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materials in borosilicate glass melts 
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Justification is provided of significant practical relevance of the issue of corrosion and erosion resistance of 

refractory materials in furnaces with direct electric heating that are used for vitrification of high-level waste. 

Main promising materials are listed, and an algorithm is given for assessing their resistance to attack of 

borosilicate glass melts under operating conditions of electric furnaces. Corrosion testing of chrome 

refractory materials of joint Chinese and Belgian origin has been carried out under static and dynamic 

conditions in a low-melting borosilicate glass melt and in a borosilicate glass melt containing simulated liquid 

high-level waste (HLW). A search has been conducted among chrome refractory materials of Chinese and 

Belgian origin for ones demonstrating the highest glass melt attack resistance with regard to the conditions 

of HLW solidification. The results of these tests will be considered in the design of removable and small-scale 

melters when selecting the material for melter lining. 
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1. Introduction 

For several decades already, radiochemical 

production dedicated to the extraction reprocessing of 

spent nuclear fuel from VVER-440, BN-600, naval 

propulsion, and research reactors has been operating at 

Mayak PA. High-level solutions containing fuel fission and 

fuel activation products as well as structural materials are 

the most hazardous type of waste generated in the course 

of this reprocessing. 

A new vitrification complex, at which the specified 

waste will be solidified in borosilicate glass, is scheduled to 

be put into operation approximately in 2027. The 

developed concept of the new vitrification complex 

envisages the use (as a part of the complex) of a removable 

small-scale melter with direct electric heating and a 

productivity of 20 L/h in terms of evaporated HLW 

solution [1]. The melter is designed for the melting of 

borosilicate glass, which has several advantages as 

compared to aluminophosphate glass: significantly higher 

retaining capacity in terms of fission products, resistance 

to chemical attack and radiation damage, and resistance 

to decrystallization [2]. At the same time, borosilicate 

glass has a higher melting temperature (ranging from 

1100 °C to 1200 °C). 

To create such a promising facility for HLW 

solidification that will fulfil the requirements of reliability 

and productivity, there is a need for the relevant 

structural materials that will come in direct contact with 

glass melts while meeting the pertinent criteria of 

resistance to high temperatures and corrosive 

components of glass melts for extended periods of time. 

As a rule, lifetime of a furnace is limited not by a 

general poor condition of the entire refractory 

brickwork, but by failure (often as a result of some 
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accident) of a limited number of structural elements of the 

melting chamber and plenum in the melting zone and 

zones of maximum temperatures [3]. For example, the 

refractory corrosion rate at the level of molten glass can 

be two to five times higher than that for the entire area of 

the refractory brickwork that is located below the melt 

surface [4]. In HLW vitrification furnaces, these structural 

elements include, first of all, the upper section of the 

melting chamber walls. A significant contribution is also 

made by interjoint corrosion caused by exceeding the 

normative gaps in the brickwork. 

Despite a considerable amount of laboratory studies 

to date on the resistance of refractories to glass attack in 

general, the number of studies on the corrosion attack of 

glass melts containing HLW and, therefore, characterized 

by significant peculiarities is incomparably small. 

Due to the difficult geopolitical situation and the 

imposition of sanctions on Russian organizations by many 

states, the range of available refractory materials has 

decreased. In most cases, this means that products of such 

global market leaders as SEFPRO (France) or RHI (Italy), 

in the product lines of which there are refractory 

materials with good resistance to glass attack, including 

chrome refractories (ZIRCHROM, SUPRAL, DIDURITAL, 

etc.), are no longer commercially available. A range of 

domestic producers of similar materials is limited to the 

Bakor Science and Technology Center (LLC). In this 

regard, Chinese-manufactured products available on the 

Russian market are of interest, chrome refractories 

produced by the Zhengzhou Yandong Refractories Co. 

(a joint Chinese-Belgian manufacturer), in particular. 

The aim of this work was to search for refractories of 

Chinese origin that demonstrate the best resistance in 

borosilicate glass melts as applied to HLW solidification 

conditions. For this purpose, a number of modern 

materials with several glass-forming compositions and 

different content of corrosive components were tested, 

parameters of corrosion resistance (corrosion rate, 

behavior and degree of surface coverage) of the tested 

samples were compared, and refractories with the best 

characteristics suitable for the creation of new-generation 

melters were preliminary selected. 

2. Experimental and methodology 

Four different grades of chrome refractory materials 

were chosen to investigate corrosion and erosion 

characteristics. 

Refractory products used in the design of glass 

melting furnaces are classified as follows: 

− by their chemical composition: aluminosilicate 

(chamotte, high-alumina, mullite), siliceous (dinas, 

quartz), corundum, baddeleyite-corundum (bakor), 

chrome-bearing (chrome), and magnesite (with additives 

of A12O3, ZrO2, and Cr2O3); 

− by the method of manufacturing: ceramic 

(produced by sintering) and fused (produced by casting 

of melts). 

The following types of refractories are used in 

components of domestic glass melting furnaces involved 

in the manufacturing of staple glass products: 

− bakor: melting chamber, flow channel, and other 

crucial elements; bakor inlet ports, elements of the hearth 

walls; 

− dinas: main crown, elements of the hearth walls; 

− bakor and corundum: through channels, 

forehearths, gob-forming components; 

− magnesite: regenerator checkers (upper rows) [5]. 

Ramming plastic masses and refractory concrete are 

also used for lining a furnace crown and walls that are not 

in contact with melts [6]. 

Melting chambers of glass making furnaces, including 

Mayak industrial vitrification furnaces of the EP type, are 

currently laid out mainly of baddeleyite-corundum 

(bakor) refractory bars. Bakor is chemically close to the 

eutectic region of the A12O3 – ZrO2 – SiO2 ternary 

system [6]. 

At the same time, in some cases chrome refractories 

are used in the design of melting chambers of glass melting 

furnaces. For example, the melting chamber of the VEK 

small-scale melter (Karlsruhe, Germany), which was 

developed and designed for the vitrification of liquid 

radioactive waste, is made of a similar refractory material 

of the ER 2161 type (SEFPRO, France) with Al2O3, Cr2O3, 

and Zr2O3 being the major components of it [7]. 

In this work, chrome refractories of joint Chinese-

Belgian origin were investigated as representing an 

alternative of currently available French analogues. 

Table 1 contains a list of samples and their chemical 

composition (by main components). The provided 

materials were studied in the form of square bars with a 

side of about 10 mm and a length of 50 to 120 mm. 

 

Table 1 – Chemical composition of refractories (by main 

components). 

Sample No. 
Chemical composition, % 

Al2O3 Cr2O3 ZrO2 Na2O TiO2 

1 26.0 50.0 13.0 – – 

2 – 94.0 – – 3.8 

3 39.0 30.0 – 16.0 – 

4 40.0 30.0 – 16.0 – 
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Performance of ceramic chrome refractories depends 

not only on their chemical composition, but also on 

several other characteristics determined by the 

manufacturing conditions, in particular, by their 

apparent porosity. It should be noted that apparent 

porosity of refractory material No. 1, 2, 4 is 18.0 %, 

whereas that of refractory material No. 3 is 20.0 %, that 

will potentially be manifested in the difference of their 

corrosion resistance. 

Two different types of glass were selected as corrosive 

media for testing the refractory materials. Tables 2 and 3 

present mass compositions of the selected glasses 

expressed as oxides. 

Table 2 – Composition of glass No. 1 used in tests as a corrosive 

medium and proportions of reagents used for its preparation. 

Oxides Content, % 

CaO 3.4 

Al2O3 2.93 

MgO 0.42 

SiO2 46.39 

Na2O 17.31 

B2O3 15.28 

Components of simulated HLW 

SrO 1.63 

ZrO2 2.27 

MoO3 2.04 

Cs2O 1.04 

La2O3 0.61 

CeO2 2.62 

Nd2O3 2.09 

NiO 0.26 

Cr2O3 0.38 

Fe2O3 1.31 

Total 100.0 

Table 3 – Composition of glass No. 2 used in tests as a corrosive 

medium and proportions of reagents used for its preparation. 

Oxides Content, % 

CaO 4.53 

Al2O3 3.90 

MgO 0.56 

SiO2 44.53 

Na2O 25.12 

B2O3 21.36 

Total 100 

Viscosity is one of the major factors that determines 

melt corrosivity, which affects refractories. As a result, 

when corrosion resistance of materials is studied in glass 

melts with different characteristics of the viscosity-

temperature dependence, erroneous conclusions can be 

drawn about the corrosivity of certain glass components, 

which, in fact, affect only melt viscosity and have merely 

some indirect impact on the corrosion rate in the 

examined melt. The difference in melt viscosities should 

be taken into account to avoid such errors. 

In order to exclude the influence of difference in 

viscosity of different glass compositions on corrosion rate 

in them, working test temperatures were selected for each 

of the compositions in this study, at which their viscosity 

was the same. Such a temperature selection became 

possible with the help of thermoviscosimetric 

characterization of melts of each glass type using the curve 

defined as follows: 

𝜂 = 𝑓(𝑇), (1) 

where 𝜂 is the dynamic viscosity of the melt, dPa · s; 𝑇 is 

the temperature of the melt, °C. 

Glass viscosity was examined using a laboratory 

oscillatory viscometer VIS 403, TA Instruments, the 

principle of operation of which is based on the 

dependence of the amplitude of forced oscillations of the 

rod on the viscosity of the liquid, where these oscillations 

occur. 

Characteristics obtained for the glasses used in the 

work are given in Figure 1 in the temperature-viscosity 

coordinates for the range of viscosity values of up to 

500 dPa · s with an indication of the working 

temperatures determined for each glass composition. 

Tests in borosilicate glass melts were carried out under 

“stringent” conditions at a melt viscosity of 10 dPa · s. 

 

 

Figure 1 Thermoviscosimetric characteristics of glass melts with 

compositions No. 1 and No. 2 at a viscosity of up to 500 dPa · s. 
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This value of the viscosity of the melts was chosen based 

on the technological features of the process and is optimal 

for initiating the discharge of the glass melt from the 

melting agent intended for vitrification of HLW, since 

induction heating is used to drain the borosilicate glass 

melt. 

To determine temperatures at which glass melts have 

the viscosity values indicated in Figure 1, straight lines 

were drawn parallel to the x-axis and, at the points of 

intersection of these lines with each of the graphs, working 

test temperatures were determined at the selected 

viscosity values for each of the compositions. Low-melting 

glass No. 1 reaches a viscosity value of 10 dPa · s at a 

temperature of 1100 °C. High-melting glass No. 2 attains 

the mentioned value at 1200 °C. 

Therefore, samples were tested with melts of various 

compositions at a constant viscosity but at different 

temperatures, and this is what distinguishes the present 

investigation from other studies with similar topics, 

during which tests were carried out at the same 

temperature. Thus, viscosity, as well as temperature, is the 

main factor of degradation in such experimental tests. 

This is due to the fact that the viscosity of the glass 

depends on temperature and vice versa. 

Table 4 summarizes working test temperatures 

determined for each of the used compositions. 

Table 4 shows that the difference in test temperatures 

is significant and can appreciably affect the corrosion rate 

that is exponentially dependent on temperature as per the 

Arrhenius equation [4]: 

𝑘 = 𝐴 ∙ 𝑒−
𝐸𝑎
𝑅∙𝑇, (2) 

where 𝑘 is the reaction rate constant; 𝑒 is the base of the 

natural logarithm; 𝐸𝑎 is the activation energy, J/mol; 𝑅 is 

the universal gas constant, 8.31 J/(mol · K); 𝑇  is the 

temperature, K; 𝐴 is the proportionality coefficient. 

Tests were conducted in accordance with the 

technique developed by the National Glass Institute that 

consisted of determining of material mass or volume loss 

per unit of time, during which the refractory was in 

contact with the glass melt [8]. 

Table 4 – Conditions of corrosion tests with glass compositions 

No. 1 and No. 2. 

Conditions 
Glass composition No. 

1 2 

Temperature, ºC 1100 1200 

Viscosity, dPa · s 10 

Test time, h 100 

Resistance of refractory materials to glass attack can 

be characterized in detail only following a comprehensive 

analysis of this characteristic under static and dynamic 

conditions [9]. 

Under static conditions, samples of refractories are 

subject to maximum corrosion at the melt level. This fact 

determines the pattern of corrosion attack during the 

operation of refractories in industrial glass melting 

furnaces. Tests under static conditions were carried out in 

alundum crucibles by partial immersion of sample 

refractories in a glass melt to a depth of 10 mm, where they 

were kept for 100 h. In this work, all four types of 

refractory materials (see Table 1) with all glass melt 

compositions (see Tables 2 and 3) were tested under static 

conditions. The main component of the alundum 

crucibles is Al2O3. To assess its effect on the composition 

of the corrosive medium during the experiment and on 

the results in general, control studies were conducted that 

showed that the effect of Al2O3, which enters the glass 

melt as a result of crucible corrosion, is insignificant. 

The dynamic method of testing simulates stringent 

operating conditions of refractories in the overflow area 

of a glass melting furnace, where refractory failure is 

caused both by chemical and erosion attack of the glass 

melt. 

Tests under dynamic conditions were carried out in a 

crucible by rotating the sample refractories immerged in 

a glass melt to a depth of 20 mm around a longitudinal 

vertical axis for 100 h. A sample rotation rate of 

60 rev/min corresponded to a velocity of 2.8 m/min, 

with which molten glass moves in the EP-500 furnace 

[10, 11]. 

The sample refractories were mechanically 

withdrawn from the glass melt when the glass was in a 

molten state. A layer of glaze formed on the samples after 

their cooling and hardening was removed with a help of 

nitric acid with a concentration of 4 mol/L. Using visual 

inspection, the extent of glass removal was evaluated. 

Carrying out of these tests required an assembly of 

an experimental setup consisting of the following basic 

elements: 

− operation-programmable shaft-type furnace; 

− holders of sample refractories; 

− two mixers (equipped with a hollow rotor shaft) 

with a feature of adjusting their rotation speed in the 

range from 40 to 2500 rev/min. The furnace is located in 

an exhaust hood, while the mixers are taken out of the 

exhaust hood, as the maximum allowable operating 

temperature of the mixers is + 35 °C. 

Only two mixers could be placed above the furnace 

due to limited space. Therefore, only two samples were 
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tested simultaneously under dynamic conditions, and two 

samples with the same composition were tested under 

static conditions. 

Figure 2 demonstrates the setup layout. 

During corrosion tests, linear erosion rate at the level 

of glass melt (mm/day) was determined. Sample cross-

sections were also measured approximately at the 

immersion mid-depth. 

The mass loss (∆m) was identified for all examined 

samples and the following parameters were calculated: 

− initial area of the sample refractory contact with 

the glass melt; 

− volume of the sample part immersed in the melt; 

− value of this volume loss. 

Using the obtained data, a value of mass loss of the samples 

per sample-melt contact area (∆M / S (mg/cm2)) and a 

percentage value of relative volume loss were calculated. 

The mass of the samples was determined by weighing with 

the help of a technical balance (results were accurate to 

three decimal places). The contact area was calculated on 

 

Figure 2 A layout of the setup for corrosion testing of 

refractories under static and dynamic conditions: 1 – mixer, 

2 – rotation speed regulator, 3 – mixer switch, 4 – mixer chuck, 

5 – rack, 6 – shaft, 7 – connecting nut with lock nuts, 

8 – removable guard plate, 9 – removable apertured refractory 

insert, 10 – furnace refractory cover, 11 – test sample refractory 

holder (for dynamic conditions), 12 – test sample refractory, 

13 – operating crucible with glass melt , 14 – guard crucible, 

15 – recess in the furnace floor for crucibles, 16 – shaft-type 

furnace, 17 – exhaust hood, 18 – controller for programming the 

furnace operation conditions, 19 – test sample refractory holder 

(for static conditions), 20 – clamp. 

the basis of the results of linear measurements (results 

were accurate to 0.1 mm). 

Refractory corrosion rate at the level of the glass melt 

and at the level of the immersion mid-depth under static 

conditions was calculated by the formula: 

𝜐𝑐 = (𝑑𝑎𝜐 − 𝑑𝑎𝜐
′ ) ∙ 24/(2 ∙ 𝜏), (3) 

where 𝑑𝑎𝜐  is the average thickness of the sample at the 

glass melt level before testing, mm; 𝑑𝑎𝜐
′  is the average 

thickness of the sample at the glass melt level after testing, 

mm; 𝜏 is the test duration, h; 2 is the coefficient taking 

into account the sample two-sided erosion. 

Refractory volumetric corrosion (∆V, vol. %) under 

dynamic conditions was found using a volume change of 

the sample part immersed in the melt over the testing 

period: 

∆𝑉 =
(𝑉−𝑉′)

𝑉
∙ 100, (4) 

where 𝑉 is the volume of the immersed sample part before 

testing, cm3; 𝑉′ is the volume of the immersed sample part 

after testing, cm3; 

𝑉 = 𝑎 ∙ 𝑏 ∙ ℎ, (5) 

where 𝑎, 𝑏 are the sides of the refractory of rectangular 

cross-section before testing, cm; ℎ  is the depth of the 

sample refractory immersion in the glass melt, cm; 

𝑉′ = 𝑉 −
𝑀0−𝑀

𝜌0
, (6) 

where 𝑀0  is the sample mass before testing, g; 𝑀 is the 

sample refractory mass after testing, g; 𝜌0 is the density of 

the refractory sample before testing, g/cm3. 

Additionally, a value of the specific mass loss of the 

samples per sample-melt contact area ∆M / S (mg/cm2) 

was calculated. 

3. Results and discussion 

3.1. Tests under static conditions 

Figure 3 shows values of linear corrosion rate for 

materials with compositions No. 1 and No. 2 tested under 

static conditions. 

Figure 4 demonstrates values of specific mass loss for 

the materials with compositions No. 1 and No. 2 tested 

under static conditions. 

No visible traces of corrosion were found on samples 

No. 1 and No. 2, even along the glass melt boundary. 

Sample No. 2 demonstrated maximum corrosion 

resistance in both melts that is associated with the highest 
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Figure 3 Linear corrosion rate of refractories, mm/day. 

 

Figure 4 Specific mass loss of refractories, mg/cm2. 

content of chromium oxide in this sample. 

Linear corrosion rates obtained for the refractories 

of Chinese origin were compared with linear corrosion 

rates of the Bk-41 refractory manufactured by Podolsk 

Refractories JSC (0.13 mm/day for glass composition 

No. 1 and 0.15 mm/day for glass composition No. 2) [12], 

which was tested in the same borosilicate glass 

compositions. The comparison showed that the linear 

corrosion rate of the Bk-41 refractory is comparable to the 

linear corrosion rate of refractories No. 3 and No. 4. 

A similar conclusion can be drawn in relation to the 

specific mass loss of Chinese-made refractories No. 3 and 

No. 4: it is comparable to the specific mass loss of the Bk-

41 refractory manufactured by Podolsk Refractories JSC 

(3.72 mg/cm2 for glass composition No.1 and 

2.96 mg/cm2 for glass composition No. 2) [12]. 

Due to a wide variety of the examined refractories, 

the provided results do not allow gaining an unambiguous 

understanding of the impact of glass composition and 

glass test temperature on corrosion damage of materials. 

At the same time, the high corrosive activity of the glass 

melt with composition No. 1 can be explained by the 

presence in it of such corrosive components as iron, 

chrome, and nickel. 

An increasing order of indices of relative (as 

compared to the Bk-41 refractory manufactured by 

Podolsk Refractories JSC) [12]) corrosion resistance of the 

tested materials calculated using average values of linear 

corrosion (a) and specific mass loss (b) is given in Figure 5. 

 

 

 

Figure 5 Indices of relative corrosion resistance of the tested 

materials calculated using: (a) – values of linear corrosion, 

mm/day; (b) – specific mass loss, mg/cm2. 

The displayed histograms show that refractory No. 2 

demonstrated higher corrosion resistance compared to 

the Bk-41 refractory manufactured by Podolsk 

Refractories JSC [12]. Refractory No. 1 demonstrated 

somewhat lower resistance. Other materials showed 

significantly lower resistance compared with the Bk-41 

refractory. 

3.2. Tests under dynamic conditions 

Figures 6 and 7 represent the results of corrosion 

tests carried out under dynamic conditions. 

Volumetric corrosion of the examined Chinese-made 

materials ranges from 1.9 % (composition No. 2) to 

34.9 % (composition No. 1). It should be noted that 

volumetric corrosion of the Bk-41 refractory 

manufactured by Podolsk Refractories JSC, when it is part 

of composition No. 2, is 35 % [12] that is comparable to 

the values obtained for refractories No. 3 and No. 4. 

The linear corrosion rate under dynamic conditions 

for the examined materials ranges from 0.02 mm/day 

(sample No. 2) to 0.35 mm/day (sample No. 4). 

 

Figure 6 Refractory volumetric corrosion in a dynamic test, %. 
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Figure 7 Linear refractory corrosion rate in a dynamic 

experiment, mm/day. 

Linear corrosion rate of the Bk-41 refractory in the 

glass with composition No. 2 is 0.30 mm/day, and it is 

comparable to that of materials No. 3 and No. 4, as in the 

case of volumetric corrosion [12]. 

An increasing order of the indices of averaged 

volumetric (a) and linear (b) corrosion resistance of the 

materials tested under dynamic conditions (as compared 

to the Bk-41 refractory manufactured by Podolsk 

Refractories JSC [12]) is shown in Figure 8. 

The displayed histograms demonstrate that,  

compared to the Bk-41 refractory manufactured by 

Podolsk Refractories JSC [11], all of the examined 

refractories show higher corrosion resistance in terms of 

averaged volumetric and linear corrosion (2 to 17.5 times 

lower averaged volumetric corrosion and 2.5 to 19.5 times 

lower averaged linear corrosion). 

According to the experimental data obtained under 

dynamic conditions, there is an obvious superiority of 

refractories with a high content of chromium oxide over 

the rest of materials with regard to their resistance to glass 

 

Figure 8 Indices of the averaged corrosion resistance of the 

tested materials calculated using: (a) – volumetric corrosion, %; 

(b) – linear corrosion, mm/day. 

melt corrosive attack. However, as opposed to static 

conditions, glass melt No. 2 demonstrates the highest 

corrosive activity in most experiments. 

It is worth noting that under static conditions, the 

corrosion rate of sample No. 2 is significantly higher in 

the composition of borosilicate glass No. 1, and under 

dynamic conditions, in the composition of borosilicate 

glass No. 2. This effect may be related, on one hand, to 

the experimental conditions (static versus dynamic 

conditions), on the other hand, to the fact that in the 

composition of sample No. 2 does not contain oxides such 

as Al2O3, and ZrO2 or Na2O, which apparently have an 

effect during static tests.  

Ceramic refractories No. 1 and No. 2, which contain 

50 % and 94 % of Cr2O3 respectively, are the most 

resistant materials among the examined ones to chemical 

corrosion in glass melts studied. At the same time, they 

are characterized by high electrical conductivity 

compared to other refractories, which increases with 

temperature as in the case of Class 2 conductors [13], so, 

to substantiate their use in electrothermal equipment, 

additional research on electrochemical corrosion as well 

as testing of the relevant model units of equipment are 

required. In the absence of electrochemical corrosion, 

these materials have given a good account of themselves, 

when used in crucial elements of melting chambers of gas 

furnaces for glass making. 

Refractory materials No. 3 and No. 4, in turn, are 

inferior in corrosion resistance to refractory No. 2, but 

currently they can be considered as the most suitable out 

of this group of materials for use in melting chambers of 

electric furnaces under conditions characterized by the 

uncertainties mentioned above. 

China has set up production of this refractory in the 

Zhengzhou Yandong Refractories Co. factory, and today 

it is at a rather high and stable level that is comparable to 

the production level of Russian-made refractory (Podolsk 

Refractories JSC) and of European refractories. 

The Bk-41 molten-cast refractory, in turn, is inferior 

in corrosion resistance to materials No. 1 and No. 2, but 

under static conditions, it is comparable to materials 

No. 3 and No. 4 manufactured in China. At this, the Bk-

41 refractory is the most reliable, examined and widely 

spread refractory in the world for use in melting chambers 

of both gas and electric furnaces. Manufacturing of this 

grade of refractory in Russia at Podolsk Refractories JSC 

is at a rather high and stable level that is comparable to 

the global level of refractory production. The Bk-41 

refractory was used in elements of the melting chamber of 

the Mayak EP-500/5 electric furnace (the Bk-37 material 

with lower corrosion resistance was applied in previous 

models of vitrification furnaces) [14]. 
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The undertaken studies showed that corrosion 

properties of the examined group of refractories are 

affected by all factors considered in the experiments, 

including glass melt composition, test temperature, 

significant differences in refractory compositions, and test 

conditions (static or dynamic). In this work, it is not 

possible to determine a factor, which, to a large extent, 

stipulates the corrosion properties of refractories. 

4. Conclusions 

The experimental data obtained during the tests will 

be used for selection of the promising material for lining 

of a new generation removable small-scale melter. 

Taking into account the results of material corrosion 

tests and other properties of refractories as well as 

production and economic factors, Chinese-made 

refractories No. 3 and No. 4 can be regarded as suitable 

for use in the refractory brickwork of a prototype small-

scale melter, as they have shown sufficiently good results 

comparable to characteristics of the traditionally used 

Bk-41 material manufactured by Podolsk Refractories JSC 

or in several cases even surpassing those. 

In order to recommend refractories with high 

content of chrome for use in the design of industrial 

electric furnaces for HLW vitrification, there is a need to 

carry out additional investigation of their electric 

conductivity at high temperatures, since effects associated 

with intensive electrochemical corrosion of materials may 

appear. In addition, in the future it is necessary to carry 

out chemical analysis of glasses after corrosion tests and 

monitor changes in the content of corrosion products, 

which will make it possible to draw more unambiguous 

conclusions and assess the rate of corrosion by the content 

of corrosion products. 

Supplementary materials 

No supplementary materials are available. 

Funding 

This research had no external funding. 

Acknowledgments 

None. 

Author contributions 

Sergey Shaydullin: Investigation; Conceptualization; 

Resources; Data curation; Formal Analysis; Writing – 

Original draft. 

Pavel Kozlov: Methodology; Project administration; 

Supervision; Writing – Original draft. 

Mikhail Remizov: Software; Validation; 

Visualization; Formal Analysis; Writing – Review & 

Editing. 

Sergey Lukin: Project administration; Software; 

Validation; Formal Analysis; Writing – Review & Editing. 

Conflict of interest 

The authors declare no conflict of interest. 

References 

1. Shaydullin SM, Remizov MB, Kozlov PV, Melent’ev AB, 

et al., Novyj evakuiruemyj malogabaritnyj plavitel’ s donnym 

slivom dizayna FGUP PO “Mayak” dlya otverzhdeniya VAO v 

borosilikatnoe steklo [New removable small-scale melter 

equipped with a bottom drain system developed at Mayak PA 

for solidification of HLW in borosilicate glass], Vestnik 

Natsional’nogo Issledovatel’skogo Yadernogo Universiteta MIFI 

[Bulletin of the National Research Nuclear University MEPhI], 

10(2) (2021) 183–190. Russian. 

https://doi.org/10.56304/S2304487X21020097 

2. Aloy AS, Trofimenko AV, Koltsova TI, Nikandrova 

MV, Fiziko-khimicheskie kharakteristiki osteklovannykh 

model’nykh otkhodov VAO ODTs GKhK [Physical and 

chemical characteristics of vitrified simulated HLW from the 

Pilot Demostration Center of the Mining and Chemical 

Combine], Radioaktivnye otkhody [Radioactive waste], 4(5) 

(2018) 67–75. Russian. 

3. Tokarev VD, Ignat’ev SS, Popov ON, Analiz sluzhby 

ogneupornykh materialov v vannykh steklovarennykh pechakh 

[Analysis of the use of refractory materials in bath-type glass 

melting furnaces], Steklo i keramika [Glass and ceramics], 5 

(2006) 19–22. Russian. 

4. Stanek J. Elektricheskaya varka stekla [Electric melting 

of glass]. Moscow: Lyogkaya industriya [Light industry]; 1979. 

248 p. Translated from Czech. 

5.  Pustyl’nikov OM, Guloyan YuA, Usloviya sluzhby i 

proizvodstva elektroplavlennykh ogneupornykh izdelij 

[Conditions of use and production of electromelted refractory 

materials], Steklo i keramika [Glass and ceramics], 21 (2009) 13–

17. Russian. 

6. Garaeva NZh, Mazurin AF, Zamyatin SR, Pirumyan GI, 

et al., Usovershenstvovanie konstruktsii izgotovleniya futerovki 

blochnogo svoda elektropechi [Improvement of the design and 

production technology of lining for the block crown of electric 

furnace] [Extended abstract for a research work]. Sverdlovsk 

(Russia): [East Research and Design Institute of Refractory 

Industry]; 1991. 12 p. Russian. 

7. Roth G, Weisenburger S, Vitrification of high-level 

liquid waste: glass chemistry, process chemistry and 30 process 

technology, Nuclear Engineering and Design, 202(2) (2000) 

197–207. https://doi.org/10.1016/S0029-5493(00)00358-7 

8. GOST 2642.2-86. Methods for the determination of 

losses of the mass while heating. Moscow, Gosstandart of the 

USSR Publ., 1986. 8 p. Russian. 

9. Popov SA. Korroziya i sluzhba ogneupornykh 

materialov v vannykh steklovarennykh pechakh pri 

vysokotemperaturnoj varke stekla [Corrosion and use of 

refractory materials in bath-type furnaces during high-

https://doi.org/10.56304/S2304487X21020097
https://doi.org/10.1016/S0029-5493(00)00358-7


Electrochem. Mater. Technol. 3 (2024) 20243031                                                                                                                                                                                                                                     ARTICLE 

 

 

 

9 

 

temperature glass melting] [Review] Moscow (Russia) 

[VNIIESM]; 1974. Russian. 

10. Remizov MB, Kazadaev AA, Kozlov PV, Gasparyan 

MD, et al., Korrozionnye ispytaniya plavlenolitykh 

ogneupornykh materialov v rasplavakh alumofosfatnykh 

styokol [Corrosion testing of molten-cast refractory materials 

in aluminophosphate glass melts], Ogneupory i tekhnicheskaya 

keramika [Refractories and technical ceramics], 6 (2015) 3–8. 

Russian. 

11. Remizov MB, Kazadaev AA, Kozlov PV, Gasparyan MD, 

et al., Issledovanie korrozionnoj ustojchivosti baddeleito 

korundovykh i chromalumotsirkonovykh ogneupornykh 

materialov otechestvennogo i importnogo proizvodstva v 

rasplavakh alumoborfosfatnykh styokol [Study of corrosion 

resistance of baddeleyite-corundum and chromium-aluminium-

zirconium refractory materials manufactured domestically and 

abroad in aluminium-boron-phosphate glass melts], Ogneupory 

i tekhnicheskaya keramika [Refractories and technical 

ceramics], 4–5 (2016) 3–7. Russian. 

12. Shaydullin SM, Remizov MB, Kozlov PV, Dubkov SA, et 

al., Korrozionnye ispytaniya baddeleitokorundovykh i 

khromsoderzhashchikh materialov otechestvennogo 

proizvodstva v rasplavakh borosilikatnykh styokol [Corrosion 

testing of baddeleyite-corundum and chrome-bearing materials 

of domestic production in borosilicate glass melts], Novye 

ogneupory [New refractories], 11 (2022) 3–8. Russian. 

13. Matveeva IV, Slinkin AA. Geterogennyj kataliz v 

organicheskoj khimii: Bibliograficheskij ukazatel’ 

otechestvennoj i zarubezhnoj literatury (1958–1960) 

[Heterogeneous catalysis in organic chemistry: Bibliography 

index to Russian and Foreign Literary Sources (1958–1960)]. 

Moscow: Izdatel’stvo Akademii nauk SSSR [Publishing House of 

the USSR Academy of Sciences]; 1962. 275 p. Russian. 

14. Remizov MB, Kozlov PV, Logunov MB, Koltyshev VK, 

et al., Kontseptual’nye i tekhnicheskie resheniya po sozdaniyu 

na “PO “Mayak” ustanovok osteklovyvaniya tekushchikh i 

nakoplennykh zhidkikh VAO [Conceptual and technical 

solutions related to creation of facilities for vitrification of 

current and accumulated liquid HLW at Mayak], Voprosy 

radiatsionnoj bezopasnosti [Radiation safety problems], 3 

(2014) 17–25. Russian. 


