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Applicability of fluxes of different grades at electroslag surfacing of end faces by discrete filler material in a cur-
rent-supplying mould was studied. It is found that selection of fluxes proceeding just from their physical properties 
(viscosity and electrical conductivity) does not guarantee the conditions required for conducting the electroslag pro-
cess. Optimum position of the billet end face to be surfaced in the mould working cavity is very important for normal 
operation of the mould and performance of sound surfacing with good formation of the deposited metal. In view of 
the above-said, ANF-29, ANF-32, ANF-26 fluxes can be used for electroslag surfacing with discrete material. 20 Ref., 
2 Tables, 4 Figures.
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Current-supplying mould (CSM) is a structure of sec-
tioned type, combining the functions of nonconsum-
able electrode and device forming the deposited metal 
[1, 2]. It can be used both for electroslag surfacing 
(ESS), and electroslag remelting (ESR). Electrodes 
and billets of a large cross-section, wire, strip, solid 
and liquid fillers can be used as material fed into the 
liquid pool. Application of discrete filler seems to be 
the most promising, as it not only forms the deposited 
layer, but can have an inoculating impact on the solid-
ifying metal structure.

Schematic of ESS of end faces with discrete filler 
in CSM is shown in Figure 1.

CSM is used as a mobile device, or it is mounted 
stationary with displacement of the layer being depos-
ited relative to it. At deposition of relatively thin layers 
(approximately ≤90 mm) CSM can be used without rel-
ative displacement of the mould and the deposited met-
al. In this case the forming section of the mould should 
have the height which can accommodate the deposited 
layer. At layer thickness ≥90 mm, difficulties of heat-
ing the whole volume of the slag pool, arise, and metal 
formation becomes worse. Actual thickness of the layer 
with good formation is ultimately determined by physi-
co-chemical properties of the applied flux, as well as the 
kind and chemical composition of the surfacing materi-
al. One of the main stages of conducting the electroslag 
process in CSM is setting the slag pool in it and preser-
vation of its stability (stable chemical composition and 
specified electrical parameters of the process) during the 

entire period of CSM operation. The slag pool can be set 
in the mould with application of one of the two known 
techniques — liquid or solid start. In a regular mould, 
slag pool of optimum depth (40–100 mm) is formed by 
one-time pouring of the required portion of slag into it 
from flux-melting furnace, or the same slag volume is 
obtained by shorting the consumable or nonconsum-
able electrode on the tray (or billet being surfaced) with 
gradual increment of molten flux quantity, transferring 
the process form the arc to the slag one.

In CSM the poured-in slag portion can have dif-
ferent volume, depending on the position of the billet 
or tray, relative to current-conducting section of the 
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figure 1. Schematic of ESS of end faces with discrete filler in 
CSM: 1 — deposited metal; 2 — metal pool; 3 — slag pool; 4 — 
mould; 5 — filler metal feed mechanism; 6 — discrete filler ma-
terial; 7 — protective layer (molybdenum, tungsten and graphite); 
8–10 — mould sections; 11 — transformer; 12 — billet
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mould. The situation is similar also when performing 
the solid start, when the slag pool volume should be 
sufficient for closure of the electrical circuit of cur-
rent-conducting section–slag–tray (or billet). This 
closure is exactly what allows ensuring CSM normal 
operation and conducting the electroslag process for a 
sufficiently long time without adding any additional 
devices or electrodes into the working zone for main-
taining the slag pool in the molten state.

It should be also noted that, depending on the elec-
tric mode of surfacing and slag properties, the slag 
pool surface can vary considerably, and this, along-
side the earlier mentioned influence of the slag pool 
thermal condition on surfacing quality, may lead to 
formation of non-conducting or partially current-con-
ducting slag skull (solid or half-liquid crust) on the 
working surface of the current-conducting section, 
even in the case, when it is protected by electrically 
conducting lining, most often graphite one. Appear-
ance of skull makes current passage through one of 
the working electric circuit elements difficult, process 
stability is disturbed; in the extreme case, the electro-
slag process stops completely.

Thus, correct selection of the flux (slag) is of par-
amount importance for normal CSM operation. Flux 
cost should be also taken into account. It is known 
that the flux cost is equal to 2–6 % in the cost of melt-
ing ESR ingots [3]. At ESS, when relatively small 
metal layers are mainly deposited, this value naturally 
becomes much greater.

From the moment of electroslag process invention 
at the end of 1940s – beginning of 1950s more than 50 
flux grades have been proposed for its performance. 
The main component of the fluxes is calcium fluo-
ride, characterized by the lowest vapour pressure at 
the temperatures of electroslag processes, compared 
to Al, Ba, Mg fluorides. Physical properties of molten 
CaF2 ensure process stability.

Ca, Al, Mg oxides are added to reduce electrical 
conductivity, adjust melt viscosity, and improve its 
desulphurizing ability. Content of silica as a com-

pound, which is less thermodynamically stable one 
than the above-mentioned oxides, and also lowers the 
desulphurizing ability of slag, is usually not higher 
than 2 %. However, at ring ESS, as well as in prac-
tical application of ESR, fluxes with increased silica 
content (ANF-14, ANF-25, ANF-28, ANF-29) are 
sometimes used.

At present, fluxes of different grades are used for 
conducting the electroslag process, depending on 
chemical composition of the metal being remelted, its 
kind and surfacing technique (in a mobile or stationary 
mould). The following examples of such an approach 
to selection of fluxes for operation with CSM can be 
given: ring ESS by liquid metal (chromium cast irons, 
stainless, tool, high-speed steels, etc.) with relative 
displacement of the deposited metal and mould with 
application of AN-75, ANF-32, ANF-94 fluxes [4–7]; 
remelting of electrodes and surfacing of end faces (ti-
tanium alloys, copper, low-alloyed and stainless steels) 
with CaF2, ANF-94, ANF-28 fluxes [8–10]; ESR, end 
face and ring surfacing with feeding into the slag pool 
(ANF-14, AN-75, ANF-29, ANF-28N) discrete fill-
ers (chromium and chromium-nickel cast irons, high-
speed and die steels, copper, etc.) [4, 10–13].

The influence of some process parameters and 
chemical composition of fluxes on the stability of the 
electroslag process in CSM at ESS of end faces with 
discrete filler is considered in this work. In this case, 
alongside good formation of the deposited metal from 
the very start of surfacing and complete melting of 
the filler, it is also necessary to ensure sound joining 
of the base and deposited metal, using the correctly 
selected flux. The latter is a rather complicated task, 
compared, in particular, to ESR method, in which the 
removed (bottom) part of the ingot may reach 15 % of 
its weight [14]. Therefore, this task will be considered 
in the following papers.

Fluxes, which were accepted both in electroslag and 
in arc processes (AN-22, AN-26) were selected for pre-
liminary consideration. Flux grades and their composi-
tion according to TU specification are given in Table 1. 

table 1. Fluxes, pre-selected for consideration of their applicability in the investigations

Flux grade
Chemical composition of fluxes, wt.%

CaF2 Al2O3 CaO SiO2 MgO MnO

ANF-14 60–65 10–12 ≤ 8 14–16 4–8 –
ANF-29 37–45 13–17 24–30 11–15 2–6 –
ANF-32 34–42 24–30 20–27 5–9 2–6 –
ANF-94 34–40 17–21 11–22 14–20 7–11 ≤ 2
AN-75 56–59 9–12 6–8 18–21 6–8 5–7
AN-90 39.0 10.5 23.5 26.5 0.5 –
AN-22* 20–24 19–23 12–15 18–22 12–15 7–9
AN-26 20–24 19–23 4–8 29–33 15–18 2.5–4

*Flux additionally contains Na2O + K2O in the amount of 1.3–1.7 wt.%.
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Dependencies of the main physical characteristics of 
slags, namely viscosity and electrical conductivity, on 
temperature are given in Figures 2 and 3 [15–18]. There 
is no data on physical properties of AN-90 flux.

The main technical and economic characteristics 
of electroslag processes, and, accordingly, criteria for 
flux selection, were as follows:

Oxide-fluoride flux ANF-14 is used at electroslag 
welding of steels, as well as in ESS of cast irons, in par-
ticular, ESS by an electrode – pipe of hot rolling rolls 
[4]. At ESS with cast iron shot in CSM, slag inclusions 
were observed in the deposited metal and along the fu-
sion boundaries of the base and deposited metal in a 
number of cases. This is associated with the cooling 
impact of shot fed into the slag pool, in contrast to that 
of overheated drops from the melted off consumable 
electrode tip. It is not produced commercially.

ANF-29 and ANF-32 fluxes are designed for ESS 
in mobile moulds, due to addition of an increased 
quantity of SiO2 to their composition [19]. Presence 

of an increased content of silica in slag based on cal-
cium fluoride, promotes producing a thin skull crust 
and good formation of the deposited surface in a wide 
range of variation of the melting modes. These fluxes 
are produced commercially.

ANF-29 flux. It was developed for ring ESS by 
liquid metal (high-speed steels) in CSM [10]. Similar 
to the case of ANF-14 flux, conditions of slag pool 
existence differ considerably at feeding the liquid and 
solid filler. It is not produced commercially.

AN-75 flux. It is a modification of ANF-14 flux due 
to addition of 5–7 % MnO to it. At ESS with cast iron 
shot in a mobile CSM, it provides good formation of cast 
iron and fusion of the base (steel, cast iron) and deposit-
ed metals [4]. At deposition of steel shot metal formation 
deteriorates, and unmolten shot particles occur in the de-
posited layer. It is not produced commercially.

AN-90 flux. It was developed for ESS by stainless 
steel strips with free formation of the deposited metal. 
It provides good metal formation, easy detachment of 

figure 2. Dependence of flux viscosity on temperature [15–18]: a — salt-oxide; b — oxide fluxes: 1 — ANF-14; 2 — AN-75; 3 — 
ANF-29; 4 — ANF-32; 5 — ANF-94; 6 — AN-22; 7 — AN-26

figure 3. Dependence of flux electrical conductivity on temperature [15–18]: a — salt-oxide; b — oxide fluxes: 1 — AN-75; 2 — 
ANF-29; 3 — ANF-32; 5 — ANF-14; 6 — AN-22; 7 — AN-26
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the slag crust, maintaining a stable electroslag process 
at a small depth of the slag pool, low susceptibility to 
hydratation [20]. It is not commercially produced.

AN-22 flux. It is used both for electric arc welding, 
and for high-alloyed steel surfacing. A relatively low 
content of highly deficit CaF2 can be regarded as the ad-
vantage of this flux. It is not produced commercially.

AN-26 flux. Its application and advantages are 
similar to those of AN-22 flux. It is produced com-
mercially in the vitreous variant (AN-26S).

As a result of the performed analysis, ANF-29, 
ANF-32, AN-90, AN-22 and AN-26 fluxes were select-
ed for investigations. Application of AN-90 and AN-22 
fluxes caused the greatest doubt. The first one — for the 
reason of lack of understanding of its behaviour at ESS 
in water-cooled moulds, the second one — because of 
presence of about 2 % of sodium and potassium oxides 
in its composition, that supposedly would hinder pres-
ervation of their content during surfacing.

In this connection, investigations were divided 
into two stages. At the first stage practical verifica-
tion of stabilization of electroslag process with AN-22 
and AN-90 fluxes was performed at ring ESS in CSM 

with a widened upper section and increased diameter 
of the surfaced billet. Such a surfacing schematic al-
lowed reducing the slag pool volume (2870 cm3) to 
improve its preheating conditions. But in this case, 
too, after pouring each of these slags into the mould 
(liquid start), it was not possible to set a stable slag 
pool, even at maximum level of the power source.

Therefore, the main investigations (stage 2), were 
conducted with application of ANF-29, ANF-32 and 
AN-26 fluxes at surfacing of end faces in a smooth-
bore CSM with 3820 cm2 volume of the slag pool (ap-
proximately by 30 % greater than in experiments of 
the 1st stage). Procedure of experiment performance 
was as follows (see Figure 1). In CSM of 180 mm 
diameter, the water-cooled electrode with a graphite 
attachment at its end was used to set a slag pool on the 
billet surface, by successively melting flux portions, 
until the pool began touching the current-conducting 
section of the mould. From this moment, CSM op-
eration began, and the electrode was removed from 
its working cavity. After preheating the slag pool for 
three minutes, dry fine chips (after milling) of the fol-
lowing chemical composition, wt.%: 0.50 C; 0.62 Si; 
1.3 Mn; 3.30 Cr; 0.93 Ni; 0.15 Mo; ~ 1.0 Cu, were fed 
into it in portions. Prior to that, chips weight to which 
a certain deposited layer thickness corresponds, 
was determined. All the surfacing operations were 
performed at the maximum IV level of transformer 
TShP-10. Initial distance from the processed surface 
of the billet to the upper edge of the forming section 
(L0) was equal to 94 mm.

During surfacing, maximum possible distance from 
the processed surface of the billet to the edge of forming 
section (L0) was determined for each flux (from evalua-
tion levels), as well as currents and voltages, correspond-
ing to each position of the deposited metal level.

Results of the performed experiments are shown 
in Table 2. Analysis of measurement results, techno-
logical features of surfacing operations, as well as the 
values of viscosity and electrical conductivity of fluxes 
depending on temperature (Figures 2, 3), lead to the 

table 2. Electrical characteristics (I, kA, U, V) of surfacing of end faces with discrete filler at certain position (L, mm) of the deposited 
layer

Flux grade
Measured 
parameters

Evaluation levels
1 2 3 4 5 6 7 8 9 10 11 12

ANF-29
L 0 88 82 76 70 64 58 52 46 40 34 28
I 0.98 1.55 1.97 2.04 2.05 2.26 2.30 2.38 2.46 2.6 2.68 2.73
U 62.6 59.2 57.0 56.6 56.4 55.6 55.5 55.1 54.7 53.8 53.5 54.4

ANF-32
L 0 88 82 76 70 64 58 52 46 40 34 28
I 1.56 1.69 1.77 1.83 1.87 2.0 2.15 2.26 2.42 2.58 2.8 2.84
U 34.5 43.8 42.6 42.6 41.5 40.0 37.6 34.4 34.2 31.2 30.2 27.3

AN-26
L* 0 65 60 55 50 45 40 35 – – – –
I 2.33 2.44 2.54 2.56 2.72 2.83 2.95 3.16 – – – –
U 57.3 57.2 56.6 56.6 55.6 54.8 54.5 53.4 – – – –

*L0 = 70 mm.

figure 4. Appearance of side surface of the deposited layer with 
application of AN-26 flux at initial value of L0 equal to 70 mm 
(longitudinal section of the deposited billet)



37ISSN 0957-798X THE PATON WELDING JOURNAL, No. 1, 2018

INDUSTRIAL                                                                                                                                                                                                    

                                                                                                            

following conclusions. Despite the relatively close 
values of physical properties of ANF-29 and ANF-32 
fluxes, their behaviour at surfacing is different. Each 
feeding of steel chips into the slag pool reduced the 
distance from the deposited layer surface to the cur-
rent-conducting section, thus lowering the electrical 
resistance in the section-slag-deposited metal segment. 
Here current rises and for ANF-29 flux, approximately 
at the third evaluation level, the slag pool already ac-
tively rotates in the horizontal plane, quietly absorbing 
the fed portions of the filler. At application of ANF-32 
flux, the weight of the first portions of chips had to be 
minimized, as the thermal power of the slag pool was 
insufficient for melting large portions of filler. When 
attempting to increase their mass feed rate, the chips 
significantly impaired the process stability, because of 
lowering of slag temperature. And only after achieve-
ment of approximately level 4–5 the process was com-
pletely stabilized. Therefore, for ANF-32 flux the ini-
tial L0 value should be equal to about 70–75 mm.

Considering the physical properties of AN-26 flux 
(relatively low electrical conductivity, increased vis-
cosity and melting temperature), it was decided to 
conduct the experiments at initial value L0 = 70 mm. 
For these surfacing conditions the slag pool formed 
due to melting of AN-26 flux, is set without any dif-
ficulties, even at level II of the power source. At sur-
facing proper (level IV of the power source) the chips 
were actively melting in the slag, which had a higher 
temperature at visual evaluation. Correctness of se-
lection of initial value L0 was confirmed by that the 
side surface of the deposited layer, corresponding to 
feeding chips on level 1–2, was slightly worse formed 
than on the other levels (Figure 1).

conclusions

1. At ESS of end faces with discrete filler in CSM the 
specific conditions of CSM operation make special 
requirements not only to physical properties of fluxes, 
but also to laying out the mould working space (ar-
rangement of the billet to be surfaced in it).

2. Selection of fluxes proceeding just from their phys-
ical properties, does not guarantee optimum conditions 
of conducting the electroslag process at ESS in CSM.

3. «Long» ANF-29 and ANF-32 fluxes are suitable 
for performing ESS of end faces in both mobile and 
stationary CSM. «Short» AN-26 flux can be used in 
the technologies of surfacing without relative displace-
ment of the mould and surface billet. In both the cases, 
stable electroslag process and good formation of the 
deposited metal are ensured at optimum positioning of 
the processed end face in CSM working cavity.

1. Ksyondzyk, G.V. (1975) Current-supplying mold providing 
rotation of slag pool. Spets. Elektrometallurgiya, 27, 32–40 
[in Russian].

2. (1980) Frumin, I.I., Ksyondzyk, G.V., Shirin, V.S. (1980) 
Welding apparatus for electroslag remelting and surfacing. 
Pat. 4185628 USA [in Russian].

3. Glebov, A.G., Moshkevich, E.I. (1978) Electroslag remelting. 
Moscow, Metallurgiya [in Russian].

4. (2015) Surfacing. Technologies, materials, equipment: Trans-
act. Kiev, PWI [in Russian].

5. Medovar, L.B., Chernets, A.V., Grabovsky, Ts.F. et al. (2000) 
Experience of manufacture and application of high-speed 
rolls of ESS LM. Problemy Spets. Elektrometallurgii, 3, 3–9 
[in Russian].

6. Medovar, B.I., Tsykulenko, A.K., Medovar, L.B. et al. (1997) 
Electroslag processes without consumable electrodes. Ibid., 2, 
12–16 [in Russian].

7. Medovar, B.I., Saenko, V.Ya., A.K., Medovar, L.B. (2000) 
Manufacture of billets of corrosion-resistant bimetal by elec-
troslag surfacing method. Ibid., 2, 3–11 [in Russian].

8. Medovar, L.B., Bents, M.J. (1998) Current-supplying mold 
for electroslag refining of titanium alloys with independent 
control of slag temperature, speed of slag rotation and speed 
of electrode melting. Ibid., 4, 13–15 [in Russian].

9. Zajtsev, V.A., Medovar, L.B., Tishchenko, P.I. et al. (2011) 
Application of ESR by a two-circuit scheme for obtaining 
steel-copper billets of anodes of DC arc furnaces. Sovrem. 
Elektrometall., 2, 3–7 [in Russian].

10. Medovar, L.B., Tsykulenko, A.K., Chernets, A.V. et al. (2000) 
Examination of influence of two-circuit scheme parameters of 
ESR on dimensions and shape of metal pool. Problemy Spets. 
Elektrometallurgii, 4, 3–7 [in Russian].

11. Kuskov, Yu.M. (2003) A new approach to electroslag weld-
ing. Welding J., 4, 42–45.

12. Kuskov, Yu.M., Beskorovajny, V.I., Us, V.I., Medovar, L.B. 
(1992) Electrodeless electroslag technology of copper wastes 
remelting. Problemy Spets. Elektrometallurgii, 3, 29–32 [in 
Russian].

13. Kuskov, Yu.M., Gordan, G.N., Bogajchuk, I.L. et al. (2015) 
Electroslag surfacing using discrete materials of different 
methods of manufacture. The Paton Welding J., 5–6, 30–33.

14. Latash, Yu.V., Medovar, B.I. (1970) Electroslag remelting. 
Moscow, Metallurgiya [in Russian].

15. Medovar, B.I, Tsykulenko, A.K., Shevtsov, V.L. et al. (1968) 
Metallurgy of electroslag process. Kiev, Naukova Dumka [in 
Russian].

16. Podgaetsky, V.V., Kuzmenko, V.G. (1988) Welding slags: 
Welding manual. Kiev, Naukova Dumka [in Russian].

17. Kozin, R.V., Grigorenko, G.M. (2016) Physical-chemical 
properties of fluxes for electroslag technologies. Sovrem. 
Elektrometall., 4, 10–15 [in Russian].

18. Istomin, S.A., Pastukhov, E.A., Denisov, V.M. (2009) Physi-
cal-chemical properties of oxide-fluoride melts. Ekaterinburg, 
Ur ORAN [in Russian].

19. Artamonov, V.L., Medovar, B.I., Likhacheva, T.N. et al. 
(1976) New fluxes ANF-28, ANF-29 and ANF-32 for ESR 
in movable molds. Spets. Elektrometallurgiya, 30, 33–38 [in 
Russian].

20. Kalensky, V.K., Panchishin, Yu.A. (1990) Materials and 
equipment for corrosion-resistant electroslag surfacing with 
two electrode strips: Transact.: Equipment and materials for 
surfacing. Kiev, PWI, 96–100 [in Russian].

Received 12.09.201


