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Abstract. In steelmaking, the refractory material used as a lining is easily destroyed by slag, which not only decreases the service life of ceramics
but also makes worse a production quality because of increase in the number of nonmetallic inclusions in metal. If the slag has good wetta-
bility, it tends to penetrate the refractory through pores and cracks. As a result, a boundary layer is formed, which has a structure and properties
different from the initial material. The sessile drop method was used to study the interaction of Al,O;-based refractory ceramics with the liquid
slag 45 % CaO — 40 % Al,0, — 10 % SiO, — 5 % MgO. The substantial decrease in the wetting angle to 20° in the initial 5 min of experiment and
the further small decrease to 13.5° in the next 115 min were observed. The microstructural examination and elemental mapping of the boundaries
of cross sections of slag and ceramics were carried out. The slag consists of several phases, namely: Ca,(Mg, ,,Al, ;5)(Si, ,,Al, ;.0,); CaAl,0O,,
CaAl,0, and MgAl,O,. As was found, the slag—ceramics boundary layer consisted of calcium aluminate (CaAl,O,) and, at the grain bounda-
ries of aluminum oxide in the refractory material, hibonite (CaAl,0,,) was formed. X-ray diffraction analysis of initial ceramics showed that
it contained ~8 % CaAl,O,, and after interaction with the slag ~32 % CaAl ,0,,. At a depth of 4 mm, the presence of calcium aluminates both
in the central and peripheral zones of ceramics was observed. This indicates the slag penetration into the ceramics and their chemical interaction.
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AnHomayus. I1pu BEIIUIABKE CTaIM OTHEYIIOPHBINH MaTtepuall, HCIOIb3yeMBbIil B KauecTBe (pyTepOBKH, JIETKO pa3pyIlacTcs 3a CYET ILIaKa, YTO HE TOJIBKO
YMEHBIIIAeT CPOK CIyXKOBI KEPAMUKH, HO U CHIIKACT KaueCTBO MPOAYKIMH, YBEIHYNBAsl KOTHIECTBO HEMETAIUIMISCKHUX BKIIIOUCHUH B METaILIC.
Ecny mutak UMeeT XOpPOIIYI CMa4nBaeMOCTb, TO OH CTPEMUTCSI IPOHUKHYTH B OTHEYIIOpP 4Yepe3 MOphl M TPEIIHHBL. B pesynbrare obpasyercs
HOTPAaHUYHBIN CIIOH CO CTPYKTYPOi M CBOHCTBAMH, OTIIMYHBIMU OT HCXOHOTO OrHeymopa. B 1aHHO# paboTe st HeciIeqoBaHus B3aAUMOACHCTBIS
orueyrnopHoro Marepuana Ha 6ase Al,O; ¢ xunkum mnaxom 45 % CaO — 40 % Al,O, — 10 % SiO, — 5 % MgO Obu1 HCTIOIb30BaH METOJ JISKAIIEH
Karui. T10Ka3aHO CyHIECTBEHHOE CHIDKCHHE 3HAYCHHIl KpaeBOro yria cMaduBaHus 10 20° B mepBble 5 MHH OIbITa U HOCICAYIOLIEe He3HAUH-
TeabpHOE yMeHbIIeHue 10 13,5° B redenne 115 mun. McenenoBana MUKPOCTPYKTYpa U BBIIIOJIHEHO IEMEHTHOE KaPTHPOBAHUE IPAHMUIL OTICPEUHBIX
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OO6HapyKeHO, UTO MOTPAHUYHbIH CJIOH HITaK — KepaMUKa COCTOUT U3 amroMuHara kanbius (CaAl,0,), a Ha rpaHULaX 3ePEH OKCHJIA ATFOMUHUS
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[ INTRODUCTION

The increasing requirements for steel quality and
the improvement of steel cleanliness through the removal
of nonmetallic inclusions are among the main objectives
of metallurgy. Nonmetallic inclusions are formed during
steel deoxidation, erosion and corrosion of refractories,
ingress of slag particles into the melt, and directly dur-
ing metal solidification. In steelmaking, the refractory
used as a lining is easily destroyed by slag, which not
only decreases the service life of refractory ceramics but
also reduces production quality by increasing the number
of nonmetallic inclusions in the metal. Frequent replace-
ment of refractories increases costs and decreases pro-
ductivity, thus negating the advantages of introducing
new methods for liquid steel treatment.

As noted in [1 — 3], the destruction of refractories
is most often caused by chemical corrosion and slag
penetration. Corrosion damage of refractory ceramics is
mainly due to their chemical interaction with slags [4].
The corrosion behavior is strongly influenced by the wet-
tability of refractories by slags [5; 6]. Good wettability
indicates active interaction and means that the slag easily
reacts with the refractory material, causing its chemical
corrosion [6 — 9]. If the slag has good wettability, it tends
to penetrate the refractory through pores and cracks [10].
As aresult, a boundary layer is formed, with structure and
properties different from those of the initial refractory.

Developing refractories resistant to slag attack
remains a significant research focus in modern metal-
lurgy [11 —15]. Thermophysical properties, viscosity,
surface tension, and wetting angle are the primary indi-
cators of slag-refractory interaction and penetration.
In recent decades, numerous studies of the interaction
between refractories and various slags have employed
the sessile drop method, in which a slag sample is placed
on a refractory ceramic substrate [7 —9; 16 — 18]. This
method makes it possible to analyze the wettability
of refractory ceramics by slag melts, to study surface ten-
sion and wetting angle as functions of temperature, gas
phase, and contact time between the drop and the sub-

strate, and to examine the chemical interaction between
the refractory and the slag.

An important aspect of metallurgical production is
purging of the melt with inert gases at various stages
of steel treatment. During ladle treatment, purging plugs
interact both with liquid metal [19] and, after the melt
has been poured out of the ladle, with slag. This ser-
vice environment leads to wear of the plugs; therefore,
to study changes in the composition of the plug cera-
mics, it is necessary to investigate their interaction
not only with liquid steel but also with slag. As a rule,
a typical ladle slag used in the processing of low-car-
bon steels (pipe steels, automotive sheet steels, etc.) has
the composition: 45 % CaO, 40 % Al,O;, 10 % SiO,,
5 % MgO, with basicity CaO/SiO, =4.5. The purpose
of this study is to investigate the interaction of slag in
the CaO-Al,0,-Si0,-MgO system with Al,O,-based
ceramics, and to analyze changes in the microstructure
and macrostructure of the ceramics and the slag as func-
tions of temperature and interaction time.

[l MATERIALS AND METHODS

The materials investigated were the refractory used
to manufacture ladle purging plugs (95.81 % AlO;,
2.22 % MgO, 1.35 % CaO, 0.33 % Na,O, 0.06 % SiO,,
0.02 % Fe,0;) and a ladle slag (45 % CaO, 40 % Al,O,,
10 % Si0,, 5 % MgO). The slag of this composition
was prepared from pre-annealed pure oxides. The oxide
powders were first mixed in a vibratory cup mill (IV-1).
The obtained mixture was then melted in an ALO, cru-
cible placed inside an outer graphite crucible, using
an induction furnace powered by a high-frequency gene-
rator CEIA Power Cube 180/50 (50 kHz, 180 kVA). After
melting, the resulting slag was crushed and pressed into
pellets 6 mm in diameter, 6 mm in height, and weighing
approximately 0.3 g.

The experiments were conducted in a vacuum resis-
tance furnace equipped with a graphite heater, hou-
sing a seamless molybdenum tube. A ceramic substrate
(40x30x6 mm) was placed on a stand at the tube center,
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and a slag pellet was positioned on the substrate surface.
An optical system provided magnified imaging, which
was recorded with a digital camera for subsequent pro-
cessing. A detailed description and schematic of the setup
are given in [20]. The experiments were performed
as follows. The system was evacuated to 5 Pa, after
which the slag sample was heated to 1273 K. The test
was then carried out in an atmosphere of high-purity
Ar. After the slag melted and the temperature reached
1783 — 1793 K, the sample was held isothermally for
2 h. Changes in the slag pellet profile were recorded with
a digital camera as functions of holding time and tem-
perature. Upon completion of the experiments, cross sec-
tions of the slag and ceramics at the contact area were
prepared, and the interaction zone was examined using
a scanning electron microscope (SEM) equipped with
an electron probe microanalyzer JEOL JXA-iSP100. For
X-ray diffraction (XRD) analysis, a Tongda TD-3700
diffractometer with a vertical goniometer and a high-
speed Mythen detector was used. The phase composition
of the samples was determined with the QualX software
package using the PDF2 ICDD database, while the quan-
titative phase composition was refined in the MAUD soft-
ware package by the Rietveld method.

Bl RESULTS AND DISCUSSION

The interaction of slag (45 % CaO, 40 % AlO,,
10 % SiO,, 5 % MgO) with aluminum oxide-based re-
fractory ceramics was studied. Fig. 1 shows the change

T=1786 K
=250 s

in the slag sample profile depending on temperature
and holding time. From the recorded images of the slag
drop profile, the wetting angle (Fig. 2) was calculated
as the mean value between the right and left con-
tact angles. Notably, the starting point of measure-
ment corresponded to the onset of slag tablet melting
(Fig. 1, a), whereas the formation of a completely liquid
slag drop (Fig. 1, d) occurred only after 220 s. Analy-
sis of the wetting angle revealed a sharp decrease dur-
ing the first 5 min of the test and a short plateau last-
ing 1.5-3.0min (31.0 —29.5°), probably associated
with the melting process. After complete formation
of the drop, the wetting angle (0) decreased from 28
to 20° within 1.5 min (up to 5 min of the test), followed
by a gradual decrease to 13.5° over 115 min. Fig. 2 shows
the variation in the wetting angle with temperature and
holding time. During the test, partial penetration of slag
into the ceramics was observed (Figs. 1, e —f). These
findings demonstrate good wettability of the refrac-
tory ceramics by the slag, which can subsequently lead
to erosion and chemical corrosion, ultimately reducing
the service life of the refractory [5; 21; 22]. Therefore,
the microstructure of the slag and ceramics after the test
was examined in more detail.

Fig. 1 shows a cross section of the ceramic substrate
after the experiment, indicating the zones of slag and
ceramics where the analyses were performed. Using
a scanning electron microscope JEOL JXA-iSP100,
the slag—ceramics interaction zones (zones / and 2 in

T=1780K

150 s

T=1787K
T=2400s

T=1787K
T=7200s

Fig. 1. Slag sample profile depending on holding time and temperature (a — f);
cross section of ceramic substrate after experiment with indication of slag and ceramics zones (I — 5) (g)

Puc. 1. U3menenune npodurt obpasia IIaka B 3aBUCUMOCTH OT BPEMEHH BBIICPKKU U TeMIIepaTypsl (a — f)
1 MOTIEPEUHbIH Cpe3 KepaMHUYeCKOH MOUIOKKHU MOCIIe S9KCIEPUMEHTA C yKa3aHUEM UCCIIeyeMbIX YUacTKOB IIUTaka U kepaMuku (1 — 5) (g)
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Fig. 2. Wetting angle depending on temperature and holding time:
@-6,deg;—-T,K

Puc. 2. VI3mMeHeHne KpaeBoro yria CMauuBaHuUs
B 3aBHCHMOCTH OT TEMIIEPATypbl ¥ BPEMEHH BBIICPIKKH:
@ -6, rpax; -T.K

Fig. 1) and various zones of the ceramics (zones 3 — 5 in
Fig. 1) were examined.

Fig. 3 presents the microstructure and elemental
mapping of the slag—ceramics boundary layer (zone /
in Fig. 1). The slag consists of several structural zones:
light-gray, gray, and dark-gray. In the light-gray zone,
the presence of calcium, silicon, aluminum, and magne-
sium was observed (spectrum 1-1 in Fig. 3). The elemen-
tal compositions of the spectra are given in the Table.
The gray zone contains aluminum and calcium (spect-
rum 1-2 in Fig. 3), whereas the dark-gray zone is rich
in magnesium and aluminum (spectrum 1-3 in Fig. 3).
XRD analysis of the initial slag (Fig. 4, @) and the slag
after interaction with ceramics (Fig. 4, b) showed that it
consists of four phases: Ca, (Mg, Al ,:)(Si, , Al ;0,),
CaAlO,, CaAl,O,, and MgAlO,. Based on the elemen-
tal analysis, it can be assumed that the light-gray zone
corresponds to Ca,(Mg , Al ,.)(Si, ,sAl, ,.O,), the dark-
gray zone to MgAlO,, and the gray zone to calcium alu-
minates [23]. The quantitative phase ratio changed only
slightly before and after the experiment: approximately
62 and 57 % for Ca, (Mg, ,.Al,,s)(Si, ,sAl ;.0,), 16 and
15 % for CaAl,O,, 10 and 14 % for CaAl,O,, and 14 and
14 % for MgAl,O,, respectively.

Elemental analysis and mapping of the ceramics
interaction zone (Fig.3) revealed possible diffusion
of magnesium and calcium from the slag into the cera-
mics (spectra 1-4 and 1-5 in Fig. 3). The boundary layer
consists of calcium aluminate (spectrum 1-6 in Fig. 3),
which, according to the phase diagram [23], corresponds
to CaAl,O,. At the grain boundaries of aluminum oxide
(spectrum 1-7 in Fig. 3), a phase containing calcium and
aluminum (spectrum 1-8 in Fig. 3) was detected, corres-
ponding to hibonite (CaAl,0,,). Small aluminum oxide
grains were found to have completely transformed into

hibonite (spectrum 1-9 in Fig. 3. XRD analysis of the ini-
tial ceramics (Fig. 4, ¢) showed that it contained approxi-
mately 82 % Al,O,, 10 % MgALO,, and 8 % CaAl,O,.
After interaction with the slag (Fig. 4, d), the cera-
mics consisted of about 56 % Al,O,, 12 % MgAlLOQO,,
and 32 % CaAl,0,,. These results indicate penetration
of slag into the ceramics and its chemical interaction with
the material, accompanied by the formation of calcium
aluminates.

Fig. 5 shows the microstructures of the slag—cera-
mics interaction zone (zone 2 in Fig. 1) and various
zones of the ceramics (zones 3 — 5 in Fig. 1). Elemental

Fig. 3. Microstructure (backscattered electron mode)
and elemental mapping of the boundary of slag—ceramics cross section
(zone /, Fig. 1). Elemental analysis of spectra is given in Table

Puc. 3. MukpoctpykTypa (pexkuM 00paTHO OTPaKEHHBIX JIEKTPOHOB)
1 DJIEMEHTHOE KapTHPOBAHKME IPAHUILIBI IONIEPEUHOTO Cpe3a
LITaK — KepaMuKa (yyacTok / Ha puc. 1).

DJIeMEHTHBII aHaJIU3 CIIEKTPOB MPEACTABIICH B TabnuIe
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Elemental composition of the slag and ceramics
represented in Figs. 4 and 5

DJIeMEHTHBII COCTAB IUIAKA H KEPAMHUKH,
npeAcTABJIEeHHBIX HA puc. 3 u S

) Spect- Elemental composition, wt. %
P8 im0 | Mg | Al | Si | Ca | Na
g

1-1  |41.24] 2.23 |22.03| 833 |26.17| -

-2 |43.29] 0.49 |39.86| 0.82 |15.54| -

1-3  |45.89|17.28|36.83| - - -

1-4 |47.74|13.21|3828| - | 077 | -

3 1-5 |48.97| 0.38 {4520 0.63 | 482 | -
-6 |44.11| 0.61 |39.58| 0.80 | 149 | -

1-7 |50.15| — |4985| - - -

1-8 |47.32| 041 |45.66| 0.84 | 577 | -

1-9 |46.15] 043 |46.24| 0.83 | 635 | -

2-1 13998 2.59 |21.59| 8.55 |27.29| -

2-2  |43.14| 0.77 |40.57| - |15.52| -

2-3  |44.3617.69|37.82| - | 0.13 -

2-4 |43.84| 031 |40.84| - |15.01| -

2-5 |46.17| 0.44 | 4633 | 0.82 | 6.24 | -

2-6  |46.14| 0.38 |46.84| 0.55 | 6.09 | -

2-7 |48.13| — |51.87| - - -

3-1 |47.23111.92|40.85| - - -

5 3-2 14949 1.73 |43.61| — | 4.66 | 051
3-3  |48.66| 1.95 |4445) — | 494 -

4-1 4411 2.01 46.77| - 7.11 -

42 ]50.12| 1.89 |4387| - | 412 | -

4-3 14507 — 4122 — [1371] -

5-1 |46.83|10.62 4255 - - -

5-2 4736 - |52.64| - - -

5-3 |4340| - 4090 - |1570| -

54 14620 1.89 [45.78 | 0.50 | 5.63 -

analysis of the slag—ceramics interaction zone (Fig. 5, a)
demonstrates that (1) the slag phase also consists of three
structural zones (spectra 2—1 to 2-3 in Fig. 5, a); (2)
the interfacial zone is composed of calcium aluminate
(spectrum 2—4 in Fig. 5, a); and (3) as in the central inte-
raction zone, complete transformation of small aluminum
oxide grains into hibonite (CaAl,0,,) (spectrum 2-5 in
Fig. 5, a) and its formation along the boundaries of larger
grains were observed (spectra 2—6 and 2-7 in Fig. 5, a).

Elemental analysis of the central zone of the cera-
mics at a depth of about 4 mm (Fig. 5, b) revealed both
the alumomagnesium component of the ceramics (spect-
rum 3-1 in Fig. 5, b) and an increased calcium content
(spectra 3-2 and 3-3 in Fig. 5, ). This confirms slag
penetration into the ceramic substrate during the experi-
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Fig. 4. XRD spectra of the initial slag (a), slag after its interaction
with ceramics (b), those of the initial ceramics (c),
and after its interaction with slag (d)

Puc. 4. JudpakIHOHHBIE CIIEKTPBI HCXOIHOTO HITAKa (a),
HIJTaKa MOCJIe B3aUMOJICHCTBUS ¢ KepaMuKoit (), MCXOIHOM
KepaMHUKH (€) ¥ KepaMHKH MOCIIe B3aUMOACHCTBHS cO 1u1akoM (d)

Fig. 5. Microstructure (backscattered electron mode)
of the various zones shown in Fig. 1:
a —zone 2; b —zone 3; ¢ — zone 4; d — zone 5.
Elemental analysis of spectra is given in Table

Puc. 5. MuxpoctpykTypa (pexXuM 00paTHO OTPaKEHHBIX JIEKTPOHOB)
pas3nuyHbIX obnacteii Ha puc. 1:
a — y4acTok 2; b — y4acTtok 3; ¢ — y4acTtok 4; d — y4acTok 5.
DIIeMEHTHBIN aHAIIN3 CIIEKTPOB IPEACTAaBIICH B TaOIHIE
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ment. Figs. 5, ¢ and d show the edge zones of the ceram-
ics at a depth of approximately 4 mm. These zones con-
tain the alumomagnesium component (spectrum 5-1 in
Fig. 5, d) and aluminum oxide grains (spectrum 5-2 in
Fig. 5, d), as well as areas with elevated calcium content
(spectra 4—1 to 4-3, 5-3, and 5-4 in Figs. 5, ¢, d), corres-
ponding in composition to phases close to calcium alumi-
nates CaAl,O, and CaAl ,0,,.

Thus, it can be concluded that during the experi-
ment, chemical interaction of the slag with the cera-
mics occurred, resulting in the formation of hibonite
(CaAl,0,,) within both small and large aluminum oxide
grains, accompanied by noticeable slag penetration into
the ceramic substrate.

- CONCLUSIONS

The interaction of aluminum oxide-based refractory
ceramics, used in the manufacture of purging plugs,
with ladle slag of composition 45 % CaO, 40 % Al,O,,
10 % Si0,, and 5 % MgO was investigated. A substantial
decrease in the wetting angle (0) to 20° was observed dur-
ing the first 5 min of the test, followed by a slight further
decrease to 13.5° over 115 min. This indicates good wet-
tability of aluminum oxide-based refractory ceramics by
the slag.

Microstructural examination and elemental mapping
of the cross-sectional slag—ceramics boundary layer
revealed that the slag consists of several structural zones:
light-gray, gray, and dark-gray. According to XRD analy-
sis, the light-gray zone corresponds to the compound
Ca,(Mg, ,sAl;)(Si, ,sAl;;0,), the dark-gray region
to MgAl,O,, and the gray region to calcium aluminates.
Only minor changes in the phase ratios were observed
before and after the experiment.

Analysis of the interaction zone showed possible
diffusion of magnesium and calcium from the slag
into the ceramics. The slag—ceramics boundary layer
was found to consist of calcium aluminate (CaAl,O,).
At the grain boundaries of aluminum oxide, the forma-
tion of a phase corresponding to hibonite (CaAl,,0,,) was
observed. Small aluminum oxide grains were completely
transformed into hibonite. XRD analysis of the ini-
tial ceramics showed that it contained approximately
8 % CaAl,O,, while the ceramics after interaction with
slag contained about 32 % CaAl ,0 ,. This confirms slag
penetration into the ceramics and its chemical interaction
with the material accompanied by the formation of cal-
cium aluminates.

Elemental analysis of the ceramics at a depth of about 4
mm revealed the presence of calcium aluminates (close in
composition to CaAl,0, and CaAl,,0,,) in both the cent-
ral and peripheral zones. This indicates slag penetration
into the ceramic substrate during the experiment.

[ REFERENCES / CNMUCOK IUTEPATYPbI

1.

10.

11.

12.

13.

Han J.S., Kang J.G., Shin J.H., Chung Y., Park J.H. Influ-
ence of CaF, in calcium aluminate-based slag on the deg-
radation of magnesia refractory. Ceramics International.
2018;44(11):13197-13204.
https.//doi.org/10.1016/j.ceramint.2018.04.145

Ren X.M., Ma B.Y,, Li S.M,, Li H.X,, Liu G.Q., Yang W.G.,
Qian F., Zhao S.X., Yu J.K. Comparison study of slag corro-
sion resistance of MgO-MgALO,, MgO-CaO and MgO-C
refractories under electromagnetic field. Journal of Iron Steel
Research International. 2021;28(1):38-45.
https://doi.org/10.1007/s42243-020-00421-0

Yan Z., Deng Z., Zhu M. Penetration behavior of CaO-SiO,~
FeO ~MgO—(CaCl,) slags in MgO refractory. Metallurgi-
cal and Materials Transactions B. 2023;54(3):1582—1592.
https://doi.org/10.1007/s11663-023-02787-4

Park J.H., Suk M.O., Jung .H., Guo M., Blanpain B. Inter-
facial reaction between refractory materials and metallurgi-
cal slags containing fluoride. Steel Research International.
2010;81(10):860-868.
https.//doi.org/10.1002/srin.201000157

Wang Y.-x., Li Y.-g., Gao Y.-b., Huang Zh., Zhang H.-j.
High-temperature wetting behavior between slag and refrac-
tory. Journal of Iron Steel Research International. 2024,
31:1304-1319.

https://doi.org/10.1007/5s42243-024-01252-z

Gehre P., Aneziris C.G., Berek H., Parr C., Reinméller M.
Corrosion of magnesium aluminate spinel-rich refractories
by sulphur-containing slag. Journal of the European Ceramic
Society. 2015;35(5):1613-1620.
https://doi.org/10.1016/].jeurceramsoc.2014.11.031

Park J., Lee K., Pak J.J., Chung Y. Initial wetting and sprea-
ding phenomena of a CaO-SiO, liquid slag on MgO sub-
strates. ISLJ International. 2014;54(9):2059-2063.
https://doi.org/10.2355/isijinternational.54.2059

Yu B., Lv X,, Xiang S., Bai C., Yin J. Wetting behavior
of calcium ferrite melts on sintered MgO. IS1J International.
2015;55(8):1558-1564.
https://doi.org/10.2355/isijinternational.ISIJINT-2014-830
Park J., Jeon J., Lee K., Park J.H., Chung Y. Initial wet-
ting and spreading rates between SiC and CaO-SiO,~MnO
slag. Metallurgical and Materials Transactions B. 2016;
47(3):1832-1838.
https://doi.org/10.1007/s11663-016-0606-0

Huang F., Liu C., Maruoka N., Kitamura S.Y. Dissolution
behaviour of MgO based refractories in CaO-Al,0,-SiO,
slag. Ironmaking & Steelmaking. 2015;42(7):553-560.
https://doi.org/10.1179/1743281215Y.0000000003

Zou Y., Huang A., Wang R., Fu L., Gu H., Li G. Slag cor-
rosion-resistance mechanism of lightweight magnesia-based
refractories under a static magnetic field. Corrosion Science.
2020;167:108517.
https.//doi.org/10.1016/j.corsci.2020.108517

Fu L., Huang A., Lian P., Gu H. Isolation or corrosion
of microporous alumina in contact with various CaO-Al,0,~
SiO, slags. Corrosion Science. 2017;120:211-218.
https://doi.org/10.1016/j.corsci.2017.01.018

Ren X., Ma B., Li S, Li H., Liu G., Zhao S., Yang W,,
Qian F., Yu J. Slag corrosion characteristics of MgO-based

473


https://doi.org/10.1016/j.ceramint.2018.04.145
https://doi.org/10.1007/s42243-020-00421-0
https://doi.org/10.1007/s11663-023-02787-4
https://doi.org/10.1002/srin.201000157
https://doi.org/10.1007/s42243-024-01252-z
https://doi.org/10.1016/j.jeurceramsoc.2014.11.031
https://doi.org/10.2355/isijinternational.54.2059
https://doi.org/10.2355/isijinternational.ISIJINT-2014-830
https://doi.org/10.1007/s11663-016-0606-0
https://doi.org/10.1179/1743281215Y.0000000003
https://doi.org/10.1016/j.corsci.2020.108517
https://doi.org/10.1016/j.corsci.2017.01.018

N3BECTUA BY30B. YEPHASA METAJIJIYPTUA. 2025;68(5):468-475.
Anekcandpos A.A., Anyukun C.H. u dp. B3aumozpelcTBre KepaMUKHU Ha ocHOBe Al,0; €O IIJIaKOBBIM pacIlJIaBOM ...

refractories under vacuum electromagnetic field. Journal
of the Australian Ceramic Society. 2019;55:913-920.
https://doi.org/10.1007/s41779-019-00323-9

14. MaB.,YinY.,,ZhuQ., Zhai Y., Li Y., Li G., Yu J. Slag corro-
sion and penetration behaviors of MgAL O, and Al,O, based
refractories. Refractories and Industrial Ceramics. 2016;
56(5):494-501.
https://doi.org/10.1007/s11148-016-9876-y

15. Vazquez B.A., Pena P., De Aza A.H., Sainz M.A., Cabal-
lero A. Corrosion mechanism of polycrystalline corundum
and calcium hexaluminate by calcium silicate slags. Journal
of the European Ceramic Society. 2009;29(8):1347-1360.
https://doi.org/10.1016/j. jeurceramsoc.2008.08.031

16. SongJ., Liu Y., Lv X., You Z. Corrosion behavior of Al,O,
substrate by SiO,~MgO-FeO-CaO-Al,0, slag. Journal
of Materials Research and Technology. 2020;9(1):314-321.
https://doi.org/10.1016/.jmrt.2019.10.060

17. Shen P., Zhang L., Wang Y., Sridhar S., Wang Q. Wettabi-
lity between molten slag and dolomitic refractory. Ceramics
International. 2016;42(14):16040-16048.
https://doi.org/10.1016/j.ceramint.2016.07.113

18. Wang C., Xie C., Xu J., Wan K. Wettability and sprea-
ding kinetics between some refractory materials and mol-
ten calcium aluminate slag. Steel Research International.
2025;(6):2400895.
https://doi.org/10.1002/srin.202400895

19. Shvarts K., Kraus O. Study of penetration of liquid metal
into purge plugs. Ogneupory i tekhnicheskaya keramika.
2013;(4-5):52-56. (In Russ.).

MIBapu K., Kpayc O. M3ydyenue NpOHUKHOBEHUS XKUIKOIO
MeTajuia B IPOIYBOYHbIC POOKU. OcHeynopel u mexuuyec-
xas kepamura. 2013;(4-5):52-56.

20. Ahuchkin S.N., Burtsev V.T., Zagumennikov M.V., Sido-
rov V.V., Rigin V.E. Study of the surface properties of nickel-
based melts by the constrained drop method: 1. Surface ten-
sion. Russian Metallurgy (Metally). 2010;(1):13-17.
https://doi.org/10.1134/S0036029510010039

Anyuknn C.H., bypues B.T., 3arymennuxoB M.B., Cumo-
pos B.B., Purun B.E. MccnenoBanue moBepXHOCTHBIX CBOUCTB
pacIUIaBOB Ha OCHOBE HHKENS METOJIOM OOJbIION Karuiu.
I. TToBepxHOCTHOE HaTsLKEeHUE. Memawt. 2010;(1):15-20.

21. Yang M., Yan Z., Li Z., Lv X., Bai C. Modelling the dis-
solutive wetting of slag-oxide system at high temperatures.
Metallurgical and Materials Transactions B. 2025;56(2):
1573-1587. https://doi.org/10.1007/s11663-024-03429-z

22. Monaghan B.J., Abdeyazdan H., Dogan N., Rhamd-
hani M.A., Longbottom R.J., Chapman M.W. Effect of slag
composition on wettability of oxide inclusions. ISLJ Interna-
tional. 2015;55(9):1834-1840.
https://doi.org/10.2355/isijinternational.ISIJINT-2015-168

23. Slag Atlas: Handbook. Diisseldorf: Verlag Stahleisen GmbH;
1995:634.

Aleksandr A. Aleksandrov, Cand. Sci. (Eng.), Senior Researcher, Head of
the A.M. Samarin Laboratory of Physical Chemistry of Metal Melts, Bai-
kov Institute of Metallurgy and Materials Science, Russian Academy of
Sciences

ORCID: 0000-0002-5028-7623

E-mail: a.a.aleksandrov@gmail.com

Sergei N. Anuchkin, Cand. Sci. (Eng.), Senior Researcher of the
AM. Samarin Laboratory of Physical Chemistry of Metal Melts, Baikov
Institute of Metallurgy and Materials Science, Russian Academy of Sci-
ences

ORCID: 0000-0002-2650-0818

E-mail: AnuchkinSN@yandex.ru

Akim G. Kanevskiy, Cand. Sci. (Eng.), Senior Researcher of the
A.M. Samarin Laboratory of Physical Chemistry of Metal Melts, Baikov
Institute of Metallurgy and Materials Science, Russian Academy of Sci-
ences

ORCID: 0000-0002-9280-9442

E-mail: akanev48@gmail.com

Sof’ya B. Rumyantseva, Cand. Sci. (Eng.), Research Associate of the
Laboratory of Materials Diagnostics, Baikov Institute of Metallurgy and
Materials Science, Russian Academy of Sciences

ORCID: 0000-0003-4508-2524

E-mail: sbvarlamova@gmail.com

Konstantin V. Grigorovich, Academician, Dr. Sci. (Eng.), Head of the
Laboratory of Materials Diagnostics, Baikov Institute of Metallurgy and
Materials Science, Russian Academy of Sciences; Prof. of the Chair of
Metallurgy of Steel, New Production Technologies and Metal Protection,
National University of Science and Technology “MISIS”

ORCID: 0000-0002-5669-4262

E-mail: grigorov@imet.ac.ru

474

Anekcandp Anekcandposuu AsnekcaHdpos, kK.m.H., cmapwull Hay4-
Hblll compyoHUK, 3asedytowutl asabopamopuetl usukoxumuu mMemaJ-
JluYecKux pacnaagos um. akademuka A.M. CamapuHa, UHCTUTYT MeTal-
JIypruy ¥ MaTepuasnoBeeHns uM. A.A. barikoBa PAH

ORCID: 0000-0002-5028-7623

E-mail: a.a.aleksandrov@gmail.com

Cepezeili Hukosaegu4 AHYYKUH, K.m.H., cmapwutl Hay4¥Hsill compyoHUK
sabopamopuu Gu3UKOXUMUU MemalAu4ecKux pacnaasos uM. akade-
Mmuka A.M. Camapura, UHCTUTYT MeTaZIypruu U MaTepUaioBeleHUs
M. A.A. BaiikoBa PAH

ORCID: 0000-0002-2650-0818

E-mail: AnuchkinSN@yandex.ru

Axum lNopayueeuy Kaneeckuii, k.m.H., cmapwuli Hay4yHbIll compydHUK
s1a6opamopuu Gu3UKOXUMUU MeMAAAUHeCKUX pacniasos uM. akade-
Mmuka A.M. Camapuxa, UHCTUTYT MeTa/lJIypruy U MaTepuasaoBeJileHUs
M. A.A. baiikoBa PAH

ORCID: 0000-0002-9280-9442

E-mail: akanev48@gmail.com

Cogpvsa bopucosHa PymsiHyesa, k.m.H, HaQyuHblll compydHuk s1abopa-
mopuu duazHOCMuKu Mamepuanos, UHCTUTYT MeTa/Ulypruy U Mare-
puanoBefeHus uM. A.A. baiikoBa PAH

ORCID: 0000-0003-4508-2524

E-mail: sbvarlamova@gmail.com

Koncmaumun Bcegonodosuu I'puzoposuy, akademuk PAH, d.m.H.,
3asedyrouwjuli 1abopamopueti duazHocmuku mamepuanos, UHCTUTYT
MeTa/UIypriuu U MaTepuasoBesieHus uM. A.A. BaiikoBa PAH; npogec-
cop kagedpul Memannypauu cmaau, HO8bIX NPOU3BOICMBEHHbIX MeX-
HoJ102Ull U 3aWumbl Meman08, HaloHalbHbIN HCC/IeJOBATENbCKUN
TexHoJsiorndeckuil yuuBepcurtet « MUCHC»

ORCID: 0000-0002-5669-4262

E-mail: grigorov@imet.ac.ru


https://orcid.org/0000-0002-5028-7623
mailto:a.a.aleksandrov@gmail.com
https://orcid.org/0000-0002-2650-0818
mailto:AnuchkinSN@yandex.ru
https://orcid.org/0000-0002-9280-9442
mailto:akanev48@gmail.com
https://orcid.org/0000-0003-4508-2524
mailto:sbvarlamova@gmail.com
http://orcid.org/0000-0002-5669-4262
mailto:grigorov@imet.ac.ru
https://orcid.org/0000-0002-5028-7623
mailto:a.a.aleksandrov@gmail.com
https://orcid.org/0000-0002-2650-0818
mailto:AnuchkinSN@yandex.ru
https://orcid.org/0000-0002-9280-9442
mailto:akanev48@gmail.com
https://orcid.org/0000-0003-4508-2524
mailto:sbvarlamova@gmail.com
http://orcid.org/0000-0002-5669-4262
mailto:grigorov@imet.ac.ru
https://doi.org/10.1007/s41779-019-00323-9
https://doi.org/10.1007/s11148-016-9876-y
https://doi.org/10.1016/j.jeurceramsoc.2008.08.031
https://doi.org/10.1016/j.jmrt.2019.10.060
https://doi.org/10.1016/j.ceramint.2016.07.113
https://doi.org/10.1002/srin.202400895
https://doi.org/10.1134/S0036029510010039
https://doi.org/10.1007/s11663-024-03429-z
https://doi.org/10.2355/isijinternational.ISIJINT-2015-168

I1ZVESTIYA. FERROUS METALLURGY. 2025;68(5):468-475.
Aleksandrov A.A., Anuchkin S.N., and etc. Interaction of Al,0;-based ceramics on with slag melt ...

A. A. Aleksandrov - planning and carrying out the experiments, samp-
ling of ceramics and slag, experimental data processing, writing the
text.

S. N. Anuchkin - planning and carrying out the experiments, experi-
mental data processing, writing the text.

A. G. Kanevskiy - analysis of the published data on slag-refractory
interaction, carrying out the experiments, discussion of experimental
results.

S. B. Rumyantseva - examination of the slag-refractory interaction
zone using a JEOL JXA-iSP100 scanning electron microscope (SEM),
discussion of experimental results.

K. V. Grigorovich - problem formulation, scientific guidance.

A. A. AnekcaHdpoe - NIaHUpPOBaHKeE U NPOBeJIeHHE IKCIIEPUMEHTOB,
oT60p npo6 KepaMHUKH U IJaKa, 06paboTKa MoJy4yeHHbIX IKCIepu-
MeHTaJ/IbHBIX JaHHbIX, HOArOTOBKA TEKCTA CTATbH.

C. H. AHyYyKuH - TJIaHMpOBaHWEe W NpOBeJleHHe 3KCIePUMEHTOB,
06paboTKa MOJyYeHHbIX IKCIEPUMEHTAIbHbIX JaHHbIX, OAOTOBKA
TEKCTa CTaTbH.

A. I’ KaHegcKull - aHa/Iu3 JUTEPaTYPHbIX UCTOYHHKOB MO B3aWMO-
JIeHCTBHUIO B CHCTEMe LIJIaK-0THeyInop, NpoBeJileHHe 3KCIIepUMEeHTOB,
06CyX/leHe pe3y/bTaToB.

C. b. PymsaHyeea - wccie[joBaHWe 30HbI B3aWMOJEMNCTBHUS IJaK-
OTHEYIop Ha CKaHUPYIOIeM 3J1eKTPOHHOM MHUKpockone (CIM) JEOL
JXA-iSP100, o6¢cyx/ieHre pe3yIbTaToB.

K. B. I'puzoposuy - nocTaHOBKaA 33/ja4H, o0liee pyKOBOJCTBO HCCJIe-
JIOBaHUEM.

Received 29.04.2025
Revised 11.05.2025
Accepted 14.06.2025

IToctynuna B pemakmuro 29.04.2025
TTocne nopabdorku 11.05.2025
[punsita x myonukarun 14.06.2025

475



