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ABSTRACT
The increasing demand for non-ferrous, precious, and rare metals necessitates more

comprehensive and efficient use of mineral raw materials, such as gold-antimony ores and
concentrates. A promising approach is the use of pyrometallurgical processing in a fluidized bed,
which offers more efficient heat and mass transfer than conventional technologies. This study aims
to investigate the evaporation kinetics of antimony sulfide (Sb2Ss) from gold-antimony ores and
concentrates in a fluidized bed under various conditions. The experiments involved varying
temperature (923-1223 K), particle size (0.09-2.0 mm), and layer thickness (5-15 mm) to determine
the evaporation rate of Sbh,Ss. The experimental setup consisted of a laboratory-scale fluidized bed
reactor equipped with a controlled gas flow of nitrogen mixed with sulfur vapor. The evaporation
rates were measured using a gravimetric method and confirmed by X-ray diffraction and
microscopic analysis of samples. The results show that the evaporation rate of Sb2Sz in a fluidized
bed is 7-9 times higher than in a fixed bed. This is due to significantly improved heat and mass
transfer in the fluidized system. At 1023 K, the overall evaporation rate increased with decreasing
grain size. This is associated with an increase in the total surface area of the material, but the
specific evaporation rate normalized to unit surface area was independent of particle size. The
process was not significantly affected by bed height in the range of 5-15 mm. Antimony recovery
into sublimates improved by 2-3% compared to conventional technology. It reached 98-99% due
to suppression of Sb20s formation. These findings confirm the efficiency of supplying an inert gas
with sulfur vapors into the fluidized bed. This reduces harmful gas emissions and minimizes dust
entrainment. It also allows for effective distillation of volatile components at lower temperatures.
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Introduction

Antimony concentrates are supplied to the
metallurgical processing stage from beneficiation
plants already in a finely ground form, and, if
necessary, are subjected to only drying. Antimony
ores are supplied to plants, as a rule, in a wet lump
form, so it is necessary to subject them to the

processes of drying, crushing and grinding. Drying is
carried out in tubular rotary kilns with gases from
the combustion of fuel oil. After drying, the raw
material is crushed in jaw and roller crushers and
ground in ball mills. Antimony is present in gold-
antimony ores and concentrates in the form of the
mineral antimonite, Sb,S; and in small quantities in
the form of the following minerals: tetrahedrite
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CusSbSs, valentinite Sb,0s, and servantite Sb,04
(over 93%). According to the classical technology of
processing  gold-antimony  polymetallic  raw
materials in fluidized bed furnaces [[1], [2]], the
liguefaction of the charge is carried out with
ordinary air, which leads to the formation of volatile
antimony compounds and partially non-volatile
antimony pentoxide Sb,;0s, which remains in the
cinder.

The authors of this work propose a technology
for liquefying the charge with a mixture of neutral
gas (N2) with elemental sulfur vapor, which allows
increasing the extraction of antimony into
marketable sublimates by 2-3%, due to the exclusion
of the formation of non-volatile Sb,0s, while the
degree of antimony extraction was 98-99%, whereas
using standard technology it did not exceed 95-96%.

Research was conducted at various rates and
concentrations of the gas mixture supplied to the
layer of the processed material to determine the
optimal flow rate of the mixture of neutral gas with
elemental sulfur vapor.

The materials of the following composition were
studied in the work, %: gold - antimony concentrate
containing: Sb-58.8; S-21.6; Si0,-18.1; As-0.27; Pb-0;
Fe-0.12; Al,0; -0; Mg0-0; C-0; Au-38.0 g/t Ag-0.0 g/t
and gold — antimony ore containing: Sb-22.4; S-8.3;
Si0,-53.0; As-0.6; Pb-0.05; Fe-2.2; Al,O3 -5.3; MgO-
0.3; C-4.5; Au-21.0 g/t Ag-0.001 g/t.

Experimental part

Laboratory installation: design and operating
principle

Studies on the processing of polymetallic raw
materials in a fluidized bed were carried out using a
laboratory installation schematically shown in Figure
1. To avoid disproportionate consumption of
elemental sulfur, the system was equipped with an
evaporator, which supplied sulfur vapors into a
separate reaction vessel containing the charge
throughout the experiment. This solution enabled
precise control of sulfur consumption and ensured a
uniform supply of sulfur vapors mixed with nitrogen
into the bed, providing stable fluidization and
effective sulfidation of the material.

The experiment started when the charge
reached the specified temperature. At the end of the
run, the retort was removed from the furnace,
cooled, and the obtained products were weighed
and analyzed.

The procedure was as follows. The feed material
was loaded from hopper (1) into the reaction vessel
(2). The system was sealed and heated to the target

temperature. Sulfur powder was charged into the
evaporator (4) through hoppers (3). After the
furnaces (5) were heated, the gas flow was adjusted
with a rotameter to achieve stable fluidization in the
vessel. The electric furnace (5) was then lowered so
that the material bed was positioned within the
isothermal zone.

1 —feed hopper; 2 — evaporative reaction vessel;
3 —sulfur powder feed hoppers;
4 — sulfur evaporator; 5 — electric furnaces for the initial
charge and sulfur evaporators; 6 — thermocouples;
7 — cyclone; 8 — condenser; 9 — filter; 10 — filter packing;
11 — electric potentiometer

Figure 1 - Schematic diagram of the laboratory
fluidized-bed installation

The temperatures in both the sulfur evaporator
and the charge were measured with platinum-—
platinum-rhodium thermocouples and recorded
using a potentiometer. Dust and sublimates
generated during the process were collected in a
cyclone (7) and a condenser (8), with the remaining
volatiles captured in a filter (9).

The moment when the charge reached the
target temperature was defined as the start of the
experiment. After completion, the furnace was
raised, the charge cooled, and the system
disassembled.

Research methods

Features of the transition of a layer of granular
material into a fluidized state. In order to create a
stable boiling bed regime when blowing gas through
a granular material layer placed in a vessel with a
porous bottom, the layer can be in two qualitatively
different stationary states.

At flow rates W below a certain critical value W,
solid particles are motionless, the "penetrating" of
the layer € (the volume fraction of free space
between particles) remains unchanged, and its
hydraulic resistance Pr. increases with the speed W.
Upon reaching the speed W, the hydraulic
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resistance of the layer becomes equal to its mass,
the layer is suspended, gas bubbles are observed
jumping through it, and waves and splashes are
observed on its free surface. In this state, the layer
resembles a boiling liquid, due to which it is called
pseudo-liquefied or boiling. The gas speed at which
these phenomena begin is called the critical
liquefaction speed - W [[3], [4], [5], [6]].

There are a large number of theoretical and
empirical formulas that describe with varying
degrees of accuracy the moment of transition of a
layer to a pseudo-fluidized state [[7], [8], [9], [10],
[11], [12], [13], [14], [15]]. In this case, there are two
different approaches to determining the rate of
onset of liquefaction. One of them is based on the
calculation of the hydrodynamic resistance of the
pores and channels of a stationary layer; the second
is based on the calculation of the speed of
movement of individual particles of the layer with
subsequent transition through certain pseudo-
fluidized states.

The geometry of a layer consisting of spherical
particles of the same size is determined by their
diameter d and packing density. In practice,
however, one often has to work with mixtures
composed of particles of different sizes and shapes.

In this case, the conventional particle size do is
calculated using the formula:

do = 1/ z (Ai/di) (1)

where A; — mass fraction of particles with
diameter d; (geometric mean of the cell sizes of
adjacent sieves).

The surface area of a non-spherical particle Sp
always exceeds that of a sphere Ss having the same
volume. To take this difference into account, the
concept of the shape factor is introduced:

Fy = \[% 1 )

The numerical values of Fs are determined
experimentally.

The concentration of solid material in the
fluidized bed ys can be calculated from the specific
mass of solid particles ys and the porosity of the bed
E:

va=ys(1—¢) (3)

Then the bulk density of the stationary layer yo
with porosity g0 will be:

Yo =Vs (1 —€o) (4)

The transition of a stationary layer to a fluidized
state occurs under the condition that the force of
hydrodynamic resistance of the layer and the
effective mass of suspended solid particles G. are
equal:

P fs = Ge, (5)

where f; — cross-sectional area of the layer.

Taking into account the layer penetrability € and
the buoyancy (Archimedes) force proportional to
the difference in the specific masses of particles ys
and the fluidizing agent y, we obtain:

Ge=(vs—v)(1-g) -fc-H (6)

where H — fluidized bed height.
Then
Pa=(ys—y)(1—¢€)-H (7)

Obviously, if the fluidizing agents are gases at
low pressures, then ys—y = ys, and

Pfl =VT(1—€) H (8)

To calculate the liquefaction rate at which the
required pressure drop in the layer is ensured, the
Todes formula [16] is widely used, with g = 0.4
having the form,

Ar

Rep=——2
0 1400+5,22VAr’

(9)

where Reo = Wo d/u — Reynolds criterion (p
— viscosity of the fluidizing agent);

das - . I
Ar=g#—2-% Archimedes criterion (g —

acceleration of gravity).

Formula (9) has been tested in many studies
over a wide range of variable changes and the results
have shown good agreement with experimental
data.

Effect of fluidization on gas flow rate and
fluidized bed height. The intensity of the mutual
movement of solid particles in a fluidized bed
increases with the increase of the fluidization
number. The speed of the pulsating movement of
particles is usually at the level of tens of centimeters
per second, and the free path of a particle between
two collisions is measured in millimeters or
centimeters. In this case, the movement of particles
in the vertical direction is more intense than in the
horizontal direction.
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When gas bubbles appear in the layer, a
significant role is played by the movements of not
individual particles, but their aggregates. The
chaotic movement of particles and aggregates leads
to the equalization of temperature and other
properties in the volume of the fluidized bed. Along
with the chaotic (pulsating) movement of solid
particles, depending on the configuration and
geometric dimensions of the layer, a directed
circulation of granular material may also occur in it,
largely due to the bubbling of bubbles. Thus, with a
ratio of the layer height to its diameter close to one,
in devices of small diameters, predominantly an
ascending movement of solid particles and a
descending movement along the periphery of the
layer is observed. In a layer of significant height,
several such zones are formed along the height,
which is quite clearly seen in Figure 2, which shows
a typical scheme of circulation flows of solid material
(dotted lines) and gas (solid lines) during fluidization
in a small diameter device.

The intensity of mixing of solid particles
determines the nature of mixing of the fluidizing
agent in the fluidized bed, which also depends
significantly on the properties of the fluidizing agent
and the solid material.

The first of them is characterized by complete
equalization of the properties of the working bodies,
and the residence time of different portions of gas
(or different solid particles in a layer with continuous
input and output of the solid phase) is not the same.
L ¥s}
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Figure 2 - Typical diagram of the circulation flows of solid
material (dashed lines) and gas (solid lines) during
fluidization in a small diameter apparatus

In contrast, ideal displacement systems are
characterized by a flat front of movement of

particles of the solid phase and the fluidizing agent
(without longitudinal mixing) and, consequently, the
same residence time, zo, in the working volume. The
value of zp is determined by the flow of each phase
and the working volume of the apparatus. For
example, for a solid material it will be:

20=Gw/ G, (10)

where G,— weight of material in a layer;
G.— weight consumption of material.

A complete mixing system is characterized by
the probability of the time an object stays in the
system x. For example, for solid particles:

x=eT/ (11)
or
1-x=1-e71/%, (12)

where x — is the weight fraction of particles
whose residence time T exceeds (or the probability
that athe rticle will remain in the layer for a period
of time tor longer);

(1-x) — is the probability that the particle's stay
time, T will not exceed.

The uniformity of the residence time of particles
in the system can be greatly increased by dividing
the fluidized bed into several sections. In this case,
complete mixing of particles occurs in each section,
but their transfer from section to section is possible
only in one direction (from the previous section to
the next) and in quantities equal to the flow rate.

The residence time of particles in the N-section
apparatus is determined by the formula:

N — +
x=1-e— ——I
1x=1-e Z0\N z0\ N

-|_2_11(zo‘r\N)2+ ..... +(Nl—l) (zoiN)N_ (13)

Studies have shown that in a single-section
apparatus, pseudo-fluidized systems are close to
systems with complete mixing of particles. The
exception is high layers, pseudo-fluidized in small-
diameter apparatuses, where the process occurs in
a piston mode. When using apparatuses with 8-10
sections, the movement of particles in the pseudo-
fluidized layer approaches ideal displacement by its
nature. Note also that the placement of nets,
partitions, packing, etc., in the apparatus also brings
the pseudo-fluidized layer closer to an ideal
displacement system [[17], [18]].
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In a fixed granular bed, the nature of the gas
movement is close to ideal displacement, and in a
fluidized bed, it occupies an intermediate position
between ideal displacement and complete mixing.
Mixing of the fluidizing agent is also prevented by
the sectioning of the apparatus. Often, 4-6 sections
(and sometimes fewer) are sufficient to bring the
nature of the fluidizing agent movement closer to
ideal displacement. Figure 3 shows a cross-section of
a fluidized bed of solid particles at different
fluidization numbers.

=3

-4 layer height at n=

b3 layer height at o

h-2 layer height at =2

-1 layer height at n=1

AL

where: N = n * Pi, where N is the gas consumption for
liquefaction; n is the fluidization number (0.5; 1; 2, etc.);
P is the gas consumption at a fluidization
number equal to 1

Figure 3 - Cross-section of a fluidized bed of solid
particles at different fluidization numbers

A fluidization number equal to 1 corresponds to
a gas flow rate at which solid particles pass into a
state of fluidization over the entire surface of the
fluidized bed mirror, i.e., there are no stagnant
zones on the entire surface of the fluidized bed.
When the fluidization number increases to 2, 3, etc.,
the gas flow rate for fluidization increases
accordingly, as does the height of the fluidized bed
of the material.

Results and Discussion

The main criterion for assessing the behavior of
a component when heated in a fluidized bed can be
the saturated vapor pressure of metal sulfides.

Figure 4 shows the dependence of the vapor
pressure not only of the sulfides considered, but also
of other substances that may be present in ores and
concentrates.

Figure 4 - Dependence of vapor pressure of non-ferrous
metal sulfides on temperature

From the data on the dependence of the vapor
pressure of non-ferrous metal sulfides on
temperature, it follows that one of the promising
methods for processing or enriching complex
polymetallic raw materials, mainly sulfide, is
pyroselection in a fluidized bed with the supply of a
mixture of neutral gas with vapors of elemental
sulfur into the layer of the material being processed,
based on the difference in vapor pressure,
dissociation of sulfides and their decomposition
products.

In comparison with the processing of materials
in conventional fluidized bed furnaces, where the
liquefaction of the material is carried out by ordinary
air, according to the proposed technology, the
supply of a mixture of neutral gas with elemental
sulfur into the bed is characterized by the formation
of a much smaller amount of reaction gases, and
therefore a sharp reduction in the emitted gases and
better conditions for the condensation of vapors,
reduced dust entrainment and the possibility of

distilling off volatile components at lower
temperatures [[19], [20]].
Microscopic examination of the residues

revealed that the size of the particles located deep
in the layer remained unchanged.

The influence of the layer height, duration and
temperature of the initial sample processing on the
evaporation rate of Sb,S; was investigated. The
experiments were conducted with antimony sulfide
of a size of - 0.5 + 0.1 mm at a temperature of 923 —
1023 K, respectively. The layer height varied from 5
to 15 mm. The experimental data are presented in
Table 1.
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Table 1 - Effect of grain size on the evaporation rate
of Sh2Ss3

Experience T, Grain size, Evaporation
number K mm rate
of Sh.Ss,
g/cm?2sec
1 923 | -2.0+1,0 0.070 - 10°
2 923 | -0.5+0.25 0.072-10°
3 923 | -0.1+0.09 0.072-10°
4 923 | -0.1+0.09 0.072-10°
5 1023 | -2.0+1.0 5.45-10°
6 1023 | -0.5+0.25 5.62-10°
7 1023 | -0.25+0.1 5.66 - 10°
8 1023 | -0.1+0.09 5.70-10°

For comparison, the results of the study of the
kinetics of antimony sulfide Sh,S; evaporation from
a fixed bed, we conducted experiments on the
evaporation of antimony sulfide from a fluidized
bed. The results of the experiments on the kinetics
of antimony sulfide evaporation from fixed and
fluidized beds are given in Table 2.

As can be seen from the data provided, X-ray
structural analysis established that in both cases (for
freshly ground and calcined), the preparation
consisted of Sbh,S3 with a rhombic structure.

Microscopic examination revealed that the
sample was crystals of perfect shape with smooth
edges. Apparently, the decrease in the evaporation
rate when the sample was kept in its vapor occurred
due to a decrease in crystal defects, a noticeable
elimination of microscopic irregularities and surface
roughness.

When studying the effect of foreign impurities
on the kinetics of Sb,S; evaporation, it was found
that the rate of evaporation of a volatile component
from its mixture with an inert substance can be
affected by the physical properties of the surface of
the non-volatile, its adsorption capacity, gas
permeability and the nature of the bonds. The
hydrodynamic resistance of the layer of non-volatile
granular material formed in the process of
incongruent evaporation of the mixture with the
non-volatile component should have a great
influence on the rate of evaporation from the
mixture. Thus, it was established that the rate of
antimonite evaporation does not depend on the
height of the layer and the size of the grains, but
depends on the preliminary treatment of the
preparation.

Figure 5 shows the kinetic dependences of the
Sb,S; evaporation rate on the duration and
temperature of the treatment.

Table 2 - Effect of sample layer height and experimental temperature on the evaporation rate of Sb»Ss

Experience | Temperature, Layer Sb2S3 evaporation Lg K evaporation rate Lg K
number K height, rate g/cm?sec g/cm?sec g/cm?sec g/cm?sec
mm Sb2S3
Fixed layer Fluidized bed

1 923 5 0.070-10° -5.154 0.56-10° -4.251
2 923 15 0.066 - 10° -5.180 0.50- 10° -4.301
3 1023 5 5.450- 10° -3.263 3.28-10* -3.484
4 1023 15 5.420- 10° -3.266 3.19-10* -3.496
5 1073 5 0.9-10* -4.045 7.80- 10* -3.107
6 1073 15 0.84-10* -4.075 7.56-10* -3.121
7 1123 5 2.4-10* -3.619 1.2-103 -3.920
8 1123 15 2.32-10* -3.634 1.16- 103 -3.935
9 1173 5 4.2-10* -3.376 2.8-10°3 -3.552
10 1173 15 4.15-10* -3.381 2.74-10°3 -3.562
11 1223 5 8.7-10* -3.060 4.75-10°3 -2.323
12 1223 15 8.6-10* -3.065 4.6-10°3 -2.337
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Figure 5 - Kinetic dependences of the evaporation rate
of Sb2S3 on the duration of the experiment at
temperatures of 1073, 1123 and 1223 °K

The data obtained show that the evaporation
rate of pure antimony sulfide reaches its maximum
value in fairly short periods of treatment time, this is
especially noticeable for high temperatures. Thus, if
at a temperature of 1073 K the evaporation rate
during a treatment time of 7 minutes was 0.98
g/cm?sec-1073, then at a temperature of 1223 K it
reached 4.7 g/cm?sec-103, i.e. it exceeded the
evaporation rate of Sb,S; for the same treatment
time by almost 5 times.

Conclusions

Hydrodynamic and heat transfer processes in a
fluidized bed were investigated, and the feasibility of
forming a stable fluidized bed through throttling of
aninert gas or a mixture of inert gas and sulfur vapor
was experimentally confirmed.

The optimal process parameters were
determined as follows: particle size between 0.25
and 0.5 mm, bed height between 5 and 15 mm
(minimal influence was observed), and operating
temperature between 1023 and 1073 K with a gas
mixture consisting of nitrogen and sulfur vapor.

It was established that the specific evaporation
rate of Sb,Ss, calculated per unit surface area, is

nearly identical for particles of different sizes. At the
same time, a decrease in particle size increases the
total surface area, which leads to a higher overall
evaporation rate of the sample. This effect was
experimentally confirmed (Table 1, temperature
1023 K).

Evaporation rates of Sb;S; in a fluidized bed are
7-9 times higher than those in a fixed bed due to
enhanced heat and mass transfer. Vapor removal
rates from the fluidized bed significantly exceed
those from a fixed bed, improving process efficiency.

The evaporation rate does not depend on the
bed height within the range of 5-15 mm and occurs
mainly from the surface of the particles.

Antimony recovery in sublimates has increased
by 2-3% compared to conventional technology,
reaching 98-99%, due to the suppression of Sb,0s
formation.

The proposed technology of introducing an inert
gas with sulfur vapor into the fluidized bed offers
ecological and technological benefits: reduced
formation of secondary reaction gases, lower dust
entrainment, improved vapor condensation, and
efficient distillation of volatile components at lower
temperatures.
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TYWIHAEME

TyCTi, acbin XKaHe CUpeK MeTandapfa CypaHbICTbIH, apTybl MUHEPaNAbIK LWKWKI3aTTbl, COHbIH, ilWiHAe
anTblH-CypbMa KeHAepi MeH KOHLEHTpaTTapblH bapblHIIa KeleHai api TMimAi naiganaHyabl
KaxeT eteai. MepcnekTnBanbl HarbITTapAplH, 6ipi — A3CTYPAI TEXHONOMMANAPMEH CanbICTbIpFaHaAa
MKbIY- XKaHe Macca anmacy yaepicTepiH aHaFyp/ibiM KapKbIHAbI XKYPri3eTiH XKanfaH cyiblKTaHFaH
kabaTTafbl NMPOMETANNYPrUANBIK KaiTa eHaey 6onbin Tabblnagbl. Ocbl 3epTTeyaiH, MakcaTbl —
aNTblH-CypbMa KeHAepi MeH KOHLEeHTpaTTapblHaH cypbma cynbduaiHib, (Sb2Ss) 6ynaHy
KMHETUKACbIH  KanfaH CyWblKTaHFaH KabaT KafgalblHAA — 3epTTey.  JKCNepUMEHTTep
TemnepatypaHbl (923-1223 K), 6enwektep enwemiH (0,09-2,0 mm) aHe KabaT KanbiHAbIFbIH (5—
15 mm) e3repTy apKblabl KYprisingi. 3epTxaHanbiK KOHAbIPFbI KYpPamblHAA a30T MeH KyKipT
6ynapbiHaH TypaTbiH ra3 KOCMACbIHbIH, PETTE/ETiH aFbIHbIMEH KababIKTanFaH KanfaH CyMblKTaHFaH
KabaTTbl peakTop 6onabl. BynaHy KbinAamAblKTapbl rPaBUMETPUANDBIK SAICNEH aHbIKTanbIM,
PEHTrEHKYPbINbIMABIK, }KOHE MUKPOCKOMUANBIK TanaayNapMeH pactanibl. 3epTrey HaTUXKeciHae
Sb,S; 6ynaHy *Kbingamablfbl XanfaH CyMblKTaHFaH KabaTTa KO3FasIMalTbiH KabaTka KapafaHaa 7—
9 ece KOFapbl €KeHAiri aHbIKTangpl, Oyn KblAy- KaHE Macca anmacy YAepicTepiHiH,
KapKblHAAHYbIMEH TyciHAipineai. 1023 K TemnepatypacbiHga 6enlwekTep enwemi KiwipeireH
callblH 01apAblH, MEHLWIKTI BETiHIH, yaFatobiHa 6alNaHbICTbl Xannbl BynaHy XblAgaMablfbl apTTbl,
an ayaaHHbIH, BipAiriHe WaKKaHAafbl KblAAaMAablK e3repicci3 Kangbl. 5-15 mm weriHae kabat
6uiKTiri aviTapnbikTait acep etneidi. CypbmaHbl yWbIpbIHAbIIAPFA WhIFapy Aapexkeci 98-99%
JKETIN, A9CTYpPAi TeXHONOTUAMEH CcanbiCTbipFaHda 2—-3% »Kofapbl 6ongpl, 6yn SbaOs TysinyiH
6onapipmay ecebiHeH MyMmKiH 6onabl. ANbiHFaH HaTUXKenep MHepTTi ra3 6eH KyKipT BynapbiH
JKaNfaH CyMbiKTaHFaH KabaTka 6epy TMimainiriH aanengenai, 6yn 3uaHabl rasgapabliH, 6eniHyiH
a3aiiTyfa, WAaHHbIH TapanyblH TOMEHAETYre »OHe YLIKbIL KOMMOHEHTTepAi TeMeHipek
TemnepaTtypaja TMimAi ailgayfa MyMKiHAIK bepegi.

Tyiiin ce30ep: KyKipTTeHAipe Kyiaipy, TOTbIKTbIPbIN KYHAipy, 6eiTapan ras, KoHAeHcauus.
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AHHOTALUMA

PacTywumii cnpoc Ha uBeTHble, 61aropofHble U pefKue MeTan bl 06ycN0BAMBAET HEOBXOAUMOCTb
6onee KOMNNEKCHOrO U 3GHEKTUBHOTO MUCMNONBL30BAHWA MWHEPANIbHOMO CbipbA, B TOM 4ucne
30/10TO-CYPbMAHBIX  PYA, W KOHLEHTPAToB. [lepcnekTMBHbIM  HanpaBneHWem ABAAeTCA
nUpoMeTalypruyeckan nepepabotka B MCEBAOOKUNKEHHOM cnoe, obecrneumsatowas bosee
MHTEHCUBHBIW TEN/I0- U MAacCOOBMeH MO CPAaBHEHUIO C TPAAULIMOHHBIMM TexHoNorMAMU. Lienbto
[aHHOTO UCCNeA0BaHUA ABAANOCL U3yYeHUe KMHETUKM UcrmapeHnsa cynbduga cypbmbl (SbaSs) us
30/10TO-CYPbMSAHBIX PYA, U KOHLEHTPATOB B YCI0BUAX NCEBAOOKMUKEHHOTO CNOA. IKCMEPUMEHTDI
NpPOBOAMUIUCL NPU U3MeHeHUW TemnepaTypbl (923-1223 K), pasmepa vactuy (0,09-2,0 mm) m
TOAWMHbBI cnos (5-15 mm). JlabopaTopHas ycTaHOBKa BK/OYana PeaKTOp C NCEBAOOKMUKEHHbBIM
cnoem, CHabKEHHbIV peryampyembim NOTOKOM ra3oBOi CMeCUM Ha OCHOBE a30Ta M NapoB cepbl.
CKOpOCTU UCNapeHnA onpeaenanucb rpaBUMETPUYECKMM MEeTOAOM W  MOATBEPNKAANNCH
PEHTrEHOCTPYKTYPHBIM U MUKPOCKOMMUYECKUM aHann30M 06pasLioB. YCTaHOBNEHO, YTO CKOPOCTb
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ncnapeHna Sb,S; B NceBA0OXKMKEHHOM cnoe B 7-9 pas Bblille, YeM B HEMOABUNKHOM, Y4TO CBA3AHO
C VHTeHcMdMKaumen npoueccoB Tenno- U maccoodbmeHa. Mpu TemnepaTtype 1023 K obuian
CKOPOCTb UCNapeHUA BO3PacTaeT C YMEHbLUEHMEM PasMepa YacTuL, BCIEACTBUE YBEIUYEHUA UX
YAENbHON MOBEPXHOCTU, TOrAa KaK CKOPOCTb, OTHECEHHAA K eauHULe naowaau, ocTaérca
NOCTOAHHOMN. BbicoTa cnos B npegenax 5—-15 Mm cyLecTBeHHOro BAMAHKUA He OKasbiBaeT. CTeneHb
M3BJIeYEHNA CypbMbl B BO3roHbl gocturana 98-99%, uto Ha 2—-3% Bbllue MO CPAaBHEHWUIO C
TPAagMUMOHHOW TexHonorvew, 6narogapa nogasneHuto obpasoBaHus Sby0s. [osyyeHHble
pesynbTaTbl NOATBEPNKAAT 3OGEKTUBHOCTL NOAAYM MHEPTHOrO rasa C Napamu cepbl B
NCEBAOOMKMMKEHHDIN CNOW, YTO obecneumBaeT CHUMKEHWE Tra3oBbIX BbIOPOCOB, YMEHbLUEHUE
nbineyHoca M 3PPEKTUBHYIO AUCTUANALMIO NIeTy4MX KOMMOHEHTOB nNpu bonee HU3KMUX
Temneparypax.

Kniouesbie cnoea: CynbGuanpyrolwmii 06XKWUr, OKUCAUTENbHBIN OBXUI, HEWTpasibHbIN ras,
KOHAEeHcauus.
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