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Abstract. The modern production of ferrous metals requires a significant expansion of the complex of refractory
materials that would make it possible to create porous products with sufficient strength and heat resistance. The high
porosity of heat-insulating refractories causes their low bulk density and low thermal conductivity. In modern technolo-
gical processes of metallurgy, the role of high-temperature linings of various thermal units made of refractory materials
is extremely important. As a result of the study of the mechanisms of destruction of aluminosilicate refractories after
operation in a coke gas cupola using fluorine-containing carbon wastes from aluminum production as a reducing
agent, it was found that fluorine-containing impurities (cryolite NasAlF,, fluorite CaF,, villiomite NaF) decompose and
sublimate at temperatures above 550-600°C and act on the refractory in the gas phase (in the form of vapors). In this
case, the effect of fluorine-containing melts and vapors on the structure of the refractory leads to a decrease in the
amount of glass phase, and to an increase in the degree of mullitization (the amount of secondary mullite formed
from the glass phase). Thus, in almost the entire range of operating temperatures in industrial thermal units, fluorine
from fluorine-containing carbon waste will be in the gas phase and affect the refractory lining over the entire working
surface and the surface of the pore space of open pores. Given that fluorine-containing carbonaceous materials,
when heated, release fluorine into the gas phase already at relatively low temperatures, then in the working space
of thermal units that process fluorine-containing waste, it will be in the gas phase, as well as alkali metals present in
the same waste. Therefore, to increase the resistance of the lining to the corrosive effects of the furnace atmosphere,
it is necessary to use refractories with maximum density (low porosity) and maximum mullite content in the matrix
(finely ground part of the charge). Such a set of properties can be obtained only in refractory products obtained by
any molding method that provides a high density of grain packing and fired to obtain a ceramic mullite binder. Thus,
for the lining of thermal units using fluorine-containing carbon waste as fuel or reducing agent, it is proposed to use
mullite-silica or mullite refractory pressed fired products.

Keywords: heat-insulating and high-alumina refractories, linin, fluorine-containing carbonaceous wastes, cupola slag,
mullite bond, clay, clay bond, alumina, sintering, mullite products, mullite-corundum products, cupola melting, study
of refractories, slag resistance.

Introduction
In the production of high-alumina products,
ground highly plastic clay is used. The properties

High requirements for high alumina products
also apply to bonding clay. The content of undesirable
impurities (oxides of iron, calcium, magnesium, etc.)

of the original clay and the fineness of the grinding
determine the properties of the finished products.
With a semi-dry method for the production of
products, when clay is introduced in a limited amount
and must be evenly distributed over the surface of
fireclay grains, the upper limit of its fineness does not

EIN exceed 0.2-0.5 mm.

should be as low as possible.

High-alumina products are manufactured using
multichamotte technology with a clay binder content
in the charge in the amount of 10-20%. Depending
on the type of feedstock used for the manufacture
of products, various schemes for the preparation of
high-alumina chamotte are used. The use of technical



alumina makes it possible to obtain all types of high-
alumina products.

The ratio and clay of technical alumina is
determined by the calculation for finished products,
and the content of ALQ; in fireclay is taken 5-10%
more than in finished products. This is necessary,
since clay with a lower ALO; content goes into the
bundle.

Technical alumina, having the form of spherulites,
does not sinter well, therefore it is subjected to fine
grinding in vibratory mills together with the dry part
of the binder clay. Grinding bodies are steel balls with
a diameter of 10-15 mm. The fineness of grinding is
controlled by the residue on the sieve of 10,000 holes/
cm? and should be no more than 2%.

Other high-alumina materials are also used in the
refractory industry, for example, high-alumina slags
formed in the production of chromium, titanium,
and some other ferroalloys, and spent alumina-based
catalysts.

Based on the analysis of the existing raw material
base for the production of mullite-containing
refractories and the range of high-alumina products,
refractory kaolins, bauxites or andalusites mixed
with commercial alumina for the production of high-
alumina (mullite-silica or mullite) chamotte and a
mixture of refractory clay and technical alumina as
binder and matrix system of refractory products.

High-alumina refractories were tested as
refractories: mullite dense products of the MLP
brand, obtained according to the traditional fireclay
scheme; mullite products of the MKV-72 brand,
obtained from burnt bauxite; mullite and mullite-
corundum products of the MKV-72A and MKV-80A
grades obtained on andalusite refractory aggregates;
mullite-corundum dense products of the MKTP-85
brand, obtained from corundum and quartz powders.

Slags from an iron foundry coke-oven cupola for
the production of cast iron with spheroidal graphite
(table 1) and fluorine-containing carbonaceous wastes
from aluminum production (table 2) were used as
corrosives in ratios corresponding to their ratio under
production conditions.

Research methods

The study of the processes of fluorine release
from carbonaceous wastes of aluminum production
was carried out on a STA 449 F3 Jupiter synchronous
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thermal analysis device together with a QMS 403
Aeolos Quadro mass spectrometer (NETZSCH)
in aluminum crucibles in the temperature range
of 30+600°C with a heating rate of 10°C/min. The
measuring cell with the sample was purged with
air at a rate of 50 ml/min. The obtained data were
processed using the NETZSCH Proteus software
(figure 1). As a result of the research, it was found
that the removal of volatiles from waste occurs in two
stages. At the first stage, at temperatures of 80-120°C,
fluorine F (molecular weight 19) and partially CO,
(molecular weight 44) are released, and at the second,
above 450°C, the release of carbon dioxide CO, is
activated.

Thus, in almost the entire range of operating
temperatures in industrial thermal units, fluorine
from fluorine-containing carbon waste will be in the
gas phase and affect the refractory lining over the
entire working surface and the surface of the pore
space of open pores.

Therefore, the structure of refractories capable
of withstanding the action of aggressive factors of
metallurgical production resulting from the use of
fluorine-containing waste as a fuel and/or reducing
agent should have the highest possible density (low
porosity) and contain the maximum possible amount
of mullite resistant to fluorine melts and vapors [1-3].

The chemical composition of the studied
materials was determined by the X-ray fluorescence
method on an X-ray fluorescence energy-dispersive
spectrometer ARL QUANT'X from Thermo Scientific,
USA using the UniQUANT program (RhKa radiation;
tube power — 50 W; voltage range — (4-50) kV with a
step of 1 kV , current range — (0-1.98) mA with a step
of 0.02 mA; Si(Li) detector, energy resolution — 150
eV).

The phase composition was determined by XRF on
a Miniflrex 600 rotating anode diffractometer (CuKa
radiation, A=1.541862 A, survey interval —3.00-60.00°,
scanning step — 0.02°) «Rigaku — Carl Zeiss» (Japan)
with control and data acquisition programs MiniFlex
guidance and data processing package PDXL Basic.
Diffraction peaks were identified using the JSPDS
data bank. The semiquantitative assessment of the
phase content was carried out using the corundum
number RIR (Reference Intensity Ratio) according to
the Chung method [1].

The apparent density, open porosity and water

Table 1 — Chemical composition of cupola melting slag

Components AlLO; Sio, Fe,O;

Rzo

Ca0 MgO TiO, S MnO

Containing mass % 18,16 50,26 12,93

0,091

10,18 1,03 1,28 0,15 2,218

Table 2 — The chemical composition of the breakage of electrodes of aluminum production

Components C NaF

A|203

Na,AlIF; Na,CO; CaF, Sio,

Containing mass % 62,0

12,0 3,0

13,0 3,5 3,0 3,0
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absorption (for kerosene) were determined according
to GOST 2409-2014 «Refractories. Method for
determining apparent density, open and total porosi-
ty, water absorption».

The slag resistance of products was determined
according to DIN 51069-72 part 2 «Testing of ceramic
raw materials and materials. Comparative tests
of resistance of refractories to corrosion under the

influence of solid and liquid substances at high
temperatures».

The chemical and phase composition of the
investigated high-alumina refractories are presented
in tables 3 and 4.

The results of the study of the resistance of various
mullite-containing refractories to fluorine-containing
slags are shown in the figure 2 and in table 5.
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Figure 1 — Derivatogram of a sample of fluorinated carbon waste with mass spectrometry results

Table 3 — Chemical composition and properties of the studied refractories

N Chemical contents, mass, % Features
Sio, Al,O, Fe,0; R,O Open Porosity % | Compressive strength, MPa
MLP 30,3 63,9 0,80 0,22 15 80
MKV-72 15,3 79,3 0,85 0,25 18 65
MKV-72A 16,0 77,9 1,2 0,25 19 70
MKV-80A 16,6 80,1 0,68 0,41 20 40
MCHD-85 10,5 87 1,3 0,35 20 60

Table 4 — Phase composition of the studied refractories

Phase composition, mass fraction, %
Name Al,0; SiO, 3Al,0; 2Si0, Sio, Al,O;
MLP - 78 4,0 7,0
MKV-72 impurities 61 - 30
MKV-72A 5,7 62 2,9 33
MKV-80A 11 49 1,0 50
MKTP-85 - 52 1,0 65
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T MKV-72 with

o2 additives

Table 5 — Mineral composition of slag impregnated zones (%)

Name Contents M | MKvz2 VT2 MRVEO s
with andalusite
Mullit 3Al,05x2Si0, 20-25 10-15 10-15 35-40 35-40
Andalusite Al,05xSiO, - - 3-5 10-15 -
Herzenite-magnetite Fe(Al,Fe),0, 10-15 10-15 10-15 10-15 15-20
Solid Solution [Al,Os-Fe,0s] (Al,Fe),0s 10-15 25-30 25-30 10-15 5-10
Gelenit (2Ca0xAl,05%x2Si0,) 2-5 5-10 5-10 5-7 5-7
Fayalite 2Fe0xSi0, 5-7 10-15 10-15 7-10 10-15
Glass phase + cristobalite ROxAIl,O;xFe,0,xnSi0,+Si0, | 25-30 35-40 35-40 20-25 20-25

With the use of a binocular, the following
maximum depth of slag impregnation of samples
was established: MLP ~1.0%; MKV-72 ~3.0%; MKV-
72 and MKV-80 (based on andalusite raw materials)
~2.0%; MKTP-85 ~2.0%.

Since cupola slag with fluorine and alkali
additives has a low viscosity and complete wetting
of all refractory phases of these products, the
impregnation depth is determined mainly by the
number and diameter of open pores and the chemical
interaction of the refractory with slag [4].

An analysis of the microstructure of the
impregnated zones of the investigated refractories
indicates the reaction between all samples and the
fluorine-alkali-containing slag melt according to the

scheme of impregnation and partial dissolution, with
the formation of ferruginous mullite and corundum,
gehlenite, fayalite, and a large amount of glass phase.
The minimum impregnation and the highest slag
resistance are shown by a sample of the product of
the MLP brand, which is due to the high viscosity of
the reaction melt (refractory-slag contact) and low
channel porosity. A highly viscous (acidic) contact
layer closes the pores (Tmelt — 1400°C). Samples of
products of the MKV-72, andalusite MKV-72 and
MKV-80, MKTP-85 brands will probably not last
longer than the MLP brand, since it contains the
minimum amount of SiO, consumed for the formation
of a contact glass phase.
Mullite-containing  products

under service
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conditions (in a reducing fluorine- and alkali- | synthetic (high-alumina chamotte) materials using
containing environment) interact not with metallic | the technology of multi-chamotte products by semi-
iron, but with a gas atmosphere, slag and metal dry pressing.

oxidation products FeO, Fe,O;, Fe;O,. Wear occurs 2. The resistance of products under operating
due to melting due to the formation of a low-melting | conditions under the influence of a fluorine- and
reaction layer at the contact of products with the melt | alkali-containing atmosphere under reducing
of a thermal unit (eutectic in the system CaO-FeO- | conditions will depend on the density of the structure
Fe,0;5-5i0, ~1200°C). Under these conditions, the | (open porosity) and on the amount of mullite in the
maximum resistance is provided by the maximum | original refractory.

content of mullite in the refractory and its minimum 3. The optimal high-alumina filler for the pro-
open porosity. duction of mullite products that are stable in thermal
units using fluorine-containing carbon waste as a

Conclusions fuel or reducing agent will be high-alumina grog of

1. Mullite dense refractory products can be = mullite composition with a minimum content of glass
obtained from natural fired (bauxite, andalusite) or | phase.
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AHOamna. Kasipei 3amaHFbl Kapa Mmemasn eHoipici omKa mesimoi mamepuandap KeuweHiH edayip keHelimydi manan
emeOdi, 6yn onaposiH bepikmizi MeH bicmbiKKa me3imoiniai yemkinikmi keyekmi eHimOep Hacayra MyMKiHOIK 6epedi.
Hbiay oKwaynarbi o0mKa mesimoi 3ammapoblH HOFapel Keyekmisniai 01apo0blH memeH KesneMOiK molfbi30biFbl MeH
MeMeH Mblay emkizeiuimiziH aHeiIkmatidel. MemanaypausHelH Ka3ipai mexHon02uAbIK npoyecmepiHoe omKa me3imoi
mMamepuandapOaH HAcanFraH apmypsi Hbiay a2pe2ammapbiHbIH HOFapsl memnepamypansi meceHiumepiHiH peni
XN cpexwe manbizdel. Antomunuii eHdipiciHig KypameiHda ¢pmopel 6ap KemipmeKkmi KandblKmMapsiH MOMbIKCbI30aHObI-
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proiW pemiHde nalidanaHa omelpsir, KOKC-2a3 8a2PAHKACLIHOA NalidaanaHFAHHAH KeliH aAlMUHOCUAUKamMMmMel OMKa
mesimoinepdiH 6y3biay MexaHusmMOepiH 3epmmey HamuxeciHoe KypambeiHOa ¢pmopel 6ap Kocrianap (NasAlFs kpuo-
aumi, CaF, ¢paroopumi, NaF susanuomumi) 550-600°C yxcorapsi memnepamypada bidblpalimeiHbl #aHe cybaumMayusaaa-
HamMbIHbI #aHe 2a3 ¢azacbiHOarsl (6y mypiHOe) omKka mesimoinikke acep ememiHi aHbIKMAnAobl. byn pemme Kypa-
MbIHOa ¢hmopbl bap 6anKbimaaap meH bynapobiH omKa me3imoi KypblabIMFG acepi WblHbl (Pa3a CAHbIHbIH A30HbIHA
HAHe Myaaumu3ayus 0apexeciHiH (WoiHbl pa3zadaH my3sinemiH Kalimaanama myanum mesawepi) YArarobiHa aKesneoi.
Ocblnatiwa, eHePKaCimmiK H#biay KOHObIPFbIAAPLIHOAFbI HCYMbIC MEMIepamypacsiHbiH 6apbiK OUana30Hb6IHOA hmopbl
b6ap Kemipmezi Kan0bIKmapbIHaH (pmop 2a3 pa3aceiHOa 601a0bl #aHe byKin Hymbic bemi MeH auwbiK KeyekmepoiH
KeyeK KeHicmieiHiH 6emiHde omka me3imoi mecemze acep emedi. ®mopsl bap Kemipmekmi Mmamepuandap Kbi3FaH
Ke30e (hmopObl 203 (ha3aCbIHA CA/bICMbIPMAbI Mypoe mMemMeH memnepamypacd WslFapamsiHObIFbIH €CKepe 0mbipbir,
@mopOobl ycmalimbiH Kaa0biIKmapOsl eHOelmiH 1#blay KOHObIPFbIAAPbIHbIH HYMbIC KeHicmi2iHOe 01 2a3 ¢a3acbiHOa,
COHOali-aK con KandelKkmapoarsl cinmini memandapoa 60a1a0bl. COHObIKMAH, MeceHiwmiH new ammocgepacsiHbIH
KOppO3UAsbIK acepiHe me3iMOinieiH apmmeblpy ywiH MAKCuMasndbl MbiFbi30biFbl (MOMEH KeyeKkminiai) aHe mampuuya-
0aFrbl MyaaumMmiH, Makcumanosl meauepi (3apadmelH #yKa benizi) 6ap omka me3imoi 3ammapOosl KoAOAHY Kaxem.
MyHOali Kacuemmep #UbIHMbIFbIH Ke3-Kes2eH Kaabinmay a30iCiMeH anblHFaH omka me3imoi bylieimoapdaH anyra 6o-
nadel, 6yan acmelk KAOMMAMACbIHbIH HOFapbl MbiFbl30biFblH KAMMAMACLI3 emeodi HaHe KepamuKaaelk myaaum 6alina-
MbIH anfaHFa OeliiH Kylin kemeoi. Oceinatiwa, KypameiHOa ggmop bap kKemipmeKkmi Kaa0biKmapodsl OMbIH Hemece mo-
MbIKCbI30aHObIPFbIW pemiHOe nalidanaHamelH Xblay aepe2ammapsiH pymepsey yuwiH Myanum-KkpemHe3emoi Hemece
MyAaUM 0mMKa mesimoi npecmenzeH KylidipineeH bylieimoapdsl nalioasnaHy ycbiHblAA0bI.

Kinm ce30ep: »cblay OKWaynarbiW HIHE HOFapsbl 2nuHO3eMOi omKa mesimoi, hymeposKa, KypameiHOa ¢gmop bap
Kemipmekmi Kandbikmap, myaaum balnamel, ca3, ca3 balinamsl, cazbanwelk, ¥xeHmexkmey, myaaummi bylieimoap,
MynaumeopyHomel bylisimoap, 8azpaHkansl 6anKsbimy, omka mesimoi 3ammapdsbl 3epmmey, KOXFa me3simoiniK.
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AHHomayus. CospemMeHHoe Mpou3soocmeo YepHsix Memassno8 mpebyem 3HAYUMENbHO20 PACWUPEHUA KOMIAeKca
02HEYMOoPHbIX Mamepuanos, Komopele No3eoaunu sl co30ames nopucmele uzoenus npu 0ocmamoyHol ux nPo4YHocmu
u mepmocmolikocmu. Beicokas nopucmocms menaou3onayUuoHHbIX 02HEYNopos obycaosausaem ux Masayro 06beMHYHO
M70MHOCMb U HU3KYIO MErn0npo8o0HOCMb. B co8peMeHHbIX MeXHOI02UYECKUX MPoyeccax Memarssaypauu poss 8bl-
CoKomemnepamypHsix hymeposoK pasu4HbIX MErs08biX a2peaamos, 8biMoMHEHHbIX U3 02HEYNOPHbLIX MAmMepuasos,
UCK/IOYUMesbHA 8aM(HA. B pe3ysibmame uccied08aHUA MeXaHU3Mo8 paspyweHUs aaroMOCUIUKAMHbLIX 02Heyrnopos
rocse 3KCnaAyamayuu 8 KOKCo2a3080l 802paHKe C UCMOb3080HUEM 8 KA4ecmae 80CCMAH08UMEsA (hmopcodepHaujux
yenepoducmelx omxo008 aAloMUHUEB8020 Npou3eodcmea ycmaHoes1eHo, Ymo gpmopcodepxcaujue npumecu (Kpuoaum
NasAlF,, garoopum CaF,, sunnuomum NaF) paznazaromcs u 80320HAOMCA Npu memnepamypax esiwe 550-600°C u 803-
delicmeytom Ha o2Heymnop 6 2azoeoli ¢hase (8 sude napos). Mpu amom so3delicmeue pmopcodeprawux pacnaasos u
11apos Ha CMPyKMypy 02Heynopa npueooum K CHUMEHUIO KOUYecmaa cmeks10¢assl U K ysenudeHuro cmeneHu mysnu-
mu3ayuu (Koauyecmaa 8mopuyHoO20 Mysauma, 06pasyowe2ocs U3 cmekaogassl). Takum ob6pasom, MPAKMUYECKU 80
8CéM UHMepsasne pabo4ux memnepamyp 8 MPOMbIUIEHHbIX Mers08bIX dzpe2amax hmop U3 hmopcoodeprawjux yeae-
poducmoix omxodos bydem Haxo0umobcA 8 2a3080l ¢hasze u 8o30elicmeosams HA O2HEYNOPHYH hymeposKy no eceli
paboyeli nosepxHOCMU U M0BEPXHOCMU 10POB020 MPOCMPAHCMEA OMKPbLIMbIX MOP. Y4UmMelgas, Ymo (pmopcodepia-
wue yenepooucmesie Mamepuarsl Npu HazpesaHuu 8bl0eAM ¢hmop 8 2a308YH0 (ha3y yHe NPU OMHOCUMENbHO HU3KUX
memmnepamypax, mo 8 paboyem MpocmpaHcmee mernsaossbix azpeaamos, rnepepabamel8aOWux pmopcodepicaujue
omxo0sbl, oH 6ydem Haxo0umobcA 8 2030800 haze, MAK He KAK U WesnouyHble Memarsssi, npucymcmeayouue 8 smux
e omxodax. CnedosamersibHO, 014 N08bIWEHUA CMOUKOCMU hymeposKU K Koppooupyrouwiemy 8o30elicmauto neyHol
ammocgepbl Hy#HO UCMOMb308aMb 02HEYNopsbl ¢ MAKCUMAAbHOU NMA0MHOCMbIO (HU3KOU Mopucmocmeto) U mMakcu-
MOsIbHBIM COOEPHAHUEM MYyAaAUMa 8 mampuue (moHkomosomol yacmu wuxmel). Takoli Habop ceolicme MOXHO Mo-
A1y4UmMb MOsbKO 8 02HEYrNOPHbIX U30enusx, noaydyaemoix A1066iM Memooom ¢hopMosaHuUs, obecrneyusaroujum 8bICOKYHO
M0MHOCMb YAKOBKU 3EpeH U 060X HEHHbIX 00 MoAyYeHUA Kepamuyeckol mynnumosoli ceasku. Takum obpazom, 014
hymeposKU mernso8bix aepeaamos, UcCrosb3yruUux 8 Ka4ecmae monausa uau 80CCMAaHo8UMeEsA hmopcodepicaujue
yenepooucmele omxo0dbl, npedaazaemcs Ucrnosns6308ame MysaaUMOKpeMHe3EMUCMeble Uau Mysaaumosele 02HeynopHsle [ 39 |
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rnpeccoeaHHvle 060X EHHbIE U30enus.

Kntouesble cnoea: mernsnou3onayuoHHbIE U 8bICOKO2/IUHO3EMUCMbIE O2Heyrnopsl, ¢hymeposKka, ¢pmopcodepraujue
yenepooucmele omxo0bl, 802PAHOYHbIU WIIAK, MyAAUMO8BAs C8A3KA, 2/UHA, 2/IUHAHAA C8A3KA, 2/UHO3eM, CreKaHue,
Mysnaumosble u3oenus, MysaaumoKopyHOOo8ble U30esnus, 8A2PAHOYHAA 1/108KA, UCCAe0080HUE O2HEYrnopos, W/aKoy-
cmoliyusocme.
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