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Abstract: The paper presents results of investigation of barite phase formation during the processing of the oxidized lead-zinc ores
from the Alashpai ore deposit by the methods of the thiosalts metallurgy. The phase formations at sintering charge containing the mix
of the oxidized lead-zinc barite ore, sodium sulfate and carbonaceous reductant were studied under the temperatures varying from
973 up to 1173 K with using X-ray phase analysis and electron probe screening in modes COMPO, EDS and WDS. The researched
ore sample from the Alashpai ore deposit contains, in accordance with the X-ray fluorescent analysis, mass %: 6.158 Pb; 6.978 Ba;
0.016 Zr; 0.222 Zn; 0.063 Cu; 3.955 Fr; 0.603 Mn; 0.270 Ti; 0.265 Ca; 0.684 K; 1.226 S; 13.702 Si; 4.527 Al; 0.967 Mg; 0.244 Na,
rest — oxygen and other. Phase formation at the temperature of 973 K combines transformations of two types: disordering of the
cation sublattice and a change in the symmetry of the anion sublattice. Subsequently, the barium cations are distributed over the
vacancies of the crystallographic positions. Based on the results of the X-ray phase analysis, barium silicates BaSiOs, BasSisOz1s, as
well as an intermediate sulfate-sulfite complex Ba(SOs)0.3(SO4)o.7 are presented in the cake sintered at 973 K. The research results
substantiate formation within 1073 K temperature of the thiosalts of barium, i.e. BaCu2SnSs, BaFe2S4, BasFeSs, BasFeSis, with con-
current formation of BaSiOs, BazSiz0s, BasSigO21, Bas(SieO16), Baz(SiaO10), BaFeSi4O1o. In this sinters the cation of barium is an
initiator of formation of thiosalts of the BanMemS; type. The rise in temperature up to 1173 K contributes to the destruction of barium
compounds. Barium thiosalts decomposes with the formation of barium sulphide, the thiosalt crystal lattice breaks down into simpler
structures. Solid solutions based on barium silicate also break down into constituent oxides of silicon and barium and further process-
es of formation of carbonates and barium sulphates take place.
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Introduction. Development of raw materials
resources base in the RK and emergence of new in-
tegrated technologies condition the need to further
research the phase formation processes which occur
during the processing of different materials.

High selectivity of breaking out of compound
draw materials applying the methods used in metal-
lurgy for the thiosalts of the nonferrous metals orig-
inates from the physical-chemical qualities of those
compounds, formed during the pyro- and hydromet-
allurgical processing. Selectivity of breaking out
patterns can be illustrated by an example of raw mix
sintering in presence of sodium sulfate and carbona-
ceous reductant [1-3].

Previously studied physical-chemical proper-
ties, regularities of reactions displayed by the thiosalts
of nonferrous metals as well as technologies that are
based on the methods of thiosalts metallurgy, can be
applicable if the thiosalts have the Na,MemSy structure,
where Me stands for Cu, Zn, Pb, As, Ti, Mn, Al, Si,
Ag, Re, Se, Te and other rare metals.

Currently, there come certain research matters
that significantly differ in composition, for example,
oxidized lead-zinc barite ores, which upon pro-
cessing produce the thiosalts of barium. Anyway,
the available data on the thiosalts of barium are lim-
ited and in most cases such research is targeted on
the identification of the barium compounds which

possess unique properties of ionic conductivity.

There are references to certain data on draw-
ing of T-x projection diagram of Cu,S-BaS system
status. Within the system, peritectic melting phases
are formed, i.e., BaCusSs crystalizing into the rhom-
bic syngony and BaCu.S; with 935 K melting tem-
perature (“the Tmelt”), crystalizing into the tetrago-
nal syngony with Tmelt of 1035 K, the eutectic is
formed between Cu,S — BaCusS3 at 27 mole percent
of BaS under Tmelt of 910 K [4].

Based on the results obtained from melted and
annealed samples, the applied series of physical-
chemical analysis methods revealed the areas of ho-
mogeneity and heterogeneity in the BaS — Ga;S; sys-
tem as well as their crystal-chemical properties. An-
nealed samples containing 16.66, 20, 25, 33.33, 50 and
66.66 mole percent of Ga,Ss were single-phased and
contained reflexes of BasGa,Sg, Ba;Ga,S7,BazGaySs,
Ba,Ga,Ss, BaGa,Ss and BaGasSy phases, respective-
ly. The phases of BasGa,Ss, BasGa,S7, BasGa,Se,
Ba,Ga,Ss and BaGa,Ss melt incongruently. At initial
ratio of sulfide mix being 1 BaS : 2 Ga;S; the com-
pound composition of BaGasS; was formed, the ex-
istence of which proves single-phase nature of sam-
ples containing 66(6) mole percent of Ga,Ss; and
annealed at 870 and 1070 K. The system also re-
veals presence of two eutectics between phases
Ba»,Ga,Ss and BaGa,S4 and between phases
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BaGasS7 and y-GaySs. The eutectics coordinates are
38 mole percent of Ga,Ss; and 72 mole percent of
Ga,Ss. Close to Ga,Ss coordinate there was found a
thin area of enclosed solid solution on basis of defect-
ed structure of y-GazSs. Along with the temperature
decrease, the span of the solid solution consistently
decreases from 3 mole percent of BaS at temperature
of 1070 K to 2 mole percent of BaS at temperature of
870 K [5].

The phase condition diagrams for systems
BaS — Ln,S; (Ln = Sm, Eu, Er, Lu) are similar in
gualitative terms and appear as systems with con-
gruently melted compounds. Compound BalLn;S4
(Ln = Nd, Lu) is isostructural. The span the solid
solution building up on basis of BaSm,S, at 1720 K
has concentration range of 50-56 mole percent of
Sm;,Ss. The row from Sm to Gd is marked with de-
creasing solid solution on base of a-Ln,Ss, and the
eutectic composition shifts towards composition of
initial components. At 1820 K, about 15 mole per-
cent of BaS is dissolved in y-Sm,Sz and 4 mole per-
cent of BaS in y-Gd.Ss. The system of BaS —
Er,Ssproduced two triple compounds BasEr.Se and
BaEr,Sa4. The first one melted on peritectics at 2005
K, the second one melts congruently at 2040 K [6].

All of the BaLn,S, compounds are isostruc-
tural. Formation of compounds BasLn,S¢ and
BaLn,S;, is characteristic for all systems in the row
of BaS — Ln,S; (Ln = Th-Er) with peritectics and
congruent melting, respectively. It is determined
that in systems BaS — Ln,S3 (Ln = Th-Lu) what is
formed are the incongruently melting compounds
compositions of BasLn,Se with rhombic distorted
structure and duplicated cell properties in three di-
rections and regularly ordered distribution of Ba, Ln
ions and vacancies on crystallographic cationic posi-
tions of basis structure. With the decrease of radius
of the Ln (Ln = Th-Lu) there is increase in melting
temperature and the tendency of decrease in values
of micro-hardness of compounds of type of
BasLu,Se. Within the BaS — Lu,Ss system, the for-
mation of three compounds is observed, namely of
BasLu,Sg with incongruent melting at 2035 K,
BaLu,S. with congruent melting at 2105 K, and
Bal usS13 with congruent melting at 2060 K. In eu-
tectic points with 34 mole percent of Lu,Ssthe melt-
ing temperature is 1995 K, with 68 mole percent of
Lu2Ss melting temperature is 2015 K, with 90 mole
percent of Lu,Ss under 1950 K. The obtained com-
pound of BalLngSiz (Ln = Tm, Yb, Lu) has rhombic
structure and grid parameters, like, a = 1.196 nm, b
=1.033 nm, ¢ = 1.400 nm [7].

During the processing of the complex
polymetallic raw materials, containing barite using
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the methods of thiosalts metallurgy in parallel with
the formation of thiocompounds, the significant por-
tion comes to phase formation of oxide compounds
of barium, which display high mobility towards fast
oxygen exchange on the surface [8-10].

Previous research of the oxide barium systems
are relevant for the prospective development of crystal
glass ceramics for obtaining of the new materials. As
illustrated by the diagrams of compounds condition,
within the system of BaO and oxides (Al, Si) there are
compounds with such properties as high density, tem-
perature stability, and that have dielectric parameters
which allow to use them in production of resonators,
filters, microwave-devices [11]. In particular, we ob-
tained celsian glass ceramics on basis of hexagonal
modification of the compound BaAl;Si-Os at the syn-
thesis and burning temperature of 1723 and 1773 K,
respectively. With usage of DTA and temperature
measurements of the dielectric properties for samples,
the temperature of structural shift from Alpha-
hexagonal modification to Beta-hexagonal modification
was set to fall within the interval from 553 to 593 K.

One of the intensively researched classes of
compounds are perovskite-like phases, mobile oxy-
gen vacancies in them are created by lower-valent
replacement in cationic subgrids [12-14]. Cationic
replacements bring in the structural disorder pre-
venting the movement of oxygen ions, because of
which ionic conductivity may be not high enough.
Oxygen mobility can be increased when the struc-
tural fragments are spatially divided. Such division
of the structural fragments can be achieved by cati-
onic ordering in perovskites RosBagsMOs (R =Y,
Ln. M = Mn, Co), that turns them into the laminate
phases of RBaM.Os.; (R112). lon-conducting prop-
erties are discovered in the laminate compounds of
RBaCo0407+; (R114), the usage of R114 phases is
possible in the temperature range of <673 K.

Processes of phase formation in the systems
R;0; — BaO — CoO = 0.5:1:4 (R=Y, Gd-Lu) are
studied in temperature area of 1173-1373 K. The
optimal mode of solid phase synthesis of the phase
RBaCo407+s (R114) was identified and single-phase
samples for R =Y, Dy, Ho, Er, Tm, Yb, Lu were
obtained. Certain specific ways of the R114 (R =,
Dy, Lu) samples reactions during the thermal cy-
cling and oxygen saturation [15] were studied also.

Then, the uninterruptable row of solid solu-
tions was found in the system containing oxide of
barium and dioxide of silicon. The compounds
2Ba0-SiOy, BaO-SiO, 2Ba0-3Si0O» and
BaO-2SiOzwere identified. Further, the compound of
3Ba0-Si0; and 3Ba0-5Si0;,, 5Ba0-8SiO, were found
when the elements reacted in their solid state. During



the study of the crystal structure of BaSisOs, Which
does not have an analogue amongst other groups of sili-
cates of alkaline and alkaline earth metals, we identified
three barium silicates, i.e. p-BaSiO,, Ba;SisOp and
Ba,Siz0s. Research results state the presence of the new
type of silicon-oxygen belt Sis07&, formed by polariza-
tion of three links of the structural type BaSiOs inside of
this silicate.

It was shown that two groups of solid solu-
tions were formed, those based on 2Ba0-3Si0O; and
based on the high-temperature modification o-
Ba0O-2Si0,. For the disilicate of barium, two poly-
morph variations were found, i.e., low-temperature
B-BaSi»Os and a-BaSi»Os. Mutual transition of these
modifications happens at the temperature of 1623 K.
The study of the BaO-SiO- system brought us to the
conclusion that there is metastable liquation where
the crystal point has temperature of 1703 K [16-18].

Experimental. The subject under this re-
search represents the oxidized lead-zinc barite ore
produced at the Alashpai deposit. The chemical rea-
gents include sodium sulfate, carbonaceous reduct-
ant. The methods of analysis included spectral, X-
ray, X-ray fluorescence, atomic-adsorption chemi-
cal, and electrone probe microanalysis. The utilized
equipment was electric resistance furnace chamber
laboratory SNOL 12/16.

The experimental trial procedure was as follows, the
ore from the deposit Alashpai was crushed, then
placed in a mortar to prepare a mix by
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adding anhydrous sodium sulfate and carbonaceous
reductant in quantities predetermined by the stoichi-
ometric ratios. The mix was put in the reaction ves-
sel closed with the graphite lid with the aim to cre-
ate a reducing environment above the mix surface
and to prevent penetration of oxygen from ambient
air getting into the zone of formation of the nonfer-
rous metals thiosalts.

The sintered mix contained chemically pure sodi-
um sulfate (98 % Na,SOs) and carbonaceous reductant
in form of activated carbon containing, in %, 74.3 C;
0.16 S; 0.025 P; 1.12 Fe; 0.93 SiOy; 1.56 AlOs.

The mix sintering in compliance with above
procedure was carried out under temperature range
973-1173 K with the optimal composition of mix
being 25 % of NaxSOs, 15 % carbonaceous reduct-
ant; sintering duration lasted 2.5 hours.

The subject of the research was the ore sam-
ple taken from the Alashpai ore deposit. It con-
tained, in accordance with the X-ray fluorescent
analysis, mass %: 6.158 Pb; 6.978 Ba; 0.016 Zr;
0.075 Sr; 0.222 Zn; 0.063 Cu; 3.955 Fr; 0.603 Mn;
0.270 Ti; 0.265 Ca; 0.684 K; 0.138 CI; 1.226 S;
0.258 P; 13.702 Si; 4.527 Al; 0.967 Mg; 0.244 Na;
0.104 F; 59.594 O.

X-ray phase analysis allowed to determine the
presence of barite BaSQs, cerussite PbCOs, montmoril-
lonite (Na, Ca)os(Al, Mg)2Si;010(OH2)-nH-O, musco-
vite KAI,(AlSiz)O10(OH, F), quartz SiO; (Figure 1).

MIN 101

N Montmorillonite - (Na,Ca)0.3(Al,
Bauartz, syn - Si02 - S-Q33.7 %

2 Theta

EdBarite - BaS04 - S-Q 17.0 %

B cerussite - PbCO3-5-Q52 %
B Muscovite - KAI2(AISi3)O10(0OH,

Figure 1 — X-ray diffraction pattern of the ore sample from the Alashpai ore deposit
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ure 2 a, b).

table.

nents

Electron probe screening of the ore sample
performed in modes COMPO, EDS and WDS (Fig-

The composition of sinters obtained at tem-
peratures range from 973 to 1173 K is shown in

Table - Chemical composition of sinters by main compo-

Content, %

T,K|Ba|Fe | Cu [Zn [Pb|Mg| Al | Si |Ca | Ti [Mn|Na

973 (7.10/4.060.070/0.24/8.3[1.044.60(13.9(0.29(0.23|0.658.5|7.

1073(7.21}4.100.077/0.25/8.5(1.054.78|14.2|0.37(0.24/0.70(8.6

1173(7.3214.300.090(0.27(8.6]1.0614.60(14.0/0.35/0.26/0.75[9.9

a — cerussite b — barite

1 — barite; 2 — gold-containing cerussite

The accomplished sintering of the oxidized

(COMPO, x250, x500) ores f_rom the Alashpai _depqsit at 973 K tes_tifies
significant phase formation in systems containing

Figure 2 — SEM images of the ore sample from the Alashpai
deposit with concentration of the elements in cerussite and bar-

ite (EDS, WDS, x500) thesized at 973 K is shown at Figure 3.
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Figure 3 - X-ray diffraction pattern of the sinter obtained at 973 K.
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The sinter displayed the presence of the meta-
silicate of barium (BaSiOs) and of the compound
BasSisO16, Which is a part of solid solutions group.
What is typical, is that as sintering progresses the
formation of the barium silicates starts at the lower
temperatures as compared to the data from diagram
of the system BaO-SiO; standing, which is attribut-
ed to activation and ongoing renewal of the surface
of solid phases, elimination of the diffusion obsta-
cles related to the inhibitory effect of the reaction
products. Apart from that, another finding in the
studied sinter revealed the presence of the interme-
diate sulfate-sulfite compound Ba(S03)03(SO4)o7,
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which has transitional nature during the formation
of the sulfide compounds of barium.

Reviewing the results of x-ray phase analysis
of the sinter synthesized at 1073 K allows to state
that besides solid solutions on BaO and SiO; on
base, the destruction of the crystal grid of barite is
coming along with the formation of sulfate-sulfite
compound. The sinter also displays the presence of
barium thiosalts, where cation of barium is an initiator
of formation of thiosalts of the Ba.MenS; type pres-
ence of thiocompounds of BaCu,SnSs, BasFeSs,
BaFe,Ss, BagFesSis. Parameters of these compounds
are shown on the XRD pattern (Figure 4 a, b).
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Barim Sicate - Ba2S1308 - S0 9.3 % - 11¢ POF 1
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S'sanvornite - 8a2(S14010)- S-Q 3.1 % - VICPDF 3.5
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[¥Banm surate -82(50310.3(50410.7-52 2.9 % -1Ic PDF 2.3
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hmm Iron Suffide -BaFe2S4 -S-Q 1.6 % -NVCPDF 4.2
[Zlsarum sucate - 825103 -5 1.4 % -1 POF 4.3

Phases are SiO2, BazSizOs, BasSisO21, BaCO3, Cag(Al12024)(M004)2, Bas(SisO1s), (Ba,Ph)SO4, BaFeSisO10, Baz(Si4O10),
BaS0a, Ba(S03)0.3(SO4)0.7, BaCu2S4Sn, Fe203, BaFe2Ss, BaSiOs (a); SiOz, BaSi20s, Bas(SisO1s), CaMg.s52Fe.48(Si20s),
Ba(S04), Cas(Al12024)(M00a4)2, BasFeSs, Ba(COs), BaCu2S4Sn, BaCOs, BasCaCu2.3307.52(SO4)o.5, BagFesS1s, Fe203 (b).

Figure 4 - XRD pattern of the mix sinter, containing 25% Na»SO, and 15% C,
obtained at temperature of 1073 K
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Figure 5 - XRD pattern of the mix sinter, containing 25% Na»SO4 and 15% C,
obtained at temperature1173 K

The XRD pattern of the sinter synthesized at
the temperature of 1173 K, traces sulfide of barium
that is a sign of the processes of decomposition of
unstable compounds (Figure 5).

The EPMA scanning of the sinter showed
the presence of secondary minerals of complex
composition, ie. of leadhillite
Pb4(S0.)(CO2)(OH), and hyalophane (K,
Ba)[AI(Si, Al)Si,Og] (Figure 6).

Results and Discussion. The process of
sintering of the oxidized lead-zinc barite ore
sample in presence of the sodium sulfate and
carbonaceous reductant at temperature range of
973-1173 K performed with activated interaction
of solid-phase components starts with the trans-
formation of the crystal grid of the barite and
leads to the formation of sulfides of sodium and
barium, and formation of oxidized thiocom-
pounds. Transformations conditioned by the loss
of ordered structure of one of the crystal sub-
grids happen due to the high mobility of ions
forming the sub-grids. The barium sulfates pre-
sent in system are characterized by the high
symmetry of the crystal grid, since the anions
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1 — leadhillite Pbs(SO4)(CO)2(OH)z2; 2 — hyalophane
(K, Ba)[AI(Si, Al)Si20s] (COMPO, x250).

Figure 6 — Sinter. Coupling of barite with lead appo-
sition with concentration of elements
in minerals (EDS, x250)



are regularly located and cations are scattered be-
tween positions in disorder. When exposed to the
low-temperature synthesis, the transformation of the
low-symmetry crystal grid occurs with the for-
mation of the anion sub-grid. Cation sub-grid is
prone to significant positional disorder, which is
accompanied by changes in enthalpy, entropy.
These transformation processes occur in several
steps with gradual removal of the oxygen from the
crystal grid, where the aggregate processes can be
described with following reactions:

Na,SO4 + C — NayS+ COy,

BaSO, + C — Ba$ + CO, )
NaZS + Mes — NaxMezSy,
BaS + MCS — BaxMeySz, (2)

BaSO, + SiO; + C — BaSiO3 + S; + CO,,  (3)
nBaO-SiO, + SiO; — nBaO-mSiOy,

where n =1-5, m=1-8.

Depending on the ratio ofBaO : SiO; content,
certain main types of the polymer radicals of barium
silicates are formed. These transformations go in
parallel with the formation of the barium thiosalts.
EPMA scanning state the new formation of the arti-
ficial mineral phases of barium, in particular, hyalo-
phane (K,Ba)[AIl(Si,ADSi»0Os], which is related to
the subgroup of potassium-barium feldspar. Pres-
ence of the K, Al, Si components found in the oxi-
dized lead-zinc ore from the Alashpai deposit ex-
posed to the solid-phase sintering is the condition
for the possibility of formation of grains of hyalo-
phane, crystalized in monoclinic crystal system.
Proximity of the ionic radiuses of cations K* and
Ba*? ensures the equivalent swap in crystal grid,
similar is the swap in Si*2 and Al*3.

Formation of the series of double solid solu-
tions on BaO-SiOzbases in the batch under study
sets forth the conditions for the new formation and
appearance of more complex tripled solid solutions,
as a results of which new artificial mineral phases
are formed.

Formation of the barium sulfide takes place
through the intermediate sulfite-sulfate bond follow-
ing the scheme:

BaSO4 + C — Ba(S04)0.3(SO4)o7 + COo,

Ba(SO4)o,3(SO4)o,7 — BaS + CO..
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Next, barium sulfide forms similar thiosalts
with copper and ferrum, such as BaCu,SnS,
BasFeSs, BaFeS4, BagFesSis under the temperature
of 1073 K. Increase of the temperature up to 1173 K
leads to the destruction of the barium’s thiocom-
pounds with release of BaS in the a separate phase.

Phase formations occurring under the temper-
ature 973-1173 K in presence of the carbonaceous
reductant proceed in the solid phase because of the
activation of the sodium and barium sulfates, which,
as it is known, possess an imperfect structure, abun-
dant of dislocations and inter-block boundaries, the
impact of which is more significant as the sintering
temperature gets higher. Under sintering conditions,
sulfates convert into sulfides, which are character-
ized by the abnormally high mobility of cations,
even under moderate heating temperatures. The
dominating mechanism of the mass transfer in the
interaction of barium sulfate with the reductant (1),
in our opinion, is the formation of uninterruptable
layer of BaS product and simultaneous transfer of
the oxygen thought the gas phase. Formation of the
thiosalts of barium (2), most likely, is determined by
the combination of two mechanisms, i.e. opposite
diffusion of cations and migration of ions through
the layer of product.

The dominating mechanism in processes of
barium silicates formation (3), most probably shall
be attributed to opposite diffusion of cations in the
rigid oxygen frame being limited by the diffusion of
Si*4ions.

Process of phase formation during the sinter-
ing in solid phase, as it appears, combines transfor-
mation of two types, i.e. transformation of the first
type that reflects the processes of the disordering of
the cations sub-grid, and transformation of the sec-
ond type that is caused by the changes in symmetry
of the anion sub-grid. During the low temperature
synthesis of the oxidized ores from the Alashpai
deposit, the barium sulfate, contained in them, un-
dergoes the change of the crystal grid related to the
break in symmetry in cation and anion sub-grids.
Sintering process of the oxidized ores at the temper-
atures of 1073+323 K leads to the ordered distribu-
tion of barium cations and vacancies throughout the
crystallographic cation positions.

Conclusion. Researching of the barite phase
formation processes during the sintering of the mix
containing oxidized lead-zinc ore from the Alashpai
deposit, sodium sulfate, carbonaceous reductant was
carried out within the temperature interval of 973-
1173 K. It was found that at the temperatures of
973, 1073 K decomposition of the barite crystal lat-
tice occurs with the release of intermediate sulfate-
sulfite complex of Ba(S03)0.3(SOa4)o.7. In presence of
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SiO; and Al;Os3 there is formation of metasilicate of
barium BaO-SiO,, and of characteristic for the se-
ries of solid solutions, such compounds as Ba;Si2Os,
Ba5Si3021, Ba4(Si5015), Baz(Si4010), BaFeSi4Om,
BaSi»Os, in addition there is observation of the new
formations of the artificial mineral phase of barium
like hyalophane (K, Ba)[Al(Si, Al)Si»Os]. In paral-
lel, the process results in phase formation of barium
thiosalts, i.e. BaCu;SnSs, BaFe,S;, BasFeSs,
BagFesSis.1t is noted also that under the temperature of
1173 K, the sublimation process with the obtaining of
nonferrous metals’ sulfides get intensified; the sinters
show the presence of barium sulfide (BaS); solid solu-
tions get decomposed with the formation of silica diox-
ide, barium sulfate and barium carbonate.
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TYUIHIEME

Aunammail KeHOPHBIHBIH TOTBIKKAH KOPFACHIH-MBIPBINITEI 0apyUTTI KeHAEPiH, HATPUH CyabdaThiH, KOMIp KYpamIbl TOTHIKCHI3IAFBIII,
973-1173 K temmeparypa apajiblFblHIa PEHTIeH(a3aIbIK )KOHE IEKTPIIi-30HTTHI aHATHU3/IEPiH KOJIAaHa OTHIPBII, OAPUT KOXK/IAMAChIH
KYHIipyniH (a3zakypbUIbIMBI 3epTTeNni.3epTTey HBICaHBl peTiHae AJammnali KeHOPHBI KEHIEpiHiH ChIHAMachl ajbIHAbBI, PEHTIeH-
(ITIOOPECLIEHTTIK aHAMU3ACPIiH HOTHXKeCI OOWMBIHIA KypaHThIH canMarbl. %: 6,158 Pb; 6,978 Ba; 0,016 Zr; 0,222 Zn; 0,063 Cu;
3,955 Fe; 0,603 Mn; 0,270 Ti; 0,265 Ca; 0,684 K; 1,226 S; 13,702 Si; 4,527 Al; 0,967 Mg; 0,244 Na, KaJFaHbl — OTTET1 )KOHE TaFbl
Gackanapel. PazakypsutbiM 973 K TemmeparypacbiHaa €Ki TYpIIH apajacyblH KaTBICTBIpaJbl: Oip PETTIK Typa TOP acThl KaTHOHEI
JKOHE aHHOH TOP aCTHIHBIH CHMMETPHSCHIHBIH ©3repyi. Aphl Kapail skanracybIMeH Oapuil KaTHOHBI KPHCTAILIOTPA(HUSIIBIK OaFbITHI-
HBIH 00C KanmybiMeH OenimaeHeni. 973 K temmeparypachiHia ajblHFaH KYHIHIIHIH peHTreH(ba3aNbIK aHATU3ICPiHiH HOTIKECIHAE,
Gapuii cuitkaTTapbiHbH 00i1ybl BaSiOs, BasSisO16, cOHbIMEH KaTap apaiblk cyinb(GaTThi-cynbduati xubHTHIK Ba(S03)0.3(SO04)o.7.
1073 K TemneparypacbiHIa 6apuii THOTY3BIHBIH Naliqa OonaTbiHbl aHbIKTaTFaH BaCu2SnSs, BaFezSs, BasFeSs, BagFeSis, conpimen
Gipre maiiga 6onarein BaSiOs, Ba2SizOs, BasSisO21, Baa(SisO10), BaFeSisO10. Ochl kyiiHAiHiY itniHge Gapuii KaTHOHBI THOTY3bIHBIH
KYPBUTYBIHBIH OacTaMamsIChl 00bIT Ta0bIans! BanMemS;. Temmneparypanst 1173 K npeiiin ketepren ke3ae 6apuii KOCHIHIBICHIHBIH
Oy3bUTybI KepiHeni. bapuii THOTY3bI Oapuii cynbhuaiHIH naiiga 60NybIMEH JKalFacabl, THOTY3/bIH KPHCTAIBIK TOPBHIHBIH HEKYp-
JIBIM OHall KYPBUIBIMFA ©Te/li. bapuii CHIIMKUTHIHBIH HETi31HIETi KaTThl epiTIHIUIEp ©3repicKe TYCYy Karmaifbl oTell KoHe COHBIMEH
KaTap KpeMHHI OKCHIIH KYpalThIH 3aTTapFa aybicasl, Oapuii skoHe apbl Kapail Oapuii cynb(aTTapsl )koHe KapOOHATTAPBIHBIH KYPBI-
JIy TIpoLecTepi XKypei.

Tyiiin ce3aep: 6apurt, Gapuii THOTY3ap, Oapwii CHIMKATTap, Oapuii CyIbQuIl, KYHEeKEHTEK.
PE3IOME

IpencraBnenHsl pe3yabTaThl paboThl MO M3ydeHUI0 (a3zoobpa3oBaHus OapuTa MpU MepepaboTKe OKMCICHHBIX CBHHIIOBO-IIMHKOBBIX
PYO MECTOPOKICHUS ATamiail MeTolaMi METaJUTypruu Tnocoineil. ®azoo0pa3zoBanust OapuTa MpU CIIEKaHUH IIUXTHI, BKIFOYAIOIIEH
OKHCJICHHYIO CBHHIIOBO-IIMHKOBYIO OapUTOBYIO YAy MECTOPOXKACHUS AJalinai, cyabhaT HaTpus, yriaepoaco/iepiKaliii BOCCTaHO-
BUTEJb MCCIIEJOBaHbI B MHTEpBase Temmeparyp 973-1173 K ¢ ucnonb3oBanreM peHTreHO()a30BOr0 U 3JIEKTPOHHO-30HI0BOTO aHAJIH-
30B. B KauyecTBe 00BbEKTa HCCIEIOBAHHUI B3Ta MPoOa PYIbl MECTOPOXKACHHUS ANalinai, cojepkaiias Mo JaHHBIM PEHTreHO]II00-
pecuenTHOro ananmsa, Mac. %: 6,158 Pb; 6,978 Ba; 0,016 Zr; 0,222 Zn; 0,063 Cu; 3,955 Fe; 0,603 Mn; 0,270 Ti; 0,265 Ca; 0,684 K;
1,226 S; 13,702 Si; 4,527 Al; 0,967 Mg; 0,244 Na, ocramsraoe — kucinopon u npoune. Pa3oobpazosanue npu temreparype 973 K
COBMEII[aeT MPEBPAICHHS JABYX THIIOB: Pa3yHnopsI04CHHE KaTHOHHOH MOAPEIIETKH U H3MEHEHHEe CUMMETPHH aHHMOHHOH MOJpereT-
KU. BriocieacTBuu KaTHOHBI GapHs pachpenessIFoTCes 0 BaKaHCHSIM KpHCTawiorpaduyeckux mo3uiuii. [To pesynbratamM peHTIeHO-
(azoBoro aHanmsa B creke, mony4deHroM pu 973 K, npucyrcryior cunmkatel Gapust BaSiOs, BasSieO16, a Takke mpoMesKyTOUHBIH
cynbdarHo-cynbduTHbii Kommteke Ba(S03)0,3(SO4)o7. Ycranosneno, uto npu temmeparype 1073 K o6pasyrorcst THoconu Gapus
BaCu2SnSs, BaFe:Ss, BasFeSs, BagFeSis, mapamrensio obpasytorcss BaSiOs, BazSisOs, BasSisO21, Bas(SisOis), Baz(Si4O10),
BaFeSisO10. B 3THX criekax KaTHOH Oapus sIBISETCS HHULHMATOPOM 0Opa3oBaHMs THOCOJEH Tura BanMemS;. TloBbinieHrne Temnepa-
Typsl 10 1173 K cniocoGeTByer paspyleHuro coequnennit 6apus. Tuoconn Oapust pasnaratorcsi ¢ odpasoBanueM cyibhuna Gapus,
KpHUCTaJINYecKas pelieTka THOCONH pachagaeTcst Ha 0ojiee MpOCThie CTPYKTYphl. TBep/ble pacTBOPbI HA OCHOBE CHJIMKata OGapus
IpeTepIIeBAIOT U3MEHEHHS U TAKKe PaclaJaloTcs Ha COCTABIISIONINE OKCH/IBI KpEMHHUS, Oapust 1 Jajiee NPOUCXOIST MPOLIeCcChl 00pa-
30BaHMs KapOOHATOB U CYIb(PaToB Oapus.

KiroueBble ciioBa: 6aput, THOCONN Oapwsi, CHIMKATHl Oapus, cynbdun 6apus, crekanue, (pa3zoo0pa3oBaHue, OKHCICHHbIS
CBHHIIOBO-IIMHKOBBIE PYJIbl, MECTOPOKICHHE AJIallNail, METAIUTYPIHs THOCOJIEH
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