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INVESTIGATION OF THE PROCESS OF SULFIDING OF GOLD-ARSENIC
CONTAINING ORES AND CONCENTRATES

Purpose. Research of the removal of arsenic by sulfiding from gold-arsenic containing concentrates of the Bakyrchik de-
posit.

Methodology. To determine the composition of the samples, chemical and electron probe analysis were carried out; to deter-
mine the phase composition of materials, X-ray analysis was conducted. In order to predict the process of sulfidation of arsenic
and its compounds in the range of 298—2000 K, a thermodynamic analysis was performed. To establish the optimal conditions for
the process of sulfiding arsenic and its compounds, studies were carried out to determine the effect of temperature and the con-
sumption of elemental sulfur on the degree of sublimation of arsenic from gold-arsenic concentrate. The sulfiding roasting of the
concentrate was carried out with elemental sulfur vapor coming from a new design evaporator with a mixture of gaseous nitrogen.

Findings. The main minerals of the original concentrate are pyrite, marcasite, arsenopyrite, native gold and silver. Significant
elements in the concentrate are, %: arsenic 2.9—3.1, iron — 70—7.3, gold — 40. It has been calculated by thermodynamic analysis
that when the main minerals of gold-arsenic containing refractory ores and concentrates interact with sulfur in a neutral environ-
ment and in the range of 500—1000 °C, reactions of formation and removal of arsenic in the form of sulfides As,S; and As,S, occur.
When a new design evaporator supplies elemental sulfur in a mixture with neutral gas and with an increase in firing temperature
from 700 to 850 °C at S : As=0.35: 1, the degree of sublimation of arsenic increases from 94.7 to 98.2 %, with FeS,: As=1.3:1—
from 94.0 to 99.5 %. With an increase in the consumption of elemental sulfur vapor (with an increase in the S : As ratio from
0.35:11t0 0.6 : 1 and a temperature from 700 to 800 °C), the degree of sublimation of arsenic from the gold-arsenic product
reaches up to 99 %. The condensed sublimes contained up to 98.5—99 % As,S, and As,S;, the dust caught in cyclones is close in
its composition to the composition of cinder.

Originality. A new technology for the removal of arsenic from gold-arsenic containing concentrates in an oxygen-free atmo-
sphere in the temperature range of 700—850 °C with the removal and capture of arsenic sulfides up to 100 % is proposed. The
regularity of the degree of sulfidation of arsenic and its oxidized compounds by elemental sulfur vapors in a mixture with a neutral
gas to As,S, and As,S; has been established.

Practical value. The use of the new technology makes it possible to completely convert arsenic into sulfide forms which are
environmentally friendly, convenient for storage, burial, or for use as antiseptics. The development can be used for processing ar-
senic-containing polymetallic ore materials.
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Introduction. The problem of arsenic is still one of the un-
resolved problems in the production of heavy non-ferrous
metals. The distribution of arsenic during the processing of
arsenic-containing raw materials between all products sharply
worsens working conditions, creates problems with the remov-
al and disposal of harmful arsenic compounds, reduces the
quality of commercial products, and pollutes the environment
in the areas where enterprises are located. For this reason, at
present, a number of refractory gold-arsenic containing ores
with a significant number of valuable metals are not used for
processing. Currently it is given increased attention and re-
quirements to increasing the complexity of the use of mineral
raw materials, as well as environmental safety in its processing.

At many metallurgical enterprises, arsenic entering the
metallurgical production along with raw materials of non-fer-
rous and noble metals is removed from the technological cycle
in the form of conditionally dumped calcium arsenate cakes.
These products have significant solubility and during storage
have a pronounced negative effect on the components of the
environment.

Literature review. Among the effective and environmen-
tally friendly technologies for processing copper arsenic-con-
taining concentrates and middlings is the method of sulfide
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pyroselection. Conducting the processing process in a sulfide
atmosphere, taking into account the high reactivity of sulfur,
can drastically reduce the volume of reaction gases, reduce
dust entrainment and improve working conditions and elimi-
nate environmental pollution by eliminating the formation of
toxic oxide compounds of arsenic.

Various options for pyro- and hydrometallurgical process-
ing of refractory gold-bearing concentrates have been pro-
posed: roasting at a relatively low temperature [1] and two-
stage firing in a fluidized bed furnace [2, 3], direct reduction
smelting [4], pretreatment of concentrates using microwave
pyrolysis [5, 6], direct [7] and combined methods of leaching
[8, 9]. Some of them allow complex processing of mineral raw
materials, but require multi-stage processing, expensive equip-
ment and reagents. Others are characterized by insufficiently
complete breaking up of the raw material, and hence the in-
complete extraction of gold and the removal of arsenic in the
form of a neutral compound.

In this regard, in the world practice research is currently
underway in the direction of obtaining less toxic arsenic com-
pounds during the processing of gold-arsenic materials, for
which various pyrometallurgical methods are used with the
introduction of a sulfidizing agent (pyrite) directly into the
processed material [10, 11]. However, it should be noted that
only part of the sulfur from the decomposition of pyrite at
temperatures of 700—750 °C is consumed for the sulfidization
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of arsenic according to the reaction: FeS, = FeS + 0.5S,, while
the rest from the decomposition of pyrite pyrrhotite (FeS),
concentrating together with gold in the residues, deplete the
gold-bearing product, which in turn creates significant diffi-
culties in the subsequent extraction of gold due to the iron of
pyrrhotites.

Unsolved aspects of the problem. The vast majority of the
methods described above are not universal, require passing
through several stages, are often complex or do not allow ob-
taining the extraction of valuable components to the required
degree. The main disadvantage of all the technologies described
above is the unresolved problem of environmental pollution.

In this regard, it is necessary to develop or improve existing
technologies for the complex processing of gold-arsenic-con-
taining ores and concentrates with the removal and utilization
of arsenic in the form of environmentally friendly neutral
compounds (sulfides) and the production of a commercial ar-
senic-free gold-containing product in one metallurgical unit.

Purpose. The purpose of this work was to study the opti-
mal conditions for sulfiding roasting of gold-arsenic contain-
ing concentrates with the extraction and utilization of arsenic
in an environmentally friendly sulfide form using a new design
sulfur evaporator.

The flotation gold-arsenic concentrate obtained from the
processing of ore from the Bakyrchik deposit was used as a
feedstock for research.

Methods. To determine the material composition of the
initial substances and the resulting products, chemical and
electron probe analyzes were carried out; to determine the
phase composition of materials and phase transformations, X-
ray analysis was used on an XPert MRDPRO (PANalytical)
diffractometer, and to study the oxide film on sulfides — a
JEOL ISM — 258 3 scanning electron microscope was applied.

For thermodynamic calculations, allowing one to indi-
rectly determine the nature and direction of reactions during
the firing process, the expanded Gibbs-Helmholtz formula
was used, which makes it possible to calculate the change in
the Gibbs free energy and the equilibrium constants of chemi-
cal reactions depending on the temperature change.

For the calculation, a program generated by the Delphi
compiler was used, using temperature data: initial tempera-
ture, polymorphic transformation temperatures, firing tem-
perature and final temperature (in the range of 773—1273 K).

For the calculation, we used the thermodynamic charac-
teristics of substances published in the reference literature, as
well as refined data on thermochemical constants for arseno-
pyrite and arsenides [12].

Sulfiding roasting of samples of gold-arsenic containing
concentrates was carried out in a laboratory fluidized bed in-
stallation (Fig. 1) under the following conditions: a concen-
trate sample of 25 g, the firing temperature in the reactor (2)
and in the evaporator was maintained in the range of 873—
1023 K.

Results. Experimental part.

A flotation gold-arsenic concentrate was used as a feed-
stock for research, the chemical composition of which is given
in Table 2.

As the results of chemical analysis show (Table 2), the con-
tent of arsenic in the concentrate is high and amounts to 2.9—
3.1 %, iron 7.0-7.3 %, and a relatively high gold content is
noted — 40 %. The X-ray phase analysis of the samples showed
that the main minerals of the concentrates are pyrite, marca-

! & To atmosphere

i

Fig. 1. Laboratory fluidized bed plant for sulfiding gold-arsenic
containing concentrates:
1 — bunker for concentrate loading; 2 — reactor for roasting in the
“fluidized bed” mode; 3 — hopper for supplying sulfur powder,; 4 —
sulfur evaporator; 5 — electric furnace; 6 — thermocouples; 7 —
dust collector; 8 — heat exchanger-condenser; 9 — filter; 10— filter
packing; 11— electropotentiometer

site, arsenopyrite, native gold and silver. Among the leading of
the non-metallic minerals, there is quartz, micaceous miner-
als, feldspars, clay minerals, carbonates, and others. Native
gold occurs in sizes from 0.0001 to 0.001 mm. Table 3 shows
the content of the main components in gold-arsenic concen-
trates.

The main elements of the concentrates entering the sul-
fidizing roasting are iron, sulfur and arsenic (Table 3).

To predict the behavior of the main components of the
arsenic-containing concentrate during firing in the fluidized
bed mode, we performed a thermodynamic analysis using the
main data shown in Table 4.

The reactions occurring as a result of the sulfiding process
of gold — arsenic-containing material are shown in Table 5.

The calculated values of the isobaric-isothermal potentials
of the proposed reactions are summarized in Table 6. In the
calculation, it was assumed that sulfur in a given temperature
range is in a vapor state in the form of S, molecules, and arse-
nic at a temperature of 600—650 °C passes into the gas phase in
the form of As, molecules.

According to reactions (1—8), it can be assumed that the
lower iron arsenide Fe,As is sulfided by sulfur to form both
FeAs monoarsenide and FeS pyrite.

Sulfidation of iron arsenides with sulfur is also possible
with the formation of arsenopyrite, which reacts in the pres-
ence of an excess sulfidizing agent to obtain arsenic tetrasul-
fide, iron sulfide and pyrite. Arsenic in the gas phase exists in
two molecular forms As, and As, [13, 14].

From a comparison of the results obtained, it follows that
sulfur sulfiding can remove arsenic in the form of sulfides at
relatively low temperatures. The reactions taking place can be
written in the following form

2FeASS + Sy(pu) = 2FeS, + 1/2A5,S 450
2FeAsS — FeS, + FeAs,
4FeAsS — 4Fe, _ .S + 4xFeAs, + (1 — 2x)As,
FeS, <> FeS+1/28,
Fe,_,S + 2xFeAs, —» FeS + As,
FeAs; + 25,5 = FeS + As,S;

Table 2
Chemical composition of the flotation concentrate, %
Ag, S .
Au o/t Fe As tot Sio, Al,O4 MgO Cu
39-40 1.5-2.5 7.0-7.3 2.9-3.1 2.7-3.9 42.5-58.2 13.4—14.5 0.66 0.04—0.05
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Table 3

The content of the main components in the materials used for
firing

Component content, %

Material name

Cu Fe Zn | C S As
Low arsenic Bakyrchik | 0.04 | 17.62 | — [ 129 | 5.3 | 2.39
concentrate
High arsenic Bakyrchik | 0.12 | 24.45 | — — 18.0 | 11.0
concentrate

According to the developed technology for the processing
of gold-arsenic polymetallic raw materials in a fluidized bed,
in order to remove arsenic in a non-toxic sulfide form, we
have developed a new design of the sulfur evaporator, which
(Fig. 2) provides a direct supply of elemental sulfur vapor
mixed with a neutral gas to the layer of the processed mate-
rial [15].

The use of a new design of the evaporator made it possible
to control the consumption of elemental sulfur, the flow of
gaseous sulfur into the reactor provided the mode of fluidiza-
tion and sulfiding of the processed concentrate.

Table 4
Initial thermodynamic characteristics of substances
Substance, AH,, ASSys, c, C,=a+bT+c'T2 J/mol- K _
aggregate state kJ/mol kJ/mol - K J/mol - K a b-107 - 10° 7
As, (gas) 143.68 329.70 77.40 83.07 - ~5.02 298-2000
As, (gas) 193.80 242,37 _ 37.39 _ 2.8 298-2000
As;S; (gas) _5.44 451.45 164.01 177.44 7.95 _13.81 298-1073
As,0 (225) —656.89 107.11 _ 35.04 203.5 _ 273-548
FeAsS (solid) —137.03 67.95 68.49 62.88 40.55 142 298-975
S, (gas) 127.52 228.04 35.73 36.48 0.67 3.77 298-3000
FeAs, (solid) 85.73 80.21 70.88 76.15 3.92 3.97 298— 1173
Fe,As (solid) —4.60 144.64 72.93 76.74 0.48 3.92 298—1173
FeAs (solid) —43.47 60.00 50.58 35.32 44.06 714 298—1173
Table 5 Table 6
Reactions of the sulfiding process of gold-arsenic containing The value of the Gibbs energy (AG,) of the main reactions
material
Change in the Gibbs energy value (AGy), kJ/mol

Reaction O 773K | 873K | 973K | 103K | U3K | 1273K
2IFEASS o)+ Syigay = 2FeS o)+ 1/2A8,S 4 2 162.692 | ~152.546 | ~142.090 | ~131.283 | ~120.105 | ~108.559
FeAsS + FeSy g = 2FeS, + 1/4A8,S qu) (&) 48266 | -57.141 | —65.842 | —74.342 | —82.639 | -90.749
2/3FeASyga + Sagas) = 2/3FCS o + 1/3A84S 4009 @ 79.301 | —69.064 | -58.989 | —49.062 | —39.274 | —29.626
FeAs; + 48y = 4FeS + AsiSqa +4As ©) 331601 | —285.834 | —241.108 | ~197.345 | —161.964 | ~129.041
2Fe)As + 1/58 ygay) = 2FeS + 1/4A5,S 4y ©) 232,818 | —220.914 | —210.231 | -200.648 | ~192.086 | ~184.493
FeAs; + 283 = FeS + As;S, ) _154.857 | —131.130 | —108.525 | —86.921 | —66.234 | —46.399
DFeAS, + Sy = 2FeS, + 1/4A8,S s ®) -267.284 | —206.884 | —147.148 | —87.917 | -29.039 | 29.633
FeAsS + Sagay = FeS, + 1/4A54S49 ©) 112719 | —90.556 | —68.573 | —46.719 | —24.952 | -3.236
288,05 + 3-38 yga9 = A84S4 + 38O (10) 132270 | —134.017 | —134.712 | ~134.484 | ~133.436 | —131.645
248,05 + 43Sy = 245,85 + 38Oy an 204.081 | ~189.086 | ~174.793 | —161.142 | ~148.081 | ~135.564
Ay + 28515 = ASSygay 12) 154461 | ~110.263 | —67.603 | —26315 | 13.738 | 52.667
ASy + 3850 = 249856019 a3 233.100 | —184.727 | ~138.388 | —93.859 | —50.962 | —9.548
1/4Cu;As + FeS, = 3/4CuFeS, + 1/16As,S e as 33.820 | —40.63 | —48.462 | —56.89 | —65.772 | —75.064
2CusAS +2.58, = 3Cu,S + 1/2A84S49 as 371135 | —355.930 | —341.095 | —326.524 | ~312.129 | ~297.839

4FeAs, + 4S, — 4FeS + As,S, + As,
4FeAsS — 4FeS + As,
As, + 38, . = 24,8
As,S,; —> As,S,

Sulfur supply device. The complex processing of arsenic-
containing polymetallic ores and concentrates is largely asso-
ciated with the removal of arsenic from the technological pro-
cess and its disposal.

3(gas)

Results of sulfidation and sublimation of arsenic sulfides. The
studies were carried out when the same amount of supplied
vapors of elemental sulfur and sulfur vapors from the decom-
position of pyrite were supplied to the layer of the processed
gold-arsenic concentrate.

The process of sulfiding and sublimation of arsenic sulfides
was analyzed. The results of the conducted studies are shown
in Table 7.

As can be seen from the data obtained, when blowing the
same amount of sulfur vapor for sulfiding, it is necessary to

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2022, N2 3 53



Fig. 2. Longitudinal section of the sulfur evaporator:

1 — sulfur evaporator; 2 — gas distribution block; 3 — sealing ring;
4 — cover; 5 — gasket; 6 — branch pipe; 7 — graphite heater; 8§ —
sealant; 9 — rotameter; 10 — nozzle; 11 — electric heaters

Table 7

The results of experiments on the sulfiding of arsenic with
vapors of elemental sulfur and sulfur from the decomposition

of pyrite

g 2 Sa v
s g o Mass ratio Mass ratio é 9.9
a = = S:As FeS, : As =S85
5 £ AR
Y = 3 @

700 25 0.35:1 - 94.7
750 25 0.35:1 — 96.5
800 25 0.35:1 — 98.2
700 25 - 1.3:1 94.0
750 25 - 1.3:1 95.4
800 25 - 1.3:1 98.7
850 25 - 1.3:1 99.5

decompose pyrite in an amount 3 times greater than the vol-
ume of elemental sulfur.

With an increase in the firing temperature from 700 to
850 °C at S: As=0.35: 1, the degree of sublimation of arsenic
increases from 94.7 to 98.2 %, with pyrite : As= 1.3 : 1 — from
94.0t0 99.5 %.

Studies to determine the degree of distillation of volatile
compounds from copper-antimony-gold-containing raw ma-
terials were carried out depending on the temperature in the
range of 700—800 °C, the weight of the sample was from 25 to
50 g, the S : As mass ratio was from 0.35 : 1 to 0.6 : 1. Sulfur
injection was carried out with a neutral gas — nitrogen.

The results of the studies to determine the effect of tem-
perature and elemental sulfur consumption on the degree of
sublimation of arsenic from the gold-arsenic product at a pro-
cessing time of 45 minutes are shown in Table 8.

It has been established that the optimal mode of arsenopy-
rite sulfiding is carried out when neutral gas is supplied to the
material layer in a mixture with gaseous sulfur in a ratio of
1:(0.25—0.3) and sulfur consumption at the rate of 35—60 %
of the mass of arsenic in arsenopyrite [14].

From the data of chemical, spectral, petrographic, X-ray
diffraction methods of analysis, the sublimates obtained dur-
ing sulfiding consisted of 97.5—-98.5 % of low-toxic arsenic
sulfides, and 1—1.5 % of mechanically removed particles of the
processed material.

The sublimates condensed on the cold walls of the quartz
retort, inside which the reaction vessel with the initial sample
was placed, contained up to 98.5—99 % As,S, and As,S; [15].

In this case, the nature of the occurring reactions is pre-
sented in the following form

Table &

Effect of temperature and consumption of elemental sulfur on
the degree of sublimation of arsenic

5
= =
) g 2 - 2
3 g Cinder weight, | Mass ratio | § S &
= O I P
5 s g S:As o8 g o
2. = E == £ 8
£ 2% 25 Z &
EP|IEZw LER|aIR
700 25 20.03 0.35:1 0.25 94.7
750 25 19.52 0.35:1 0.17 96.5
800 25 19.25 0.35:1 0.09 98.2
700 25 19.80 0.45:1 0.20 95.8
750 25 19.30 0.45:1 0.11 97.8
800 25 18.31 0.45:1 0.05 99.0
700 25 19.72 06:1 0.18 96.3
750 25 19.15 06:1 0.10 98.0
800 25 18.52 06:1 0.05 99.0
700 35 28.7 0.35:1 0.17 96.3
750 35 27.32 0.45:1 0.09 98.2
800 35 27.00 06:1 0.06 98.8
700 50 42.59 0.35:1 0.18 96.0
750 50 41.35 0.45:1 0.09 98.0
800 50 40.20 0.6:1 0.07 98.5
2FeAsS — FeS, + FeAs,

4FeAsS — 4Fe, _ S + 4xFeAs, + (1 — 2x)As,
FeS, <> FeS +1/2S,
Fe,_.S + 2xFeAs, — FeS + As,
4FeAs, + 4S, —> 4FeS + As,S; + As,
4FeAsS — 4FeS + As,;, Asy+2S, —> As,S,

Thus, during sulfiding roasting, iron arsenopyrite FeAsS
dissociates to form lower iron sulfides and elemental arsenic
and sulfur. At high temperatures, in the presence of arsenic
and sulfur in the system, the formation of As,S, is inevitable.

Sublimates of arsenic sulfides, obtained during the roast-
ing of arsenic-containing polymetallic raw materials, are
mostly finely dispersed material with a developed surface,
which contributes to oxidation and leaching upon contact with
the external environment. To clarify this conclusion, we stud-
ied the effect of the granulometric composition (pulverization)
of arsenic and arsenic-containing sulfides on the degree of
their oxidation.

The following materials were used as initial substances: el-
emental arsenic; sublimes of arsenic sulfide condensed and
fused; arsenic sulfides, obtained by a hydrochemical method.
All samples were kept in an air atmosphere at room tempera-
ture for 60 days.

As a result of the studies carried out, it was established
(Table 9) that the oxidation of elemental arsenic in air is ac-
companied by a gradual increase in weight up to the expiration
of 60 days, after which the increase practically stops. During
the same time, the weight of samples with arsenic sulfides re-
mains unchanged.

As follows from the data in Table 9, the oxidizability of ar-
senic and its sulfides is significantly affected by the size of the
starting material. Arsenic sulfide compounds are arranged in
descending order of oxidation degree: As,, = AS;S3umorpn —>
= AS;S3ys = AS4S4(AS4S3)crys. — sulphide fumes. After
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Table 9
The degree of oxidation of elemental arsenic and its sulfides
in the air (at 60 days)
. Contents The
Fineness, amount of
No Substance As, .
mm % oxidized
° As, %
1. | Arsenic crystalline -0.5+0.1 99.9 2.5
-0.1+0.08 99.9 7.9
-0.08 99.9 16.5
2. | As,S;, melted —-0.063 60.1 0.45
pounded 0.08 +0.063 60.1 0.16
-0.1+0108 60.1 0.07
3. | As,S;, obtained by amorphous 59.8 1.7
hydrochemical
method
4. | As,S,, melted —-0.063 69.2 0.24
pounded —0.08+0.063 0.09
—0.1+0.08 0.025
5. | Condensed <1-10* 67.2 0.23
sulphide fumes 71.8 0.31
6. | Sulfide sublimates, 1-10 67.2 -
fused in the form of 71.8 -
a monolithic piece

60 days, in addition to a monolithic piece of melted sulfide
sublime, an oxide film appeared in all samples. Its thickness
calculated using an electron microscope on arsenic sulfides
was (2.3—3.0) 10 cm.

Thus, as the results show, it is most preferable to obtain
sulphide sublimates in a monolithic molten form, which will
allow them not only to be safely buried, but also simply stored
under sheds. In addition, arsenic sulfides can be used in the
woodworking industry as antiseptics for impregnating wood,
as well as for impregnating railway sleepers. Arsenic-based an-
tiseptics are highly toxic to wood pests and destroyers, have
strong fixation and do not cause negative changes in the tech-
nological, physical and mechanical properties of wood prod-
ucts, and ensure their resistance to decay. Arsenic acid and
sodium arsenate, which are part of most preparations, are also
currently used [16].

Conclusions.

1. For the processing of high-arsenic concentrates, the
processes of sulfiding roasting with the production of arsenic
sulfides as a commercial product and arsenic-free cinders pro-
cessed by traditional methods are promising.

2. Thermodynamic analysis revealed a stepwise nature of
the sulfidation of arsenic and its oxidized compounds with el-
emental sulfur vapors. It has been established that already at a
sulfur pressure of more than 0.1—1 Pa, arsenopyrite (FeAsS)
decomposes into iron sulfides with the release of arsenic into
the gas phase.

3. A sulfur evaporator has been developed and designed,
which allows not only controlling the consumption of elemen-
tal sulfur, but also ensuring a uniform supply of sulfur vapor
mixed with a neutral gas (nitrogen) to the initial sample layer
for fluidization and sulfiding of the processed material.

3. With an increase in firing temperature from 700 to
850 °C at S : As=0.35: 1, the degree of sublimation of arsenic
increases from 94.7 to 98.2 %, at FeS,: As=1.3: 1 — from 94.0
t0 99.5 %.

4. With an increase in the S : As ratio from 0.35:1t00.6: 1
and a temperature of 700 to 800 °C, the degree of sublimation
of arsenic from the gold-arsenic product reaches up to 99 %.

5. The optimal mode of arsenopyrite sulfiding is carried
out when neutral gas is supplied to the material layer mixed
with vaporous sulfur in a ratio of 1 : (0.25—0.3) and sulfur con-

sumption at the rate of 35—40 % by weight of arsenic in arse-
nopyrite. Sulfidation of concentrates under such conditions
makes it possible to obtain sublimates containing up to 98.5—
99 % of low-toxic arsenic sulfides.

6. It has been established that it is most preferable to obtain
sulfide sublimates in a monolithic molten form, which will al-
low not only safely burying them, but also simply storing them.

7. The proposed technology of sulfide sublimation roasting
can be used for processing similar arsenic-containing polyme-
tallic materials.

The results of the work are presented obtained within the

framework of the completed scientific project under the Ministry
of Education and Science of the Republic of Kazakhstan No. 757.
Ministry of Education and Science grant funding 15. RIPR.7
“Development of technologies for the complex processing of gold-
arsenic containing ores and concentrates with the removal and
utilization of arsenic in an environmentally friendly sulfide form
and with the production of a commercial gold-containing prod-
uct”.
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Merta. [locaimkeHHs BUBEACHHSI MU' SIKY CYIb(]inyBaH-
HSIM 3 30JI0TO-MUIII IKOBMiCHUX KOHIIEHTpPATiB i pyn bakup-
YiKCHKOI'O POJOBUIIIA.

Mertoauka. 111 BU3HaUEHHS CKJIaay Mpob MpOBEIeHO Xi-
MIYHUI Ta eJIEKTPOHHO-30HIOBUIA aHai3; IJis1 BU3HAUCHHS
daszoBoro ckjiany MaTepiajliB — peHTreHorpadbiyHUil aHai3.
3 METOI0 MPOTHO3YBaHHS MPoLECy CYyab(MinyBaHHSI MUILL IKY
Ta iforo crioyk B iHTepBaii 298—2000 K BukoHaHO TepMO-
IUHAMIYHMUI aHali3. {1 BCTAaHOBJIEHHSI ONTHMAaJIbHUX YMOB
npolecy CyabgigyBaHHS MUII>SKY i MOTO CITOJIYK MPOBOIM-
JIMCsl OOCTIIXKEHHS! 3 BU3HAUEHHSI BIUIMBY TemrepaTypu i
BUTPATU €JIEMEHTHOI CipKU Ha CTYIiHb CyOaiMalii MUILL IKY
i3 30J10TO-MUII’IKOBOro KoHLeHTpaty. Cynbdiayounii Bu-
TMajl KOHIIEHTPATy TIPOBOAMBCS TMapaMy eJIeMeHTHOI CipKH,
1110 HAJXOAMTD i3 BUITApHMKA HOBOI KOHCTPYKIIIi i3 CYMIILIIIIIO
3 Ta30IoAiOHUM a30TOM.

Pesyabratn. OCHOBHUMYU MiHEpajlaMU BUXiTHOTO KOH-
LIEHTpATy € MipUT, MapKa3uT, apCEHOITipUT, CAMOPOIHE 30-
JIOTO Ta cpi0bmo. 3Hauylli eJeMEHTH B KOHLIEHTparTi, %:
munr’sk 2,9-3,1, 3amizo — 7,0—7,3, 3omoto — 40. Tepmonu-
HaMiYHUM aHaji30M pO3paxOBaHO IMPHU B3a€EMO/ii OCHOBHUX
MiHepaJliB 30JI0TO-MUIII IKOBMiCHUX PYI i KOHIIEHTpPATIB i3
CipKOIO B HEWTpaJibHOMY cepeloBuIlli Ta iHTepBaii 500—
1000 °C mporikaHHSI peaklili YTBOpPEHHS I BUIaJeHHS
MUIISIKY Y BUDJISIAL CyabdiniB As,S; i As,S,. [Ipu mogayi Bu-
MapHUKOM HOBOI KOHCTPYKIlii €IEMEHTHOI CipKU B CyMillli 3
HeHTpaJbHUM ra3oM i 3i 301JIbILIEHHSIM TeMIIepaTypy BUMATY
3700 mo 850 °C mpu S : As = 0,35 : 1 migBUIILYETbCS CTYMiHb
cyonimanii Munr’sky Bim 94,7 mo 98,2 %, npu FeS, : As =
=1,3:1—-28i194,0 10 99,5 %. 3i 30i1blIEHHSIM BUTPATH I1apiB
€JIEMEHTHOI CipKu (IpHY 30i/IbLIIEHHi CMiBBiAHOIIEHHS S : AS
Bim 0,35 : 1 10 0,6 : 1 i remmeparypu Bin 700 mo 800 °C) cty-
MiHb cyOIiMalii MU’ KY i3 30JI0TO-MUIII’ IKOBOTO MPOAYKTY
nmocsrae 10 99 %. CKoHIeHCOBaHi BO3TOHM MiCTIIH 10 98,5—
99 % As,S, i As,S;, YIOBIEHUI Y HIMKIOHAX MW 32 CBOIM
CKJIaZIoM OIM3bKUI 0 CKJIaLy HeJorapka.

HaykoBa HoBM3HA. 3anTpONOHOBAaHA HOBA TEXHOJIOTiSI BU-
BEICHHST MUIII SIKY i3 30JI0TO-MUII’ SIKOBMICHUX KOHLIEHTpa-
TiB y 6e3KuCcHeBill aTMocdepi B miana3zoHi remmnepatyp 700—
850 °C 3 BUOaJIeHHSM i YJIOBIIOBAaHHSM CyJIb(MiniB MUILI’ SIKY
1o 100 %. BcraHoBneHa 3aKOHOMIPHICTh CTYMEeHS CyJIbdimy-
BaHHSI MUIISIKY Ta MOTO OKMCJIEHMX CIIONYK Iapamu eje-
MEHTHOI CipK{ B CyMillli 3 HEUTPaJIbHUM Ta3oM 10 As,S; i
ASZS}.

IIpakTHyHa 3HAYMMIiCTh. 3aCTOCYBaHHSI HOBOI TEXHOJIOTii
TTO3BOJISIE TIOBHICTIO MepeBeCTH MUIII'SIK Y CyIbdinHi hopmu,
IO €KOJIOTIYHO Oe3reyvHi, 3py4yHi miIs 30epiraHHs, 3aXopo-
HEHHs a00 1151 BAKOPUCTAHHS B IKOCTi aHTUCENTUKIB. Po3-
pobka Moxe OyTH BUKOPMCTaHa JIJisl TIepepOOKU MUII SIKOB-
MiHMX MOJIMETATIYHUX PYOIHUX MaTepiaiB.

KomouoBi cnoBa: muui’sk, 30410mo-muul’iK0GMICHUL KOH-
yewmpam cipku, cyavgidyrouuili eunan, cyoaimayis, cyavgiou
MU Ky, GUNAPHUK, cyabgioayis
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