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The results of investigations of the properties of electrode compounds, coatings and electrodes of rutile-basic type were 
set forth and analyzed. These electrodes are designed for welding of high-strength Cr–Ni steels depending on compo-
sition of lithium-containing liquid glass. It is shown that application of Li–Na–K liquid glass for manufacture of such 
electrodes allows significantly improving their hygiene and sanitary properties due to reduction of specific emissions 
of hexavalent chromium high-toxic compounds. Simultaneously, application of Li–Na–K glass results in significant 
decrease of hygrosorption capacity of the coating, at that its strength and crack resistance in welding do not deteriorate, 
and ductility and impact toughness of weld metal is somewhat improved. The workability indices and welding-techno-
logical characteristics of compared electrodes are at the same level. The results of the investigations allowed upgrading 
coating composition and production technology of ANV-35 electrodes. 23 Ref., 9 Tables, 2 Figures.

K e y w o r d s :  high-alloy Cr–Ni steels, arc welding, coated electrodes, binders, processing characteristics of elec-
trode compounds, strength and hygroscopic properties of electrode coatings, welding-technological and hygienic prop-
erties of electrodes, composition and structure of deposited metal, mechanical properties of weld metal

In course of many decades the E.O. Paton Electric 
Welding Institute, carried out investigations under 
the leadership of Prof. I.K. Pokhodnya, academi-
cian of the NAS of Ukraine. They were directed on 
reduction of specific emissions and toxicity of the 
fumes, forming in welding using general designa-
tion electrodes. The main results are generalized in 
works [1, 2]. Under his guidance in 2013–2015 the 
studies were carried out on possibility of improve-
ment of sanitary and hygiene characteristics of the 
general designation electrodes due to variation of 
types of applied binder.

Application of forced ventilation does not always 
help to remove the high-toxic compounds of hexava-
lent chromium (MAC 0.01 mg/m3) [3], contained in 
a welding fume (WF), from air of welder’s work-
ing zone in manual arc welding of high-alloy Cr–Ni 

steels. Besides, forced ventilation can not be used at 
all in performance of repair works inside capacitive 
and column equipment at the enterprises of petro-
chemical and chemical industry.

Experimental investigations determined a mutagene 
nature of WF containing hexavalent chromium com-
pounds. Therefore, now exceptionally large attention in 
the world is given to improvement of sanitary and hy-
giene properties of the electrodes designed for welding 
of high-alloy Cr–Ni steels. A successful solution of this 
problem, undoubtedly, depends on knowledge of funda-
mental characteristics as well as conditions of WF for-
mation in welding of indicated steels.

It follows from domestic and foreign publications 
[4–9] that:

● chromium (the second after manganese metal on 
value of vapor pressure at arc welding process tem-

           
*The work was carried out by initiative of Prof. I.K. Pokhodnya, academician of the NAS of Ukraine. Engineers O.I. Folbort and 
A.I. Radchenko participated in the work.
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peratures) transfers to a welding fume solid constitu-
ent (WFSC) from the electrode and base metal as well 
as metallic constituents of electrode coating;

● intensity of transfer and valence of chromium 
in WFSC depend on its content in melted metal and 
electrode, real composition of slag-forming part of the 
coating and slag forming from it. The higher chromi-
um content in steel and, respectively, in welding con-
sumable, the more chromium is in WFSC. Following 
from the acting sanitary norms, a danger of chromium 
emission should be taken into account in welding of 
steels containing more than 5 % of chromium. Fluxing 
materials, as a rule, restrain chromium evaporation. 
Therefore, other conditions being equal, total content 
of chromium in WFSC in shielded-gas welding, even 
at high oxidizing capacity, is higher than in coated 
electrode welding. At that no hexavalent modification 
of chromium was found in it;

● according to existing classification chromium 
compounds in WF are divided on soluble and insol-
uble in water. Each of mentioned modifications in-
cludes compounds from three- or hexavalent chro-
mium. Total portion of chromium in WFSC during 
coated electrode welding for stainless steels joining 
varies from 3 to 7 % among them from 60 to 90 % 
falls at its soluble compounds, representing them-
selves, as a rule, potassium and sodium chromates;

● the largest levels of emission of hexavalent chromi-
um compounds in welder breath zone are observed when 
using the electrodes with basic coating, they are lower 
for rutile-basic electrodes and rutile-coated electrodes 
have the lowest emissions. There is no one-valued rela-
tionship between the total level of WFSC emission and 
content of hexavalent chromium in it. The first is related 
with arc voltage (power) and gas-forming capacity of the 
coating, the second with its oxidizing capability;

● instrumental methods proved that chromate (sol-
uble) form of hexavalent chromium compound in the 
welding fume is caused by potassium and sodium sil-
icates, being a constituent of the electrode coating or 
flux-cored wire core. A source of entering of alkali ox-
ides, i.e. liquid glass, fluor spar or mica in the coating 
has no matter. The soluble compounds of hexavalent 
chromium are not detected in WFSC during welding 
using electrodes with lithium silicate;

● role of CaF2 in formation of the hexavalent chro-
mium compounds is not investigated, however there 
is certain correlation between emission of hexava-
lent chromium and soluble fluorides. Reduction of 
CaCO3/CaF2 relationship in the electrode coating re-
sults in increase of fume emission and content in it of 
Cr+6 compounds. Moreover, potassium chromates in 
WFSC were found in welding using electrodes having 
no CaF2 in their coating;

● electrodes, which are made based on lithium sili-
cate for complete suppression of Cr+6, show a series of 
sufficiently significant process and service disadvan-
tages. In particular, arc burning stability is substan-
tially deteriorated and as a result such electrodes can 
not be used for alternating current welding. Coating 
strength is dramatically reduced, it cracks in weld-
ing that results in worsening of protection of molten 
metal from environment. Based on foreign publica-
tions, indicated disadvantages of the electrodes can 
be eliminated by means of improvement of coating 
composition and adjustment of process parameters of 
their manufacture. Necessary lithium-containing liq-
uid glasses [10, 11] as well as new electrode grades 
are developed and manufactured. However, the elec-
trodes with improved sanitary and hygiene indices, 
which guarantee the requirements of commercial con-
sumer, have not appear yet at the market.

Aim of the following work lies in the following:
● determination of a way for reduction of Cr+6 

emission in WF due to process means of electrode 
manufacture, including determination of optimum re-
lationship of lithium-sodium-potassium compounds 
in liquid glass binder, at which no changes in elec-
trodes and welding process indices take place;

● specification of a role of coating constituents, 
in particular, CaF2 in formation of Cr+6 compounds in 
WFSC content.

object and experimental procedures. Electrodes 
of ANV-35 (E-08Kh20N9G2B on GOST 10051–75) 
with rutile-basic coating were investigated. Materials 
corresponding to the requirements of reference doc-
uments on composition and grain-size were used for 
manufacture. Rod diameter is 3 mm, coating is 4.95–
5.15 mm and 350 mm length. Table 1 shows the com-
position and characteristics of liquid glasses selected 

table 1. Composition (wt.%) and characteristics of liquid glasses

Type of liquid 
glass

Silicate module, 
rel. un.

SiO2 Li2O Na2O K2O D.r.* Density, g/cm3/
toughness, MPa⋅s

K–Na 2.88 27.85 – 3. 90 9. 25 41.00 1.43/590
Li–Na–K 2.19 27.75 1.80 7.00 3.60 40.15 1.38/530

Li–Na 2.75 30.20 2.70 5.17 1.00 39.07 1.39/525
Li 3.60 22.80 3.15 – – 25.95 1.25/535

*D.r. — dry residual of liquid glass.
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for planned experiments in course of preliminary ex-
periments.

Since lithium silicates are not soluble in water, 
their aqueous solutions were synthetically produced 
by means of chemical reaction of taken in necessary 
relationship aqueous solution of lithium hydrate with 
powder of aqua silicon acid at 50–60 °C temperature. 
Brought up to set characteristics, they were mixed 
with Na and K–Na liquid glasses, produced using au-
toclave solving of corresponding silicate rocks. 

Electrode compounds were prepared in an inten-
sive mixer in course of 3 min. Their properties were 
evaluated on plastic strength Pm value, characterizing 
hardness of electrode compound in state of briquette 
and coating just applied on a rod as well as value and 
uniformity of flow pressure Pe through die hole of 
4 mm diameter and 40 mm length. Mentioned indices 
were evaluated using cone aotuplastometer OB2059 
and capillary viscometer OB1435, developed and 
manufactured at the E.O. Paton Electric Welding In-
stitute. The procedures are described in work [12].

At that it was assumed that the coating, which is 
characterized by higher ductility strength at the same 
pressure, has the best properties.

Strength of dewatered coating of the electrodes 
was determined using three-point bend method of cyl-
inder samples of 4 mm diameter and 50 mm length, 
made by means of extrusion of compound mass [13]. 
Dewatering of the samples was carried out through 
their drying-baking at 200, 300, 350 and 400 °C 
during one hour.

Hygroscopy of the coating was evaluated on kinet-
ics of moisture sorption at short-term (8 hours) and 
long-term (2 weeks) exposure of the electrode sam-
ples in hydrostat at 20 °C and relative air humidity 
84 %. Amount of absorbed moisture was determined 
by weighing of the samples with 1 and 24 hours time 
gap; mass increment was related to dry coating mass.

Comparative evaluation of binder effect on coat-
ing crack resistance in welding was determined using 
the following procedure. Welding using experimental 
electrodes was carried out from VDU-504 rectifier us-
ing reverse polarity (Iw = 90–100 A). For each variant 
at least three experiments were performed by means 
of continuous fusion of electrodes of 350 mm length 
to stub of 50, 130 and 200 mm length. After cooling 
to room temperature the coating surface of each stub 
was examined and amount and length of cracks were 
determined in accordance with the requirements of 
GOST 9466–75, i.3. If no rejection signs were found, 
coating resistance to chips was evaluated by means 
of stub drop on a steel plate from 0.5 m height. The 
chips of any size on working part of the coating of the 

tested sample (except for stub of 50 mm length) are 
not permitted.

Welding-technological properties of the electrodes 
were compared in terms of arc burning stability, weld 
formation quality and separation of slag crust, which 
were determined in welding and surfacing on plates of 
12Kh18N10T steel using reverse polarity direct cur-
rent from VDU 504 (Uo.-c = 80 V) rectifier.

Arc burning stability was estimated by standard 
deviations of current and arc voltage (

aI
s  and 

aUs ) 
from statistically average indices ( av

a
I and av

a
U ). They 

were received with the help of introduced in a weld-
ing circuit nonstationary processes analyzer of ANP-2 
type [14], allowing in a real time mode reading, stor-
ing and statistically processing digital information on 
current and voltage changes.

Quality of metal formation was evaluated on the 
average values of weld geometry coefficient av

g
K , 

representing itself a relationship of weld width to its 
height [15]. Corresponding measurements were car-
ried out on the beads deposited with pilot electrodes 
on plate surface in flat, vertical and overhead posi-
tions with transverse 7–8 mm amplitude oscillations 
of the electrodes.

Separation of a slag crust was determined follow-
ing procedure [16] on 0

av
j  index, representing itself 

average value of enforced vee angle of plates butt 
joint, at which the slag crust is completely separated 
from a root weld surface.

Effect of binder type on composition and structure 
of deposited metal as well as mechanical properties 
of weld metal was evaluated in accordance with the 
requirements of GOST 9466–75. For this eight-lay-
er deposits were made by experimental electrodes, in 
which content of C, Cr, Ni, Mn, Nb, S and P was de-
termined by method of diffusion spectrometry (spec-
trometer DFS-51), and content of α-phase (δ-ferrite) 
was determined by magnetometer method (magne-
tometer MF-10I). Nine cylinder samples of 5 mm 
diameter and length were cut from upper layers for 
determination of content of oxygen, hydrogen and 
nitrogen. Analysis was carried out on LECORO-316, 
LECOPH-402 and LECOTN-114 units by reduction 
melting method [17].

Mechanical properties of weld metal were evalu-
ated in accordance with GOST 9466–75. For this butt 
joints of plates of 12Kh18N10T steel were welded us-
ing the experimental electrodes. Welding was made 
using reverse polarity direct current (Iw = 80–90 A) 
from VDU 504 rectifier. Three samples of II and IX 
type on GOST 6996–66 were cut out from the indi-
cated joints for static tension and impact bend test, re-
spectively. Yield strength, strength and relative elon-
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gation (σy, σt and δ5) as well as impact toughness were 
determined on sharp notch samples (KCV).

Composition of slags was determined by X-ray 
spectrum analysis method using X’Unique II Philips 
device, and specific emissions of WFSC were found 
by total filtration method (three experiments for each 
variant of the electrodes). The filters from Petryan-
ov tissue of FPP15-1.5 grade [16] were used. WFSC 
samples were precipitated on AFA-KhA-18 filters 
[17–19] for chemical analysis. All experiments were 
carried out in special chamber under similar condi-
tions in reverse polarity direct current surfacing (Iw = 
= 90–100A) on plates of steel 12Kh18N10T.

investigation results. Results of evaluation of 
process indices of the electrode compounds are given 
in Table 2.

It can be seen that lithium-containing binders 
provide for higher ductility of electrode compound 
in comparison with potassium-sodium liquid glass, 
which is usually used for manufacture of ANV-35 
electrodes. It becomes apparent due to almost three-
fold increase of their plastic strength at equivalent ex-
trusion pressure.

The results of coating strength tests are given in 
Figure 1. It can be seen that independent on binder 

type increase of sample baking temperature results in 
decrease of their strength. K–Na liquid glass provides 
for maximum coating strength. It reduces by 11, 22 
and 80 %, respectively, using Li–Na–K, Li–Na and Li 
types of binders. In the case of Li–Na–K and Li–Na 
binders, the strength reduction level is not critical in 
contrast to the samples, manufactured based on lithi-
um binder.

The results of comparison of hygrosorption char-
acteristics of the coatings, produced using different 
liquid glasses, are given in Figure 2.

It can be seen that in comparison with standard K–
Na liquid glass the lithium-containing binder provides 
for lower (6–8 times) hygroscopy of the electrode 
coating. In this connection they have small difference 
from pure lithium binder. Such an effect is apparent-
ly related with compression of silicon-oxygen mesh 
at implantation in it of lithium ions and agrees with 
known virtually complete incapability of lithium ions 
to hydration.

figure 1. Effect of type of liquid glass and baking temperature on 
results of testing of coating bend strength: 1 — K–Na; 2 — Li–
Na–K; 3 — Li–Na; 4 — Li

figure 2. Effect of binder type on kinetics of sorption of atmospheric moisture by electrode coatings (designations are the same as in 
Figure 1)

table 2. Process characteristics of electrode compounds (nature 
of flow — uniform)

Binder
Plastic 

strength Pm, 
MPa

Extrusion indices

Type Dose, %

Pressure Pe, MPa in 
consumption Q, cm3/s

1 10

K–Na 23.1 0.25 32.5 37.0
Li–Na–K 24.0 0.72 33.5 35.5

Li–Na 24.0 0.75 34.0 42.5
Li 25.7 0.90 18.5 21.0
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Table 3 shows the results of testing of pilot elec-
trode coating susceptibility to cracking. According 
to Table 3 allowable (from point of view of weld-
ing quality) susceptibility of the electrode coating to 
cracking is provided in use of K–Na and Li–Na–K 
binders. Application of Li–Na binder is unacceptable 
due to coating cracking in welding, and Li glass due 
to its excessive brittleness. It is necessary to pay at-
tention on correlation of received results to coating 
strength values given in Figure 1.

Table 4 gives the indices of welding-technological 
properties of the electrodes. Based on them, variation 
of composition of the combined liquid glasses (K–Na, 
Li–Na–K or Na–Li) does not influence weld geome-
try coefficient in any welding position (difference of 

av
g

K  values does not exceed 7 %).
Statistical indices of mode parameters of arc burn-

ing varies at that more systematically. Thus, increase 
of mass portion of lithium in the liquid glass (from 
0 to 2.7 %) promotes for rise of statistically average 
values of voltage (from 20.3 to 22.0 V) and reduces 
that of current (from 96.5 to 95.2 A), while standard 

deviations of current 
aI

s  as well as 
aUs

 at that rise 
from 14.5 to 14.8 and from 4.0 to 4.2 V, respectively. 
Nevertheless, variations of these indices do not ex-
ceed the 8 % limits that agree with the conclusions 
made in work [20]. Unfavorable effect of lithium, in 
particular on indices of arc voltage dissipation, can be 
considered critical only in the case of complete ab-
sence of Na2O and K2O in liquid glass.

Effect of liquid glass composition on slag crust 
separation is more noticeable. If the study is limited 
only with investigation of lithium-containing liquid 
glasses, than a separation index deteriorates with rise 
1.5 time of lithium portion in liquid glass; if we take 
into account the results of testing of the electrodes 
produced only based on pure lithium glass, this index 
degrades 2 times.

The results of testing of chemical composition 
and metal structure deposited with experimental elec-
trodes are given in Table 5, content of gases is in Ta-
ble 6 and weld metal mechanical properties in Table 7. 
All electrodes on chemical composition and content 

table 3. Effect of binder type on electrode coating susceptibility to crack in welding

Binder type
Diameters of elec-
trode/coating, mm

Length of stub, mm
Average length of cracks, formed in elec-

trode coating from Nature of coating cracking
bushing, mm contact end, mm

K–Na 3.0/5.00
60 
136 
225

– 
– 
27

– 
25 
30 Cracks are formed in 50–60 s 

after welding completion
Li–Na–K 3.0/5.05

62 
134 
222

– 
5 
30

– 
27 
38

Li–Na 3.0/4.95
64 
135 
223

– 
34 
35

20 
27 
40

Cracks are formed during welding 
and propagate after its completion

Li 3.0/5.15
64 
135 
227

– 
– 
–

– 
– 
–

Excessive brittleness of coating 
before, during and after welding

table 4. Welding-technological properties of electrodes

Type of liquid 
glass

Weld geometry coefficient av
g

K  in surfacing 
in positions

Separability 
of slag crust 

0
av

j

Statistical characteristics of welding mode

flat vertical overhead av
a

I , А
aI

s , А av
a

U , V
aUs , V

K–Na 3.1 2.8 2.6 4 96.5 14.5 20.3 4.0
Li–Na–K 3.1 2.8 2.5 5 96.0 14.5 21.0 4.1

Li–Na 3.2 2.6 2.5 6 95.2 14.8 22.0 4.2
Li 2.8 2.5 2.3 8 94.3 18.2 23.5 5.7

table 5. Composition (wt.%) and structure of deposited metal

Type of liquid glass C Cr Ni Mn Si Nb S P a-phase, %
K–Na 0.053 20.1 10.2 1.3 1.0 0.7 0.011 0.022 7.5

Li–Na–K 0.053 19.6 9.9 1.3 1.1 0.7 0.010 0.021 6.5
Li–Na 0.051 19.9 10.1 1.3 1.0 0.7 0.010 0.022 6

Li 0.048 19.5 9.3 1.2 1.0 0.7 0.011 0.028 6
Requirements of GOST 10052–75 0.05–0.12 18–22 8.0–10.5 1.0–2.5 <1.3 0.7–1.3 <0.020 <0.030 2–8
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of α-phase are virtually similar and correspond to 
E-08Kh20N9G2B type on GOST 10052–75. More-
over, it is determined that application of Li-contain-
ing binders results in decrease in the deposited metal 
of oxygen and hydrogen content and rise of nitrogen. 
In our opinion it is caused by increase of reduction 
capacity of the slags.

The average (from three results) values of me-
chanical properties indices of weld metal are given 
in Table 7. According to received data application of 
Li-containing binders instead of standard K–Na liquid 
glass allows significantly increasing relative elonga-
tion and impact toughness of weld metal that can be 
explained by decrease of oxygen content and rise of 
nitrogen in it (see Table 6).

Composition of the slags and experimental elec-
trodes are given in Table 8. It follows from it that 
composition of welding slag to sufficient extent de-
pends on type of liquid glass. The largest deviations 
lied in the following:

● five-fold decrease of K2O portion in the slag at 
transfer from K–Na to Li-liquid glass (it is promot-
ed, from one side, by reduction of K2O portion in the 
liquid glass and, at the same time, K2O evaporation); 

● 1.6 time rise of CaF2 portion in slag that, un-
doubtedly, related with decrease of escape of fluorine 
at transfer from K–Na to Li liquid glass;

● 1.4 time reduction of CaO portion.
The rest of constituents, including portion of 

Cr2O3, was kept at the same level.
Table 9 generalizes the results of testing the san-

itary and hygiene characteristics of the experimental 
electrodes. Another set of liquid glasses was used for 
their manufacture.

It can be seen that application of lithium-contain-
ing binders instead of K–Na liquid glass significantly 
improves sanitary and hygiene indices of the elec-
trodes. It reveals through reduction of WFSC emis-
sion and content in the fume of the most hazardous 
constituent, namely hexavalent chromium. The level 
of improvement of sanitary and hygiene indices rises 
swith increase of a portion of lithium constituent in 
the liquid glass. The largest effect is reached in ap-

table 6. Content of gases in deposited metal, wt.%

Type of liquid glass H N O
K–Na 0.0015 0.067 0.062

Li–Na–K 0.0014 0.072 0.058
Li–Na 0.0012 0.079 0.051

Li 0.0010 0.082 0.045

table 7. Mechanical properties of weld metal (temperature 20 °C)

Type of liquid glass σy, MPa Σt, MPa d5, % KCU, J/cm2 KCV, J/cm2

K–Na 567.1 709.5 29.5 – 88.5
Li–Na–K 513.7 702.9 35.3 – 117.7

Li–Na 535.0 713.1 33.3 – 129.3
Li 507.3 708.2 38.5 – 122.3

Requirements of GOST 10052–75 Not regulated >55 >22 >8.0 Not regulated

table 8. Composition of slags (wt.%)

Type of liquid glass TiO2 SiO2 CaO MgO MnO Fe2O3 Al2O3 Cr2O3 Nb2O5 Na2O K2O CaF2

K–Na (0) 30.9 16.1 15.3 1.1 5.4 1.6 5.4 7.1 1.9 1.0 2.5 11.2
Li–Na–K(1.80) 30.8 16.5 14.5 1.3 5.6 1.6 5.6 7.0 1.9 1.0 1.3 12.7

Li–Na(2.70) 30.0 16.7 11.5 1.6 5.3 1.1 5.4 7.5 1.8 1.9 0.8 16.1
Li(3.15) 31.3 16.1 10.9 1.4 5.5 1.6 5.4 7.1 1.9 – 0.5 17.9

Note. Portion of Li2O is indicated in the brackets. Portion of V2O5 – 0.1 %, ZrO2 – 0.4 %. Fraction relationship of chromium oxides in slags 
was not determined.

table 9. Indices of emission and composition of WFSC

Type of liquid glass

WFSC total emission Weight fraction, % in WFSC

Intensity 
Va, g/min

Specific 
Ga, g/kg

Cr6+ Cr3+ Mn Ni Fр Fнр

K–Nа (0 %) 0.50 11.58 1.96 2.62 4.81 1.47 11.68 1.30
Li–Nа–K (0.7 %) 0.45 10.10 1.77 2.67 5.27 1.38 10.24 1.69
Li–Nа–K (1.8 %) 0.35 7.28 1.44 2.82 5.69 1.29 10.35 1.88

Li–Nа (2.7 %) 0.26 5.52 0.89 3.04 5.73 1.62 11.65 1.34
Li (3.2 %*) 0.20 4.52 Not detected 3.91 5.20 1.39 5.76 1.56

Note. Weight portion of Li2O in liquid glass is indicated in the brackets.
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plication of Li–Na and Li-silicates. In comparison 
with K–Na analogue WFSC specific emission and its 
intensity reduces 2 times for Li–Na and 2.5 times for 
pure Li-silicate. Content of carcinogenic hexavalent 
chromium drops 2.2 times, and it is not revealed in 
WFSC at application of pure Li-binders.

Changes of slag material composition, in particu-
lar, rise of portion of CaF2 and equivalent decrease of 
CaO portion at transfer from K–Na to Li liquid glass-
es are accompanied by intensive Cr+6 emission in WF 
content.

Let’s consider given results in more details. Ti-
tanous slags are characterized by special physi-
cal-chemical properties. They are formed by low ti-
tanium oxides of different valence, capable to include 
in their structure a large number of oxides in liquid 
and solid states with close parameters of crystalline 
lattice (FeO, MnO, MgO, NiO, V2O5, Cr2O3, Al2O3), 
except for CaO, which forms perovskite with TiO2, 
sufficiently refractory compound, and SiO2, which is 
related with appearance of X-ray amorphous glass-
like phase [21] in titanous (including welding) slags. 
Therefore, solidified titanous slags, even having sig-
nificant difference between themselves on chemical 
composition, can be very similar to each other on 
crystalline lattice. In contrast to other welding slags 
they are characterized by low oxidizing capacity, and 
electrodes with rutile coating, designed for welding of 
low-carbon and low-alloy steels, are characterized by 
the highest sanitary and hygiene properties.

Lithium liquid glass intensifies reducing capabil-
ity of titanium slags, since, based on current ideas, 
structure of lithium silicates does not have so called 
free oxygen. All oxygen is bounded with silicon at-
oms by strong siloxan linkages, and structure of the 
melt is characterized by the highest connectivity in-
dex (Q-factor) Q4 [22]. Presence of K- and Na-oxides 
and CaF2 in the rutile-basic type coating significantly 
complicates this picture, in general, suppressing fa-
vorable effect of low titanium and lithium oxides on 
sanitary and hygiene characteristics of the electrons.

Sodium and, in particular, potassium oxides evap-
orate easier from molten welding slags than lithium 
oxides. It can be explained through comparison of the 
coefficients of surface tension of alkali lithium, so-
dium and potassium silicates. Based on data of work 
[23] surface tension of Li2O⋅SiO2 melt (315 MJ/cm2) 
is significantly more than of Na2O⋅SiO2 and K2O⋅SiO2 
melts (288 and 236 MJ/cm2, respectively). It is with-
out doubt that Li2O⋅SiO2 melt with larger surface ten-
sion will evaporate less intensively, than that of sodi-
um and potassium silicates. Alkali oxides react with 
CaF2, form volatile soluble fluorides and enrich the 
melt with calcium oxide. The latter forms with titani-

um oxide the perovskite, weakening the melt by tita-
nium sesqui oxides and, thus, decreasing its reducing 
capacity. This, in turn, simplifies formation of ions 
of hexavalent chromium. To the smallest extent this 
scheme is realized in slags of the electrodes produced 
based on lithium liquid glass, and it is proved by slag 
compositions given in Table 8.

Carried investigations allowed correcting basic 
composition of ANV-35 electrode coating mainly by 
means of limitation in it of portion of potassium, so-
dium and calcium oxides and application of Li–Na–K 
liquid glass. Upgraded ANV-35MK electrodes signifi-
cantly exceeds ANV-35 electrodes on set of character-
istics, including hygienic ones.

conclusions

1. Effect of lithium-containing liquid glass on man-
ufacturability, welding-technological properties 
of the electrodes, composition of deposited metal 
and mechanical properties of weld metal was stud-
ied by example of rutile-basic coated electrodes of 
E-08Kh20N9G2B type. It is determined that the op-
timum complex of technological and welding charac-
teristics of the electrodes is provided by application of 
Li–Na–K binder with 1.5 % lithium constituent. 

2. Application of Li–Na–K binder instead of K–Na 
liquid glass allows approximately 2 times reduction 
of emission of high-toxic Cr+6 compounds in WFSC 
composition, 7–8 times decrease of hygroscopy of 
electrode coating, 17 % rise of relative elongation and 
30 % of weld metal impact toughness. At that, pro-
cess indices and welding-technological properties of 
the electrodes remain unchanged.

3. Favorable effect of lithium oxides on decrease 
of emission of Cr+6 compounds in WF composition is 
caused by rise of slag reducing capacity due to block-
ing the processes of formation of potassium and sodi-
um fluorides as well as potassium titanites.

4. Unfavorable effect of CaF2 from point of view 
of emission of hexavalent chromium ions is explained 
by the fact that reaction of potassium fluoride forma-
tion is accompanied by increase of CaO in the slag, 
i.e. its basicity index. This results in increase of free 
oxygen in the slag At the same time, rise of CaO por-
tion in the slag provides for decrease of reducing ca-
pacity of the slag also because larger portion of higher 
titanium oxides coordinates with CaO (it is proved by 
perovskite formation in the solidified slag), while por-
tion of low-valent titanium oxides, characterized by 
lower oxidizing capacity, equivalently reduces at that.

5. Coating composition of ANV-35 grade elec-
trodes was upgraded with a view of application of 
Li–Na–K binder. New modifications of the electrodes 
was coded as ANV-35MK. They significantly exceed 
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the electrodes with basic coatings on set of character-
istics, including hygiene one.
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