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BEHAVIOR OF TUVA CLAYS MIXTURES WITH SLIME AND CAKE OF
DEARSENATION FROM KHOVU-AKSY DUMPS DURING ROASTING

Abstract: The article presents the data on the studies of phase transformations in the mixtures of clays from the Krasnoyarsk and Sukpak
deposits of Tuva with the sludge of the Khovu-Aksy dump and the cake of its dearsenation. It is shown that when mixtures of clays with
cake are heated, phase changes occur due to the gradual decomposition of silicates with the removal of various types of moisture, and
also by decomposition of carbonates with CO, emission. In this case, active amorphous oxides are released which, at high temperatures,
can form new structures such as spinel, mullite, and plagioclase. Some differences in the composition of clay from the Krasnoyarsk
deposit in comparison with clay from the Sukpak deposit promote an enhancement of the technological properties of the former. Cake
from dearsenation contains, along with silicate components, also sodium-magnesium silicate, which may promote the formation of readily
melting structures in the formed multicomponent system. The cake is almost free from arsenic, which makes it possible to use it as an
initial technogenic raw material for the production of various types of building materials and ceramic products. In the composition of sludge,
an arsenic-containing compound of the group of vivianites was detected. It is parasimplesite, Fe,(AsO,)8H,0O; it decomposes when the
mixtures are heated, interacts with CaO and forms a new compound — johnbraumite Ca,(AsO,),(OH). If this compound is present in rather
high concentration (about 13 %) in the sludge, the use of the sludge in ceramic production may be decided only after special investigation.
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Introduction. For remote regions of our country,
the availability of raw materials and their effective
use seem to be the most important factor of social,
economic and technological development. In particu-
lar, the availability of raw materials in the region can
be the determining factor for the development of the
construction industry in the region.

So, for example, the Republic of Sakha (Yakutia)
fully provided its needs for solid bricks (porous ce-
ramics) in the first half of the 20th century, producing
up to 20 thousand pieces per year [1]. At present, the
production of local raw materials and other types of
ceramic building materials is being carried out, fully
satisfying the requests of the Republic in this type of
products [2].

At the same time, in the Republic of Tuva, until
recently only full-bodied bricks of the M-75 brand in
the amount of ~ 2-3 thousand pieces / year was pro-
duced. The needs of the Republic only in solid bricks
are ~ 20-22 thousand pieces / year. The deficit is cov-
ered by revenues from other regions, which increases
the cost of the material (due to transportation costs)
by 1.5 to 1.7 times [3]. To get out of this situation,
it is necessary to provide the industry with the nec-

essary raw material basis, to conduct a complex of
necessary studies of the properties of the raw materi-
als to be produced, to develop the technologies for its
processing with the expansion of existing works and
organizing new ones to produce the required range of
ceramic products.

An analysis of the geography of clay deposits in
Tuva [3-5] showed that the existing clay deposits of
the necessary group are located on the territory of
Tuva in hard-to-reach areas and their extraction is
still difficult. Therefore, montmorillonite clays are
used as the main plastic raw material, and to obtain
the necessary technological properties, pegmatites
instead of natural melts are found in inaccessible
places, various technogenic wastes are introduced
into the charge, for example, quarry stone, asbestos,
etc. Experiments were carried out to replace natu-
ral melts with the sludge of the Khovu-Aksy dumps
(waste from the Tuvakobalt combine) [4-6]. These
preliminary experiments have shown the possibili-
ty of obtaining a ceramic material of a dense shard
with the use of local clays and dump slurry of the
Tuvakobalt combine. However, in these experiments,
the ecological factor was not taken into account - the
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presence of high levels of arsenic in the sludges used
(~3.0-6.3 %). How will the arsenic compounds pres-
ent in the sludge behave in the process of production
and further exploitation of the products - this question
remains open.

Therefore, in order to determine the possibility of
maximizing the use of local raw materials for the de-
velopment of the construction industry in Tuva, the
Institute of Solid State Chemistry and Mechanochem-
istry of the RAS, Siberian Branch (SB RAS) is con-
sistently working on the investigation of the properties
of the mineral and secondary (technogenic) resources
of the Tuva region. In accordance with the planned
work program, thermal decomposition of the clays of
the Krasnoyarsk and Sukpak deposits of Tuva and the
dumping products of Khovu-Aksy (dump slurry and
dearsenation cake) are being carried out.

This article is devoted to the next stage of the
work: the study of the phase transformations occur-
ring in mixtures of the clays of the Krasnoyarsk and
Sukpak deposits with the products of the Khovu-Aksy
dumps (sludge and cake of its dearsenation) during
their roasting.

Experimental part. A study of possible phase
transformations occurring during roasting of the mix-
tures of clays with the dumping products of Khovu-Ak-
sy was carried out on clay samples from the Sukpak
and Krasnoyarsk deposits of Tuva, the samples of the
Khovu-Aksy dump and the cake of its dearsenation.
Samples for the study of phase transformations during
roasting in clay mixtures with dumping materials in a
1: 1 ratio were subjected to thermal analysis (DTGA)
using a Pauliik Pauli-Erdei (Hungary) derivatograph
of the MOM-1000 type. The process conditions are
standard: heating rate ~ 10 deg/min, air environment,
temperature limit - 950-1025 °C.

The initial materials and products of thermal anal-
ysis were studied for the mineralogical (phase) com-
position by X-ray diffraction (XRD) analysis using a
powder X-ray diffractometer ARL XTRA from Ther-
mo Scientific ARL Products (Switzerland). The sam-
ples were abraded in alcohol and applied to a glass
substrate with a preparation thickness of ~20 mg/cm?.
The samples were scanned (Cu-Ka radiation) in the
range from 2° to 65° (20) in 0.05° increments, the
scanning time at each point was 3 sec. The interpre-
tation of X-ray diffraction patterns of minerals was
compared with the reference data of the International
powder database ‘“Powder diffraction files” (PDF).

In interpreting the results of thermal analysis
(DTGA) of the products studied, data on the chem-
ical, physicochemical and thermochemical properties
of individual compounds, minerals available in the
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reference and scientific literature were additionally
used [7-13].

The data of the mineral composition of the starting
products and after their thermal analysis, obtained us-
ing XRF, are presented in the table.

Table - Mineral composition of raw materials

Source . -
N materials Mineral composition
Sukpak clay
Dominate quartz and calcite
Initial plagioclase, kaolinite, potassium
sample There are feldspar (kps), mica, smectite
! Traces of illinite-smectite, hematite
Dominate quartz, plagioclase
DA'If'tg,rA There are | potassium feldspar (kps), hematite
P—— - >
Traces of | Mica, illinite, smeqﬂte, anastase (?),
Jarosite (?)
Krasnoyarsk clay
Dominate quartz, kpsh, plagioclase, calcite
Initial chloride, kaolinite, mica (muscovite
sample There are type), Smectite
2 . _ . . . .
Traces of llinite-smectite, her_natlte, siderite,
goethite
Dominate quartz, plagioclase
After . .
DTGA There are | potassium feldspar (kps), hematite
Traces of mica, magnetite, goethite (?)
Sludge dump
Magnesium calcite,
Dominate Parasimplisite-Fe,(AsO,),8H,0
Initial [PDFcardNe350461]
sample |There are Dolomite, calcite, smectite
i i i ?
Traces of Chloride, amphibole, mica, cps (?),

3 D =347 (?)

Quartz, anhydrite CaSO,,
aluminosilicate (neoplasm,?),
Hematite, Jonbaomite Ca, (AsO,)

After | Thereare| a5 ipnFcard Ne330265] kapsh,
DTGA plagioclase, portlandite Ca(OH),,
goethite
Traces of Ca-Fe-Mg-garnet (?)
Leaching cake
SilicateNa,Mg,Si,O,
. There are [PDFcardNe331265],
slgrglalle Calcite, magnetite-hematite
P Traces of Zeolite (zhismondin?), Quartz,
d=6.32(?),4.37 (?)
4 ) Silicate Na,Mg,Si.O
Dominate [PDFcardNe331265]
Magnetite Fe,O,, hematite Fe,O,,
After There are NaAISiO, [PDFcardNe110221 7],
DTGA Brediigite Ca,,Mg,(SiO,),
[PDFcardNe360399 ?]
Traces of VesuvéaniteCa,AlL[SiO,],(OH),

[PDFcardNe380474 2], Mullite(?)
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Thermal analysis (DTGA) of a mixture of Kras-
noyarsk clay + dearsenation cake. The product of a
thermally analyzed sample of this mixture contains, in a
given proportion, all mineral phases of the initial constit-
uents of the mixture subjected to thermal analysis (see
table). The results of the series of experiments (the ther-
mogram of a separate experiment is shown in Figure 1
as an example) showed that when the mixture is heated,
the same processes of thermal decomposition take place
as in the samples of individual products. Interactions be-
tween the components of clay and cake are not noted.
Some minor deviations, observed from the temperature
limits and the loss of mass from one experiment to an-
other, do not violate the general nature of the thermal
decomposition of the material.
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Figure 1 — DTGA of the sample composed from a mixture of the
Krasnoyarsk clay with dearsenation cake

Thus, in the temperature range of ~ 80 - 300 °C,
sorbed and hydrated moisture is removed; In the in-
terval ~ 450-600 °C, the destruction of silicate phases
containing bound water and hydrated groups (H,O,
(OH), etc. in the structure) occurs. Within the range
of 700-770 °C, decomposition of calcite begins with
the removal of CO, and the formation of amorphous
magnesium and calcium oxides, the decomposition
proceeds up to temperatures of 850 = 900 °C. Further,
in the temperature range 860-1025 °C, after complete
decomposition of calcite and destruction of chlorite
and kaolinite with the formation of amorphous phases

(ALQ,, Si0,, Ca0, etc.), their subsequent structuring
begins in new crystalline phases such as mullite, spi-
nels, plagioclase, etc.

At the initial stage of heating, in the temperature
range up to 220 - 280 °C, the mass loss is 3.3 - 3.9 %;
at subsequent heating up to 415-460 ° C - 1,1-1,7 %;
up to 600 °C - 2,8-3,9 %; up to 720-760 °C - 2,2-4,4 %
and up to 880 °C ~1,7 %. The total mass loss is within
13 %.

As a result of the thermal impact, the material in
the crucible is heavily compacted and hardens with-
out changing the volume. However, sintering does not
occur. Under mechanical action, the material easily
crumbles.

Thermal analysis (DTGA) of a mixture of Sukpak
clay + dearsenation cake. The initial sample of this
mixture also contains, in a predetermined proportion,
both basic and impurity mineral phases present in the
initial components of the mixture: quartz, sodium
magnesium silicate, etc. (see table).

On the thermograms of samples of this mixture
(Figure 2), clearly expressed endo-effects with max-
ima within the temperature range of 110-130 °C are
due to the removal of sorbed moisture (introduced
mainly by cake). In some experiments, their magni-
tude may differ somewhat, which may be due to the
influence of external conditions in the preparation of
samples (air humidity, storage time, etc.). In the tem-
perature range of ~ 480-600 °C, hydrated silicates (for
example, kaolinite) decompose with the removal of
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Figure 2 - DTGA samples of the mixture of Sukpak clay and
dearsenation cake
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structural water and other moisture relics and possible
initiation of the formation of amorphous oxide phas-
es. When heating is already in the temperature range
<700 °C, decomposition of magnesium calcite begins
with the separation of the amorphous phase of mag-
nesium oxide. With a subsequent rise in temperature
(within ~720-790 °C), the decomposition of calcite
continues, but already with the formation of calci-
um oxide. At temperatures > 800 °C the processes of
decomposition of calcite relics and hydrated alumi-
nosilicate phases terminate and the process of forma-
tion (endo-effects at 850-890 and ~1000-1050 °C) of
the new decomposition products (amorphous active
oxides) of new crystal structures (spinels, mullite,
plagioclase) take place.

The change in the mass of the samples during
heating occurs within the framework of the thermal
processes described above. Thus, within the limits of
temperature up to 200-240 °C the mass of the sample
decreases by 2.8-3.3 %. At the next stage, within the
limits of temperature up to 425-480 °C, the mass loss
is 2.4-3.3%. Further, when the temperature rises to
720-750 °C and 800 °C, the weight loss is 3.3-5.3 %
and 1.1-1.7 %. The total weight loss is in the range of
12.8-13.3 %.

Depending on the maximum heating tempera-
ture, the cinder material acquires various mechani-
cal qualities. So, if the experiment was finished at a
temperature of ~ 1000 °C, the material in the cruci-
ble was somewhat compacted without changing the
volume, but disintegrated under slight mechanical
influence. At a higher final temperature of the ex-
periment (1040-1060 °C), the material already has
a strong cinder conglomerate with an unchanged
volume of its mass and crumbles only when im-
pacted.

Thermal analysis of mixture of Krasnoyarsk
clay + sludge. The initial phase composition of
the mixture is determined completely by the phase
composition of the sludge and clay (table) and their
proportions in this material. The mixture contains
parasimplezite, magnesium calcite, quartz, kps (po-
tassium feldspar), plagioclase, dolomite, kaolinite
and a number of other components contained in
the starting clay and sludge. It should be noted
that parasimplezite - Fe (AsO,),-8H,0 (accord-
ing to PDF card Ne350461) differs from the natu-
ral speed of FeAsO,-2H,O in that it is ferrous and
contains not two but eight molecules of crystalli-
zation water, characteristic for the whole group of
Vevianites [9]. When the mixture is heated, a num-
ber of phase transformations occur in the material,
fixed as endo-effects on the DTA curve (Figure 3)
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with maxima at 100, 176, ~370, 565, and 800 °C.
These transformations are accompanied by a phased
mass loss, roughly determined by the final tempera-
tures: 176, 460, 650 and 800 °C. It should be noted
that the endothermic course of the DTA curve from
the diffuse exo-peak 890 °C to 1010 °C is not ac-
companied by a change in the mass of the sample.
This course of the DTA curve can be determined
by structural transformations, the formation of new
high-temperature structures based on amorphous
oxides: plagioclase and other high-temperature alu-
minosilicates such as spinels, mullite, etc.
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Figure 3 - DTGA samples of the mixture
of Krasnoyarsk clay and sludge

Based on the data of DTGA, RFA and literature
sources, itis possible to represent the dynamics of the
phase transformations occurring when the mixture
is heated. In the temperature range of ~ 100 °C,
the sorbed moisture is removed. A pronounced
effect on DTGA with a maximum at 176 °C,
accompanied by a sharp loss of mass, corresponds
to the decomposition of parasimplisite. According
to XRF data in the sample, after initial heating to
300 °C, the initial parasimplezite is completely
absent, and a new phase, johnbraumite,
Ca(AsO,),(OH). appears. Probably, the process
occurs according to the reaction:

3Fe,(AsO,) 8(H,0) + 10CaCO, + 20, =
=2Ca (AsO,)(OH) + 2Fe,0, + Fe 0, +
+2 FeOOH + 10CO, + 22H,0.
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Further, up to temperatures of ~ 450 °C, the re-
sidual hydrate and crystallization moisture of the
mineral phases can possibly be removed: chlorite,
mica, etc. Within the temperature range of 450 to
650 °C, aluminosilicates (kaolinite, smectite, etc.)
decompose, with the loss of structural (molecular)
water. At subsequent heating up to ~ 800 °C, an in-
tense decomposition of dolomite and calcite occurs
to form amorphous magnesium and calcium oxides,
and the removal of CO,,.

Thermal process is accompanied by heating with the
following loss of material mass: up to 176 °C - 2,2 %;
Up to~450°C-2,2%; Up to~ 650 °C - 3,9 % and up
to ~ 800 °C - 5,0 %. The total weight loss is 13.3 %.

Thermal analysis of the mixture of Sukpak clay +
sludge. The mineralogical composition of this mix-
ture includes a corresponding proportion (1: 1) of the
constituent components of the mixture. The constitu-
ent phases in it are: parasimplezite, calcite, dolomite,
quartz, kaolinite, plagioclase, possibly feldspar and
otheraluminosilicates. Thermal analysis showed rather
good similarity of the position of the thermal curves of
the DTGA of this material to temperatures of ~ 700 °C
(Figure 4) with the position of these DTGA curves of
the samples of the sludge mixture with Krasnoyarsk
clay (Figure 3). Although, it is noted that the endo-ef-
fect on DTA, corresponding to the removal of sorbed
water (at 120 °C), is more pronounced than the analo-
gous endo-effect on DTA samples of the mixture with
Krasnoyarsk clay, and the endo-effect of decomposi-
tion of aluminosilicates with a minimum at 560 °C is
somewhat blurred and less in area. Upon subsequent
heating on the DTA curve, a sharp bifurcation of the
endo-effect is noted at ~ 750 °C with an increase
in the sparing of the subsequent part of the endo-
effect peak, while on the DTG curve the line segment
broadens, characterizing the change in the rates of
the phase changes occurring at these temperatures
in the sample. On the DTA curve, endo-effects at
900 and 1000 °C are more clearly detected. All this
is due to some difference in the phase composition
of the Sukpak clay from that of the Krasnoyarsk
clay (Table). Thus, quartz and calcite are dominant
in the composition of the Sukpak clay, and in the
composition of the Krasnoyarsk clay, the list of
dominant constituents contains, in addition to cal-
cite, also potassium feldspar and plagioclase. This
indicates that during the thermolysis of the mixture
with Sukpak clay, the decomposition of magnesium
calcite proceeds more intensively, and subsequent
reactions of the formation of new phases with more
active participation of calcium and magnesium ox-
ides take place.
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Figure 4 - DGTA samples of a mix of Sukpak clay and sludge

Thermal decomposition of the mixture is accom-
panied by a step-by-step decrease in the mass when
heated in the following sequence: up to 200 °C - 2.2 %,
to 470 °C - 2.8 %; Up to 700 °C - 3.9 %; Up to
750 °C - 2.5%; Up to 800 °C - 3,1 %. The total mass
loss of the mixture when the mixture is heated up to
1025 °Cis 14.5 %.

Discussion of results. In the thermal treatment
of the products considered, with the exception of the
waste sludge, the phase transformations accompanied
by the loss of mass proceed by the gradual removal
of various types of moisture from the silicate mineral
components: sorbed, hydrated, crystallization, struc-
tural (molecular) water, and also by decomposition of
carbonates with the emission of CO, and the release
of active amorphous oxides of calcium, magnesium
and iron. When the structural moisture is removed
from the silicates, the silicate structure decomposes
with the formation of active oxides (SiO,, AL, O, etc.),
which upon further rise in temperature are able to re-
act with other oxides to form new high-temperature
structures such as spinels, mullite, plagioclase.

A certain difference in the phase composition
of the Krasnoyarsk clay from the Sukpak clay (the
presence of a greater amount of potassium feldspar
and plagioclase) contributes to an improvement in its
technological properties.

Dearsenation cake, along with other sili-
cate phases, contains sodium-magnesium silicate
Na,Mg Si.0  (or 2Na,0-2Mg0O-3Si0, ), which can
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contribute to the formation of low-melting structures
in the resulting multicomponent system. The cake ma-
terial is practically free of arsenic. According to the
chemical analysis, its residual content after dearsena-
tion is about 0.4 % by weight.

The arsenic compound of the vivianite group of
parasimplesite Fe,(AsO,)-8H,0 contained in the
sludge of the dumps is decomposed and, upon inter-
action with calcium carbonate, forms a new johnbrau-
mite compound Ca (AsO,),(OH). If there is a high
content of parasimplezite (~ 13 %) in the sludge, the
use of the latter in ceramic production can be decided
only after additional studies.

Conclusions. Based on the studies carried out, the
following conclusions can be drawn.

The sludge and dearsenation cake contain, in prac-
tical terms, the background levels of arsenic (at a
level < 0.4 %), which in the final ceramic-silicate
material will be in an impurity form in the compo-
sition of stable silicate phases. The presence of sodi-
um-magnesium silicate Na,Mg,Si.O, in the cake can
promote the formation of low-melting eutectic struc-
tures in this complex aluminosilicate system. This
points to the possibility of using dearsenation cake as
a technogenic raw material for the production of ce-
ramic materials.

Formation of a mixture of clays with slag of the
basic calcium arsenate Ca (AsO,),(OH) during roast-
ing indicates the need for additional toxicity studies
of the resulting materials on the basis of these mix-
tures, using arsenic-containing sludge as a flux.
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TYAIHOEME

Makanaga TyBaHblH KpacHosipck xaHe Cyknakck KeHopblHAapbl 6aniblKTapbiHbiH X0BY-AKCbl YWiHAI LLUNAMbIMEH X3HE OHbIH Ae-
apcuHM3auusinaHFaH KokbIMaapbiMeH KocracbliHAarbl dpasanblk e3repictepdid ManiMmeTTepi KenTipinreH. banwbikneH KokbIM KocnacbiH
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Kbl3gplpFaHaa dasanblk e3repictep — spTypni bifFanaap LblFapbiatbliH CUNMKaTTapAblH Ke3eH-Ke3eHIMeH anbipblily HaTeXeCiHAe, COH-
nan-ak kapboHattapabiH CO, BO3roHbIMeH anblpbiny ecebiHeH 6onaTbiHbl kepceTinreH. Byn pette 6encenai amopdThl okeuatep 6oca-
TbiNajpl, onap >ofapbl Temnepatypaga LUNUHEN, MynnuT, nnarvoknasa TypiHaeri KypbinbiMaapae! Tysyre ukemai kenedi. KpacHospck
HanublfbiHbIH 6acTankbl kypaMbiHblH Cyknakck GanibiFbiHaH Gipliama avibipMallbifbifbl OHbIH TEXHOMOMMAIbLIK KACUETTEPIHIH apTybiHa
MYMKIHAIK TyAblpaapl. [leapcrHm3aums KokbIMbIHAA CUnMKAT KypamaacTapblMeH katap HaTpui-marHuiini cunukat 6onagel, on Ty3ineTiH
Ken KOMMOHEHTTI xyieae >eHin 6ankuTbiH KypbinbiMaapablH, Ty3inyiHe cebenkep 6onagpl. KokbiMAaa ic Xy3iHAe KyLWaH (MbIlbsK) 6om-
Mariapl, 6y OHbl SPTYPNi KypbinbIC MaTepuangapbl MeH kepaMmukansik OyribiMaapabl xacayra 6actanksl TEXHOreHAi LWMKi3aT peTiHae Kor-
AaHyra MyMKiHZik 6epegi. LUnamHbIH KypambiHAa BUBMAHWT TOBbIHLIH KYLLISHAI KOCbISbICHI — napacumnnesut Fe,(AsO,)-8H,0 6onatbiHbl
aHbIKTanabl, ol kocnanap kblaablpbiiFaHaa abipbinbin xeHe CaO-MeH xaHa Kocblbic — mkoHOpaymuT Ca (AsO,),(OH) Tyseai. LUnamaa
Byn KocbInbICTbIH MenLuepi xxofapbl (~13 %) Gonca, CoHfFbIHBI KEpaMuKa eHAipiciHae KonaaHy YLiH apHavibl 3epTTeynepai XKyprisreHHeH
KeniH FaHa pykcat 6epinyi MyMKiH.

Tyninai cesgep: banwbik, Wnam, AeapceHnsaumns KoKbiMbl, TEPMUATbIK Tangay, peHTreHdasanbik Tangay, cunukarrap, antoMocu-
nukaTTap, amopdTbl OKCUaTep

PE3IOME

B cratbe npuBegeHbl AaHHbIe n3yyeHuns has3oBbix Npeobpa3oBaHuii B cMecsax rmuH KpacHosipckoro n CyknakcKoro MecTopoXaeHun
TyBbl co Wwnamom oteana XoBy-AKCbl U KEKOM ero AeapceHusaumu. MNokasaHo, 4To Npu HarpeBe CMeCen MUH C KeKoM a3oBble n3mMe-
HEHVS NPOUCXOAST 3a CYET MOITANHOIO PasfoXEeHUs CUNMKATOB C yAaneHUeM pasfuyHoro Tuna Braru, a Takke 3a CYET pasnoXeHus
kap6oHaToB ¢ BoaroHom CO,. MNpy 3TOM NPONCXOANT BLICBOGOXAEHNE aKTUBHBIX aMOP(HBLIX OKCUAOB, KOTOPbIE B 0611aCTH BBICOKUX TEM-
neparyp cnocobHbl 06pa3oBbIBaTL HOBbIE CTPYKTYPbl TUNA LWNWHENW, MynnuTa, nnarvoknasa. Hekotopble OTAMYKNSA NCXOQHOrO cocTaBa
KPaCHOSIPCKOM TMMHbI OT CYKNaKCKOW CrMOCODCTBYIOT MOBbLILLEHWUIO €€ TEXHONOrMYeckux CBOMCTB. Kek AeapceHusauun Hapsgy ¢ cunu-
KaTHbIMU COCTaBNSALLMMU COAEPXKUT HAaTPUEBO-MarHUEBbIV CUINNKAT, KOTOPbIN B 0Opa3ytoLLencsd MHOTOKOMIMOHEHTHOW CUCTEME MOXET
cnocobcTBoBaTh 06pa30BaHUIO NMETKOMMABKUX CTPYKTYP. Kek NpakTMyYeckn He CopepXKUT MbILLbSK, YTO MNO3BOMSET NCMONb30BaTh €ro Kak
MCXOOHOE TEXHOreHHOe CbIpbEé AN MPOU3BOACTBA PasNMYHOro poda CTPOUTENbHbIX MaTepuarnoB U KepaMmuyecknx nsgenun. B cocrase
wnama 6610 06HapPYKEHO MbIWbLAKOBOE COeAMHEHUe rpynmbl BUBMAHUTOB — napacumnnesnt Fe,(AsO,)-8H,0, kotopoe npu Harpese
cMecei noasepraeTcs pasfoxeHuo v, Bammoaencteys ¢ CaO, obpasyeT HoBoe coeanHeHue — mkoH6paymut Cay(AsO,),(OH). Mpw
HanM4um BbICOKOrO cofepxaHus fAaHHoro coefuHenns (~13 %) B wname, ncnonb3oBaHWe NOCMNeAHEro B kepamMmmyeckom Npou3BOACTBe
MOXeT ObITb BO3MOXHbIM TOMbLKO MOCHe NPOBeAeHUst cneunarnbHbIX UCCNefoBaHun.

KntoueBble cnoBa: rmuHbl, LWnam, kek neapceHusauuun, TepMVNeCKI/IIZ aHanums, peHTreHOdI)a3OBbIM aHanus, cunukartbl, antomMocunn-
KaThbl, aMOpCbele OoKCcuabl
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