bronze welding and surfacing.
Both standard (sodium, potassium and mixed) and test lithium-containing liquid glasses were used during
investigations. A procedure developed at PWI was used to determine plastic properties of electrode coating
mixture and to assess the strength and hygroscopicity of electrode coatings. Studies of welding-technological
and sanitary-hygienic properties of test electrodes were also performed. This resulted in selection of optimum
kind of liquid glass, the most suitable for manufacture of coated electrodes for tin bronze welding and
surfacing. 8 Ref., 4 Tables, 5 Figures.
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At present tin bronzes are becoming widely ap-
plied in components and friction mechanisms sub-
jected to increased wear in different operation
conditions, that is greatly promoted by a favour-
able combination of their physical and techno-
logical properties. Various welding processes are
used in order to save this expensive non-ferrous
metal. The simplest and least expensive method
is manual arc welding (surfacing) by coated elec-
trodes. Ukraine has no production of coated elec-
trodes for welding and surfacing, and for repair-
ing casting defects of tin bronzes, and the cost
of foreign electrodes is high, that is why PWI
developed electrodes of ANBO grade [1, 2].

The coating has specific composition, associ-
ated with presence of chemically active towards
the binder (liquid glass) components of sodium
salts (hexafluorosilicate, hexafluoraluminate
and fluroride) in it, as well as non-traditional
metal components (tin, copper-phosphorus pow-
ders). In this connection, it is necessary to per-

form research and selection of optimum kind of
alkali-silicate binder, the properties of which
largely determine the technology of manufactur-
ing, quality and service properties of electrodes.

Standard (sodium, potassium and mixed so-
dium and potassium) and test lithium-containing
liquid glasses were prepared for investigations,
which give unique properties to some electrode
types [3]. Their physico-chemical characteristics
are given in Table 1.

Testing included determination of plastic
properties of electrode coating mixtures, assess-
ment of strength and hygroscopicity of electrode
coatings; checking welding-technological prop-
erties and determination of sanitary-hygienic
properties of electrodes.

Coating mixture plasticity. Plasticity prop-
erties of coating mixtures were evaluated using
procedures and instruments developed at PWI
[4-—6]. Coating mixture fluidity was determined
with capillary viscosimeter OB-1435 by its extru-
sion through a die of 4 mm diameter and 40 mm
length at minimum (1 cm3/s) and maximum
(10 cm3/s) volume flows. Here, pressure and
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Table 1. Physico-chemical parameters of liquid glasses used at testing

Glass type
Density ρ,

g/cm3
Viscocity η,

MPa⋅s, at 20 °C
Composition, wt.%

Module
SiO2 Li2O Na2O K2O

Na 1.430 392 29.03 — 8.83 2.15 2.93

Na—K 1.435 606 28.80 — 6.94 4.56 2.99

K—Na 1.428 304 27.85 — 4.00 8.79 2.94

K 1.415 260 26.92 — 0.03 13.78 3.05

Na—Li 1.396 526 30.19 2.69 0.99 5.17 2.73

K—Li 1.421 554 27.93 1.42 0.94 10.67 2.65

Li 1.258 287 25.08 3.19 — — 3.91
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nature of coating mixture extrusion were re-
corded. Strength (hardness) of raw coating mix-
ture were assessed by the value of plastic strength
measured on conical autoplastometer OB-2059.
The coating mixture, which at the same fluidity
has higher values of plastic strength or at equiva-
lent plastic strength, is characterized by lower
extrusion pressures is believed to be more ductile.

Moreover, preservation of plastic state of
coating mixture in time (up to 3 h) required for
its processing was checked by the nature and
magnitude of extrusion pressure.

Results of evaluation of plasticity of coating
mixtures, made with application of various bind-
ers, are shown in Table 2 and Figure 1.

As follows from these data, the binders influ-
ence the plasticity of electrode coating mixtures.
Coating mixtures, prepared with four standard
Na—K liquid glasses, are characterized by smooth
and stable extrusion both at minimum and at
maximum flow at practically the same extrusion
pressures (17—18.5 MPa at Q = 1 cm2/s and
23—25 MPa at Q = 10 cm3/s). An essential dif-
ference in strength properties of coating mixtures
is found, however. The highest plastic strength
of coating mixture is reached at application of K
and K—Na liquid glasses; the lowest value of plas-

tic strength is found in coating mixtures made
from Na and Na—K binders. A similar phenome-
non is observed in electrode coating mixtures de-
signed for welding steels, and is attributable to
differences in size and degree of hydration of
potassium and sodium cations.

Compared to Na—K binders, purely lithium liq-
uid glass provides the most favourable combina-
tion of strength and extrusion properties of coat-
ing mixtures (plastic strength reaches 63⋅105 Pa
at lower extrusion pressures).

Mixtures of Li—Na and Li—K liquid glasses at
their equivalent dose form less consistent coating
mixtures (lower plastic strength and extrusion
pressure) that is, probably, related to smaller
modulus of the above-mentioned silicates.

Coating mixtures, made of the studied Na—K
binders, do not harden with time (Figure 2).
Extrusion pressure practically does not change
during 2 h. Li-containing liquid glasses unambi-
guously change the consistency of coating mix-
tures at storage. So, in coating mixture, made

Table 2. Plastic properties of coating mixtures

Glass type
Glass dose,

%

Plastic
strength

Pm⋅10
—5, Pa

Extrusion pressure Pex,
MPa, at consumption Q,

cm3/s

1 10

Na 28 5.8 17 25

Na—K 28 3.45 17.5 24.5

K—Na 28.2 16.7 17 25

K 28 18.0 18.5 23

Na—Li 28 ~0.4 9 16

K—Li 28 ~0.4 9 15

Li 29 63.2 13.5 18.5

Figure 1. Curves of extrusion of ANBO electrode coating mixture prepared with different kinds of binders: a – Q =
= 1; b – 10 cm3/s

Figure 2. Change of extrusion pressure of ANBO electrode
coating mixture made with different binders with time at
Q = 1 cm3/s and 4.0/40 die
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with purely lithium binder, a noticeable «thin-
ning» in time is observed as a result of interaction
with fluorides contained in the coating mixture:
extrusion pressure drops by 40 % after 3 h of stor-
age. At application of K—Li liquid glass the coating
mixture only slightly changes its consistency dur-
ing the controlled time. At the same time, appli-
cation of Na—Li liquid glass causes hardening of
coating mixture. Here, extrusion pressure rises by
50 % within 3 h, that is indicative of chemical
reaction running in the coating mixture.

Coating mixture strength. Coating mechani-
cal strength was evaluated by bending strength
of 4 mm cylindrical samples of coating mixture
baked at different temperatures, which were ob-
tained by extrusion in capillary viscosimeter OB-
1453. Strength was determined by three-point
bending method in a special attachment, devel-
oped at PWI, for conical autoplastometer. Test
results are given in Figure 3.

It follows from the obtained data that strength
of coating mixtures of electrodes for welding tin
bronzes depends on binder kind and sample bak-
ing temperature. Similar to the case of coating
mixture fluidity, bending strengths of coating
mixtures made from Na—K liquid glasses, on the
whole, differ only slightly from each other in the
entire range of studied baking temperatures.
Here, strength decreases with increase of baking
temperature. A certain difference is observed only

at application of potassium binder: coating mix-
ture strength is somewhat lower at the lowest
baking temperature (200 °C) and is the highest
at maximum temperature (400 °C). In the tem-
perature range of 300—350 °C characteristic for
heat treatment of electrodes for welding bronzes,
coating mixture strength is practically equivalent
for all Na—K binders.

Na—Li and K—Li binders provide the same level
of coating mixture strength, somewhat lower com-
pared to Na—K liquid glass (Figure 3, b).

Lithium binder behaves differently from other
studied binders. Coating mixture with this binder
is characterized by a quite low level of strength
with increase of baking temperature, that does
not occur at application of other binders.

Electrode coating hygroscopicity. Atmos-
pheric moisture absorption by electrode coatings
has an adverse impact on quality of electrodes
and welds. The main cause for coating hygroscopi-
city is the dry residue of binder in the coating:
alkali silicate, determined by its composition and
characteristics. Hygroscopicity was assessed by ki-
netics of moisture sorption by coating of electrodes
baked in the chamber furnace at 300 °C in a hy-
drostat with 84 % relative humidity at room tem-
perature. Two test cycles were performed: with
short- (8 h) and long-term (2 weeks) exposure.
The results are given in Figure 4.

It is seen that the kind of binding has an
essential influence on hygrosorption resistance of
coatings of electrodes for bronze welding. Regu-
larities of moisture absorption by coatings, made
with Na—K binders, are similar to those of elec-
trodes for steel welding. The highest hygrosorp-
tion resistance is found in coatings with Na and
Na—K binders, and the lowest – with K and
K—Na binder. Level of moisture absorption by
the coating is quite high: during 8 h the coatings
absorb 0.6—0.8 % of moisture at application of
Na and Na—K binders and about 1.1 % for K and
K—Na binders; during 14 days moisture absorp-
tion reaches from 1.8 up to 3.3 % for all the
binders (Figure 4, a, b).

Li-containing binders in coatings of electrodes
for bronze welding manifest an effect opposite to
that in coatings of electrodes for steel welding.
Increase of coating hygroscopicity to the level close
to coatings with potassium and potassium-sodium
silicates is observed (Figure 4, c, d). Coating with
pure lithium silicate is characterized by the highest
level of moisture sorption. Such an influence is,
probably, related to interaction of Li-containing
binders with sodium fluoride compounds present
in the charge, during coating mixture preparation.
As a result, lithium cation from liquid glass is
bound into practically insoluble lithium fluoride
and lithium is substituted by sodium in the silicate.

Welding technological properties of elec-
trodes. Welding-technological properties of elec-

Figure 3. Dependencies of bending strength on baking tem-
perature of ANBO electrodes coating mixture made with
different binder types
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trodes were assessed by the procedure of point
ranging [7, 8] of welding process and weld for-
mation. Some changes were made, because of spe-
cific requirements to application of ANBO elec-
trodes. For comparison, OZB-2M electrodes,
manufactured by Company «Spetselektrod», and
UTP-32 German electrodes were used as refer-
ence ones.

Arcing stability was evaluated with applica-
tion of an automated system for diagnostics and
monitoring of welding process parameters with
subsequent program processing of investigation
results. Investigation results are given in Table 3.

Analysis of welding-technological properties
showed good arc excitation in surfacing with the
studied electrodes, except for OZB-2M. Here,

one can see that arc elasticity characteristics are
the highest in UTP-32 electrodes that is, possi-
bly, associated with higher coefficient of coating
mixture, compared to OZB-2M and ANBO elec-
trodes, made with application of different kinds
of glass. Uniform distribution of peak values of
voltage and current when studying all the elec-
trodes is indicative of high arcing stability. De-
spite the fact that UTP-32 electrodes provide the
best coverage, high spatter is observed here, and
bead surface is coarse-rippled, particularly at
deposition of the first layer on steel (Figure 5).
At visual inspection of beads and transverse
macrosections, pores were revealed at application
of OZB-2M grade electrodes made with K and
K—Na liquid glasses. Proceeding from that, UTP-

Figure 4. Kinetics of moisture sorption by coating of 4 mm ANBO electrodes manufactured with application of different
binder types: Na—K (a, b) and Li-containing (c, d) at short- (a, b) and long-term (c, d) exposure at relative humidity
of 84 % and 20—23 °C

Table 3. Welding-technological properties of coated electrodes 

Electrode
type

Arc
excitation

Weld
formation
quality

Arcing
stability

Arc
elasticity

Slag
coverability

Slag detach-
ability

Nature of
coating
melting

Weld metal
spattering

Defects in
deposited

metal
Total points

OZB-2М 3 2 4 3 2 2 1 4 3 24

Na 5 4 4 4 3 3 4 4 5 36

K 5 4 4 3 3 3 5 5 2 34

K—Na 5 4 5 4 3 3 4 5 5 38

Na—K 4 5 5 4 3 3 4 5 5 38

K—Li 5 4 5 3 3 3 3 5 3 34

Na—Li 5 4 5 3 3 3 4 5 5 37

Li 5 4 5 4 3 3 4 5 5 38

UTP-32 5 3 5 5 5 4 5 3 5 40
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32 electrodes, as well as electrodes made with
Li, Na—K and K—Na liquid glasses are the best
in terms of welding-technological properties.

Sanitary-hygienic characteristics of elec-
trodes. Sanitary-hygienic characteristics of elec-
trodes were assessed by intensity of formation
VSCWA and specific evolution GSCWA of the solid
component of welding aerosol (SCWA). Determi-
nation of intensity of formation and specific evo-
lution of SCWA was conducted by gravimetric
method. Obtained results are presented in Table 4.

It is seen that the lowest levels of SCWA
evolution are achieved in welding with electrodes
made with application of Na—Li glasses (VSCWA =
= 0.393 g/min, GSCWA = 8.71 g/kg). Electrodes
based on Na—K and Li binders are close to them
as to SCWA evolution. The most favourable in
terms of sanitary-hygienic characteristics are elec-
trodes with K and K—Li binders. So, for instance,
the intensity of formation and specific evolutions
in electrodes, made with K binder, are by 22.0 and
23.6 % higher, respectively, than those in elec-
trodes with Na—K glass. Electrodes made with K—
Na and Na binders, in terms of their sanitary-hy-
gienic properties take an intermediate position be-
tween the two extreme electrode groups.

Conclusion

Procedure developed by PWI was used to study
standard sodium, potassium and mixed sodium-
potassium and test lithium-containing liquid
glasses, used in manufacture of electrodes for tin
bronze welding and surfacing. As shown by com-
prehensive investigations of test electrode pro-
perties, the best results on adaptability to fabri-
cation and welding-technological properties are
ensured by sodium-potassium liquid binder.
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Figure 5. Appearance of deposited metal: a – UTP-32 electrode, single-layer deposit; b – UTP-32 electrode, three-layer
deposit; c – electrode based on Na—K glass, single-layer deposit; d – electrode based on Na—K glass, three-layer deposit

Table 4. Sanitary-hygienic characteristics of electrodes for bronze
welding (4 mm diameter, Iw = 120—130 A, Ua = 23—25 V)

Binder VSCWA, g/min GSCWA, g/kg

Na 0.461 10.20

Na—K 0.404 9.13

K—Na 0.435 10

K 0.493 11.29

Na—Li 0.393 8.71

K—Li 0.484 11.35

Li 0.414 9.23
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