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Converting of copper-lead matte:
loss of gold and silver with slag
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Abstract. Based on comprehensive studies, including methods of elemental, X-ray phase analysis and
mineralogical studies of solid slag and dust samples, quantitative ratios of the forms of finding copper, lead and
precious metals are determined, a mechanism for the distribution of gold and silver between converting products is
established. It is shown that the loss of gold and silver under the conditions of converting of copper-lead matte is
associated with their redistribution between converter slag and dust. It was established that the loss of gold with
converter slag and dust is determined by the content of mechanical losses of copper in them. Loss of silver in the
slag is determined by the content of lead in them. As a result of mathematical processing of the compositions of the
converting products, the regression equation of pair correlation is constructed, which describes the dependence of
the gold loss in slag on the mechanical loss of copper in it with a high correlation coefficient (r = 0.92). An increase
in mechanical losses of copper in slag from 0.5 to 0.95% leads to an increase in the gold content in slag by more
than 1.5 times. An increase in the copper content in the form of sulfide in dust from 1.5 to 3% increases the gold
content in dust from 2 to 7%. Unlike gold, silver is highly correlated with lead. An increase in the content of lead in
slag from 17 to 25% increases the silver content in it from 100 to 150 g/ t. It is shown that in the process of converting
copper-lead matte, it is necessary to provide measures to minimize losses of copper and lead in slag, which will
reduce the gold and silver contents in them and significantly increase their extraction into blister copper. To reduce
the loss of gold, a solution is necessary on the one hand, the task of reducing the mechanical loss of copper with
slag, and on the other, minimizing dust removal under conditions of converting copper-lead mattes.

Keywords: copper-lead matte, slag, dust, metal loss, extraction, copper, gold, silver.
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Introduction

Since copper is the second functional metal after ~ sulfide concentrates in two stages: the first one is the
iron, the copper production process has an important ~ Smelting operation where copper matte is obtained,
value. The most common method for the production ~ and then the second one is the processing of matte by
of copper is the pyrometallurgical treatment of converting to produce blister copper. Almost all
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metallurgical plants producing copper, as well as
lead, consider processing of mattes in Pierce-Smith
converters.

The theory and practice of converting of copper
matte is well established and is described in detail in
the scientific literature [1, 2, 3]. Nevertheless, despite
the extensive theoretical material [4, 5, 6], the issues
of the behavior of gold and silver as well as the
studies of the causes and factors affecting their
extraction into blister copper remain to be further
investigated. The study of this issue has an
exceptional interest from the point of view of the
complexity of the use of raw materials [7] and
increasing the extraction of precious metals into the
final product. This shows a great interest in studying
of the issue particularly related to the process of
converting of copper-lead mattes obtained in lead
production [8, 9].

A distinctive feature of lead mattes obtained by
KazZinc Ltd. in the processes of mine reduction and
mine contractile smelting is elevated lead content up
to 30 (wt.)% [10]. The high concentration of lead in
mattes has a significant effect on the behavior of
precious metals in the converting process. It is clearly
seen from the results of industrial data: an increase in
the lead content in converter slags to 35% leads to an
increase in the concentration of silver and gold in slag
to 200 and ~ 1.0 g/t, respectively. The circulation of
converter slag in the “smelting - converting” chain
leads to an increase not only in the total losses of lead,
but also in precious metals due to their “smearing”
between the smelting products [11].

It is noted that the integration of lead with gold
and silver is not entirely unambiguous as it is
considered in metallurgy. This is especially
pronounced for reduction smelting with the
production of copper-lead matte. In article [12], it
was established that the losses of gold with slag in the
conditions of mine contractile smelting of lead
intermediate products and recycled materials does
not depend on the lead content in matte and slag. An
increase in the losses of gold with slag is
accompanied by an increase in the mechanical losses
of copper in the slag. Under oxidizing conditions of
converting even greater increase in the mechanical
losses of copper with slag is expected due to the
increased content of magnetite in it. Therefore, the
study of the behavior of gold in the process of
converting of copper-lead matte depending on the
mechanical losses of copper with converter slag
requires additional research. According to our view,
creating conditions for deep sublimation of lead and
reducing losses of lead and copper with slag will
significantly increase the extraction of gold and silver
into blister copper. The relevance of the study of this
issue is enhanced by the fact that a significant
concentration of lead and copper in dust (including

the sulfide form of copper) leads to an increase in the
losses of gold and silver with dust as well, reducing
their overall extraction into blister copper.

The purpose of this work is to study the
mechanism of losses of gold and silver with converter
slag and dust under conditions of converting of
copper-lead mattes.

Methods of conducting technological
experiments

From the theory and practice of converting
copper mattes it is known that the main factors
affecting the distribution of non-ferrous, noble and
related metal impurities between the conversion
products are their matte content, slag composition,
matte metallization and temperature. Acting in
conjunction, these factors determine a very complex
picture of the transition of non-ferrous metals to slag.
It is impossible to quantitatively describe this whole
set, not only theoretically, but also statistically,
according to factory data. When conducting
statistical analysis, significant difficulties arise due to
the lack of factory data. Thus, in KazZinc Ltd, in the
process of converting copper-lead mattes in shift slag
analyzes, the content of copper, noble and related
metal impurities (As, Sb, Pb) is not determined.
Given these shortcomings, in the experimental part of
the work, first of all, the task was to identify the
influence of the most significant factors on the
distribution of non-ferrous and noble metals between
conversion products, to determine the most important
dependencies characterizing their losses, and to
construct the corresponding statistical dependencies.

During this stage of the work, the main attention
was paid to the analysis of these conversion products
- copper-lead matte, converter slag and dust. For this,
the results of monthly factory analyzes of matte, slag
and dust samples were taken and comprehensive
studies were carried out to determine the total
elemental composition of the samples. In total, data
from 65 samples were processed, which is quite
enough to identify significant dependencies.

Comprehensive studies of sample compositions
included the X-ray spectral microanalysis method
using a Super Probe 733 electron probe
microanalysis (Jeol, Japan). In order to increase the
reliability of the results and evaluate the statistical
analysis, the elemental composition of matte,
converter slag and dust samples was additionally
studied using an Agilent 7700 Series ICP-MS
inductively coupled plasma mass spectrometer.

Additional mineralogical studies on the surface
structure of solid air-hardened matte and slag
samples were carried out using a Neofot microscope
(Carl Zeiss AG, Germany). Micro and morphological
analysis of the surface of individual slag samples was
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carried out using a JEOL EDS System (USA)
electron scanning microscope.

X-ray diffractometric analysis was carried out on
a Cu Ka - radiation, B-filter. Conditions for recording
diffractograms: U = 35 kV; [ = 20 mA; 0-20 survey;
detector 2 deg / min.

Results and discussion

Converting of copper-lead matte at KazZinc Ltd.
is carried out in 12-ton converters with the addition
of quartz flux containing 65% SiO,. Flux
consumption is 2 tons per ton of produced blister
copper. The converter is equipped with 10 tuyeres
with a diameter of d=38 mm to supply air blast. Air
consumption is 7.5 thousand m?/h.

Around 60 tons of matte per day are processed
in the converting stage with incomplete loading of
production capacities. The blister copper obtained
during converting corresponds to the BLC-1 grade
(Cu - not less than 95%; Pb - not more than 2%) and
BLC-2 grade (Cu - not less than 90%; Pb - not more
than 4%) and is regulated by the requirement of CT
AO 30884350-004-2007.

As the results of article [8], it indicates that the
distribution coefficient of copper varies widely -
from 25 to 45, depending on the variation of its
content in matte in the range from 30 to 45%. The
final lead content in blister copper is strongly
correlated with the content of non-ferrous metals in
the matte: under converting conditions, the lead
content in blister copper decreases with an increase
in the total content of non-ferrous metals in matte.

Taking into account that the process of converting of
copper-lead matte is carried out without adding any
cold additives, a significant influence of the
composition of the matte, in particular the content of
copper and lead, on the distribution of gold and silver
between the converting products should be
considered. It was established in article [12] that the
losses of gold with slag under the conditions of mine
contractile smelting is mainly determined by the part
of mechanical losses of copper in the slag. Moreover,
the more mechanical losses of copper with slag, the
greater the losses of gold with it. At the same time, it
was shown that an increase in the content of lead in
slags only slightly affects the loss of gold with slag.
The lead content in the slag shows a close direct
relationship exclusively with the silver content in the
slag. Therefore, it can be assumed that the main
indicator determining the losses of gold with
converter slag and dust is the proportion of
mechanical losses of copper in them, and the losses
of silver is determined by the content of lead in these
products. To check the offered approaches, the
samples of converter slags and dust were subjected to
X-ray phase and elemental analysis methods as well
as mineralogical studies. 12 samples of converter slag
and dust were examined. The phase composition of
the converter slag and dust showed good constant
regardless of fluctuations in the content of copper,
lead, gold and silver in them. The results of a
semiquantitative X-ray phase analysis of converter
slag and dust samples are shown in Tables 1 and 2.

Table 1 — Results of semi-quantitative analysis of converter slag

Name of the phase Formula Composition, %
Chalcosine Cu,S 0.73
Copper oxide Cu,0 4.41
Intermetallic compounds Cus(As, Sh) 1.11
Lead oxide PbO 23.84
Zinc oxide Zn0O 3.14
Fayalit Fe,SiO4 41.97
Magnetite Fes04 4.41
Arsenic oxide As,05 2.15
Antimony oxide Sh,0s 0.3

Table 2 — Results of semi-quantitative analysis of converter dust

Name of the phase Formula Composition, %

Lead sulphate PbSO4 31.06
Lead oxide PbO 23.71
Chalcosine Cu,S 5.38
Copper oxide Cu,0 0.21
Sphalerite ZnS 5.04
Iron oxide FeO 0.9

Arsenic oxide As>03 15.28
Antimony oxide Sh,03 9.56
Silica SiO; 2.32
Calcium oxide Ca0 1.23
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Mineralogical studies of solid samples of
converter slag showed the predominant presence of
copper in their oxide form (~85%). The proportion of
copper identified as a mechanical suspension of
matte is ~11.5%. Insignificant amounts of
intermetallic compounds of copper with arsenic and
antimony as well as ferrites were found.

Lead was found mainly in the form of oxide
bound to quartz in silicate and in small amounts in
the form of dissolved metal and sulfide, which is in
good agreement with the data of work [15].

Lead was found mainly in the form of oxide
bound to quartz as silicate. Lead in the form of
dissolved metal was detected in negligible amounts.
Arsenic is presented in the form of oxide (As;Os),
which is associated with the silicate part of the slag.
Antimony is represented in the form of its oxide
(Sb20s) and partially in metallic form (Sb°®). The
results obtained are consistent with the data of [14,
15].

The main part of iron was found in the divalent
(Fe?*) form bound to fayalite (~78%). The part of

ferric iron (Fe**) in the form of magnetite is ~ 5%.
Also intermetallic compounds of iron with antimony,
ferrites and a small proportion of iron sulfide were
found.

Lead in converter dust is represented mainly by
sulfate (55.61%) and oxide (43%). The proportion of
sulfide component of copper in dust is ~80%, oxide -
16.3% of the total copper content in dust. The
presence of a significant part of copper in dust in the
form of a mechanical suspension of sulfides is a
source of gold losses with dust.

The obtained results of the elemental
composition of converter slag and dust by calculating
their rational composition, taking into account the
data of semi-quantitative X-ray phase analysis and
mineralogical studies, showed good agreement with
each other and with the results of direct determination
of the elemental composition by using Super Probe
733 and an Agilent 7700 mass spectrometer.

Table 3 shows a sample array of the elemental
composition of the studied converting products.

Table 3 — Elemental composition of sample array of converting products

Composition of metals, (wt.)%

Products 1 ¢y | Bb | Zn | Fe sb | s | cao | siox | [Aub | [Ac,
git g/t

288 | 1942 | 675 | 1371 | 3.02 | 1.06 | 2536 | - ; 121 | 997

2819 | 1976 | 684 | 128 | 2.8 | 1.02 | 2585 | - - 127 | 1037

Matte 3693 | 2409 | 495 | 996 | 322 | 193 | 1836 | - - 258 | 1245
358 | 2876 | 424 | 787 | 402 | 175 | 1715 | - - 282 | 1513

4041 | 2966 | 296 | 562 | 594 | 262 | 122 - - 358 | 1570

4297 | 2642 | 413 | 888 | 391 | 154 | 108 - - | 2407 | 1430

838 | 5585 | 286 | 038 | 1636 | 321 | 506 | 012 | 048 | 275 | 1276

823 | 5275 | 32 | 020 | 11.89 | 325 | 512 | 015 | 052 | 28 | 1215

Converter | 683 | 5136 | 386 | 063 | 1065 | 22 | 476 | 011 | 038 | 25 | 1186
dust 776 | 5012 | 354 | 07 | 1235 | 225 | 488 | 013 | 032 | 246 | 1152
611 | 4769 | 425 | 083 | 1023 | 192 | 423 | 014 | 026 | 15 | 1096

513 | 4613 | 432 | 09 | 948 | 18 | 42 | 015 | 025 | 158 | 1009
712 | 2365 | 156 | 1778 | 16 | 034 | 015 | 122 | 2017 | 250]| 125.35
788 | 2308 | 218 | 1823 | 145 | 026 | 017 | 12 | 2089 | 260| 115.60
645 | 2009 | 380 | 2158 | 131 | 02 | 014 | 085 | 1848 | 235| 108.65
Converterslag ™ 2015407 | 341 | 2021 | 121 | 022 | 013 | 072 | 1732 | 227] 14423
555 | 17.1 | 442 | 2236 | 115 | 011 | 011 | 045 | 16.32 1.72| 10050
536 | 1702 | 435 | 23.89 | 1.1 0.1 01 | 035 | 15.58 1.68 | 100.00

943 | 13 - - 053 | 0.60 . - - 1107 | 7751

962 | 144 ; ; 058 | 052 - - ; 925 | 6975

, 929 | 07 - - 068 | 048 - - ; 787 | 5851
Blister copper |5 1e T080 | - o7 | om | - i ~ | a3 | 4701
881 | 146 ; - 083 | 0.80 - - ; 374 | 3328

875 | 16 - - 09 | 076 - - - 307 | 4710
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The obtained data is well aligned with the
results of article [8] and allow calculating the detailed
material balance of the process of converting of
copper-lead mattes taking into account the content of
sulfur, gold, silver and slag-forming components in
the converting products (Table 4).

The calculated values of copper extraction
into blister copper are ~ 80%, which is associated
with its losses with converter slag and dust, 15 and
5%, respectively. High extraction of lead into
converter slag (57%) significantly reduces its total
extraction into dust, which is only 42%.

In the framework of the copper and lead
extractions, the indicators for the extraction of
precious metals are not entirely favorable. The
extraction of gold and silver into blister copper is ~
92 and 94%, respectively. A significant part of the
gold is lost with converter slag (gold recovery into
slag - 6%). The recovery of silver to converter slag (~
5%) is slightly less. Extraction of gold and silver into
dust, constituting 2 and 1.3%, make negative impact
to their total extraction into blister copper. Finding
the way to reduce the loss of gold and silver with
these products requires further research to identify

the causes and nature of these losses.

A primary analysis of industrial data made it
possible to establish that the gold content, both in the
initial matte and in the converter slag, practically
does not correlate with the lead content in them. It
was not possible to establish its relationship with the
total copper content in the converter slag as well. At
the same time, as mentioned above, the gold losses in
fayalite slags are determined by the content of
mechanical losses of copper in the slag and are
directly dependent on them [12].

Apparently, this pattern should also apply under
the oxidizing conditions of the converting of copper-
lead matte. It is known that the higher is iron content
in matte [16], the higher is part of mechanical losses
of copper in slag. At low concentrations of iron in
matte, typical for copper-lead matte, with an increase
of the copper content in matte, the increase of the
sulfur content is expected, which leads to increased
mechanical losses of copper in the slag. This
statement is supported by the dependence shown in
Fig. 1, where a high correlation coefficient, r = 0.82,
characterizes a strong relationship between the
considered values.

Table 4 — Average material balance of the process of converting of copper lead mattes

Name of the | Q- Cu Pb Zn As Sb Fe N Si0: Ca0 Au | Ag
oducts [ ty, | ¢
P"u‘-L'/"IHIHIHIHIHIHIHIHIthg/t
Loaded:
Matie 60 | 83 |353 | 2118 | 259 | 1554 | 34 | 204] 38 | 228] 07 | 042 | 1515 | 9.09 | 15.08 | 9.05 2405 | 17906
QuartzFlx | 12| 17 516 | 062 680 | 8.16] 30 | 036
Total: 7100 2018 1554 2.04 228 0.42 971 9.05 0.36
Produced:
Blister copper | 18 | 25 | 948 | 1706 11| 02 | nd 09 [016] 06 | 001 | nd | - | nd | - | nd | - |nd| - | B6I] B3
Converter slag | 42 | 58 | 7.46 | 3.13 | 21.1] 886 | 3.86] 1.62] 1.19] 05 | 0.17] 0.07 | 229 | 962 ] 0.12 | 0.05] 1923 | 8.08 | 0.83 | 035] 2.13 | 1203
Dust 12| 17 | 83 | 099 | 54 | 648 | 35 | 042|135 | 162] 20 | 024 | 083 | 01 | 416 | 05 | 066 | 0.08| 0.08 | 001] 237 | 1125
Total: 7100 18 1554 204 28 042 971 9.5 8.16 036
0,2
[
0,18
0,16 e @ .-
® . - ® e
_= 0,14 P — o
%)
%) e 4 .-
0,12 ®
®
01 (S) = 0,001 + 0,004*[Cu], r = 0,84
0,08
25 30 35 40 45

(Cul, %

Figure 1 - Change in the content of sulfur in converter slag from the content of copper in matte
Hereinafter, data from the general array corresponding
to minimum, average and maximum contents of copper in matte
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The results of the elemental analysis of
converter slags by sulfur content (Table 3), as well as
XRD data (Tables 1, 2) and mineralogical studies,
allowed to carry out calculations to determine the
content of copper sulfide component (CuzS) in the
slag for each point of the industrial array and analyze
its connection with copper content in matte. Figure 2
shows the dependence of the content of the sulfide
form of copper in the converter slag on the content of
copper in matte: the mechanical losses of copper in
the converter slag increase with increasing copper
content in matte. A high correlation coefficient (r =
0.93) shows a close relationship and minimal scatter
of data on the graph, which indicates a high reliability
of the results and the accuracy of the calculations.

The adequacy of the dependence of gold content
in the converter slag on the calculated value of the
content of sulfide component of copper in the slag
was checked to assess the losses of gold with
converter slag. As a result of mathematical
processing of a full array of industrial data, the
regression equation of pair correlation is obtained,
which describes the dependence (Au) —f (Cu.S) with
a high correlation coefficient (r = 0.92). A graphical

(Cu2s), %

view of the dependence is shown in Fig. 3. It is seen
that the losses of gold with converter slag is
determined by the mechanical losses of copper in the
slag: an increase in the mechanical losses of copper
in the slag from 0.5 to 0.95% leads to an increase in
the gold content in the slag by more than 1.5 times.
The result obtained is supported by the opinion of
A.V. Vanyukov that the loss of gold with slag is
determined mainly by the presence of a fraction of
the mechanical loss of copper [16].

Using the above method, the sulfide component
of copper in the converter dust was calculated and its
relationship with the gold content in dust was
analyzed. As in the case with converter slag, a direct
dependence of the gold content with the content of
the sulfide component of copper in dust was
established (Fig. 4).

As can be seen in Fig. 5, unlike gold and silver,
both in converter slag and in dust strongly correlates
with the total lead content in them. This indicates the
prevailing role of lead and supports the statement that
lead is an active collector of silver, irrespective of its
form in converting products.

(Cu2s) = -0,25 + 0,02*[Cu], r = 0,93

25 27 29 31 33

35 37 39 a1 43 a5
[Cu], %

Figure 2 - Dependence of the content of mechanical losses of copper
in converter slag on the content of copper in matte

2,80

®

(Au), g/t

(Au) = 0,76 + 1,96*(Cu2S), r = 0,989

0,50 0,55 0,60 0,65 0,70

0,75 0,80 0,85 0,90 0,95 1,00

(Cu2s), %

Figure 3 - Dependence of the content of gold in converter slag
from the content of copper sulfide in it
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Figure 4 - Dependence of the content of gold in the converter dust
from the content of copper sulfide in it
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Figure 5 - Dependence of the content of silver from the content of lead
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Thus, the study results show that the loss of gold
and silver in the conditions of converting of copper-
lead matte are associated with their redistribution
between converter slag and dust. Decrease in the lead
content in the initial mattes can be considered as one
of the conditions for optimizing the process of
converting of copper-lead mattes. In cases where it is
not possible to reduce the lead content in the obtained
mattes, it is necessary to minimize the lead content in
the converter slags. This leads to maximize the
extraction of silver in blister copper. More complex
solutions are required in order to reduce the losses of
gold: solving the issue of reducing the mechanical
losses of copper with slag, and on the other hand,
minimizing the amount of flue dust under conditions
of converting of copper-lead mattes.

Conclusions

1. The mechanism for the distribution of gold
and silver between converting products has been
established based on the comprehensive studies,
including the study of elemental and phase
composition, the determination of the quantitative
ratios of the forms of metals by mineralogical studies
of converter slag and dust samples.

2. It was established that the losses of gold
with converter slag and dust is determined by the

content of mechanical losses of copper in them. It is
necessary to consider measures to minimize losses of
copper and lead in slag in order to reduce the losses
of gold and silver in the process of converting of
copper-lead mattes.

3. It is shown that the process of converting of
copper-lead matte is accompanied by a large amount
of flue dust. The increased copper content in dust in
the form of a sulfide suspension (~ 12% of the total
copper content in dust), even minor, but still is a
source of gold losses with dust, contributing to a
decrease in the total gold recovery into blister copper.
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MbICTbI-KOpFacbIHAbI WTENHAEPAI KOHBepTepney:
anTbliH MeH KYMICTiH WnaKneH XofanbiMbl

DocmyxamegoB H. K., AprbiH A. A., XKonpgac6a#u E. E., KypmaHcentoB M. B.

Tyiiinaeme. 11ak neH MmaHHBIH KaTThl ChIHAMAIAPBIH 3JIEMEHTTIK TalAaybIlHaH, PEHTTeH 1 (as3aiblK TalAaybIHaH JKoHEe
MHUHEPAIOTHSUIBIK 3€PTTEYJIEPIHeH TYPaThIH KEIICH Ii 3epTTeyJIepAiH HETi31H /e MbIC, KOPFAaChIH JKOHE aChbUT METaIJap/IbIH
TaOBITy TYpJIEpPiHIH CaHABIK KAaTHIHACHI, KOHBEpTEpJey OHIMJAEPIHIH apachlHa alThIH MEH KYMICTiH OeuiHin Tapanmy
MEXaHM3Mi aHBIKTAIBIHIBI. MBICTBI-KOPFAChIH/IBI LITEHHIH KOHBEpTEpJey KE3iHAE aIThIH MEH KYMICTIH >KOFaIybl
OJIap/IbIH IIUIAK TIeH IaH apachblH/a KaiTa OesliHin TapanybIMeH OaiaHbICThl eKeH Tl kepcerinreH. lllnakrapmeH sxoHe
LIaHIAPMEH aITBIHHBIH JKOFaIybl OJap/laFbl MBICTBIH MEXaHHUKAJIBIK )KOFAIBIMBIMEH OalIaHBICThI EKEH/IITT OPHATBIJIJIBI.
[lmaxkTarel KYMICTiH >KOFaJbIMbl OHIAFBl KOPFACHIHHBIH MeJIIepiMeH aHbIKTanaabl. KoHBeprepiiey eHIMIEpiHiH
KypaMblH MaTeMaTHKaJbIK ©HJCY HOTHXKECIHJEC KYNTBHIK KOPPEISLHSJIBIK perpeccus TeHaeyi Kypbuiapl. Tenuey
LIJIAKTAFbl AJITHIHHBIH JKOFAIBIMBIH OHJIAFbl MBICTHIH MEXaHUKAIIBIK JKOFAJIBIMbIHA TOYEJIUIIrH JKOFAPhl KOPPESLIHs
koapdunuentiMer (r = 0.92) cumarraiigsl. [1lmakTarsl MBICTBIH MEXaHUKAIBIK skoransiMbl 0,5-Ter 0,95% -ra apTybl
[IJIAKTa AITBIHHBIH 1,5 eceieH actam ecyine okeneni. [llagma MpIcThIH cynbduaTi Memmepi 1,5-Han 3 %-Fa neiiid apTkaH
Ke3Jle IIaH KYpaMbIH/a alThIHHBIH Meulepi 2-1eH 7%-ra neiin apraasl. Kymic KOpracklHMEH ©Te ThIFbI3 OaiJIaHbICTHI.
[InakTarsl KOpFacbIHHBIH Meuepi 17-nen 25% -Fa neiiH )KoFapbuIaybl OHBIH KypaMbIHIaFb!l KymicTiH MemmepiH 100-
meH 150 v / 1-xa nmediiH apTTeIpamsl. MBIC-KOPFAacHIHIBI INTCHHIACPAI KOHBEpTEpiey Ipoleci Ke3iHIe MBIC IIeH
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KOPFAacBhIHHBIH MIJIAKIIEH JKOFAJIBIMBbIH MEIHJIIHILE a3aiTy LIapajapblH KapacThpy KaKeT, OyJI ojlap/blH KypaMbIHIAFbl
aNTBIH MEH KYMICTiH MeJILIEPIH a3aiTajpl )KOHE Kapasibl MBICKa Oellill alyblH €Joyip apTThIpyFa MYMKIHIIK Oepeni.
AJNTBIHHBIH JKOFaJIBIMBIH a3aiTy YIIiH, Oip ’KaFblHAH, MBICTBIH IIJAKIIEH MEXaHUKAJIBIK JKOFAIBIMBIH a3aiTy, eKiHIIi
JKarbIHaH, MBICTBI-KOPFaChIH/IbI INTEHH/IEPIHIH KOHBEPTEPIICY KaFIaibIH/a IAHHBIH IIBIFBIMBIH a3aHTy KaXKeT.

Tyiiin ce3mep: MBICTBI-KOPFACHIH/BI ITEIHH, 1IUIAK, IIaH, METaJIapAbIH )KOFaJIBIMAApPbI, 06N ary, MbIC, alIThIH, KYMIC.

KoHBepTpoBaHMe MegHO-CBMHLOBbIX LUTENHOB:
noTtepwu 30o50Ta U cepebpa co LWnakom

HDocmyxamepoB H. K., AprbiH A. A., XKongac6au E. E., KypmaHcenTtoB M. B.

AnHotanusi. Ha 0CHOBaHMM KOMIUIEKCHBIX MCCIICAOBAHUI, BKIIOYAIOIINX METOJBI IEMEHTHOTO, PEHTIeHO(Aa30BOro
aHaJIM3a ¥ MHHEPAIOTHYECKOTO N3yYESHUS TBEPABIX MMPOO IIUTAKOB U IBLIH, ONPE/IEICHbI KOJIMUYECTBEHHbBIE COOTHOIICHHS
(hopM HaxXOXKICHUS MEIH, CBUHIIA U OJIArOPOAHBIX METAJIOB, YCTAHOBJICH MEXaHU3M PaclpeIeICHHs 30JI0Ta U cepedpa
MEXAy NpOIyKTaMH KOHBepTHpoBaHus. [lokazaHo, 4To OTEpH 30710Ta U cepedpa B YCIOBUSAX KOHBEPTHPOBAHNUS METHO-
CBUHIIOBBIX IITEITHOB CBA3aHbI C MX NEpepaclpeeICHUEM MEX Iy KOHBEPTEPHBIM IIUIAKOM H IIBUIBIO. Y CTAHOBIJICHO, ITO
MOTEPH 30JI0Ta C KOHBEPTEPHBIM IIUTAKOM M TBUIBIO ONIPEAEIAIOTCS COAEPKAaHNEM MEXaHHYECKHX MOTeph MEIH B HUX.
ITotepn cepebpa B HIIaKe ONMpEAENAIOTCS COAEP)KaHWEM CBHHIIA B HEM. B pesynprate mMareMaTHieckod oOpabOTKH
COCTaBOB MPOJYKTOB KOHBEPTHPOBAHUS MOCTPOEHO PETPECCHOHHOE YPAaBHEHME MApHOI KOPPENAIHMH, ONUCHIBAIONIAS
3aBUCHMOCTb IOTEPU 30JI0Ta B IIIAKE OT MEXaHMYECKHUX MOTEPh MEIU B HEM C BBICOKMM K03(D(HUIIMEHTOM KOppEIsSLUK
(r =0,92). PocT MexaHHueCKUX NIOTEph Meu B ruake ¢ 0,5 710 0,95 % BemeT K yBEIUUCHHUIO COICPIKAHMS 30J10Ta B IILIAKE
Ooinee ueM B 1,5 paza. YBenudueHue coaepKaHus Meu B Buze cyiabduaa B meuiu ¢ 1,5 10 3 % yBenuuuBaeT colepkaHue
3osi0ta B mbuK ¢ 2 10 7%. B ormimume oT 30i510Ta, cepedpo CHIIBHO KOPEIMPOBAHO C COAEp)KaHWeM CBHHLA. Poct
coJlleprKaHUs CBUHIIA B 1wiake ¢ 17 10 25 % moBsiiaet cogepxanue cepedpa B Hem oT 100 mo 150 r/t. [Tokaszano, 4to B
IIpoecce KOHBECPTUPOBAHUA MCIHO-CBUHIIOBBIX IITEHHOB HeO6XO[[I/IMO npeayCMOTPETh MEPLI IO MUHUMU3AIUU MTOTEPH
MEJIY U CBHHIIA B IIUIAKaX, YTO ITO3BOJINT CHHU3HUTH COJEPKAaHHS 30JI0Ta U cepedpa B HUX M 3HAYUTEIHHO MOBBICUT HX
W3BJICYCHHE B YEPHOBYIO MeZb. [l CHIDKEHHUS MOTEph 30J0Ta HEOOXOAMMO PEIICHHE C OIHOW CTOPOHBI, 3aJadi
CHIDKCHUSI MEXaHNYECKHUX MTOTEPh MEN CO MIJIAKOM, U C JPYroi — odecrieueHne MUHUMH3AIUH IBUICBBIHOCA B YCIIOBHSX
KOHBEPTHUPOBAHMS METHO-CBUHIIOBBIX IITCHHOB.

KaioueBble ci10Ba: MeIHO-CBUHIIOBBII IITEIH, IUIAK, ITBIIb, TIOTEPH METAJUIOB, H3BICUCHHE, MEJIb, 30JI0TO, cepedpo.
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Abstract. This article presents the results of the research in determining the parameters of the stress-strain state
of the rock mass around pillars, cameras and factors, which affect their stability. The vertical section of cirque
around the ledges is considered as well. A flat deformed rectangular plane is divided by triangle grid with a
corresponding boundary. Boundary conditions are chosen as a calculation scheme. A multidimensional
mathematical model of the pit sides stability was obtained from the geological and mining factors. From the
obtained formula for a multidimensional model, we can determine the factors that affect the stability of pillars and
cameras. The resulting ratio makes it possible to determine the desired value.
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Introduction ) ) i
which mainly depend on natural factors - reservoir

power, depth of development, physical and
mechanical properties of rocks and ore mass. The
optimal parameters of development systems are
established on the basis of formalized laws of their
influence on the value of the adopted optimality
criterion and are adjusted taking into account
The most important parameters that restrictions on the stability factor of the stress-strain

determine the effectiveness of development state (SSS) of the surrounding array and pillars.

systems with an open treatment space are the The purpose of this study is to determine the
dimensions of the support and barrier pillars, SSS of the rock mass around pillars and chambers

The methodological substantiation of the
parameters of mineral extraction is based on
studies of the technogenic state, a feasibility study
and comparison of alternative development options
for the field with various technologically feasible
production schemes.
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depending on the depth of development and the
parameters of the adopted technological scheme.

Research analysis

The results of theoretical studies of the
VAT of the rock mass around pillars and chambers
are given, depending on the depth of development
and the parameters of the adopted technological
scheme. For research, we will take an element of an
array (square shape) with technologically formed
workings, pillars between them.

The targets between the chambers, as an
anthropogenic structure, is the main supporting
technological element of ore mining systems.
Therefore, an important task is to determine the
parameters of the stress-strain state of the array,
affecting the stability of pillars and treatment
chambers and the entire adjacent array. As the
design scheme, a rectangular plane is selected,
which is in a plane-deformed state, which is divided
by a grid of triangular elements, with the
corresponding boundary conditions (Figure 1). The
problem is solved by the finite element method
(FEM) [1].

In the design scheme, q = yH (y is the bulk
weight, H is the thickness of the overlying rock
mass) is the load acting on the boundary BC; At the
boundaries of AB and CD there is no horizontal,
vertical displacement sat AD. To process studies to
determine the SSS of a rock mass, in particular, to
determine the stable sizes of supporting pillars and
chambers when developing shallow deposits, an
unconventional method is used for constructing
multidimensional mathematical models [2]. The
methodological approach is reduced to the
sequential implementation of the following steps:

1. Definition of the purpose of modelling
2. Planning an experiment
3. Conducting an experiment
4. Analysis of the simulation results.
Experiment planning involves:
1. The choice of arguments and objective
functions
2. Determining the range of changes in the
arguments in the experiments
3. The establishment of the number of levels of
arguments and their specific values in the
experiments
4. Establishing a combination of argument values
in each experiment in accordance with the
recommended experiment  planning matrix.
In our case, the planning matrix was adopted with the
number of arguments m = 6 and the number of levels n
= 5, which fully reflects the completeness of the
research starting points. In order to obtain a
mathematical model of the type y = f (X1, X2, X3, X4, Xs,

Xs), 25 variants of the SSS array were investigated.
Assume that the tensile stress is dominant. Then here y
is the maximum main tensile stress: X1 = yH, X2 = by,
X3 = b1, Xa =, Xs = Es, X6 = hy.

In each variant, the problem of determining
the SSS of the FEM array was solved. As a result of
calculations, vertical and horizontal displacements of
nodes, vertical and horizontal normal, as well as
tangential and main stresses in the elements.

Figure 2 shows the vertical stress isolines for
one of the options, i.e. with the modulus of elasticity
of the host rocks, Es =9.6*104 MPa, yH = 15 MPa,
cadm = 20 MPa - permissible tensile stress of the
rocks, b2= 11 m. - height of the pillar, h1 =24 m -
width of the barrier pillar, h2 = 7 m the width of the
interchamber pillars, bl = 7 m is the width of the
chamber. In all cases, the modulus of elasticity of ore
Eruda = 8 * 104 MPa. As can be seen from the figure,
zones of development of tensile stresses are observed
in the roof and soil of the chambers.

When solving the flat FEM problem, the
parameters (technological and mining-geological
factors) varied within the following limits:

bl =4+16 (m) - chamber width with an interval

of 3m;

b2 = 3+11 (m) - removable power (pillar height)

with an interval of 2 m;
hl = 15+27 (m) - the width of the barrier pillar
with an interval of 2 m;
h2 = 5+9 (m) - the width of the inter-chamber
pillars with an interval of 1 m;

vH = 3.75+18.75 (MPa) - load with an interval

of 3.75 MPa;

Ep = 3.2%10%+9.6*10* (MIla) (MPa) - modulus

of elasticity with an interval of 1,6e10*

According to the above program, a
mathematical model is obtained that takes into
account the complex of natural and technogenic
factors

01™* = f(X1, X2, X3, X4, X5, Xs).

The maximum main voltage is selected as the
function Y. And by processing the data the following
dependencies of the function on the arguments are
obtained:

Glmax - Al*'YH**B1+C1;

o01™ = A, *exp(B2*b1) +C;

01™ = Az + B3/ hy;

Glmax =A4*EXD(B4*EB );

01™ =As*b, **2+Bs*D+Cs;

01™ =Ag*h, **(Bg) +Ce,
where Ai, By, Ci, Az, By, Cy, Az, Bs, A4, Ba. As, Bs,
Cs, As, B, Ce are constants.
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Figure 1 — Design scheme of the problem, adequate field conditions
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Figure 2 — Isolines of vertical stresses
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The correlation coefficient R = 0.965 indicates
the tightness of the connection, and the generalized
equation has the following form:

61" = Y(yH) *Y(b:) *Y(Es) *Y (b2)
*Y(hy) + Y (h2) (1)

According to the formula (1) obtained for a
multidimensional model, one can analyze a complex
of factors affecting the stability of pillars and
chambers. According to this dependence, with known
data, the desired value is determined from the
following conditions of rock strength: 61™ < 6Pam,
where oPaam is the allowable tensile stress.

Testing of the methodology for the changing
conditions of the ore deposits of Zhezkazgan is
shown in Figures 3-5. At the same time, the
dependence of the pillar width on various factors
reflecting the main structural elements of the
development technology was investigated. When one
of the factors changed, the values of the others were
fixed. From the results (graphs) of calculations, it
follows as:

- a clear (double) effect on the parameter of the
pillar is exerted by the power of the deposit;
- the nature of the pressure (density, depth) has the
same picture, but in absolute value they qualitatively
differ;

- the limit value of the width of the chambers is
b: = 10-18 M., Above which the size of the pillar
sharply increases.

The left pillars, the open roof-soil of the
panels (chambers) are “in operation” for a long time
(more than 1 year), therefore, the conditions for the
development of ore deposits can be attributed to a
viscoelastic medium with small deformations in time
of structural elements of development systems. To
solve viscoelastic problems with small strains, an
effective calculation method using variable modules

has been developed. It is known [3] that the solution
of linearly-hereditary creep comes down to the
replacement of elastic ones. The work uses a
temporary operator of the following form:

Ei=E/ (1+Ft), (2)

where F; = 5t/ (1-), a, & are creep parameters, t is
time. The objective of the research is to determine the
parameters of the stress-strain state (SSS) of the
array, affecting the stability of pillars and treatment
chambers, taking into account creep constant integral
operators. In mining geomechanics, the Abel core
d(t-t)* is most often used as the creep core
(operator).

When applying the method of variable
modules, the solution of the linear hereditary creep
problem under constant boundary conditions is
reduced to the formulation of the corresponding
solution to the problem of the theory of elasticity no
longer as an operator, but as a function of time.
Formula (1) using the variable module method has
the following form:

oM™ = (Al*’yH**Bl + Cl)*(Az *exp(Bz*bl)

+Co)*( As *exp(Bs * E, / (1+ St/

(L-0))))*( As *bp **2+Bs*,+Cs)*( As + B3

/ hy)
+ (Aa*hz **Bg + Ce) (3)

By the formula (3) obtained for the
multidimensional model, one can find a complex of
factors affecting the stability of pillars and chambers.
According to this dependence, the required value is
determined from known values from the following
conditions of rock strength: 61™* < 6Pam, (4) where
ofam IS the  allowable  tensile  stress.
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Figure 3 - Dependence of the width of the pillars on the width of the cameras
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Figure 5 - Dependence of the width of the pillars on the width of the cameras

15
E‘ /
= 12
% 9 ——t=0
3
GE) / —a—t=1 year
S 6 y ] _
o X —x—t=10 year
—_ /
2 —
£ x____——x/‘_':é//./ e
e 3 b * < v
k=) i
2

0
1 4 7 10 13

cameras width, m

vH=7.5 MPa, 6adm=20 MPa, b,=7 m, hy = 27 M, E,=96000 MPa

Figure 6 - Dependences of the pillar width on b,

So, the mutual influence of the width of the
chambers and the pillars changes in time according
to the obtained curves (Figure 6). Above we obtained
the approbation of the methodology for the changing
Zhezkazgan conditions at t = 0. In this case, the
dependence of the pillar width on various factors was
studied, which reflected the main structural elements
of the development technology.

When one of the factors changed, the values
of the others were fixed. Under the same conditions
in Fig. 6, for different t (in days), using the formula

(1), the dependences of the pillar width on the
cameras width are obtained.

Conclusions

Thus, the research methodology allows us to
establish  technologically necessary ratios of
elements of development systems (pillar parameters,
cameras, panels, etc.) depending on specific
conditions. In this case, the optimization of the
parameters will affect the level of regulatory losses
and ensure stability during the extraction of reserves.

15-21. https://doi.org/10.31643/2020/6445.22
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KeHTipekTep MeH KeHYHripnepaiH OpHbIKTbIbIFbIHA 9cep eTeTiH dakTopnapabl
aHbIKTayAblH MaTeMaTuKanbIK moaeni

TytaHoB C. K., TyraHoB M. C., TytaHoBa M. C.

Tyilinaeme. Byn makanmana KeHTipekTep MEH KEHYHTipiep aifHaJgachbIHOAFrbl Tay J>KBIHBICTApPhl MAaCCHBIHIH KepHEYIIi-
nedopManMsUIBIK  KYHIHIH ITapaMeTpliepiH KOHE OJaplIblH OPHBIKTBUIBIFBIHA ocep €Tyl (aKTopyapibl aHBIKTAY
OoiibIHIIIa JKYPri3iireH 3eprreynep KentipiireH. KeHTipekTtep MeH KeHYHTipiep MaHAibIHIAaFbl MAaCCHUBTIH BEPTHUKAIIb
KMMAachl KapacTeIpbuTFaH. EcenTey cyiiback! (cxeMacsl) peTiHze jka3blK aedopManus KyHiHIETI TiK OYpHIIITH 5Ka3bIKTHIK
anpiarad. O coiikec Iiekapanapbl 6ap YHIOYPHIIITEL AIEMEHTTEP apKbUIbl OemiHreH. HoTHKeCiHIe TeONOTHSIIBIK KOHE
Tay-KeH (pakToprapblHa TOyenAi KEHTipeKTep MeH KEHYHTIpJiep OPHBIKTBUIBIFBIHBIH KOIl (aKTOpPIBl MaTeMaTHKAIIBIK
MOJIeTl anblHFaH. AJBIHFaH (opMysla apKeUIbl Kemn (akTopisl MOJENb VIIIH KEHTIpEeKTep MeH KeHYHTipiep
OPHBIKTBUIBIFBIHA 9CEP €TETiH (aKTopiap sl Ta0yra 00aapl. AJBIHFAH TOYENIUTIK KaKEeTTi MOH/I aHBIKTayFa MYMKIHJIIK

Oepei.
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Tyiiin ce3mep: Tay KbIHBICTAPBI, aKBIPFBI AJIEMEHTTEP JIiCi, KepHEYJIi-1eOpMaMsIIBIK KYH, AedopMarys, KepHey,
Jamy.
MaTtemaTu4yeckasa mogersnb onpeageneHuns d)aKTOpOB, BINMUALOLWKNX Ha
yCTOﬁ‘-IMBOCTb LuesimnkoB n kamep

TytaHos C. K., TyraHoB M. C., TyraHosa M. C.

AHHOTanus. B crarbe NpUBOAATCS HMCCIEAOBaHUS MO ONPEIEICHUIO MapaMeTpoB HaNPSHKEHHO-1e(OPMUPOBAHHOTO
COCTOSIHMSI MacCHBa TOPHBIX MOPOJ BOKPYT IIEJIMKOB M KaMmep, a Takke (aKTOpOB, BIUSIONIMX Ha MX YCTOWYHMBOCTD.
PaccmarpuBaeTcsi BepTHKaNbHOE CEYEHHE MacCHBa BOKPYT LIEIUKOB M Kamep. B kauecTBe pacu€rHoill cxembl BEIOpaHa
MIPSIMOYTOJIbHAs TUIOCKOCTh, HaXOJIIasics B IUIOCKO J1e(OpMHPOBAaHHOM COCTOSIHUM M KOTOpas pa3OMBaeTcs CETKOH
TPEYrOJIbHBIX  DJIEMEHTOB, C COOTBETCTBYIOUIMMH TpaHMYHBIMH  ycioBusMH. IlosydeHa  MHOrogaxTopHas
MaTreMaTHdecKasi MOJIeJb YCTOWYNBOCTH LIEJIMKOB U KaMep OT TOPHOI'€OJIOTMYECKUX U TOPHOTEXHUUECKUX (akTopoB. [1o
(dopMysie, MOIy4eHHOH JUIT MHOTOMEPHOW MOJIENM MOXKHO HAaiTH KOMIUIEKC (D)aKTOpPOB, BIMSIOIIMX HA yCTOHYMBOCTD
LEMUKOB U Kamep. [lomydeHHas 3aBHCHMOCTh JaeT BO3MOXKHOCTH OIIPEACINTHh MO M3BECTHBIM 3HAUCHHAM (DaKTOPOB
HCKOMYIO BEIIMUHHY.

KnroueBble cji0oBa: TOpHBIC IOPOIBI, METOA KOHEYHBIX 3JIEMEHTOB, HANpPsKEHHO-IE(QOPMHPOBAHHOE COCTOSHHE,
nedopmaryst, HanpsHKEHUE, Pa3BUTHE.
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Study of the process of rhenium extraction
from lead slime
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Abstract. This article studies the oxidative firing process of lead sludge of copper production for the purpose of
extracting rhenium. As an oxidizer, calcium hypochlorite is used, which is simultaneously an oxidizer of low-valent
rhenium compounds and a binding reagent of rhenium oxides to calcium perrenate. Optimal conditions for the
firing process are found: the firing temperature is 500-600°C, the firing duration is 30-60 minutes, and the oxidizer
consumption is 20-40 % of the sludge mass. As a result of thermal studies and experimental work, it was
established that the rhenium oxidation process begins at 180-260 °C after the decomposition of calcium
hypochlorite and completely ends at 500-600 °C with the formation of calcium perrenate. During water leaching of
the stub under the following conditions: T: W=1: 3, temperature of 70 °C, duration of 60 minutes, a solution
containing 546 mg/l of rhenium was obtained. The degree of rhenium recovery in the solution was 93-94 %.
Keywords: lead sludge, oxidative roasting, calcium perrenate, water leaching, degree of extraction.

Information about authors:

Berdikulova Feruza Asanovna — PhD, Department of technology of metals and minerals of chemistry and
chemical technology faculty, Al-Farabi Kazakh National University at the RSE “The National Center on Complex
Processing of Mineral Raw Materials of the Republic of Kazakhstan”, Almaty, the Republic of Kazakhstan.
ORCID ID:.0000-0002-3505-4346; E-mail: pheruza_b@mail.ru

Ikhlasova Asemzhan Talgatovna - master student, Department of technology of metals and minerals of
chemistry and chemical technology faculty at Al- Farabi Kazakh National University at the RSE “The National
Center on Complex Processing of Mineral Raw Materials of the Republic of Kazakhstan”, Almaty, Kazakhstan. E-
mail: asemzhan.ikhlasova@mail.ru

KopfracbiHAbl KOWbIpNakTaH peHunai 6enin any ypaiciH septrey

Bepaikynosa ®. A., Uxnacosa A. T.

«KasakcmaH PecrnybrniukacbiHbIH MUHeparnobiK WuUkKizammeal KeweHOi kalima eHoey eHiHdeai
ynmmbik opmarnbirbl» PMK xaHbiHaH KypblnraH an-®apabu ambeiHOarbl KasYy, Xumusi XeHe XUMUSIIIbIK
mexHosioaus hakynibmemiriH Memandap xeHe MuHepandap mexHonoausicbl kKaghedpachl,
Anmamel, KazakcmaH

Angarna. Makanaga KOpFachIHIBl MBIC OHIPICiHIH KOPFACBHIHIBl KOUBIPTIAFbIHAH PEHHMI 06N amy MaKcaTbIHaa
TOTBIKTBIPBITT  KYWOIpY YpAiciHIH 3epTreyiepi KepceTumreH. TOTHIKTBIPFBINI pETiHAE KalblIWi THIIOXJIOPHTI
TaHJAJIBIHABL, KaJIbIUH THUIOXJIOPUTI Opi TOMEH BaJeHTTI PEHWH KOCBUIBICTAPBIH TOTHIKTBIPAABI, Opi pEeHHH
OKCHIITEpIMEH OpEeKeTTeCiN KalbIWH MeppeHaThlH Ty3yre Kareicambl. Kyimipy ypaiciHIH OHTaWibl >KaFmaiiapbl
aHBIKTANIBl: KyHmipy Ttemmeparypacsl 500-600 °C, xy#nipy y3akreirsl 30-60 MHUHYT, TOTBIKTBIPFBINI IITBIFBIHBI
KOMBIpTIIaK MaccacbiHaH caHaraHna 20-40%. TepMusuIbIK >KoHE SKCIIEPUMEHTTIK 3epTTeyJep HOTIKECIHAE PEeHUit
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KOCBUIBICTAPBIHBIH TOTHIFYBI KaJIbIIMI THITOXJIOPUTIHIH biabIpaybiHan Keiin 180-260 °C-ne 6acramatsiasl, 500-600 °C-
JIe TOJIBIFBIMEH KaJbLUI IeppeHaTThl KOChUIbIChIHA ©TeTiHi aHblKTanasl. Kyiaipinaini K:C=1:3 apa karbiHacel, 70

°C-ne,

60 MUHYT yakpIT apajbIFblH/a CyMEH LIaiiMajaraHia KypamblHaa 546 Mr/in peHuiti 6ap epiTiHIl ajbIHIbL.
Penwniiniy epitinaire 6eminy gopexeci 93-94 %-nbr Kypaiabl.

Tyiiin ce3aep: KOprachIHIbI KOMBIPTIAK, TOTHIKTBIPHIN KYHIIpy, KaJdbLUil IIeppeHaThl, CyMeH IlnaiiManay, Gemin amy

JIopexeci.

Kipicne

Meic OHIPICIHIH TEXHOTCHII ©HIMIEPI
KYpaMbIHIa pEHUH  MOJIIEPIHIH  KOpCeTKimri
OOWBIHIIA OCBI CHUPEK METAIJBIH  KOCBIMIIIA

IIUKI3aTel PETiHIE KapacTeIpbliambl. KaszakcTanma
peHnid OHMIpICIHIH 631 TEeXHOTCHIL OHIM —
HIaWBIHBI KYKIPT KBIIIKBUIBIH ©HJIEY HETi3iHAe icKe
aChIPbLIAJIbI. Meic  eHmipiciHiH Oacka J1a
TEXHOTCH[[I OHIMAepi KOPFACBIHABl KOWBIPTIIAK,
KOPFAChIH IIaHJIApbl, OaHbITYy KaJIABIKTAPhl PCHUIIII
HIMKI3aT peTiHae oHipicke TapTbuiMarad. OnapIbiH
ilmiHAe OHAIPICTIK MaHBI3BI KOFaphl  OHIM -
KODFAaCBIHABl  KOWBIPTIAK, OHIAFBl  PEHHUUMIIH
MeJIepi TOHHACbIHA 600-1500 rpamm.
Ko#pIpTHakThiy HETi3ri Kypamaac 0eiri KOprachH
cynbhaTel, PpEHWA TOMEHTI TOTHIKTHI  JKOHE
CyabGUATI  KOCBUIBICTaphl  TYPIHIE  Ke3Aecei.
KoprackiHIBI KOMBIPTHAKTB ©HAEY MaKcaThIHAa
MUPOMETAILTY PTHSUIBIK, TUIPOMETAILTY PrHSUIBIK
HeMece OipiieckeH Upo- JKOHE
THIPOMETALTYPTHSUTBIK,  ONICTEp  JKacaJbIHFaH.
[MupomMeTarmTyprusuibIK smicrep IIUKi3aTTHI
TOTBIKTHIPBINT KYWAIpil, peHuil TOThIFBIH Re»07
YIIBIPBIH/IBIIA KOHIIEHTPIIEN allyFa OarbITTaiFaH [1-
3]. TmapomeTauryprusuIbIK 9MICTEp KOWBIPTIAKTHI

TOTBIKTBIPFBINI  €PITIHAICIHAE, MBICANIBI  CyTeri
ACKbIH TOTBIFBIHBIH HEMeECE KaJIui
TepMaHTaHATHIHBIH 2JICi3 epiTiHaIepiHIe

maiiManay apKbUTbl pEeHUiNi epiTiHaire Oexim amy
MaKcaThIH/a OpbIHAaNFaH [4, 5].  bipaecken nupo-
KOHE THIPOMETAJUTYPTHUSUIBIK SJIiCTEp KOPFACHIH/IBI
KOWBIPTHAKTBl  CymbOUATIK  KYHOIpYy  KoHe
KYWIIpIHIIIEH KOPFachblH KOCBUIBICTAPBIH EpiTil
QIBIN, CHPEK MeTaJjIapsl epiMereH OoJiKKe
KOHIICHTpJIeY Hemece KOMBIPTIAKTHI
TOTBIKCHI3AAHBIPBIN OANKBITY apKbUIBI METaJIBIK
KOpFachlH  JOHE pPEHUHKYpaM/bl NLIIaKTap any
OarbIThIH 1A 3epTTENTeH [6-8].

Ocbl Makanaza KOpPFAacChIHABI KOWBIPTIAKTHI
TOTBIKTBIPBINT KYHAIPY apKbUIBI PEHHUHAl KaJbIHUHA
MeppeHaThIHA aYBICTRIPBIT OOJIN alnyAblH 3epTTey
HOTHXKeNepi KapacTeipbutagbl  [9]. TOTBIKTBIPFBIIT
peTiHAe KaJbLWH THIOXJIOPUTI  KOJJAHBUIAMIBI.
Kanpuuii TUMOXJIOPUTI TEK KaHA TOTBIKTBHIPFBIII
eMec, COHbIMEH Oipre OHBIH BIABIPAYbl Ke3iHJe
TY3UITEH KaJbUMH OKCHAI PEHHHA TOTBHIFBIMEH
OpEKeTTeCyl HOTHKECIHEe MUXTana TYPaKTHI
KaJIbIIMH TIepPEHATHIH TY3YII KbI3METIH aTKapaJibl.

3epTTey HBICAHBI MEH dicTepi

KopracelHIBI ~ KOWBIPTIAKTBIH ~ XUMUSIIBIK
Kypamsl, %: 62,5 Pb; 14,24 S; 4,5Si; 2,0Fe, 2,5Cu;
0,7Se; 0,5 Al; 0,9Ca; 0,9Na; 0,3Mn; 0,1K; 0,15Zn;
0,14As; 0,1Bi; 0,1Mg; 0,045P; 0,008Ni; <0,01Hg;

0,175 Re. OnHBIH Heri3iH Kypaymbl KOCBUIBIC
KoprachiH cyibdarel PbSO4 (1-cyper).
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1 cyper - KoprachiHibl KOMBIPTIIAKTHIH
IuQpakTorpaMMachl
TOTBIKTBIPFHIII petinme TEXHUKAJIBIK
kanpiit  runoxsioputi  Ca(ClO)2  KoJmaHbUILIbI,
HET13T1 3aTThIH Metiepi 25 %.
Kopraceinas KOUBIPTIIAK KaJIbLIWHI
TUIOXJIOPUTIHIH KaXKeTTl MeJIIIepiMEeH

apayaCTBIPBUIBIN [MXTA JAfbIHIAIaIbl,  [IAXTa
QIYH/TBI TUTEJIbI€ CAJIBIHBII, YIIBIPBIHIBI MEH Ia3
(dazacelH  ycTayra

JKAOJBIKTAIFAH THUTENl IIEMIKe KoWpuIaasl. Ilemn

apHaJfaH  KOHIBIPFbIMEH

KOKETTI TeMIeparypara JICWIH  KbI3IBIPBLIbII,
OepiireH yakbIT apajbIFbIHIA TOTBIKTHIPBIN KYHIIpY
ypaici kyprizineai. OKCIEpUMEHT asKTalfaH COH,
KYHipiHI
CYBITBUIAABl /12

OenMe  TeMmmepaTrypacklHa  JIeHiH

OHBIH MAaccachl  ©JIIICHE/I.
Ky¥#inipingine peHuiiiH Kajablii IEppPeHAThIHA OTY
MOJIIIEpiH aHbIKTay YIIH Kydmipiaai cyaa K:C
=1:10 apa xateiHaceiHAa 70 °C-ne maiimManaHaabl.
Epitingire eTkeH peHud Meumiepi  OOHBIHIIA
PEHUIIIH KaJbIMH TeppeHaThlHA OTy Jopexkeci
aHbIKTaIABl.  EpiTiHAI MeH epiMereH OejiKTeH
peHuit Mejiepi (HOTOKOIOPUMETPUSIIBIK JIICIIEH

anbIKkTanaasl [10].
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[InxTanby TepMUSUIBIK Taaaynapsl «MOM»
- Bymanemr (Beurpus)  nmepuBatorpadsiHia
operHnanael. Ilemrin Ke3aeipy peximi dT/dt = 10
°C/MUH, KBI3IBIPbUIFAH amoMuHUA okcuai  AlOz
STAIOHJIBIK 3aT KbI3METiH aTKapel. [lInxTa Maccachl
200 wmr, Tapa3siHbIH ce3iMTanabEel 100 mr. Tanmay
KYPBUIFBIHBIH ~ KEJEeCiIeH eJIIEeMIIK IeKTePiHIe
xyprizinni: DTA = 250 pV, DTG = 500 pVv, TG=
500 puV, T =500 pV.

3epTTey HOTHKEJIEPi MEeH 0JIap/bl
Tanjaay

TOTBIKTRIPBITT KYHAIPY YPAICIHIH OHTAMIIBI
XKarjgaiielH Taly VINIH peHWIiH epTiHigire oTy,
SFHU KaJbIMH TIeppeHaThlHAa OTy JOpEKeciHe
TOTBIKTBIPBINT KYHAIPY YPHICIHIH TeMmmeparypachl,
Y3aKTBIFBl KOHE TOTBHIKTHIPFRIII MOJIIEPiHIH acepi
seprrengi. TOTBIKTBHIPEIN KYHAipy ypaici 200 — 600
°C apansikTapsigaa 3eprrenai. 200 °C —ueH TeMeH
TeMIeparypasia KalbLui THIOXJIOPUTIHIH bIABIPAYHI
TOJIBIK JKYPMEHIi, COHBIH CallapblHAH PEeHHUNIIH J1e
KaJbIIM{ TeppeHaTbiHa 6Ty MYMKiHAiri ToMeH. 600
°C—TaH XOFapbl TeMIleparypajlapia KOpPFAChIHIbI
KOWUBIPTHAKTHIH JKEHTEeKTeliHy1 Oacranasl,
maiiManay Ke3iHje ipilieHreH OeJeKTepAi Ty3uTyi
PEHMHAIH  epiTiHIOire  OTy  KOpCeTKIlTepiH
TeMeHnmeTeni. KampIuil THIOXJIOPUTIHIH MeIIepi
TEXHUKANBIK KalbLUI THIOXJIOPUTIHIH MaccacbIMEH
OJIIIEHI  JKOHE KOpFachblHIbl  KOHBIPTIIAK
MaccacblHAaH CaHAIFaHJaFbl IIBIFBIHBI E€CEITeN.
Meicanbl 100 r xoibipTnakka 20 © TEXHHKAJbIK
KaJIbIIMH THTIOXJIOPHUTIH KOCKAH/a OHBIH MINXTAaFbl
weIFBIHEL 20 % e anbIHIbL.

Penuiiniy  xanpimii  TeppeHATBIHA  OTY
KOPCETKIIIiHE  TOTBIKTHIPFBIII  IIBIFBIHEI ~ MEH
KYHIipy TeMmmeparypachlHBIH ocepi  2-cyperTe

KepcerinreH. KanbIuid THITOXJIOPHUTI MeJIIEPiHiH
KOHE TEeMIIEpaTypaHblH >KOFapbUlaybl PEHUIHAIH
TOTHIFYbIHA J>KOHE KaJIbIMH TeppeHaTbiHa OTYyiHEe
bIKnan ereni. Penuiigi Oemim amy OoHBIHIIA €H
JKOFaPFBI 94-99 %-n1pIK KOPCETKIIITep
TOTBIKTRIPFBIITEIH  20-40 % -mbIK HIBIFBIHBIHIA
Kyinipy ypaicin 500 -600 °C-nme >xyprizinreniae
QJIBIHAMBL.

JKanmel peHuiifiH KajablMid IeppeHaThIHA,
SFHU CyJia epirim Kocbutbictapbiaa otyi 200 °C—ne
Oacramanpl, Oy karjaijmapaa TinTi  peHHH
MOJILIEPiHIH TEH KapThIChl CyNbl  epiTiHIire
OeuiHesi, Oipak TOTBHIKTHIPFBIII MOIIIIEPiHIH apTybl
KYHIipiHaiHI maiManayaa cy MeJmepiH Kol KaXeT
ereni. Epitingine peHud memmiepi TeOMEHIEWI.
Penwniimen KOHIICHTPJICHT¢H epITIH/II any
MaKCaTbIHJa TOTBHIKTBIPFBIII MOJIIEepi TOMEH, all
KYHIipy TemIeparypachl >KOFapbl pexiMaepai
TaHAay AYpbIC TEXHOJOTHSUIBIK LIeHIiM  OOJbII
Tabbutabl. Kyhaipy y3aKThIFbI 1a TEMIIepaTypaHbIH

JKOFapblIayblHa OailaHbICTHl pEeHMNAIH OeiiHyiHe
Tikeneu ocep etemi (3-cyper).

Kyiinipy TeMIepaTypachl 400°C-ne
TOTBHIKTBIPY YpZIiciH 60 MuHYT OOWBI >Kypri3reHjae
peHuiinin Oeminyi 96  %. PenwuiiniH kambiui
neppeHaTsiHa oTyi OoibIHIIA eH Koraprsl (99,6%)
kepcetkimi 500 °C-me 30 muHyTTa OaliKairaH.
CoHBIMEH  KYHAIpDY  Y3aKTBIFBIHBIH  OHTAIIBI
skarmaier 30 muayT. KopbiTa aifTkanma KOWBIPTHAK
KYpaMbIHIAFbl PEHHUMII YIIIH IIMKI3aTThl KaJIbITHIA
TUMOXJIOPUTIHIH ~KaTBICBIHIA KBI3ABIPY apKbUIBI

KalbI[Mil  TeppeHatrsl KyHdiHme Oemim  amyra
OOJTATHIHABIFBI 3EPTTEI/II.
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Iuxtanbi, Kypamel 100 koiisiproak: 30
KaabIuil TUMOXI0pUTi. OChI ITUXTAHBIH TEPMHUSIIBIK
KacHeTTepiHIH 3epTTeyiepi 4-cyperTe KepCeTireH.
Kyitnipy ypaicinig 6actankel keseninge 20-80 °C
apalbIFBIHIAa Macca >KoralbIMbl 1,88%  xkoHe Oy
IIUXTAJaFbl BUIFAIJBIH OyJaHybIHA COWKEC, OJaH
xkorapel  Temmeparypaiapaa  80-180  °C-me
KaJbI[UH THUMOXJOPUTIHIH BIABIPAYBIHAH TY31ITeH
XJIOP MEH OTTEriHiH O6eJiHyi >XOHE BUIFAJIJIbIH
Oeminyi xatap xypeni. 180-260 °C apanbirbiHma
OTTETiHIH OeiiHyi KamFacaipl, TOTBIKTBIPHII
Kylinipy kesinge penmiinin 200 °C-ne 50 %-ra
KYBIFBI (2-CypTeTTe) KaibIlMii NeppeHaTblHa Tyl
OTTEri MEH XJIOPABIH 06JiHyi HOTIKECiHAe 00IaIb.

Am, %
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= e
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DTA-250 uv
20 DTG-500 pv

Temperature “C

200

4 cypert - KopracbslH KOHBIPTIIaFBI MEH KaJIbIHIA
THITOXJIOPUTIHEH TYPAThIH MIUXTAHBIH
TEPMOTPaBUMETPHUSIIBIK KOPCETKIITEPi

[lInxTa MaccachIHBIH €H Kem Memepae 34,25
% -ra Temenneyi 425-820 °C-re colikec. Penuiiniy
7€ KQJIBLUH TeppeHaThIHa KOFaphl MOJIIEpae oTyi
OCBI TEeMIIEpaTypa apaybIKTapblHIa, AKCIIEPHUMEHT
HoTwkenepi GoiibiHma 500-600 °C-re coiikec.
HluxTtanarel ~ KapOOHATTBI ~ KOCBUIBICTAD  MEH
cynb(daTThl KOCBUIBICTAP/BIH bIIbIpAYbIHAH Ta3
¢azaceina kemipreri okcugi COz  kKoHE KYKIpT
okcuni SO, OGemineni. by xarnaitnapna peHuit
TEeK KaHa KaJbIWi NeppeHaThl KOCBHUIBICBIHA €MeC
COHBIMEH KaTap TYCTi MeTajjiap MeppeHarhl
TYPIHJE JIe IUXTaJa TYPaKTaITybl MyMKIH.

Keneci 3eprreynep TOTBIKTBIPBII KYHOIpY
OHIMIH CyJa IaiiManay apKblUIbl PSHUII epiTiHzire
OTKI3y  MakcaTblHa  OaFbITTaJI/IbL. Peuniini
epitiHaire Oeminm aiy KepceTKilliHe Inaimainay
temneparypacsl MeH K:C apa KaTbIHAaCBIHBIH 9cepi
KapacThIpbUIIBL.  3epTTey HoTHXKenepi 1-kecrene
KOPCETLIreH.

1 xecre - KyiinipiHaiHi cyMeH mIaiiManay HOTHKECIHIe
peHMIIH epiTiHaire OemiHy popexeci, %

K:C
Temmneparypa, °C
1:3 1:5 1.7
50 71,2 76,2 91,0
70 93,0 95,2 97,0
Penuiinin  epitinpire Oeminyi K:C apa
KaThIHACKI MEH IIaiiManay TeMIePaTypachIHbIH

JKOFapbUIayblHA TiKeNeW OaiaHBICTRL. OHAIPICTIK
JKaFaiia ’Ky3ere achlpy MYMKIHZITI MEH PeHHHIIH
epiTiHAIgeTi KOHIEHTPJICHICH MOJIIEPIH aly/bl
€CKepe OTBIPBIN IIaiiManaylblH OHTANNIbI JKaFJanbl
periane K:C =1:3 apa xatpiHacel, 70 °C mraiiManay
TeMInepaTypachbl TaHJAJIbIHJIbI, IIaliMallay YaKbIThI
60 Mmunyr. Penuiimin epitingimeri memmiepi 546
Mmr/n, Oeminy pmopexeci 93 %. EpiTinninig
XMMUSUIBIK KypaMbl MEH OFaH KOCIa dJIEMEHTTEPIiH
Oeminy Aopexkeci 2-kecTeie KOPCETiIreH.

2 kecre - lllaiimanay Kke3iHge Kocma 3JEMEHTTEPAIH
PEHHILT epiTiHAire oTyi

Kepcerkimrep | Cu Pb Ca K Na Cl
Memmuepi,mr/n | 395 | 838,9 | 9670 | 329 1873 | 20590
[EpiTinnire
Geminy 4,7 0,4 44,8 | 98,12 | 62,04 67,2

Imepesxeci, %

Epitiapmire Heri3iHeH CINTLIIK MeTangap eTel
Jie, TYCTI MeTaluaplbiH OackiM Oeiiri epiMerecH
KalApIKTa Kanmaabl. Epitiami  opracer pH=6-7.
[[uki3aTTel CyMeH ImaiManay peHHd Kypambl
epITIHIIepC KhIIIKbUIIBIK IaliMaliayFa KaparaHia
Kocma AIIEMEHTTEPIH a3 MeJepiMeH
epekmreneneni. OmaHn 0Oacka CyMeH maimanay
OMICIH OHJIpiCKe eHri3y KBIIIKBIIFa TO3IMII
KbIMOAT KOHIBIPFBUIAPBI KAXKET STIICH/II.

KopbITbIHABI

OKCIIEpUMEHTTIK  KYMBICTap HOTIXKECIHAE

KOPFaChIHIBl KOWBIPTIAKTAH PEHHUUII  KaJbIHii
MeppeHaThlHa  OTKI3YAIH OHTAWIBl KaFdaiaapbl
JKacallbIHIbI.  TOTHIKTBIPFBINI ~ PETiHAE  pPEHUH

KOCBLIBICTAPBIH TOTBIKTBIPY JKOHE OHBI KaJbIUi
MeppeHaThiHa  aybICTHIPY KbI3METIH — aTKapaThIH
Kbl ~ TUMOXJIOPUTI  TaHAAJBIHIBI,  OHBIH
KOUBIPTIIAK MAaCCAChIHAH CaHaFaHIAFbl MIBIFBIHEL 20-
40 %. ToOTBIKTBIPHIN KYHAiIpy Temiepatypackl 500-
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600°C, y3akTeFbl  30-60 MUHYT. Penmiini  maiimManaynan keidin peHuid memmepi 500-550 mr/n
TOJNBIFBIMEH KaJbIIUH TEPPEHATTHl KOCBUIBICHIHA  €PITiHAI amyFa KoJl >KeTKi3immi. Penuiini Oemim amy
OTKi3y HOTIDKECIHJE KYHWIipy ©HiIMIH cyMmeH  jgopexeci 93-94 %-biH Kypaiiibl.

Ocbl Mmakasiara cinreme: bepaukynosa @. A., Uxnacosa A.T. KopracsiHabl KoHbIpHaKTan peHUiial Oerin any ypaiciH
seprrey /| Komniexcrnoe ucnonvsosanue munepanvhozo coipbs = Complex Use of Mineral Resources = Munepanovix
wukizammapowl kewenoi naudarany. 2020, — Ne3 (314). — C. 22-27. https://doi.org/10.31643/2020/6445.23

Cite this article as: Berdikulova F. A., Ikhlasova A. T. Issledovaniye processa izvlecheniya renia [Study of the process
of rhenium extraction from lead slime] // Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a = Complex Use of Mineral
Resources = Mineraldik Shikisattardy Keshendi Paidalanu. 2020. — Ne3 (314). — pp. 22-27, (In Kazakh). https://
doi.org/10.31643/2020/6445.23

UccnepoBaHue npouecca U3BNeYeHUA PeHUS U3 CBMHLOBOIO Wwnama

Bepaukynosa ®. A., Uxnacosa A. T.

Kaghbedpa « TexHonoeusi Memarniios u MuHeparnnos» ¢ghakynbmema XumMuu u XuMu4eckol
mexHosnoauu KasHY um. anb-®apabu npu PITI «HayuoHanbHbI0 yeHmp rno KoMraeKcHou rnepepabomke
MUHeparnbHo20 cbipbs PK», Anmamsi, Pecriybnuka KazaxcmaH

AHnHoTanus. VccnenoBan mpolece OKHCIUTENBLHOTO OOKHra CBHHIIOBOTO IITaMa METHOTO IPOM3BOJCTBA C ILIENBIO
U3BJICUCHUS peHUsA. B KadecTBe OKHUCIHTEINS UCIOJIB30BaH THIIOXJIOPUT KalbLUs, KOTOPBIH OJHOBPEMEHHO SIBJISETCS
OKHCITUTENIEM HU3KOBAJICHTHBIX COCIUHEHUI PEHUS U CBA3BIBAIOIIMM PEarcHTOM OKCHJOB PEHUS B MeppeHaT KaJbIus.
Haiinensl onTuMmanbHbIE YCIIOBHSI IIPOBENECHMSI Ipolecca oOura: Temmneparypa obxura - 500-600°C,
MPOJIOJDKUTENLHOCTE 00kura 30-60 muHyT, pacxon okuciaurens 20-40 % orT macchl nuiama. B pesynbrate
TEPMHUUYECKHUX UCCIIECNOBAaHUN M IKCIIEPUMEHTAIBHBIX pabOT YCTaHOBJIEHO YTO HPOLECC OKUCIICHHS! PEeHHs HAYMHAETCS
mpu 180 - 260 °C mocie pa3iokeHHs THIOXJIOPUTA KaJdbIMAg W MOJHOCTHIO 3akaHumBaercs mpu 500 - 600 °C c
oOpazoBaHneM NeppeHara Kaimblus. [Ipy BOAHOM BBIIIETAYMBAHMM Orapka B clexytommux ycnoBusx: T:0K=1:3,
temneparypa - 70 °C, TpoIOIDKHATENFHOCT - 60 MUHYT, OJIYYeH pacTBOp coxaepxkameil 546 mr/m perus. CremneHb
M3BJICYCHUS PEHUS B pacTBOp cocTaBmiia 93-94%.

KaioueBble ci10Ba: CBUHIOBBIN 1AM, OKHCIUTEIbHBIA OOKHT, IEppeHaT KIbIHS, BOAHOE BBIIIEIaYNBAaHNE, CTETICHb
N3BJICUYEHUS.
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Research of hydrometallurgical method of leaching
gold from flotation tails with using bio-oxidation
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Abstract. This paper shows the results of the comparative study of the efficiency of gold extraction methods from
technogenic flotation tails by agitation cyanidation and biooxidation followed by leaching. A representative sample
of flotation tails was taken at gold extraction plant of Altyntau Kokshetau LLP. It was established that in the test
sample contains 0.47 g / t Au and 0.62 g / t Ag. The gold extraction degree from flotation tailings with 80% content
of 0.071 mm fraction was 50%, and that with 90% content of 0.071 mm fraction was 60%. Gold extraction plant's
flotation tailings grinded to 0-0.044 mm fraction with sodium peroxide were subjected to pre-oxidation. The gold
extraction degree from flotation tailings with 90% content of 0.044mm fraction at a solid-liquid ratio of 1:4 and a
cyanide concentration of 1 g/dm?3is 65.2%. By using an active strain of thionic cultures the gold extraction degree
was 72.1%.

Keywords: gold hydrometallurgy, bio-leaching, flotation tails, bio-oxidation.
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Introduction

The development and mastering of the
technology for extracting gold from accumulated
technogenic mineral objects, primarily from dumps,
tailings, the water of gold recovery plants and
industries are particular importance for many gold
mines in which the raw material reserves of
conditioned ores are close to depletion. In this
regard, the relevance of this area of research is due

to the presence in our country's a large number of
poor gold ores and their production waste, which is
a potential reserve for increasing gold production.
One of the most important areas of overcoming
the technical and economic problems of the gold
mining industry is the abandonment of outdated
technology, designed for the practically disappeared
category of large gold. It is necessary to move to
new high-tech processes and devices, a new
environmentally friendly technology that ensures
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the extraction of very thin classes of precious metals
[1-9].

In recent years, researchers have paid
attention to the development of new methods that
can be competitive and effective in terms of mining
precious metals. Currently, the use of achievements
in the field of biotechnology, methods of
bioleaching and bio-opening, in the process of
industrially valuable strains of microorganisms are
used for bio-extraction of gold and associated
metals from technogenic raw materials, it is the
most acceptable and less expensive [10-19].

Therefore, the research aimed at improving
the efficiency of gold extraction from technogenic
mineral raw materials is not only of scientific and
practical but also social and environmental
importance.

In concerning with this depletion of gold ore
deposits in Kazakhstan, the extraction of gold from
the tailings and dumps of gold recovery factories
becomes relevant. The technology for processing
ore raw materials with a low content of precious
metals should be inexpensive, to ensure a
sufficiently high degree and complexity of their
extraction, and provide for effective measures to
protect the environment.

A characteristic feature of the sample under
study, as gold-bearing raw materials, is the low
content in the main valuable component. The
extraction of gold in the industry is carried out in the
ore preparation cycle (crushing, grinding), during
the enrichment processes (gravity, flotation). Often,
even ultra-fine grinding of the material does not
allow to achieve the necessary degree of opening,
since the gold-bearing raw materials are very
diverse in their material composition and gold
content forms, it is needed an individual technology
for each specific case in their processing.

Methods of conducting technological
experiments

The phase and chemical composition of the
content of the main components of the sample was

studied by using a complex of modern physico-
chemical methods of analysis, which including the
following types: atomic absorption
spectrophotometric analysis, X-ray phase, X-ray
fluorescence (elemental, semi-quantitative), electron
microscopic. To perform the assay, chemical, X-ray
fluorescence,  mineralogical,  X-ray  spectral
analyzes, private samples with a particle size of 90%
of -0.074 mm were selected.

The estimated gold content in the sample
according to chemical analysis is given in Table 1. It
has been established that the sample of flotation
tailings that was get averaged and crushed to a
particle size of 0.074 mm contains Au - 0.47 g/t and
Ag - 0.62 g/t. The content of the main and impurity
components in the samples are characterized by the
spectral analysis data shown in Figure 1.

As a result of IR spectrophotometry, it was
revealed that o-SiO, quartz is present in the
spectrum - 1086, 797, 777, 694, 464, 397, 373 cm™,
muscovite KAI;[(OH, F);| AlSiz010] — KAI>[(OH,
F)2| AlSisO10] — 3618, 1031, 534, 476, 429 cm?,
oligoclase — (Cap.1- 0.3, Nags-0.7) (Al, Si) Si-Og— 1008,
760, 728, 646, 534, 464, 429 cm, microcline —
K[AISisOg] — 1141, 1086, 777, 728, 646, 608, 584,
534, 464, 429 cm, carbonates — 1418, 874 cm™.
The valent vibrations of Fe** — O (in silicates,
carbonates) manifest themselves in the range of 400-
300 cmt; Fe?* — O (silicates, carbonates) — 373, 330
cm™. Cu* — O bonds (in salts) — 266 cm™.

Currently, the study of the mineral composition
of gold-bearing ores, as well as the forms in which
are found precious metals, is not without
mineralogical analysis based on modern research
methods. Associated ore components are presented
(Table 2):

- quartz (SiOy) — 46%;

- sulfides: marcasite (FeS;) -10%, pyrite
(FeSz2)- 9%, (FeS,) and bismuthin (Bi,Ss3) are very
rare.

- iron oxides and hydroxides: magnetite
(FeFe,04) — 35%, hematite (aFe.0s), goethite/
hydroheterite (HFeO,/HFeO, - ag) are present in
insignificant amounts.

Table 1 — The chemical composition of samples flotation tailings

Components Content
Gold (Au) fire assay (tigel smelting) 0.47 g/t
Gold (Au) atomic absorption analysis 0.43 g/t
Silver (Ag) atomic absorption analysis 0.62 git
Iron (Fe) atomic absorption analysis 1.86 %
Zinc (Zn) atomic absorption analysis 0.003 %
Lead (Pb) atomic absorption analysis 0.003 %
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Copper (Cu) atomic absorption analysis

0.002 %

Arsenic (As) atomic absorption analysis

0.145%

wave emission

100 500

wave number (cm1)

Figure 1 Infrared spectrum of the initial sample of flotation tailings

Results and discussion

Micrographs of related components and gold
particles are detected which shown in Figures 2-5.

As a result of mineralogical studies, it was
established that the particle size of fine-dispersed
gold particles in free form is Au 2.5%3.9 microns, in
aggregations the particle size of Au particles is 1.2-
8.2 microns, and it is also in fine-dispersed form.
The shape of the grains is irregular, isometric. The
color of gold is bright yellow. Gold in the flotation
tailings is in associations with aggregates of quartz
(a hydrophobic mineral).

The elemental composition and presence of gold
have been studied using SEM-RSMA. It is known
that scanning electron microscopy allows to study
directly the surface of materials and to obtain, with
comparatively high resolution, both qualitative and
guantitative  information on the chemical
composition of the object in conjunction with the
surface topography. An electron probe microscope
with energy dispersive (EDX) and wave dispersive
(WDX) analyzers are used to analyze the elemental
composition. The results of topographic images of
the scanning microscope are shown in Figure 6.

Table 2 - Characteristics of the dimensions and prevalence of the main components

. . Chemical formula of | % of the studied | Component  sizes,
List of main components . . )
mineral minerals mkm/ mkm

Quartz SiO, 46 5-150
Magnetite Mgt FeFe;04 35 8-10
Marcasite FeS, 10 10-30
Pyrite Py FeS; 9 5-20
Arsenopyrite Ars FeAsS rare 20-27
Hematite Hem aFe,03 rare 18-27
Goethite/ Hydroheterite /Fe HFeO,/ HFeO,-ag rare 30 -40
Bismuthin Bi2S3 rare 2-5
Gold Au Au rare 1,2-8,2
Total: 100
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Hem 18.4x27. 5mkm-

.

o

Py 40x65 mkm? Cp18x21mkm? in the waste rock

Figure 2 Finely dispersed gold in association with waste rock and bismuthin

Y 2
Bi 2.2x5.4 mkm

A Bx4 () mk
Gold in quartz Gold in splice with bismuthin in quartz

Gold in quartz Au in waste rock (feldspar)

Figure 3 - Finely Dispersed Gold in Association with Waste Rock and Bismuthin
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Figure 4 - Fine-dispersed gold in association with quartz

In the sample under study, elements such as
silicon, oxygen are largely present, and when
focused on individual fragments, iron, sulfur, and
gold are noted. Thus, with an increase in resolution
of 1,500 times in the residual fragments of sulfide
minerals, the spectra of gold associated with pyrite
were recorded. Next, to obtain results on the phase
composition of the sample under study, modern
spectroscopic methods of investigation were used -
X-ray fluorescence and X-ray phase analyzes (Table
3). Studies of X-ray fluorescence analysis showed
that samples of flotation tailings have the following
composition, %: Si - 14.2; Fe - 12.7; Ca - 12.9; S -
4,8; Al - 2.1; Na - 0.7; Zn-0.3; Pb - 0.3; Mg - 0.2;
Cu - 0.1; As - 0.02. As a result of X-ray phase
analysis, it was found that the composition of the
sample contains the following mineral compounds:
guartz - 35.7%, clinochlore - 11.1%, muscovite -
5.8%, calcite - 10.0%, dolomite - 15.2%, albite -
14.3%, pyrite - 7.9%.

Based on data from analytical studies, it can be
seen that gold in the sample under study is in
associations with both quartz and pyrite, and is
present in a generally finely dispersed form in
intergrowths, which requires a careful approach
when choosing a method of extracting gold. The
presence of sulphide minerals of marcasite and
pyrite is because these tailings were obtained in the
process of selective flotation, with the use of
depressant reagents that reduce the transfer of these
minerals to concentrate. In several scientific works,

Table 3 Phase composition of flotation tailings

the authors considered similar types of raw
materials and methods for their processing [20-23].
Selection of nutrient media and optimal
growing conditions for the cultivation of
microorganisms. Determination of the technological
parameters of the opening of flotation tailings by the
biochemical ~ method. =~ Waste of flotation
beneficiation differs from ores and concentrates
both in the content of the main components and in
the content of mineral components and nutrient
substrates necessary for the full development of the
natural microbiocenosis. In this regard, the next
stage of research was the study of flotation tails
microflora, identifying the main groups of
microorganisms among native cultures, isolating
individual bacterial cells, isolating active strains for
further use in the process of bioleaching gold. The
conducting microbiological studies one of the most
important tasks is the selection and optimization of
nutrient media. The selecting media is not only the
necessary to take into account not only the
components (sources of nitrogen, carbohydrate,
protein, amino acids, vitamins) necessary for the
growth and accumulation of biomass, but also
include the compounds necessary for the optimum
growth of some difficultly identifiable groups of
microorganisms. Thus, for the isolation of
chemolithotrophic and heterotrophic

microorganisms, nutrient media were selected from
the sample under study, which positively influenced
the optimal growth and development of the native
microbiota.

Figure 5 - Rare particle of free fine-dispersed gold

Quartz, syn SiO; 35,7
Clinochlore Mga.882F€0.22Al1.881Si2.96010(OH)s 111
Muscovite Ko.932Al2(Alo.932Si3.068010) ((OH)1.724F 0.256) 5,8
Calcite CaCO3; 10,0
Dolomite CaMg(COs); 15,2
Albite, low Na(AlSizOg) 14,3
Pyrite, syn FeS; 7,9
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Figure 6 - EMF Analysis of the quartz and sulphide parts of the original sample of flotation tailings at SEM-RSMA

It is known that various microorganisms take
part in the microbiological processes occurring in
the tailing dumps. Therefore, various selective
media were used to detect the above groups of
bacteria, respectively. To identify acidophilic
thionic bacteria in the microflora of the object under
study, the elective nutrient media were prepared -
Silverman and Lyundgren's 9K media with different
concentrations of iron (5 and 44.2 g/l) pH ~ 2.5-3.0;
media 9KS pH ~ 1.5; Leten's media pH ~ 4.0; To
count for thionic bacteria, Waxman's media pH is ~
4.0 For the detection of saprophytic heterotrophic
groups of microorganisms, the FPB media (fish
peptone broth) and FPA (fish peptone agar) pH ~
7.0-7.4 was used, as well as to account for
microscopic fungi Chapek’s media pH ~ 4.0 and
yeast-like fungi Saburo's media pH ~ 6.5.

In the process of cultivation, in addition to the
main components that make up the prescription
basis of differential media, other parameters were
also taken into account, such as temperature,
aeration, redox potential and pH, purity of reagents
and sterility of the used nutrient media.

Based on this, and scientific achievements of
other researchers, optimal conditions were selected
for the cultivation of aboriginal strains and the
laboratory strain of acidophilic bacteria: temperature
conditions of 18 — 20° C under the conditions of a
thermoshaker or thermostat depending on the
allocated groups of microorganisms, mixing speed
200-250 t.p.m., the amplitude of rotation 5.

The analysis showed that after 7 days, an active
growth of heterotrophic groups of microorganisms
was observed, the color of the nutrient medium
changes from light yellow to brown, the surface of
the medium was covered with a thin film, a
precipitate forms on the bottom of the flask, and a
specific smell was observed. To establish the
morphological features of the bacteria, present in the
sample, a microslip was prepared with further Gram
differential staining. The results are shown in Fig. 7.

As can be seen from the figures, the microflora
is mainly represented by rod-shaped forms of gram-
negative cells, which are arranged in pairs or singly.
Before the start of the main experiments, the
regularity of the influence of such parameters as the
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size class of pulp, the concentration of cyanide and
the ratio Solid: Liquid was analyzed. Indicators of
ratios

gold extraction at different of these

parameters are shown in table 4.

5

A)- in petri dishes; B) - photo from leicadmled optical
microscope, gram-stained
Figure 7 - Microflora of flotation tails

So, it was found that the optimal choice of the
ratio Solid: Liquid will be a ratio equal to 1: 4. The
optimal concentration of sodium cyanide was 0.1%,
a further increase in concentration to 0.2% no longer
leads to a significant increase in gold recovery rates.
As an optimal sample particle size, the best option is
to grind it to a size class of - 0.071 mm at least 90%.
It is about reaching this fineness of grinding that
there is an increase in the rate of gold extraction by
10% (~ from 50% to 60%). Ultrafine grinding to a
particle size of 0.044 mm does not give a significant
increase in gold extraction, also such grinding is
difficult under production conditions. However, it
was decided to test one version of a sample of this
size in combination with an oxidizing reagent.

The next stage of the work was tasked with
comparative testing a biochemical method for
extracting gold from flotation tailings. For
comparison, the following leaching variants were
carried out:

Variant No. 1 - agitation leaching using NaCN
1 g/dm?3, Solid: Liquid ratio = 1:4, without prior acid
washing and bacterial dissection (control variant);

Variant No. 2 - agitation leaching - cyanidation
with preliminary acid washing for 3 hours and
bacterial dissection with a duration of 120 hours,
Solid: Liquid ratio = 1:4; temperature 25°C;
concentration of cyanide solution 1 g/dm?;
concentration of sulfuric acid wash solution 20
g/dm3;

Variant No. 3 - agitation leaching with using
sodium peroxide 10 g/dm*® and solution sodium
cyanide with a concentration of 1 g/dm?® Solid:
Liquid ratio = 1:4, with a preliminary acidic
washing without bacterial opening;

Variant No. 4 - agitation leaching using NaCN
1 g/dm3, Solid: Liquid ratio = 1:4, with prior acid
washing.

After filtration, the resulting solution was
submitted for chemical analysis to determine the
gold content, the cake was subjected to drying and

further bacterial dissection (variants No. 1 and No.
2). Next, the second stage is a bacterial dissection
for 5 days with a bacterial solution of A.
Ferrooxidans containing Fe**-5 g/dm?3, the number
of bacteria is 10° cells/ml. For the accumulation of
A. Ferrooxidans biomass for the purpose of their
subsequent use of bacterial dissection, a nutrient
media was prepared for bacteria A. Ferrooxidans:
FeSOs - 5 g/dm?; (NH4).SOs - 1.5 g/dm?; MgSO, -
0.5 g/dm?; K;HPO, - 0.5 g/dm?; H,SO4 - 1 ml/dm3,
The ratio of Solid: Liquid with bacterial dissection
was also set in a ratio at 1:4.

Table 4 Indicators of gold extraction at different ratios
solid: liquid

Size | NaCN, Solid : Liquid ratio

class % 1:1 1:2 1.3 | 1.4 | 15
0.1 0,05 | 157 | 24,2 | 275 29,7 | 30,9
mm 01 | 27,4 | 365 | 416 | 44,6 | 452
90% | 02 | 30,1 | 382 |419 455|481
0071 | 005 | 181 | 254 | 294|324 |346
mm 01 | 302 | 37,3 | 433|503 505
80% | 02 | 336 | 38,7 |451 520|538
0071 | 005 | 196 | 263 |323 433|441
mm 01 | 31,2 | 38,0 |44,1|60,1 |60,
90% | 02 | 354 | 40,5 | 455 | 60,2 | 60,5
0044 | 005 | 238 | 29,7 |32,8 456 | 46,4
mm 01 | 353 | 41,4 | 456 | 60,6 | 61,0
90% | 02 | 37,7 | 444 | 470|610 613

During the entire period of bacterial dissection,
daily sampling of the solution was carried out in
small quantities (1-2 ml), in order to assess the
activity and viability of microorganisms, and also
determined the change in pH and ferric
concentration (Table 4). Upon completion of the
bacterial dissection, the solution obtained after
filtration was analyzed for the content of gold and
related elements, and the cake after drying was used
for the next stage, cyanidation.

The third stage - cyanidation was carried out
with a solution of NaCN 1 g/dm? (variants No. 1 and
2) and cyanidation with solutions of hypochlorite
and sodium cyanide with a concentration of 1 g/dm3
(variants No. 3 and No. 4) for 24 hours. After the
cyanation process, filtration was carried out, the
resulting solution and the cake were sent for
chemical analysis to determine the content of gold
and accompany metals to determine the degree of
the extracted noble metal, which passed into the
cyanide solution after the agitation leaching. Results
in the extraction of gold, as well as the
concentration of accompanying metals in the
solution, are presented in Tables 5-6.

As shown from table 4, in the process of
bioleaching there is an intensive growth of bacterial
cells, the number of which on the 5th day of reaches

— 3y ——
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5.9x10". At the same time, the pH of the pulp
decreases to 1.8 and the concentration of ferric iron
is 7.6 g/dm3, whereas in the initial solution was 2.8
g/dm®, which indicates that the ferrous iron
gradually becomes trivalent due to the active
oxidation of iron by acidophilic bacteria.

Table 5 Characterization of the growth and cultivation of
bacteria in the leaching solution

Parameters Initial indicator Indicator
after 5 days
pH 2,2 1,8
Eh, mV 897 821
Fe*, g/dm?3 2,8 7,6
Fetotal, g/dm3 2,8 7,6

From the data, it can be seen that during
normal cyanidation without prior acid washing and
bacterial dissection, part of the cyanide is spent on
the extraction of accompanying elements, such as
copper, iron, arsenic, zinc. It also leads to a decrease
in the extraction of the main valuable component -
gold. Preliminary acid washing of the sample with
subsequent neutralization allows transferring a

significant part of the interfering impurities in the
acid solution, which increases the efficiency of
further cyanidation. Thus, with conventional
cyanidation, gold recovery amounted to 57.41%,
and during cyanidation with preliminary acid
washing, it was 62.1%.

The use of sodium peroxide as an additional
oxidizing agent, in combination with a preliminary
acid washing, made it possible to extract 65.2%.
The use of the bacterial culture of A. Ferrooxidans
in the preliminary oxidation of the raw material
under study, later on during cyanidation, made it
possible to achieve the maximum, compared to
other options, gold recovery rate - 72.0%. As a
result of the experiments, a method was developed
for the extraction of gold from the flotation tailings,
including pretreatment of flotation tailings with
sulfuric acid and A. Ferrooxidans bacterial solution
for 120 hours, followed by neutralization of the
acidic medium and cyanidation. On the basis of the
obtained data, a technological scheme was
developed for processing this type of raw material,
shown in Figure 8.

Table 6 - Extraction of gold and impurities of other elements into solutions with different variants

. Extraction of elements in lution, %

Options = o tractio Igee ements into sAoSuto , =
Solute after acid washing 78.02 5.53 18.43 2.16 0.0
Solute after bacterial dissection 67.39 5.70 92.49 4.68 0.0
Variant 1 (Final productive solute) 82.94 1.73 66.70 14.04 57.41
Variant 2 (Final productive solute) 3.11 0.23 8.84 1.44 72.0
Variant 3 (Final productive solute) 1.06 0.16 6.26 1.33 65.2
Variant 4 (Final productive solute) 1.61 0.28 13.63 0.25 62.1

Raffinate Cu-Zn<=0.1g/dm?

Flotation tails,
90% size class — 0.071 mm

!

preliminary acid washing,
H,SO, — 2%, 3 hours

Filtration

Cu-Znzlg/dm?®

(Cu, Zn, Fe, H,SO))

Solution

/I—le >1g/dm3

Regeneration

Hydrometallurgy of
non-ferrous metals,
Cu/Zn extraction

I pulp drying I

Bio-dissection by 4. Ferrooxidans,
10°¢ cells/cm?, 120 hours

Filtration

Solution
with residual
bacterial cells ‘1'

Pulp, pH-parameter regulation,
pH=10.5-11.0

Cyanidation, NaCN - 0.1%,
24 hours, pH= 10.5-11.0,
Solid: Liquid ratio = 1:4

P )

Gold-containing Solid precipitate,
solution (for sorption clearance for CN,
and other following neutralization.
technological stages)

Figure 8 - Scheme of the biochemical method of gold recovery from the flotation tailings of the gold production plant
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Conclusions

Thus, from the obtained data on the study of
gold-bearing raw materials - dump flotation tailings,
the following main conclusions are formulated:

Physical and chemical properties, mineralogical
composition of the technological sample of flotation
tailings were studied using modern methods and
analytical instruments of research. Electron
microscopic and mineralogical studies have
established the presence of gold by irregular,
isometric morphology in fine form in free form and
intergrowths, with a particle size of 2.5%x3.9 microns
and 1.2-8.2 microns, respectively, gold grain, it is
also found as a residual sulfide mineral and quartz.

The main studied element in the composition of
the samples studied is gold, and to the chemical
method of analysis it was revealed that the gold
content in the initial sample is in the range of 0.43-
0.47 g / t, the accompanying element of silver is
0.62 g/ t. As a result of X-ray phase analysis, it was
found that the main rock-forming minerals are
guartz - 35.7%, dolomite - 15.2%, albite - 14.3%,
and the presence of residual sulfides in the form of
pyrite - 7.9%;

The expediency of preliminary removal of non-
ferrous metal and iron impurities by sulfuric acid
washing was confirmed, which makes it possible to
increase the efficiency of cyanidation;

The positive effect of preliminary oxidation of
the technological sample, contributing to the
additional extraction of gold from residual
sulphides;

The optimal concentration of 9K nutrient
medium for Acidithiobacillus Ferrooxidans strains
used for bio-opening of the flotation tailings was
selected, the adaptation of the bacterial culture to
this raw material was analyzed.

The most accepted biochemical method of
processing flotation tailings has been established -
including preliminary acid washing, subsequent
bacterial oxidation, neutralization and cyanation.
The degree of extraction of gold from the flotation
tailings during biochemical leaching reached 72%,
which is 6.8% more than with the use of a chemical
oxidant sodium peroxide. In addition, the bacterial
solution is less expensive and non-toxic in
comparison with the oxidizing agent - sodium
peroxide. Spent biochemical solutions, after
measuring the residual living cells of bacteria and
their nutrients, can be regenerated and reused. Also,
with the accumulation of sufficient concentrations
of non-ferrous metals in waste solutions after acid
washing, their further processing by
hydrometallurgical technologies for producing
copper and zinc is possible.
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BnoToTbIKTLIPYAbI KONAaHa oTbIpbIN anTbiHAbI dnoTauuanbIK KanabikTapaaH
epiTiHgineyaid rmapomMmeTannyprusinbIik 94iCiH 3epTTey

KomxaHoBa A. K., Tokrap I'., Fpeur 3. BaHkc, Maromegog 1. P., Ky6aixaHoB A. A.

Tyiiinaeme. Makanaja aaTbIHAB TEXHOTEHIIK QIIOTANMS KAIABIKTAPbIHAH arMTAlUSIIBIK THAHUATEY SIICIMEH alTy IbIH
JKOHE aJ/IbIH aja OMOTOTBHIKTHIPY OMICIMEH aJIyJIbIH CaJbICTBIPMANbl 3epTTEY HOTHXKENepl KenTipinreH. ProTanusuibik
KaJbIKTapabIH yirici «AnteiHTay Kexmeray» JKIIC antein eHaipy ¢aOpukackiHaH anblHABL. TeKcepiireH chlHamasa
0,47 v/ T Au xone 0,62 r / T Ag 6ap exenairi ansikranabl. 80% 0,071 MM ipiik kinackiHAAFb! ((HpaKIUSCHIHIAFHI)

JIOTalWsl KaJABIKTApbIHAH AaJITHIHHBIH AJbIHY JICHIeHi ) aiinel, an o 0, MM (ppaKIUsACBIHAA
p y i 50% Kyp 90% 0,071 P

60%

Kypaiiasl. 0 — 0,044 MM dpakuusiceiHa NeHiH YHTaKTaIFaH alThiH eHIIpeTiH GaObpuKkaHblH (QIOTANMSAIBIK KAIbIKTaphl

HanI/Iﬁ l'[epOKCI/II[iMeH AJIAbIH aJla TOTBIKTBIPbUIABI. KaTTLI 3aTTbIH C¥I7H)IKK3 KaTbIHACHhI

1:4 >xoHE IMaHUN
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xoHuenTpaiuscel 1 r/ am® Gonranma QuoTanus KambIKTapbiHbH ipimiri 0,044 MM 90% (pakuusAChIHAH AITHIHHBIH
aneiHy pspexeci 65,2% xypaiinel. THOHIBI AaKbULAApABIH O€JCceHi IITaMAapblH KOJJAHFaHIA AJTHIHHBIH AaJbIHY
neHreiti 72,1% Kypassl.

Ty#inai ce3aep: aXTbH THIPOMETAILUTYPTUACH, ONOJIOTHSUTBIK €PITIHAINEY, (IIOTAIN KaABIKTaphl, ONOTOTHIKTHIPY.

UccnepoBaHue rmapomMeTannypruyeckoro MetToaa BbillenaymBaHus 3o05oTa U3
XBOCTOB (hfioTaumm ¢ UCnonb3oBaHUEeM GMOOKUCIIEHUA

KomxaHoBa A. K., Toktap I'., Fpeur 3. BaHkc, MaromegoB 1. P., Ky6amxaHoB A. A.

AnHoTanus. B cratbe npuBeneHbI pe3yiIbTaThl CPABHUTEIBHOIO UCCIIEJOBAaHUS S((PEKTUBHOCTH METOJIOB M3BJIICYCHUS
30JI0Ta W3 TEXHOTEHHBIX XBOCTOB (MJIOTAIlMM METOJOM AaruTalMOHHOTO IIMaHMPOBAaHHMA W C TPEIBAPUTECIHHBIM
6uookucienueM. [IpencraButensHBIN 00pas3en XBOCTOB (IIOTAMH OBLT B3ST Ha 30JI0TOM3BIEKaTenbHON (pabpuke TOO
«AnteiaTay Kokmmeray». YcTaHOBIIEHO, 4TO B HcciexyemMoM obOpasie comepxkutcs 0,47 v/ T Aum 0,62 T/ T Ag.
CTereHp W3BICYCHMS 30JI0Ta M3 XBOCTOB (iotaunu ¢ copepxanuem 80% kimacca kpymHoctu (¢dpaxuun) 0,071 mm
cocraBmsuia 50%, a ¢ comepxanueM 90% kinacca kpymHoctd (¢pakiuu) 0,071 mm cocraBmsuia 60%. OiroTanuOHHBIE
XBOCTBI 30JIOTOM3BJICKATEIbHON (adpuku, u3MenpueHHbIe 10 ¢pakiuu 0-0,044 MM, OABEpPraaich NMPEABAPUTEIEHOMY
OKHCJICHHIO NepeKuchlo HaTpusi. CTerneHb M3BJICYEHHUS 30J10Ta U3 XBOCTOB QuioTanuu ¢ coaepxanueM 90% dpaxiun
0,044 MM IIpH COOTHOIIEHMH TBEPJOTO BEIECTBA M KMAKOCTH 1: 4 U koHUeHTpamuu nuanupa 1 v/ am3 cocrasnser
65,2%. IIpu ncnonp30BaHUM AKTUBHOTO IITAMMAa THOHHBIX KyJbTYp CTEIEHb U3BJICUCHHS 30J10Ta cocTaBmia 72,1%.
KaioueBble ci10Ba: ruIpoMeTauTyprist 30J10Ta, OMOJIOrMYECKOe BhIIEIaunBaHUE, XBOCTHI (DIIOTAIMHU, OMOOKUCIICHUE.
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Abstract. The industrial activity of mankind using mineral raw materials and fossil fuels is steadily increasing man-
made waste and carbon dioxide emissions. These factors, in turn, lead to pollution of the soil, air and an increase in
the temperature of the earth’s atmosphere. This article discusses an example of waste-free processing of excavated
slag and the search for a method of minimizing carbon dioxide in the exhaust gases of the smelting unit. When
solving this problem, the main provisions of the method of extreme energy saving were used: 1) selection of a high-
performance melting unit; 2) the formation of a technology that allows decreasing carbon dioxide emissions into the
atmosphere; 3) development of a heating scheme for an energy-saving, waste-free, environmentally friendly
processing of industrial waste. On the basis of the created energy-saving unit “reactor inversion phase — rotary kiln”,
a thermal scheme for waste-free processing of zinc-containing slag has been developed. It is proposed that “COx,
H20" in the reactor exhaust gas be reduced with zinc vapors to “CO, H>". The resulting excess hydrogen will be used
to displace from CO elemental carbon, which will serve as reducing agent in the zinc distiller. In case of
implementation, the proposed system expects integrated waste management, minimization of COz emissions into
the atmosphere up to 50% and a five-fold reduction in the specific fuel consumption per process.

Keywords: carbon dioxide, reactor inversion phase, rotary kiln, zinc distillation, zinc-containing slag, zinc
sublimates.
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K Bonpocy MMHMMM3auum BbIOPOCOB AMOKCUAA yrnepoaa B atTmoccepy npu
nepepaboTke TeEXHOreHHbIX OTX040B
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AHHOTaIIl/Iﬂ. HpOI/IBBO,HCTBGHHaSI ACATCIILHOCTD Y€JIOBEYECTBA C MCIIOJIb30BAHUEM MUHEPAJIBHOT'O ChIPbS U UCKOIIAaeMOT'O
BUJa TOIUIMBA HEYKJIIOHHO YBCJIMYHUBACT TCXHOI'CHHBIC OTXOJbI U BLI6pOCBI YIJICKUCIIOTO Ta3a. Ot q)aKTOpBI B CBOIO
o4epeib NPUBOJUT K 3arpsA3HECHUIO IOYBBI, BO3yXa U NOBBIMICHUIO TEMIICPATYPhI aTMOC(i)CpBI 3emin. B npennaraeMoﬁ
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CTaThe PaccCMaTPUBAIOTCS MpUMEP OE30TXOAHOHW IepepabOTKU OTBAIBHBIX IIUIAKOB W IOMCK Crioco0a MUHUMH3ALUH
JIMOKCHa yTriiepoja B OTXOJSIIMX ra3ax IUIaBMIBHOrO arperata. [Ipy peleHny nocTaBIeHHOH 3aauy UCIIOIb30BaHbI
OCHOBHBIE TIOJIOKEHHUSI METOZA MPEAEIbHOr0 3HeprocoepekeHus: 1) oTéop BHICOKONPOU3BOAMTENHHOTO IIABUILHOTO
arperata; 2) ¢popMHupOBaHHE TEXHOJOTHH COKpPAIIAIONMeH BBIOPOCH THOKCHIA yriepona B atMocdepy; 3) paspaboTka
TEIUIOBOH CXEMBI CHCTEMBI JHEpProcOeperaromniei, KOMIUIEKCHON, AKOJOTHYECKH YHUCTON MepepadOTKH TEXHOTEHHBIX
oTrxomoB. Ha OCHOBe CO3JaHHOTO 3HEProcOEpPEeraromiero arperaTa «peakTop WHBEpCHH (a3-BpalarolIascs MeUb»
pa3paboraHa TeruioBas cxema 0€30TX0JHOH nepepaboTKy MUHKCcoAepkamux mtakoB. «CO2, HoO» B oTxomsmux razax
peakTopa mpeiaracTcsi BOCCTaHABIMBATh NUHKOBBIMH mapamu 10 «CO, Ho». Ilomydaemsiit mpu 3TOM, U30BITOYHBINA
BOJIOPOA OYAET MCIIOIB30BaThCS A BhITeCHEHHS M3 «CO» 3JeMEHTapHOro yriiepoja, KOTOPBIH OyIeT CIIyKHTb Kak
BOCCTaHOBUTENb B JAUCTWIIATOPE IIMHKA. B ciydae BHeOpeHMs, B MpeaiaraeéMod CHCTEME OXXHMIAeTCs KOMIUICKCHas
nepepaboTka OTXO0ZO0B, MuUHHMMH3anus BbIOpocoB «CO2» B armoctdepy 1o 50% u mnsaTupa3oBoe COKpalieHHe

MIPUBEJACHHOTO YJENBHOTO pacxo/ia TOIUIMBA B MpolIecce.
KiroueBble cjoBa:
LUHKCOAEpKAalllie IIIJIaKK, BO3TOHBI LIMHKA.

BBenenune

B otBanax meramnyprudeckux npeanpusatuii PK
HaKOIUIEHbl MIUIMAP/ABI TOHH TBEPABIX OTXOOB, B

KOTOPBIX  COJICp)KAHWUE IICHHBIX KOMIIOHEHTOB
HEPENKO BBINIE YeM B pyAax I[PUPOAHBIX
MectopoxaeHuid  [1-3]. Onmnako, B  o0JyiacTu

nepepaboTKH TEXHOTEHHBIX OTXOJOB ITOKa €Ile HeT
XOpOIIO 3apEKOMEH]IOBABIIET0 Ce0SsI TEXHHYECKOTO
peuicHus, KOMIIJIEKCHO YUYHUTBIBAIOIICC
TEXHOJIOTHUECKHI, SHEPrO3KOHOMHUYECKHI u
SKOJIOTHYECKHUH aCTIEKTHI TPOOIIEMBL.
OOmen3BecTHO,  YTO  TAPHUKOBBIA  Tras,
OKa3bLIBAIOIIUHI HauboJbIIEE BIIUSIHUE Ha
MOTeIJICHHE - 3TO Hapbl BoAasl. Ho oH ocraeTcs B
atMoc(epe BCEro HECKONbKO jaHed. [lpyrue rassl,
TaKHe KaK METaH U 3aKUCh a30Ta, TAK)KE BBIJCIIAIOTCS
B pe3yibTare JeATENIbHOCTH 4YeNOBeKa, HO UX
MEHBIIIe, YeM YTJIEKHCIIOrO rasza. YTIEKUCIbIA Ta3
(COy2), coxpansieTcst B atMmochepe Topaszo IOJIbIIE.
Y4eHble cuuTarT, 9TOOBI BEPHYTh €TO COMEPIKaHUE
K  JOWHAYCTPHUAIbHOMY  YPOBHIO, (magamno
HMHAYCTpUaIbHON peBoitonnu ~1750) norpedyroTcst
COTHH JICT.
I'mobanpHas WHUINATHABA o
OKpy)Xammiel cpeapl IyTeM
BeIOpocoB  CO,  mocpencTBoM
HAJIOT000I0KESHHUS, BBI3BIBACT
HEMPONOPIIMOHANBHOE  TIOBBIIEHUE  CTOMMOCTH
MeTasuioB. [1o TaHHBIM psijia aBTOPOB IPH BEIPaOOTKE
METAJJIOB U3 TEXHOI'CHHBIX OTXOJ0B (IlIHaMI)I
(dbrioranuy, NUIAKW, KIWMHKEpPa, KEKH [MHKOBOTO
MIPOM3BOACTBA U T.I1.) YAEIBHBIN PacXo/l IEPBUYHOTO
TomBa  (CooTBeTCTBEHHO  BBIOpocoB  CO2)
MOBBIIIIACTCST B ~2 pa3a, IO CpPaBHEHUIO C
BBIpaOOTKOM MX U3 IPUPOAHOTO ChIpbsa [4]. Ecnu emie
Y4ECTb, 4YTO IPOTHO3UPYEMBIH CPOK HCUEPIIAHMS
3armacoB  0Oratoro 1o IIEHHBIM KOMITOHEHTaM
MIPUPOJTHOTO MOJIMMETAJUTHYECKOTO CBIPBS
Pecrryonmmku Kazaxcran coctasmsier 30-35 net, To, B
HelanekoM OyIyleM, MPOU3BOJCTBO METAJIOB U3

OXpaHe
peryaMpoBaHus
YBEIUYECHHUS

AUOKCHUJ yrjepoaa, peakTop HWHBEPCUU an?,-Bpama}omaﬂcsl neyp, JUCTHIIIALIMA IWHKaA,

BTOPUYHOTO CBHIPbSI M «OEOHBIX» PYA MOXKET
okazatbcsi moj yrposzoil. [lostomy, paspaborka u

co3maHne  BBICOKOA((DEKTUBHOTO  IUIABHIBLHOTO
o0opymoBaHus, 0e30TX0qHOMI TEXHOJIOTUU
sHeprocoeperamomieii nepepaboTKH MHHEPAILHOTO
CBIpBS, B COBOKYITHOCTH MHOTOKpaTHO
COKpalllaloIIMi  yIEeNbHBIA  pacxod  TOIUIMBA,
MUHHMU3UpYOmUi BeiOpocsl CO2 B atmochepy u
TaKUM  00pa3oM  OTBEYAIOIIMI  COBPEMEHHBIM

TEXHOI'CHHBIM BbI3OBaAM OTHOCHUTCS B pa3psn 0c000
AKTYaJIbHBIX U OCTPBIX 3a1a4 COBPEMCHHOCTHU.

MeTtoaosorus

I[I/IOKCI/I,Z[ yriepoa MOXKET OBITh OTACICH OT

BO3JyXxa WJM JBIMOBBIX Ta30B C IOMOIIBIO
TEXHOJOTHA abcopOuuu, aucopOIHH, OYMUCTKU
aMHUHAMHU, MEMOpPaHHOTO Tra3opasfeiiCHUus WU
ra30rupaToB [5-11]. Koneunoit LEJNBI0

TIEPEYUCIIEHHBIX TeXHOMOTul sBsieTcs 3axBar CO;
W3 ra3oB, TPAHCIOPTHPOBKA K MECTY XpaHCHHUS U
JIOATOCpOYHas m3oysnusi or armocdepsl. OnHako,
Npy BCEW BaXXHOCTH YKa3aHHBIX pabOT B HHUX HE
CTaBHUTCS 3aj]aya WCIOJIb30BAHUS DHEPreTHUSCKON
COCTaBIISIONICH Tra3a — yriaepona. B manHoi# pabote
npejiaraeTcs BapuaHT OYUCTKH Tra3oB oT CO2 c
MOCJEYIONIMM BBIJISICHHEM W3 HEro yriepoja ¢
HENBI0  €ro  JaJbHEHIIero HWCIOJNb30BaHHUS B
nporecce. [locraBneHHas 3ajada pemianach MyTeM
oTbopa dHEProcOeperaroIero TJIaBHIILHOTO
obopymoBaHusi, OE30TXOMHON  TEXHOJNOTHUH U
Pa3pabOTKH TEIIOBOM CXEeMBbI IepepadOTKH IUIAKOB,
UCKITFOYAIOIEel BpeHbIE BEIOPOCH B OKPYKAIOIIYIO
cpeny [12-17].

Pe3yibTaThl 3KCIIEPUMEHTAIBHO-
pacyeTHbIX padoT

Hdns  mepepabOTKM  [UIAKOB — HIAXTHOM
TUTaBKH, PYKOBOACTBY (ObIBIIEro, HBIHE HE
cymectBytomero)  IIIBIMKEHTCKOTO — CBHHIIOBOTO
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3aBoza (ILIC3), ObUIO MpenokeHO HOBBIM cIOcoO
W3BJICUCHMS LMHKA W3 IIJIAKOB - KHUITALIMHA CIION
pacmaBa». Ha ero ocmoe nHa IIC3 Oplm
MIOCTPOCHBI JIB€ YCTAHOBKH «PEAKTOP KHIISAIIETO
CcI1osI pacmiaBa - TpyOuaras neyb»
MIPOM3BOANTENBLHOCTRI0O 4T/4 m 15 T1/4. OpnHako
NPOBEACHHBIE ONBITHI HE  Jald  JKENAaeMbIX
pe3yIbpTaTOB, U3BJIeUCHHE IMHKA HE MpeBbImao 35 -
40%. Bnocnencreum, yCTaHOBKA ObLIa
nmeMmoHTHpoBana [18, 19].

B pesymprare nampHEeHIMHNX TOWCKOB OBLT
paspaboTaH sHeprocoOeperarIui croco0
BOCCTAHOBJICHHMS IIMHKAa M3 [UIAKOB HAa3BaHHBII
«cmoit pacmmaBa wmHBepcun a3y [20]. JlaHHBIH
cnoco0 ©6aszupoBalicsi Ha KOMOHMHAIMHM PEKUMOB
«UACATBHOTO»  CMEHICHUS U «UACATBHOTO»
BBITECHCHHUS, ¥ Jal BO3MOXKHOCTH IIOBBICHTb
W3BJICUEHUE IIMHKA U3 «OeIHBIX» HUIaKoB 10 70%.
Ha ero ocnoge, na Teppuropuu TOO «OTPAP», npu
¢unancupoBarmu  PI'TI  «HL  KommiekcrHas
nepepaboTka MIUHEPAILHOTO CHIPhs» W bpuTaHCKOi
koMmanuen “ZincOX” ObUI  CO3MAaH MWJIOTHAs
ycranoBka (I1Y), mo mepepaboTke OTBAIBHBIX
[IUIAKOB TPOM3BOAMTENBHOCTRIO 1,5 T1/4. OOmmias
cymma unBectuimu cocrasuiia~700 000$ CILIA, npu

nonesom yuactuu mnaptHepoB — 0,09:0,19:0,72
COOTBETCTBEHHO.

[TV (pucyHok 2-4), COCTOUT U3 CIETYIOMINUX
Y3JI0B: peakTop HWHBEPCUU a3 c
MapoMpPOU3BOISIIMMH  KECCOHAMH, C  OTHEBOM
MIOBEPXHOCTHIO 10Mm%; Bpallaroniascs mneyb JIMHOU
Om, BHYTPEHHHUM JI1aMETPOM 0,8 M;

BozayxomonorpeBatens (B3II) KOHBEKTHBHEIA C
TATOyThEBast

HOBEPXHOCThIO  HarpeBa 200m?;

CHUCTEeMa, BKJIIOYAMOIas TypOOBO3IyXomyBKy TB -
80/1,8, tpu awpimococa [IH-10, ckpyObep u y3en
XUMHYECKOI BOJIOOYHUCTKH. DHepro u
ra3ocHa0XeHre OCYIIECTBISETCS gepes
aBTOHOMHYIO TIOJICTaHIIMIO C TpaHchopMaTopamMu
100 u 630 KBA u aBTOHOMHBIN
razopacnpeIenuTeNbHbIl y3€l, MOAKIIYEHHBIA K
MaruCcTpaibHOMY Ta30IIPOBOY.

OKcNeprUMEeHTHI poBeseHb!l Ha 150 ToHHaX
«ooraterx»  (Zn  9-11%)  murakax  YcTs-
KamMeHOTropckoro CBHHIIOBO-IIMHKOBOIO KOMOWHATa
nu 250 Tt «Oemupix» (Zn 3-4%) mmakax
[IIBIMKEHTCKOrO CBHHILIOBOTO 3aBOJa. YCTaHOBKa
mpopaboTana B TEMIIEPaTypHOM pEeXHME paciiiaBa
1300-1400°C oxkomo 1000 wuacoB u moKa3ana
HaJIKHOCTh KOHCTPYKIIMH TUTABUIILHOTO arperara.

OnpiTaMu  TIOATBEPXKIIEHO, YTO CKOPOCTH
BOCCTAHOBJICHUS IIUHKA U3 «OSTHBIX» IIJIAKOB B CJIOC
UHBepcUHU (a3 B ~2 pasa BBIIIE, YeM B KUIIAIIEM CIIOC
pacrmaBa. C yMEHBIIIEHHEM MPOU3BOIUTEIHEHOCTH
peakTopa CKOPOCTh BO3TOHKH ITMHKA BO3pacTaeT
(puc.1).

CpaBHeHme XapaKTepUCTUK  arperara
«peakTop WHBepcHH (ha3-BpamaromIascsa Iedb)
nepepadaThIBArOIINN «OeTHBINY UIaK c
JIEUCTBYIOILIEH BEJIbL-TICYBIO, KCTIOJIb3YOLIUN
«OoraThIil» MUTaK, MOKA3aHl €ro MPEeUMYIIECTBO IO
COKpPAILICHUIO  YIIEIBHOTO  pacxoja  YCJIOBHOTO
TOIUIMBAa HAa TOHHY mmHKa B 1,5 - 1,7 pasa, a mo
MOBBILLICHUIO YAEIbHOU o0BeMHON
npousBoguresibHocTd B 1,4 - 1,5 pasa [20, 21].
MakeT u OOUIMI BUJ YCTAaHOBKHM IIOKa3aHbI Ha
pucyHkax 2,3.

T

NpMHH

0 t t t
2 4 6 8 10 12

14 16 18 20 22 24

Pucynok 1 — CKOpoCTh BOCCTaHOBJICHHS IIHKA B PEXKMMAaX KHITAIIETO CJIOS paciijiaBa U CJI0s paciulaBa MHBEpCHHU (a3 B

3aBUCUMOCTH OT IPOU3BOJUTECIBHOCTH PEAKTOPA 110 IIJIAKY

V1=0,0166 1/mun (1170kr/4); L1=0,0344 (1139 kr/4); V,=0,11; V3=0,25; L4+=0,785
Cin - KOHILICHTpAIMS IWHKA B MUIAKE, Trp, v — BPEMS IIPEOBIBAHIS [IUTAKA B pEakTope, Ppugp — MPOU3BOAUTENEHOCTH

peakTopa Mo MuUIaKy.
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Pucynox 2 - 3D scku3 nuinoTHON yCTaHOBKH

CTpykTypHass cxeMa MWIOTHOW YCTaHOBKH
MoKa3zaHa Ha pucyHke 3. PexuM nelicTBHsI yCTaHOBKHU
HenpepsIBHBIN. [1InxXTa moctymaer BO BpalaroIyocs
YacTh MEYM 2, HArpeBaeTcs OTXOAALIMMHU Ta3aMu
peaktopa 1 10 900-1000°C, 3arem BayBaeTcs IIOJ
paciuiaB peaktopa Il BOCCTaHOBJICHHS METAaJIOB.
PacmnaB 3 peakropa, B OTCTOMHHUKE, pa3fensaeTcs Ha
MeAbcoAepKAMA  YYyryH W CHJIMKATHBIA IIUIaK,
MPUTOAHBIA NS  WM3TOTOBICHUS  CTPOUTENBHBIX
matepuano. [oproume razel (I'T) mocne meunm 2
HarpeBaeT MPUPOAHBIA Ta3, C YacTUYHBIM €O
pasnoxkeHHueM Ha caxeBomoponuctyio cmech (CBC).
Ilocrneqnss ucnonb3yercst Kak TOIUIMBO B peakTope 1.
IT neun 3, nocJje OXJIAKICHUS B
BO3/yXomojaorpesarene 4 OUYHUIIAIOTCS OT BO3TOHOB
oMHKa B CcKpyObepe 10 um pmamee Moxer
HCIOJIBb30BATHCS IJIS1 TEXHOJIOTHUECKUX LIeTIeH.

C uempto obOecriedeHus: 0E30TXOJHOCTH
nepepaboTKH, Ha MWIOTHOHW YCTaHOBKE, OBLIH
MPOBEIEHBl 3KCIEPUMEHTHl 10 BOCCTAHOBJICHHIO
JKeJe3a U3 NUIAKOB IAXTHOW CBUHIIOBOM IUIABKU.

KUCITOPQOA4 500°C

Pucynok 3 - OOmuii BU NUJIOTHOM yCTaHOBKH

CocraB KOHeyHOro mmoiaka, B %: 1,66 Zn,
0,15Pb, 0,17Cu, 7,5FeO, 41SiO;, 27,8 CaO,
12,5Al,03, 8,5MgO, 30-40 r/t Ge.

[TonyuyeHo mMpoayKIUK: HUHK B Bo3roHax — 90
KI/4, YTIepoAcoAepsKalluil KeJIe30MeIHbIA CIUIaB
(memucteiit uyryH) — 200 Kr/4, roprouunii ra3 Hu3Men
temwioTo  cropamms  7100-7200  kx/M®  m
’KapOMPOU3BOIUTENHLHOCTBIO 1600-1700°C,
CHJIMKATHBIH pacIijiaB IIPUTOAHBIN JUIST KAMHEIHTBS -
600-700 kr/4. lllmakoBaTa Mpou3BeICHHAS U3 TAKOTO
pacmiaBa  OyJoeT  YAOBJIETBOPSTH  CICTYIOLIHM
HOPMATHUBHBIM YCJIOBHSM YKa3aHHBIX B CKOOKax:

MOJIyJIb KHCIOTHOCTH paciuiasa — 1,88 > (M, >15);
Molyi»  BsskocTw  pacrasa  1,1<(M, <1,2);

nokasaten» Bojoctoiikoctu 3,95 < ([, <5).

BsaskocTs TOMOTE€HHOTO pacmuiaBa I ¢
BBIIICYKa3aHHOTO  COCTaBa, JUIsl ~ WHTEpBaja
temnepatyp 1400°C -1450°C - n=5.2 - 4.8 Ilya3, uro
IIO3BOJISIET JIETKO BBIITYCKATh paciulaB u3 jieTku PUD

[14].
Kuciropo,q

f HPF

lA

AP, 115°C

i

O/O/O/O ) /o CYLYL

CBC, 1000°C

= L

GGV l
o
é LNAM
/o/o/o/o ) o/o%I LUMHKOBbIX
% BO3rOHOB

oNp

p v

Pucynok 4 - CrpykTypHas cxeMa NUJIOTHON YCTaHOBKU

o MNepeTpeTbii
MAP, 200°C

1 — peakrop nHBepcuu a3 ¢ GapadaH-cenmapaTopoM, 2 — Bpallaromascsl 4acTh Me4H, 3- HEMOBIDKHAS 4acTb MEeUYH ¢
Ter000MeHHbIMH TpyOamu u3 cranmu 12XHOT, mis nuponmsa npupoHoro rasa, 4- BO3AyXONOAOTpeBaTelb U3 TpyO
12XM®, 5- mapomeperpeBatens u3 TpyOo 15XM, 6 — KomiekTop BBOJA JIONOJIHUTEIBHOTO NPHUPOJHOrO Trasa, 7 —
HIJIaKo3arpy3o4nas Tpyoa, 8 — npuBoz medn, 9- yIuloTHeHHe 3a30poB Bpalatomieiics neun. 10 —ckpyooep, 11 — Tomka,

ITPT — mpupoansrii ra3z, CBC — caxeBomopoaucras cmech, [T

— roprouwii raz, I — nutax, P - pacras.
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Teopernueckne NpeANOCHIIKH K
peleHnIo npodJieMbl

OpmHako,  HECMOTpST  Ha  JOCTHTHYTBIE
pe3yabTaThl h(s) SHEProcOepeIKEHHIO u
0€30TXOIHOCTH NpoLecca, aHHAs TEXHOJIOTUS He
yIIOBIIETBOPSET TJIaBHOMY TPEOOBAaHUIO SKOJIOTHH -
COKpAILCHUIO BBIOPOCOB IHOKCHIA Yriepora B
atMocoepy.

OnHuM U3 IyTel K peteHuio mpodIeMbl MOXKET
OBITH HCIIONB30BaHUE IIMHKA, BHIPaOATHIBAEMOTO B
crcTeMe, Kak peareHTa, npeoopasyromero COz, H.0
B CO, Hy mo ¢opmyne: Zn+C0O,=ZnO+CO wu
Zn+H,0=Zn0O+H,. Beinenenue yriaepoma w3 e€ro
MOHOOKCHa MOMKET IPOTEKaTh IO BbIPAKECHUIO-
CO+H,=C+H,0.

CornacHo [22], IMHK - XUMHAYECKH aKTUBHBIN
MeTail, obmagaer BBIPKEHHBIMH
BOCCTAHOBUTEIbHBIMHA CBOWCTBAMH, IO aKTUBHOCTU
yCcTymaeT TOJbKO MIeOYHO3EMEIbHBIM MeTajllaM.
Pearupyer ¢ mapamMu BOAbI TIpU TeMIlEpaType
kpacHoro kaneHus (550 - 650 °C) ¢ ob6pazoBaHueM
OKCHJa IMHKA U BOJAOPOAA.

Tabmuust 1-3 JIEMOHCTPUPYIOT
BOCCTAHOBUTEIbHYIO ~ CIIOCOOHOCTh  LUHKAa U
BOJIOpOia B npezieaax Temneparyp 300-1000°C [23].
B nmaHHOM WHTEpPBAJIE BCE TPU pEaKLHU
9K30TePMHYECKHE, KOHCTAHTHI PAaBHOBECHSI PEaKIHi
U alCoONOTHOE 3HadeHWe ¢aKTopa HW3MEHEHUS
sHepruun [nb6ca (AG) pacteT ¢ yMeHBbIIEHHEM
TEMIepaTypel, YTO TMOJTBEPXKIACT O BBICOKOH
peakMOHHOM crnocoOHOCTH LuHKa. [Ipu mpumepHO
OIMHAKOBOM 3HaueHHH (AG) KOHCTaHTa paBHOBECHUS
(K) peakmum BOCCTaHOBIEHHS BOJSHBIX I1apOB
IMHKOM (Tabn.1) moutw B 1Ba pasa BeIme dem «K»
peakuud BOCCTAHOBJECHUS JHOKCHIA YIJIepoza
OUHKOM  (Tabn.2), ®W3 4Yero MOXHO OXHJIATh
BEPOSITHBIM ONEPEKAOIINI TEMII PA3BUTHS PEAKLIUU
Zn+H,0=2Zn0O+H; nepen Zn+CO»,=Zn0O+CO.

Taoaumna 1

Zn+H,0=ZnO+H;

T AH AG K

C KkJIx KkJIx

700,000 -108,362 | -56,359 | 1060

800,000 -107,393 | -51,063 | 306

900,000 -106,438 | -45,857 | 110

1000,000 -105,497 | -40,733 | 46,9
Taoaumna 2

Zn+C0O,=Zn0+CO

T AH AG K

C kJIx kJx

700,000 -73,225 | -52,664 | 671

800,000 -73,277 | -50,548 | 288

900,000 -73,306 | -48,429 | 143

1000,000 -73,301 | -46,308 | 79

Taoauma 3
CO+H,=C+H,0
T AH AG K
C KJIx k/JDx
300,000 -134,304 | -53,336 | 72640
400,000 -134,887 | -39,158 1093
500,000 -135,293 | -24,906 48
600,000 -135,564 | -10,610 4.3
MakcumanbHoe 3HaUEHUC KOHCTAHTBI

paBHoBecus peakiun  CO+Ho=C+H>O (Tabmn.3)
MPUMEPHO Ha CEMb MOPSJIKA BhIIIIE YeM HauOOJIbIIee
sHauenne  «K»  peakuuun  Znt+tH,0=ZnO+H,.
[MocnenHee OOCTOSTENBLCTBO TO3BOJSACT CAETIATh
BBIBOJI, 4TO BoccraHoBieHHEe «CO» BOIOPOIOM
Oyner mpoTeKaTh WHTEHCHBHO MW He OyneT
JIMMUTUPOBATH MPOTCKAHNUE OCTAJIbHBIX peaKHHﬁ.

Oécy:kaeHne pe3yJbTaToOB

I[Ipu  sKkcmepuMeHTaX,  HHTEHCHUBHOCTb
MPOTEKaHUS peaxiuit Zn+H,0=Zn0+H,
Zn+C0O,=ZnO+CO wm3y4anu BO BpeMsl BO3TOHKHU
LMHKA u3 J1aKa. [Ipu nepexoe
BOCCTAHOBUTEJILHBIX IIMHKCOJAECPXKALIUX TIa30B C
peakTopa (t=1400-1500°C) Bo Bpamaronyrocs nedn
¢ mHavanbHO#  (1400-1500°C) wu  KoHeuHOM
TemmeparypHoii 30H0# (600-550°C), co BpemeHeM
MpeObIBaHUS YACTHI[ Ta30B B Te4Yd 2-3 CEeKyHIBI,
CJIeJIOB KOHJIEHCUPOBAHHOT'O LIMHKA Ha IMTOBEPXHOCTH
neun He HabOronanock. [locnenHee 0OCTOSTENBCTBO
NOATBEPXKOACT  NPEANOJIOKEHHE O  BBICOKOM
CKOPOCTH MPOTEKaHHs PEaKIHi, MPEICTaBICHHBIX B
Tabaunax 1-3.

Ha 6a3e nmwioTHOW ycTaHOBKH, pazpaboTaHa
TEIUIOBAas cXeMa dHeprocoeperaromieid, 0e30TX0AHOM
U OKOJOTMYECKH YHCTOH CHCTEMBI TepepaboTKu
OTBaJbHBIX IIUIAKOB IIOKA3aHHBI Ha puUCyHKEe 4.
[Ipunnun neiictBus cuctemsl cienytonuii. [Iponecc
HenpepblBHbIN.  OTBanbHBIA  «OEOHBIN»  [UIAK
3arpy»kaeTcs BO BpallaoUIyIocs rnevs 1, HarpeBaeTcs
B HeM 710 900-1000°C oTXOoasImuMu ra3aMu peakTopa
unBepcun ¢a3z (PUD) u 3arem BayBaercs mon
pacriiaB B PU® 2. B PU® mmak meperpesaercs,
BO3TOHSIETCSl M3 HEr0 IMHK M BOCCTAHABIMBACTCS
JKeNne30 B BHJE MeOUCToro uyryHa. Pacmas
HampaBJsieTCs] B OTCTOWHHUK JUISL pa3/ielieHus Ha
MEIUCTBIM YyTyH U CHWIIMKaTHBIM nutak. [locnennuii
Oyzmer  HCIONB30BATBCS Ui NPOHM3BOACTBA
crpoiiMarepuanoB. OTXOASAIINE BOCCTAHOBUTEILHBIC
razsl PU® 2 wucmonb3yroTcs MO ABYXITOTOYHOM
cxeMme. IlepBblii moTOK uyepe3 TpyOuaryro meyb 1
noctynaer B Bosayxomogorpesarens 4 (B3ID), a
BTOPOH TOTOK, IOclie 00OrpeBa PETOPTHOW Iedn
YCTAaHOBKH «JIUCTWIIISATOP - KOHJEHCATOP LIMHKA»
3, Ttake Hampasnsiercst B B3I, 4. CO-raz u3
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Pucynok 5 — I[Ipeanaracmas TeruioBas cxema 3Heprocoeperaronieii, 0e30TX0IHOM 1 IKOJIOTUIECKH YUCTOH mepepaboTKu
OTBaJbHBIX I[MHKCOACPIKAIIMX IUIAKOB. |-Bpalmaromiascs Ieyb, 2 — peakTop HHBepcHH (a3, 3 — yCTaHOBKa
«TUCTUILISTOP-KOHIEHCATOP LIMHKA», 4 — BO3[yXOMOAOTpeBaTeib, S —peakilMOHHas KaMepa BOCCTAHOBJICHUsI yriepoaa
U3 ero MOHOOKCHa, 6 — anekrpodmwibtp. L1 — nutak, P — numakoMeTamuinueckuii paciuias, T — rorwtuo, OK — okuciutens,
I1 — map, OI' — otxomsmue raspl, YI' — yxoasmue rassi, C, CO, CO2, H>O — yraepoa, MOHOOKCH ¥ IUOKCU] YIJIEPOa,
Tapbl BOABI COOTBETCTBEHHO, Zn', ZNO - mapsl MUHKA U BO3TOHBI INHKA, COOTBETCTBEHHO

KOHJIeHcaTopa  Hampasisercs B PU®  kak
JONOJHUTENbHOE TOINIUBO. KOHIEHCATOPHBII IUHK
3 3, MTOCPEICTBOM BOJISTHOTO napa
BbIpabaThIBaeMoOro B kecconax PU® 2, BnyBaercs B
MexTpyOHOe mpocTpancTBo B3I, 4. B MexTpyOHOM
npoctpanctBe B3Il 4 mnpoucXoIuT OCHOBHBIE
peaknuii BoccraHoBieHus - Zn+H,O=ZnO+H, u
Zn+C0.=Zn0O+CO. OTxoasiue ra3pl, CoAepK AU
Hz, CO u ZnO nopatoTcs B peakHOHHYIO KaMepy S,
rIe  TPOUCXOMUT  peakius  3aMelleHus -
CO+H,=C+H,O, ¢ BblJcIIEHUEM aTOMapHOrO
yraeponaa. Jlanee ra3el ¢ KaMepel 5 cocTosIue M3
H20, C, ZnO noctynaer B 3nekTpoduistp 6 (D)
i cenapauuu caxu (C) u Bo3roHoB ZnO oT ra3os.
Oxarpimu U3 cmecu caxu (C) um Bo3roHoB (ZnO)
HampaBIsieTCs B PETOPTHYK TeYh YCTaHOBKH
CTUCTHIUIATOP - KOHAECHCATOP HUHKAa», OCHOBHBIMHU
MPOAYKTaMHU KOTOpOH ABIISIOTCS
KOHJIeHCcHUpoBaHHbIM IMHK u CO-ra3. Yxopsmue
rasel ¢ O®, Bkimoyaromue B cede B ocHoBHOM H)0,
N2, ¢  cokpamenHbiM  KommdectBoM — COo
BHIITycKarTCs B arMocdepy. [IporHo3Hbie pacueTs
[TOKa3bIBAlOT, YTO MPH COOTBETCTBYIIEH IOBOAKE

MpeIIOKEHHONH TexHomoruu BeIOpocel CO; B
atMocdepy MOKHO COKpaTuTh 110 50%.

Taxkum obpazom. npu pelieHun
MOCTABJICHHON 3a7]auyd  HWCIMOJIb30BAHbI OCHOBHBIC
MIOJIOXKEHHUS MeToja MIPEJCITHLHOTO
SHEeprocOepekeHus: 1) otbop

BBICOKOITPOM3BOANTEIBHOTO TUIABMIIBHOTO arperara
— «peaKTop MHBEPCUH (a3-BpallaroIIascs Medby 2)
dhopmupoBanme 0e30TX0HOU TEXHOJIOTHH

MUHHMHU3UPYIOIIEH BEIOPOCH TUOKCHIA YTiepoa B
atmoctepy; 3) paspaboTka sHeprocOeperaromieit
TEIIOBOH CXEMBI, 9KOJOTHYECKH UCTOM
nepepadoTKH TEXHOTEHHBIX OTX0I0B.
OO01Ien3BECTHO, YTO €CTh aHAJIOTHS K MEXKAY
TEIUIOBOM pabOTON yCTAaHOBKHU «IUIABHIILHAS TEUb-
KOTEJI-yTWIN3aTOP» U KOTeJbHBIN arperat. [loaromy
JIpyrol  00MacThI0 peaM3aliy  MpeaiaracMoi
TEXHOJIOTHH MOXET OBITh KOTJIBI 3JEKTPOCTAHIIUH
cxuraronue yriuu [24].
OmunM U3

CIIOCOOOB  OTPECIISIONIHIA

9Heprod((HeKTUBHOCTh ~ BHIOpAaHHOH  TEIIOBOI

CXEMbI SABJIACTCA CpaBHCHHUE TCIINIOTEXHUYCCKUX

XapakTEPUCTUK  pa3pabOTaHHONW  CHUCTEMBI |
TEPMOJMHAMUYECKH HWJEaIbHOM  YCTaHOBKH. B
pabore  [25]  mpencTaBIEHBI — TEOPETHUYECKH
MHHMMAaJbHBI ~ YPOBEHb  pacxoga  yCJIOBHOIO

TOIIZIMBA B TEPMOANHAMHNYCCKHU H,I[eaJ'II:HOﬁ

YCTaHOBKE «mepepadaThIBaromIeiin» OTBaJIbHBIC

KT y.T.

IIMHKCOJIEPIKAINE TTUTAKH - ™Y = 778 o u
JedCTBYIOLIEH (JleruHOTOpCKMIt

HOJIMMETAJUINYECKUN

CUCTEMC

KOMOWHAT)  BEJBIIEBAHMS

KT y.T.

mutakoB - BB = 6000 . PacuerHoe 3HaueHue

TZN

MNPUBCACHHOI'0 YACJIBHOIO0 pacxolda YCIOBHOTIO

TOIUIMBA B IMpeAJiaraeMoid CHCTEME - BEIF =
11362,

TZN

Torma, 1O OTHOWIIEHHIO K HJACAJIHLHOU
YCTaHOBKE:

— 45 ——



KomnnekcHoe Wcnonb3oBaHne MuHepansHoro Ceipbs. Ne3 (314), 2020 ISSN-L 2616-6445, ISSN 2224-5243

- KOS(i)(I)I/ILII/IeHT IIOJIC3HOI'O HMCIIOJb30BaHUs YCJIOBHOT'O TOIJIMBA B CUCTEMC 6yI[€T IIOYTH B 5 pas

IIEPBUYHOIO TOILJIMBA B Z[ef/’ICTByIOH.Ieﬁ MCHBIIC YEM B BCIIbI-TICUYU HCpepa6aTLIBaIOH.[eI>i

CHCTEME BEJIbLICBAHUS [ITTAKOB: 4HANIOTMYHEIH NLIAK.

THY
™My — 2 _ 778 100 = 13.09 1 BriBoab1
TIBH gBIl 6000 4 /0 ( )
- KO>((QHIMEHT MOIE3HOTO HCIOIb30BaHMs [IpennoxxeHa TEXHOJOTUS MOCIEAOBATEIBHOIO
MEPBUYHOIO TOILIMBA B IIPEAJIATaeMOM CUCTEME: pasfeiicHus yriepoaa OT €ro AWOKCHIA: CHadaia
pTiC _ (BTHC /BIC) = 778 100 = 68% @) BoccTanoBierreM CO2, H2O MMHKOBBIME ITapamMu 110
e P P 1136 «CO, Hy», a 3atem, BoITecHeHneM u3 «CO» «C»

BOJIOPOJIOM, C MOCJIEAYIOLUIMM BO3BPATOM YTJIepo/ia B
CHCTEeMY, KaK BOCCTAHOBHTESI OKHCH ITHHKA.

PaspaboTana, Ha OCHOBE METOJa MPEACIHLHOTO
sHEeprocoOepekeHust, SHeprodHeKTUBHASL TEIIOBaAs
cxema 0€30TXOmHON TepepadOTKH  OTBAJIBHBIX
MUHKCONEPKAIINX  IIIJIAKOB, MHUHUMH3UPYIOIIAs
BbIOpOockl CO2 B atmMochepy 10 50%.

Oxupaercsi, UYTO B Clydyae pealu3aluu
MpeIaraeMoi CUCTEMBI yIEIbHBIN PAacXo]] TOIIHBA
YMCHBUIUTCA IMOYTH B IATH pa3 1O CPaBHCHHUIO C
JICHCTBYIOIICH CUCTEMOM NIepepabOTKH IIUIAKOB.

- OTHOLIECHHE YAETHHOT0 Pacxo/ia yCIOBHOTO
TOIJIMBA B BEJNBI[-TICYH K MPUBEJACHHOMY yJICIEHOMY
pacxoay TOIUIMBA B mipeyiaraemoit cxeme, (I1C):

B"/B,,,"*=6000/1136=5,28 3)

Takum 00pa3oM, pacuyeTHO YCTaHOBIEHO,
970  KOX((UIMEHT TOJEe3HOTO  HCIOIB30BAHUSI
MEPBUYHOTO TOIUIMBA B TNpeAjiaraeMoil cucreme
OTHOCHTCIIBHO TEPMOANHAMHUYCCKU I/II{CHJH)HOﬁ
YCTaHOBKM cocTaBisieT 68%, yIenpHBIH pacxon

Ccplaka Ha gaHHywo cratblo. J{uxanGaes b. U., /luxan6aeB A. b. K Bompocy MuHUMH3aLMU
BBIOPOCOB JTHOKCHIA YIjiepoia B arMocdepy MpH IMepepaboTKe TEXHOTEHHBIX OTX0m0B //
Komnnexcnoe ucnonvzosanue munepanvroeo cvipvs = Complex Use of Mineral Resources = Mineraldik
Shikisattardy Keshendi Paidalanu. -2020. Ne3(314), pp.40-49. https://doi.org/10.31643/2020/6445.25
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OHepkacinTik KanablKTapAbl 6HAeY KediHae aTMocepara KOMipPKbILWKbIN rasbiHbIH
WbIFapblybIH a3anuTy Typanbi

OnxaHb6aeB B. U., OuxaH6aeB A. B.

C. CeligpynnuH ambiHOarbl Kasak AepomexHukanblK YHueepcumemi, Hyp-CynmaH K, KazakcmaH
Anmamsl sHepaemuka xoHe balinaHbic yHueepcumemi, AnmMamesl, KazakcmaH

Tyiiinaeme. MuHepanaplK IMIWKi3aT TeH Ka30anbl OTHIHABI MalJalaHATBIH agaM3aTThIH OHIIPICTIK OeICeHAUTIT
TEXHOTEH/IIK KAJJIBIKTap MEH KOMIPKBIIIKbLUI T'a3bIHbIH LIBIFAPBIHABLIAPHIH TYPaKThl TYPIE apTThIpbIN Kenenai. by
(dakTopmap e3 Ke3eriHAe TONBIPAKTHIH, ayaHbIH JIACTAHYBIHA JKOHE Xep aTMOC(hEepachlHBIH TEeMIepaTypachIHbIH
KOFapblilayblHa oKeliesi. byr Makanana Kol KaJIABIKCHI3 OHJICYIIH KoHE OaJKbITY KOHABIPFBICHIHBIH IIBIFAPbUIFaH
ras3JlapblH/IaFbl KOMIPKBIIIKBUI I'a3bIH MUHUMHU3ALMSIIAY SJIICIH 13[ey/AiH MbIcaliapbl KapacTepbuiaasl. byn maceneni
LIENIyJ/ie SHEPTUSHbB MaKCHMalbl YHEMJCY/IH HEri3ri epekenepi KOJMaHbUIABL 1) >KOFapbsl ©HIMII OalKbITaThIH
KOHJBIPFBIHBI TaHAay; 2) aTMocepara KOMIPKBIIIKbUI Ta3blHBIH IIBIFAPBUIYBIH OOJIBIPMANTBIH TEXHOJIOTHUSHBI
KaJIBINTAcThIPY; 3) OHAIPICTIK KaJABIKTApbl SHEPIUsl YHEMJCHTIH, KaJIBIKChI3, AKOJOTHSUIBIK Ta3a OHIEYIH XbUTY
cxemacelH a3ipney. Kypourran «daszanapabl HHBEpCHsUIay peakTOpbl-alfHAJIMalbl IelD» BHEPrus YHEMICHTIH
KOH/IBIPFBIHBIH HET131H/Ae KypaMBIHAA MBIPHIII Oap KOXKIBI KAIIBIKCHI3 OHACYIiH JKbUTy CXeMachl XKacanIsl. PeakTopaan
meFaThiH Ta3narsl «CO2, HoOx»-Hi Meipeim Oynapeiver «CO, Ho»-re meiiiH TOTBIKCHI3IaHABIPY YCHIHBIIAABL. AJBIHFAH
apTHIK CYTETi MBIPHIII AUCTHIUIATOPBIHA KAIBIITACTHIPFBINT PETiHAE KBI3MET €TeTiH AeMeHTapis! kemiprekti CO-man
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BIFBICTBIPBII IIBIFAPY YIIIH KOJIaHbLUIaIbl. [CKe achIpbUIFaH Xarnaia, aTaaMblll XKYHe KaJIAbIKTap bl KEeIeH 11 oHJIeyTe,
atmocepara CO; mibrapeinablIapsia 50%-ke neiiin azaiiTyra *oHe MpoLecTe HAaKThl OTHIH IIBIFBIHBIH Oec ece azaiiTyra
MYMKIHJTIK TYFBI3aIbl.

Tyiinai ce3nep: kemipreri AHOKCHII, (a3anapIbl HHBEPCHUIAY PEaKTOPhI-aifHAIMAIIBI TTET, MBIPBIII JHCTHIDISIHSCHL,
KYpaMBIHa MBIPBII 0ap KOXK, IIMHK YITBIPBIHIBICHI.
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Abstract. This paper presents the results of studies of intermediate processing for liquid extraction and re-
extraction of copper from sulfate solutions obtained during agitation sulfuric acid leaching of lead dusts, which are
technogenic wastes of the Zhezkazgan copper smelter and contain valuable components: more than 38 % lead,
2.4 % iron, 3 % zinc, 3.5% copper, 0.7 % arsenic, etc. The utilization of them can provide additional commercial
products and improve the ecological environment of the area where they are located. The article also presents the
results of the material balance of the processes of liquid extraction and copper re-extraction.
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Introduction can contribute to the improvement of the
environment of the territories of their burial and the
receipt of additional expensive products [1].

At present, a large amount of lead dust has When developing extraction technology for
accumulated on the territory qf the Zhezkazgan complex processing of lead dust, the following
copper  smelting plant, which  pollutes the  gcesses are carried out: agitational leaching of
environment and at the same time is a source of .4 qust with an oxidizer - H,SO.. extraction of

valuable components such as a lead, copper,  cohher from a product solution with an extractant
cadmium, zinc and others. Utilization of this waste grade - "ACORGA M5640", re-extraction with
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sulfuric acid electrolyte, and then, in order to obtain
pure commercial copper, the copper electrolyte is
subjected to electrolysis, and the raffinate obtained
after copper extraction is sent to obtain the
remaining valuable components using traditional
technology [2-5].

The use of a selective extractant allows only
copper ions to be isolated from the solution. When
analyzing the literature data, it was found that
chelate extractants (ACORGA M5640) are most
selective for liquid extraction of copper from
sulfuric acid solutions [6,7].

The objective of this study is to determine the
possibility of obtaining copper in the electrolyte
from copper solutions of agitational leaching of lead
dust and adapting the process to the conditions of
copper extraction existing at the Production
Association “Zhezkazgantsvetmet”.

Composition of the solution after the
leaching of lead dust

The initial product for carrying out the
processes of extraction and stripping is a solution
obtained after agitational leaching of lead dust with
an average content of the components shown in
Table 1.

Table 1 - Quantitative composition of the copper-
containing solution of agitational acid leaching of lead
dust

Component name Fetotal Cu Zn AStotal

Substance, g/dm® | 2,6 15 16 12

Reagents for copper extraction and stripping
include: extractant - ACORGA M5640, density p =
0.95-0.97 g / dm?®, flash point ~ 62 °C; diluent -
kerosene (purified sulfonated or lighting), p =
0.811-0.815 g / dm?, viscosity 0.780-0.784 N-s/m?
(20-21 °C), flash point> 40 °C; sulfuric acid
(reagent grade, p = 1.83-1.84 g / dmq); cationized
water (cation exchanger CU-1).

Methodology for the extraction and
stripping process

For the extraction, a clarified extractant,
ACORGA M5640, was preliminarily prepared by
diluting it with kerosene (purified sulfided or
clarified) in a ratio of 1: 4. The kerosene was
preliminarily purified 2 times with concentrated
sulfuric acid in a ratio of 3: 1, then washed with
cationized water in a ratio of 1: 1.

To carry out the experiments of extraction and
stripping, it was necessary to carry out the

maximum loading of the selected extractants with
copper.

Extraction of copper. For copper extraction
from solutions after leaching of lead dusts, the
optimal copper content in the solution should be no
more than 9 g / I. With such a content, the end-to-
end extraction of copper will be at least 95% with
the production of cathode copper grade MOOK.
Therefore, the original copper solution was diluted
with technical water 1: 1. With such a copper
content, to obtain these parameters, the extraction
should be carried out in two stages.

For this, 0.5 dm® of organic extractant
ACORGA M5640 (20%, diluent-kerosene) with a
ratio of aqueous and organic phases during
extraction 1: 1 was placed in a separating funnel,
then 0.5 dm® of a copper-containing solution was
added, after which the phases were subjected to
active stirring in within 3 minutes. Further, the
aqueous phase (A) separated from the organic phase
(O) was sent to copper extraction (stage 2) with a
fresh portion of the finished extractant with a
volume of 0.5 dm® After the 2nd stage of
extraction, a sample was taken from the raffinate
(aqueous phase), which was sent for chemical
analysis to determine the content of copper, total
iron, zinc, total arsenic and residual acidity.

ACORGA M5640 is a mixture of Cy aldoximes
modified with ether: 5-nonyl salicylaldoxime. A key
molecule in the production of copper by liquid
extraction is aldoxime - 5-nonylsalicylaldoxime or
5-dodecylsalicylaldoxime [2], the structure of which
is shown below in Figure 1.

ColH o vonne CpH 35

C —CH;
|
OF NOH

Figure 1 - General structure of aldoximes

When copper is extracted from stock solutions,
molecules of the ACORGA extractant form chelate
compounds with the copper cation inside (Figure 2).

The extractant selectively binds copper cations
into a complex, without reacting to the presence of
other metal cations. In this case, a reaction occurs
between the copper cation and the ACORGA
hydroxyoximes [8,9].

Copper re-extraction. After the extraction, the
obtained extract was subjected to back-extraction in
separating funnels with a capacity of 1 dm?. In this
case, manual stirring was used for 2 minutes. A
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Figure 2 - Chemical equation of the process of copper extraction with ACORGA extractant

Table 2 - Reagents and process parameters

Process names Reagents

Technological parameters

Copper extraction
kerosene (80%)

Extractant: ACORGA M5640 (20%),

O: A ratio = 1: 1, mixing time 3 min, room
temperature 20-25°C

Re-extraction of
copper

acid H,SOg4, conc .: 240 g/ |

O: Aratio = 1: 1, duration 6-8 min, temperature
20-25°C

Organic washing

Washing liquid: cationized water 0,994
dm®+ 0,06 dm® H,SO;4 (p=1,83 g/dm?®)

O: A ratio = 1:10, mixing time 2-3 minutes

Table 3 - Results of studies of extraction and re-extraction of copper (copper concentration in the initial solution Cu = 7.5 g/l)

Technological parameters of extraction Cu content in Extraction | Cu content Extraction of | Cu content

processes ref. solution, of Cuinto | in extract, Cu into re- in extract,
g/dmd extract, % | g/dm® extract, % g/dmd

Extraction: O: A=1:1, Tmixing = 3Min.,

Tsed. = 15 min. 7,5 96,8 7,26

Re-extraction: H,SO4 (conc. 240 g / 1),

O: A =11 T mixing = 2 MiN., Tsed. = 12 98,0 7,1148

min.

solution of sulfuric acid with a concentration of 240
g / dm?® at a ratio of "O: A = 1: 1" was used as a
stripping agent. Then the suspension was defended
on a vertical stand. Reextraction was carried out in
one stage. The time for complete separation of the
spent extract and re-extract was 12-15 minutes.
After separate draining of the extract and the
productive solution (re-extract-electrolyte), they
were analyzed for copper content. The spent extract
was sent for regeneration, and the copper solution
was sent for further processing in order to extract
copper from it by one of the methods of copper
extraction, which includes electrolysis.

Results and discussion

The test results showed a high selectivity of the
"ACORGA M5640" extractant in the presence of
relatively high concentrations of other elements in
solutions, such as arsenic, zinc and iron. The
extraction of copper from solutions after two stages
of extraction amounted to 97%, with an insignificant
transfer of other elements to the electrolyte. The

content of copper in the rich electrolyte after
stripping was 45-65 g/ I.

Table 2 shows the technological conditions for
the extraction and stripping of copper. Table 3
shows the results of extraction, washing and re-
extraction of copper from a productive agitational
leaching solution.

The results of the conducted studies of the
extraction method for separating copper from the
solution showed the enrichment of the re-extract
copper by 15-25 times when using the extractant
ACORGA M5640. The bulk of the impurities of
elements remains in the raffinate (Zn, Fe, Cd, etc.),
for the extraction of which cementation and
carbonization methods are used.

As can be seen from Table 4, the best re-
extraction results were obtained using sulfuric acid
with a concentration of 240 g / dm?. In this case, the
extraction of copper in the re-extract reaches 98.03
%. A further increase in the concentration of sulfuric
acid 300 g / dm?® does not give a significant effect.
As a result of the research carried out, a
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Table 4 - Results of balance tests of extraction and re-extraction of copper

Name and content of components, g; g / dm®
Processes Refined products, volume (mass), extraction (%), Cu Fe Zn As
content (g), (g / dm?) 52,5 9,1 56 42
7,5 1,3 8 6
Extraction, Extract: 0,485 Extraction 96,8 5,4 4.7 6,8
Vsolution = 7 dm?, | dm® Content g 50,82 0,4914 2,632 2,856
O:A=11 g/dmd 7,26 0,0702 0,376 0,408
Vog=05dm® | Raffinate: 6,95 Extraction 2,2 93 94 90
dm3 Content g 1,155 8,463 52,64 37,8
g/dmd 0,165 1,209 7,52 5,4
Re-extraction, Reextract Extraction 98 98,2 99 95
0:A=1:1 (electrolyte): 0,8 | Content g 49,8036 0,4825 2,6057 2,7132
V electrolyte = 0.8 | dm? g/dmd 7,1148 0,0689 0,3422 0,3876
dm? Extractant, Extraction 1,2 0,8 0,5 2
0,465 dm? Content g 0,60984 0,0039 0,0132 0,0571
g/dmd 0,08712 0,0005 0,0019 0,0082
Discrepancy, % 1 1,6 1,3 3,2
Losses g 0,525 0,1456 0,728 1,344
solution enriched with copper (copper electrolyte) Conclusions

with a copper content of 62.25 g / dm?® was obtained.

Balance tests of copper extraction from a
solution of agitational acid leaching of lead dust.
Balance tests were carried out according to the
method described above, the test results are shown
in Table 4.

The results of balance tests showed the end-to-
end recovery of copper from the clarified agitational
leaching solution to a copper-containing re-extract is
94.86%. A significant part of zinc (94%), iron
(93%), arsenic (90%) remains in the raffinate of the
copper extraction process. To purify the raffinate
from iron and zinc, the following processes are
carried out: hydrolytic purification from iron and
carbonization to obtain a rich zinc cake. The best re-
extraction results were obtained using sulfuric acid
with a concentration of 240 g / dm?.

As a result of the study, it was possible to
establish the optimal parameters and efficiency of
the "ACORGA M5640" extractant for copper
extraction. Balance tests showed 94.86% copper
throughput. In the process of extraction and re-
extraction, a significant part of the impurity
components in the solution after leaching of lead
dust - zinc, iron and arsenic (over 93%) remains in
the raffinate.
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KopfacblH To3aHgapbIH aruTauuanbIK epiTiHginey npoueciHae anbiHFaH epiTiHAinepaeH
CYMbIK 3KCTpaKUusa afgiciMeH MbIC any

AnTtanb6aeB B.T., XabueB A.T., BanrenxeHoB O.C., BynenH6aeB M.X., Typan M.[.

Tyitinaeme. JXymbicTa cynbharTsl epiTiHAUIEpAEH MBICTBI CYHMBIKTBIKTBIK OSKCTPAKIUSI JKOHE PEdKCTpaKIusiay
OoibIHIIA 3epTTey HaTIKenepi kentipiireH. KypambiHna koprachiHHBIH 38 % - nmaH actamsl, TeMipaiH 2,4% - I,
MBIPBIUTHIH 3 % - b, MBICTBIH 3,5 % - b1, 0,7 % MBIIBIK XKoHE Tarbl Oackanap Oap Oyn epitiHaiiep XKe3kaszraH MbIC
OaJNKpITYy 3ayBITBIHBIH TEXHOTEHNIK KaJBIKTApbl OOJBII TaObLIaAbl XoHE KypaMblHIa Oaraybl KOMIOHEHTTEpi 0Oap
KOPFachIH IaHJAPBIH KYKIPT KBIMIKBUIBIMEH arMTalMsUIBIK ePITIHALIeY Ke3iHae alblHabl. KoprachlH maHaapbiH Kojere



https://doi.org/10.31643/2020/6445.21

KomnnekcHoe Wcnonb3oBaHne MuHepansHoro Ceipbs. Ne3 (314), 2020 ISSN-L 2616-6445, ISSN 2224-5243

Kapary apKblibl KOCBIMILIA TayapJiblK ©HIM aJIbIHAJ(bl )KOHE 3aybITTHIH OpHAJACKaH ayJaHbIHBIH 3KOJIOTHSJIBIK OpPTaChl
xakcapaapl. CoHIal-ak, Maxajajga MbICThl CYHBIKTBIKTBIK OKCTPAKLHUS JKOHE PEIKCTPaKUMsUIAy IPOLECTEPiHiy
MaTepUalAbIK OalaHCBIHBIH HOTHXKENIEPl KeNTipiireH.

Ty#inai ces3aep: MeTa1 Kocanapsl, S3KCTPaKIys, PeIKCTPAKLUA, KOPFachIH 1IaHbl, Acorga M5640.

N3BnevyeHne meau n3 pacTBOpPOB arMTaLMOHHOIO BbllenayMBaHMA CBUHLOBbIX
nNbiyien MeTOAOM XXMAKOCTHOM 3KCTpaKUumn

AntanbaeB B.T., XabueB A.T., BanrenxxeHoB O.C., ByneH6aeB M.X., Typan M.[.

AnHoranusi. B naHHOI pabore mnpencTaBieHBl pPe3yNbTaThl HCCIEAOBAaHUN IPOMEXKYTOYHOTO Iepenesa 1o
KHUJKOCTHOW SKCTPAKIMU M PEIKCTPAKIMK MEIH U3 CyIb(aTHBIX pacTBOPOB. JlaHHBIE pacTBOPHI OBUIM MOJTYyYEHBI IPU
aruTallMOHHOM CEPHOKHCIIOTHOM BBIIIEJIIQYMBAHUY CBUHIIOBBIX NBUICH, KOTOPHIE SIBISIOTCS TEXHOT'€HHBIMU OTXOJaMHU
JKe3kazraHckoro MeIeIIaBIIIBHOTO 3aBO/a M COAEPIKAT IICHHBIE KOMIIOHEHTHI: Oosee 38 % cBuHIa, 2,4 % xenesa, 3 %
muHKa, 3,5 % wemwm, 0,7 MbImbska, W JAp. YTHIU3AIUs CBUHIOBBIX NBUIEH MOXET OOCCIICYHTh MOIYICHHE
JIOTIOJTHUTEIBHOW TOBAapHOM NPOAYKLUHMU U O3JOPOBHUTH 3KOJOTHMYECKYIO Cpely paiioHa UX pacmnojoxeHus. Taxke B
CTaThE TPEICTABICHBI PE3YJIbTAThl MaTEPHAIFHOTO OanaHCca INPOIECCOB XUIAKOCTHOW SKCTPAKIHU W PEIKCTPAKLIUH
MeJu.

KiroueBble cj10Ba: MPHMECH METAIUIOB, SKCTPAKINS, PEIKCTPAKIIHS, CBUHIIOBAS IMbUTh, Acorga M5640.
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Testing of the modified reagent during the dressing
of oxidized copper ore in the enlarged laboratory
conditions
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Abstract. In connection with the depletion of the ore base of the copper industry, there is a question of
replenishing raw materials. In this regard, the involvement of oxidized copper ores in the processing is an urgent
task. The paper presents the results of testing on an enlarged laboratory scale of the technology of flotation
beneficiation of oxidized copper ore in the Balkhash region, based on preliminary sulfidization of the ore with a
modified reagent. Research has been carried out to study the kinetics of the main, control and cleaning operations
of oxidized copper ore flotation. Based on the data obtained, graphs of the dependence of copper extraction on the
duration of operations were constructed. It has been established that preliminary sulfidization of ore with a
modified reagent at its consumption of 20% of the stoichiometrically required amount makes it possible to obtain a
commercial flotation copper concentrate with a content of 21% and recovery of 85% of copper.

Keywords: beneficiation, oxidized copper ores, sulfidization, modified reagent, flotation.
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UcnbiTaHne moanmMumpoBaHHOro peareHTa npm oooraweHnm OKMCIIEHHON MegHOW
PYAbl B YKPYNHEHHO-11abopaToOpHbIX YCIOBUSAX

OckembekoB U. M., Bypkutcetepkbisbl M., Akyb6aeBa M. A., N'msarynnuHa A. P., XKyHycoB E. M.

Xumuko-memannypaudeckul uHcmumym um. XK. Abuwesa, 2. KapazaHOa, Pecriybnuka KasaxcmaH

AnHOTanms1. B cBsi3M ¢ HCTOIIEHNEM pyTHOM 0a3bl MEIHOW NMPOMBIIUICHHOCTH, CTOMT BOIIPOC O BOCIIOJIHEHUH CHIPbHSL.
B »aT0i1 cBs3M BOBiEUEeHHE B NepepabOTKY OKHMCIEHHBIX MEIHBIX pyJ SIBISETCS aKTyalbHOW 3amauedl. B pabote
NIPUBEJICHbl PE3YNbTaThl ONpOOOBaHMSA B YKPYIMHEHHO-Ia0OpaTOPHOM MacuTabe TEXHOJOTHH (IOTAalMOHHOTO
oOorameHust OKUCICHHOW MeaHON pyabl bamxamickoro permona, OCHOBaHHOW Ha INpeBapUTENLHON CynbhUAN3alnN
pyAbl MOMUIIMPOBAHHBIM peareHToM. [IpoBelieHbl nceaeJ0BaHts 110 M3YUSHHIO KHHETHKH OCHOBHOM, KOHTPOJILHOM 1
MEPEeYNCTHON omepanuil (GaoTamuyu OKHCICHHON MemHoil pyasl. Ha OoCHOBaHMM NOJMYYEeHHBIX TAaHHBIX HOCTPOCHBI
rpaduKy 3aBUCHMOCTH W3BJICUEHHUS MEIU OT MPOJIOJDKUTEIFHOCTH OMEpaIiii. YCTaHOBIIEHO, YTO TPEIBapHUTEIIbHASL
cynbhuanzanys pyasl MOAU(UIMPOBAHHBIM peareHToM IpH ero pacxozae 20 % OT CTeXHMOMETPUIECKH HEOOXOJHUMOTr0o
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KOJIMYECTBA II03BOJISET IIOJYYUTh TOBAPHBIA (MJIOTAIMOHHBIA MEAHBIH KOHIEHTpar ¢ coxaepxanueM 21 % wu

n3BicyeHueM 85 % mMemu.

KiaioueBble cioBa: 060FaIlIeHI/Ie, OKUCJICHHBIC MCIHBIC PYIbI, cym)qm;[maunﬂ, MOILI/I(i)I/IHI/IpOBaHHI)If/II pearcHr,

¢roTamus.

BBenenue

B Pecry0nmke Kazaxcran B HacTosIiiee Bpems
OCTpPO CTOWT IpobiieMa obecredeHus MPEAIPUITHA
MEIHOM NPOMBIIUIEHHOCTH KayeCTBEHHBIM
MUHEpaIbHBIM CHIPEM BCJIEICTBHE HCTOLICHUS
MHHEPaTbHO-CHIpbeBOH 0a3bl. CoriacHO JaHHBIM
MUHHCTEPCTBA MHAYCTPUH U HOBBIX TexHoJoruid PK
pa3BelaHHBIX 3aMacoB MEAW M TOJMMETAIJIOB B
Kazaxcrane ocramock Ha 10-15 et [1]. Oganm u3
coco00B pelIeHUs] TPOOIEMBI SIBIISIETCS aKTHBHBIN
F€0JIOTUYECKUI MOUCK HOBBIX MECTOPOXKIAEHUN MJIs
mocneAyrome A00bpau  ChIphsi. OmHAKO, TPH
pa3paboTke MemHBIX MecTopoxkaeHuid okono 20 %
u3 o0mero o0ObeMa, [IOOLIBAEMOrO MEIHOIO
MUHEpAIBHOTO  CBIPbs, MPHXOIAWTCS Ha AOJIO
OKHCJICHHBIX pyA. Ha maHHBI MOMEHT OTCYTCTBYET
peHTabenbHasT TEXHOJNOTHS OO0OTalIeHUs] TaKOTro
BUJA CBHIPBS, YTO MPHUBOAUT K HAKOIUICHWUIO €ro B
BUJIE OTBAJIOB, 3aHMMAIOIIMX OOJbIIKE IUIOIALU U
TpeOYIOLIMX 3aTpaT Ha COIEpXKaHHE, yBEIMYUBAs
WU3AEPKKKA TPOU3BOJACTBA NPEANPUATHNA MEIHOU
MPOMBINIIEHHOCTH [2].

CymectByromue METOBI nepepadoTKu
OKHCJICHHBIX MEJTHBIX Py MOKHO Pa3/eNIuTh Ha TPU
rpymnsl  —  (JIOTanMOHHOE — o0oramieHue ¢
UCTIONIb30BaHUEM  Pa3IMYHbIX  (PJIOTALIMOHHBIX
peareHToB, THIPOXUMHUYECKHE U TEPMOXUMHUECKHUE
METOJIBI.

@DnoTalMOHHBIM ~ METOAOM  IepepadaThIBarOT
OKHCJICHHBIE MEIHbIE PYIbl C HCHOJNb30BaHHEM
OKCHTHJpWIBbHBIX ((pabpuka Karanra, PecryGimke
Komnro), CYyIbOTHIPUITBLHBIX coOuparensiei
(«Kamorto» 3amp, «Kpuctmacy CHIA, «Caxaton»
CIIA wu ap.) u ux cMmecoio («bankpodT» 3amous,
«Huanra» 3aBmOus u ap.). Jna sddexruBHOTO
JeHCTBUS cobuparene HE00X0AUMO ux
MpeBapUTEeIbHOE SMYJIBIHPOBaHHUE npu
temneparype 50-60 °C u nomorpes Beel mynibIb 10
30-35 °C [3]. J[lauHblii MeTom  SBISETCH
Mano3((EeKTUBHBIM ~ BCJIEACTBHE  JIOPOTOBH3HBI
peareHTOB U HU3KOTO M3BJICYCHUS MEJIH.

CepHOKHCIIOTHOE BBIIIEIaYNBaHUE TTPUMEHSIOT
B PErHOHaX C JXKapKUM KIMMAaTOM TP IMOJ3EMHOM
(«Mattamm» CHHA w #gp.) W KydHOM
BhimenaunBannu  («Mapkornmepy — OWIMNIHHEL,
«Jcnepanna», «CunbBep bemm», «Peit» CHIA nu
ap.). Ilpumenenne gaHHOTO MeTona B peciyOimke
Kazaxcran OrpaHUYeHO KIIMMAaTHYECKUMU
YCIIOBUSIMH, TaK Kak pacTBOp OyAer 3amep3aTh MpH
oTpHLATEeNbHON Temmeparype, a B Kaszaxcrane

MeproA HU3KUX TEMIleparyp IJIUTCI OKoJo 6
MECSIIEB. CymectByer METOT
0aKTEpPHOJIOTUIECKOTO BBIIETAYMBAHUS, OJHAKO K
HEJOCTaTKaM  JaHHOTO  Tpolecca  OTHOCHUTCS
MOBBIIIICHHAS YyBCTBUTEIHHOCTH MUKPOOPTaHIU3MOB
K KauyecTBy MWCIOJb3yeMOW BOIBI M BO3AyXa B
CHCTEME MePEeMEIIUBAHNS YJIbIIBI U T.J.

B Ywumm, CLUA, Ilepy u 3amOuu mpUMEHSIOT
BOCCTAHOBUTEJILHBIH ~ OOXUT € MOCTeaylouen
(roTaryeir 00pa3yoMUXCcs 3€PeH METAJUTMYECKOM
menn. JaHHbIi MeTrom TpeOyeT WCIOIb30BaHU
CIIOXHOU CHCTEMBI MBUTCYIABIIMBAHUS u
Ta3004YUCTKHU U SABJISICTCS DKOJIOTHYCCKU OITaCHBIM.

I'mapomeramryprudeckie METOABI IepepaboTKH
OKHCIIGHHOTO METHOTO CBIPhS, OCHOBAaHBI Ha
nporeccax KUCIOTHOTO, XJIOPUAHOTO aMMHUAYHOTO
BbIIICTIAYUBAHUA U MPEAYCMAaTPUBAIOT U3BJICUCHUC
MEI W3 pacTBOpa IMOCPEACTBOM  copOuuw,
9KCTpaKiu U nementaiuu [4, 5, 6]. [Ipumenenue
METOA0B THAPOMETATLUIYPIrUun OrpaHUvYCHO
nepepaboTKOi TPYAHOOOOTATUMBIX M 3a0aTaHCOBBIX
PyA.

OCHOBHBIM METOAOM IIOAIOTOBKH MCEIOHOI'O
PYAHOTO CBIPbS K METAJUIyprHYECKOMY Mepeneny
aprsercss (rmoranmonHoe oOoramenne. B Hero
MOTYT GBITI) BOBJICYCHbBI W OKHCJICHHBIC PYIbI,
MHUHEpaJbl KOTOPBIX MOJJIAIOTCS CYIbQUIN3AINH
[7].

AHanmu3 cxeM o0orameHus OKHCICHHBIX |
CMCEUIaHHbIX TUIIOB ChIpbs ITOKa3bIBacCT, qTOo
HauOoyee  TEPCHEKTUBHBIMU  TMPEIACTaBISIOTCS
MIPOIIECCHl TIEPEeBO/Ia OKUCICHHBIX (OpM MeIHu B
cynbbuanble. Takoe W3MEHEHUE CBOHCTB IS
OKHCJICHHBIX MHWHEPAJIOB MOXET 6])ITB JOCTHUTHYTO
MyTeM WX MPUHYIUTEITHHOTO THAPOTEPMAIEHOTO
CyIbQHUIUPOBAHNSI.

IlepeBon  okucieHHbIX  (opM  Meou B
Cynb(GUIHBIE TPUBOAUT K HW3MEHEHHIO CBOWCTB
OKHCJIEHHBIX MHHEPAJIOB B CTOpPOHY

runpodobu3anuyu  MOBEPXHOCTH, HYTO MO3BOJISET
MOBBICHTH () ()EKTUBHOCTD (DIOTAIIMOHHOTO METONA
oboramenus. CynbQUIMPYOMIMIMH  peareHTaMu
BBICTYIIAIOT ~ CEPOCOJAEpXKAIMe  BEmecTBa  —
JIIEMEHTHAsI cepa, HEOpraHW4yecKue CyabQHUIbl U
nomumcynbhuns [8, 9]. Mcnonp3oBaHue eMEHTHOM

cepel B mpouecce cyibpuanzanuu  Tpedyer
IIPUMCHCHUA aBTOKJIaBHOM TEXHOJIOI'Nn u
MOBBILICHHBIX ~ 3Hepro3arpar. [Jnsg momydeHus
HaHOCEPHI HCTIONB3YeTCs JOpOroCTOosIIIEe

M3MEJBUNTENBHOE 00OpyaoBaHue. lcmonp3oBaHue
HEOPraHWMYECKHX  IMOJHUCYIb(MUIOB  IMO3BOJISIET
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OTKa3aThCsl OT AaBTOKJIABHOTO 00OpyIOBaHUS, HO
TaKxKe TpedyeT OTHOCHUTENFHO OobIINX
SHEpro3aTpar Ha Mporecc CybGUIU3aIUH.

st roBeImeHnst 3G (OEKTHUBHOCTH TTPUMEHEHHS
METOAOB  Cynb(puUAM3aLMM  OKUCIEHHBIX  PYyX
HEO0X0IUMO peluTh 3a1aqy CHIDKCHHS
SHEPrOEMKOCTH TIpoIiecca.

B nmanHOit pabote 1ma  cynbhUAMPOBAHUS
OKHCJICHHOM MeTHON pya HCTIONB30BaH
MOIUGHUITHPOBAHHBIH PEareHT, KOTOPBIA MO3BOJISIET
BeCTH Tiporiecc Oe3 HarpeBa W He TpedyeT

OTJCIBHOTO  00OpYMOBaHUS  JUIsl  MPOBEACHHS
CyTb( U3,
ens paboThI - HCITBITAaHHUE

MOIU(PHUIMPOBAHHOTO peareHTa MpH IOATOTOBKE
OKHCJICHHOTO MEJHOTO CBIPbsI K (IOTAIIHOHHOMY
oboramnieHnto B YKPYITHEHHO-Ta00paTOPHBIX
YCIOBUSIX.

OOBEKTHI U METOIbI UCCIIETOBAHUI

OOBEeKTOM WCCIEeOBaHWK  SBISAETCS  Mpoda
OKHCIICHHOM MEAHOH pynsl cocraBa, Macc., %
CUosw. — 1,2; Cuox — 1,08; SiO, — 66,57; Al,O; —
9,91; CaO — 2,01; Fe — 2,67; MgO — 1,29; Soem. —
0,08. OKMuCIIEHHbBIE MUHEpabl B pyne
MMpEaACTaBJICHBI MaJIaxXuTOM, a3ypuTom u
XPHU30KOJIJION. MoauduipoBaHHblii  peareHT
MOJy4yaeTcsi  HpU  CMEUIMBaHUM  PAacTBOPOB
MOJIMCYIb(UIa HATPUS U CyJb(aTa aMMOHUSI.

Metonabl IPOBEICHUSA paboThI -
peHTreHoda3oBkIii, XUMUYECKUH,
(oTOMETpUYECKUH M CPAaBHUTEIBbHBIM aHAIU3BI,
METOAbI q)HOTaHI/II/I B OTKpPBITOM HW 3aMKHYTOM
nuknax. dnoranus nposefeHa Ha (IIOTOMAIIMHAX
240 — @JI, 237 —PJI - A, 189 DJL.

Pyna
BKEK
MCP T-92
] =

1 ocorrana doorTaipia

w

YepHoe oit

xomHienTpar 1 2 ocHoBHaa dpaoTauma

JKCNepUMEHTAJIbHAA YaCTh

ITepen YKPYITHEHHO-JIa00paTOPHBIMHU
HCIBITAHUSIMH MPOBEICHBI HCCIICAOBAaHUS
KHHETUYCCKHUX XapaKTePUCTUK (JIOTAIlMH MEIHOM
PYIOBI MECTOPOXKIEHHs banxamickoro pernoHa s
ONpENIETICHUST ONTUMANBHBIX MapaMeTPOB BEICHHUS

mporecca:  IPOJOJDKUTEILHOCTH ~ OCHOBHOW M
KOHTPOJLHOH (prroTaruii, KoaudecTBa MEePEIUCTHBIX
omeparmii ~ [10].  TlomroroBky  mpoObl K
(roTarMoHHOMY 000TaleHnIo BO BCEX
IKCIIEPUMEHTaX OCYIIECTBIISUIA CICTYFOIIUM
obpa3zoMm: TpoOy OKHCIEHHOW MEIHOW pPyHabl

u3Menp4Yany B 1ab0opaToOpHOW MIApOBOM MeENbHUIIE
MIJI-1 MOKpbIM CmOCOOOM TpU  OTHOLICHHU
tBepaoro, pyael, (T) x xwmaxomy, Bome, (PK) B
nyisne, paioM T:K = 1:1, mo 76 %-ro BbIXOHA
gactul] kiacca -0,071 mm. [lanee u3Menb4eHHYIO
pyoy  Cymb(QUAMPOBATN  MOIUGUIINPOBAHHBIM
peareHToM BO ¢noTaunoHHON Kamepe
¢dnoraronHoi MamuHel 237-OJI-A ¢ 0O0beMoM
kameps! 0,5 mutpa npu T:2K = 1:3 B Teuenue 5 MuH.
npu nepeMerinBanud. [locne cynapuausannu pyay
(doTUpoOBaAH.

Ha pucynke 1 mpencraBieHa cxema
¢bnoTauun pyasl ISt OTIpeneNICHUs
MPOJOJDKATENBHOCTH OCHOBHOHM (protarmu. Bpewmst
KXKI0W OTIEIbHOM OCHOBHOMW (hJIOTAIMK 2 MUH.

Pacxonpl peareHTOB: MOIU(HUIIMPOBAHHBII
pearenTr (mo cymebuny Hatpuia) — 2,6 Kr/T;
coOuparesnb OyTHUIIOBBIM KcaHToreHaT kamus — 520
r/T, BCIEHHMBaTelb OKcaab T1-92 — 126 1/T.
ITponykThl QuioTanuy aHATU3UPOBAIN XUMHUYECKUM
METOIOM. Pe3ynbTarhl SKCIIEpUMEHTa MPUBEACHBI B
tabmue 1.

HepHoE 0¥t
KOHLIEHTpaT 2

| 3 ocuopnana daoTaima

L

YepHor 0ii
KOHIIEHTPAT 3 4 ocHopHaa dJioTaLA
YepHoe 0t
KOHIIeHTpaT 5 ocHoBHaa paoTalmA
Heproeoii 6 ocHopHas ot
KOHIIeHTpaT arpA
YepHor 0ii XDocTEE

KoHIleHTpaT 6

Pucynok 1 TexHonormyeckast cxema o KHHETHKE OCHOBHOM (hoTammun
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Tabaunma 1 Ilokasaresm 1O KHHETHKE OCHOBHOW (JoTanuu pyJsl

MOL[I/I(I)I/IHI/IpOBaHHBIM pearcHToM

C TPEABAapHUTENILHON CysbhuIu3annei

IIpoayxT dmoranuu Brixon mpoaykra, ConepxaHue Meny, N3Bneuenue meau, €
Y, % a (Cu), % (Cu), %
YepHOBOW KOHIIEHTpAT | 6,17 7,10 35,90
YEPHOBOW KOHIICHTpAT 2 2,67 6,56 14,34
YEPHOBOM KOHIICHTPAT 3 1,93 6,47 10,25
YepHOBOW KOHIICHTpAT 4 1,57 6,38 8,20
YEpPHOBOM KOHIICHTPAT 5 1,17 5,14 4,92
YEPHOBOM KOHIICHTpAT 6 0,5 4.0 1,64
XBOCTBI 86,0 0,35 24,75
Pyna 100,0 1,22 100,0
e 80 : Ha pucynke 2 kuHEeTHYECKAs XapaKTEPUCTHUKA
i OCHOBHOW  (uIOTalMy TpeACTaBlIeHa B  BUJC
6/070 rpad)uyecKol 3aBUCHMOCTH.
60 ; 3aBUCHUMOCTH, IPEJICTABICHHAS HA PUCYHKE 2,
YKa3bIBaeT Ha CHIKEHHE 3()(PEeKTHBHOCTH OCHOBHOM
50 : ¢notarmmu ¢ TedeHWeM BpemeHH. llpmuem 3TO
CHW)KEHUE ycunuBaeTcs nocie 10 muH. daorarum.
40 Ha ocHOBaHMH IIOJy4EHHOM 3aBHCHUMOCTH
30 ONTHMaJbHOE  BpeMs  OCHOBHOW  (ioTamun
: onpezaencHo B 10 MuH.
20 ' Hanee MPOBEJIN HCCIIEIOBAHUS o
0 2 4 6 8 10 1z 14 OTIpeAICTICHNI0 ~ KUHETUYECKMX  XapaKTePUCTHK
T, MUH. KOHTPOJILHOM  (hIOTallii  OKUCJICHHOH  MEIHOMN
PYIBL.
PucyHnoxk 2 3aBUCUMOCTb U3BJICUEHUSI MEU B [0 ArOTORICHAVIO — OKHCIICHHOM
YepHOBOI KOHIICHTPAT OT BpEMEHH OCHOBHOH (prioTariim . A y pooy
MeIHON PYIBL, rmoce CynbhUAN3AIIN

ITo mauueIM TaOIUIEI 1 MOXKHO BHIETH, YTO C
TCUCHUEM BpEMEHU OCHOBHOM (droraruu
MPOMCXOJMT  IUIABHOE  YMEHBIIEHHWE  BBIXOJA
MPOAYKTOB U TaKO€ )K€ INIABHOE YMEHBIIECHHUE B HUX
COZEpP)KAHUS U U3BJICUEHUS MEJIU.

¢dioTHpOBANIM O CXeMe, MPEJACTaBICHHON Ha
pucynke 3. Bpemsi ocHoBHO# ¢Quortanuu 10 muH.
Bpewmst kaxxaoi oTAen»HONH KOHTPOIBHOH (hoTaruu
3 MUH.

Pyna
BEEK
MCP [ T-92
l ! BEKEK
| Ocuopnan duioTamsa l T-92
¥ {
YepHoe oit | 1
KOHIIEHTpAT KOHTpOMEHadA doTama
1L ..
pul\r:;;IcyTu;li{hIH ll KOHTpPONBHAA (I0TaInsa
II ..
pun;;)nrcyru:gmﬂ ‘|L3 KOHTPOMEHAA 10T arga
ITponexyToynsrii
oponykT 3 |4 KOHTPOJLHAA (10T args
I .
pun;;;xyi‘n:gbln |5 KOHTDOEHAA (10T armsa
ITponesy T odHBIIT
MpOAYKT 5 |6 KOHTPOJIEHAA (hJI0 T Al
IIpomesscy ToaHEI XpocToI
mpooykT 6 —

Pucynok 3 TexHonormyeckasi cXeMa o KHHETHKE KOHTPOJIBHOH (IIOTanu
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Tabauna 2 Ilokasares 1O KHHETHKE KOHTPOJBHOW (uioTallMu pyasl C IMPEeABAPUTENbHON Cyibduansanuei
MOJU(UIIMPOBAHHBIM PEarecHTOM

[Mpoaykt daoTanuu v, % o (Cu), % ¢ (Cu), %
YEPHOBOW KOHIICHTPAT 13,60 6,30 70,80
MIPOMEKYTOUYHBIA TPOAYKT 1 5,0 2,70 11,16
MPOMEIKYTOUYHBIH TPOAYKT 2 2,20 2,27 4,13
MPOMEKYTOUYHBIN MPOAYKT 3 1,53 1,96 2,48
MPOMEKYTOUYHBIN MPOAYKT 4 0,70 1,90 1,10
MPOMEKYTOUYHBIN POAYKT 5 0,40 1,67 0,55
MPOMEKYTOUYHBII IPOAYKT 6 0,17 2,0 0,28
XBOCTBI 76,40 0,15 9,50
Pyna 100,0 121 100,0
Pacxongpr peareHTOB: MOAM(DHUIIMPOBAHHBIN €y D5 e .
pearentr (no cynbdumy Hatpus) — 2,6 kr/t (Ha %

OCHOBHYIO (pyioTanuio); OyTHIOBBIH KCAaHTOTEHAT
kamust — 520 1/t (Ha ocHoBHyIO QuioTanmoo) u 180
r/T (Ha KOHTPOJbHYIO QuoTanuio); T-92 — 126 1/t
(Ha ocHOoBHyW (uortamuio) u 84 T1/T (Ha
KOHTPOJIBbHYIO (DIIOTAIHIO).

[IponyxTer (hnorarun aHAIIM3UPOBATN
XUMHYECKHUM METOAOM. Pe3yﬂbTaTBI SKCIICPpUMCHTA
MPUBEICHBI B TAOIHIIC 2.

ITo maHHBIM TAOJIMIBI 2 MOKHO BUIETH, YTO C
TEUCHHEM BpPEMEHU KOHTPOIBHOW (PIIOTamny TOXeE
IMPOUCXOOUT I1JIaBHOEC YMCHBIICHUE BbIXOaa

R bbb bbbl el el S

MPOAYKTOB U TaKOE )K€ IUIABHOE YMEHBIIECHUE B HUX T, MHH.
CoJepKaHUs U U3BICUYCHUS MEJIU.
Kunerndeckas xapakTepuCTHKa KOHTPOIBHOM PucyHok 4 3aBUCHMOCTb U3BJICUEHHS MEIH B
(uoranuM IpeacTaBieHa Ha PUCYHKe 4 B BHIE IPOMEKYTOYHBIN npogyKT OT BPEMEHHU KOHTPOJILHOM
JIOTALIUH

rpaduuecKoi 3aBUCHMOCTH.

Fynoa

MOP BEE
j | T-92

CcpoeHaa JIoT aALEsa

- -

XreocThI

1 mepeuyrcTia

w

XEOCTEI

2 mepedrcTRAl ] DepeYHCTKH

-

NeoCcTERI

3 mepeuyrcTika| 2 IIepeYHCTKH

E

-

1
XNeocTeI

4 mepedHcTEa| 3 IepeYHCTKH

E

HNEeOCTEI

4 mepeYrc TEH

-

KomemarpaTt

Pucynok 5 Texnonormueckast cxeMa (IIOTAI[UH C TIEPEUNCTKAMH
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Tabauna 3 Ilokasarenu Quorauuu pyzasl ¢ MPeABAPUTENbHON Cyabduan3anueil Moau(UINPOBAHHBIM PEareHTOM I10

NEPCHYUCTHBIM OII€pallusIM

IpoaykT daoTamuu v, % o (Cu), % e (Cu), %
KOHIICHTPAT 4 MePEUYUCTKU 1,90 24,82 38,66
XBOCTHI | IepeuncTKU 8,60 1,50 10,57
XBOCTHI 2 IIEPEUUCTKU 1,60 4,13 5,41
XBOCTHI 3 TIEPEUYUCTKU 0,83 10,0 6,83
XBOCTHI 4 TIEPEUYHUCTKH 0,67 17,50 9,56
XBOCTBI 86,41 0,41 28,96
Pyna 100,0 1,22 100,0
3aBHCHMOCTb, IPEICTABIICHHAS HA PHCYHKE 4, R e el ,
B CPaBHEHMHU C IOKA3aTeIIMH OCHOBHOM (hoTaruu %
yKa3plBaeT Ha 0OojJee BBIPAKEHHOE CHIDKCHHE 10 oo \eeeeee | S
3¢ (heKTUBHOCTH  KOHTPOJNBHOW  ¢uioTammu  C 5 ; 5
TECUYCHHEM BPEMEHH. DTO CHHKEHHE  TaKKe P S W e
ycuiBaeTcs mocne 10 Mun. ¢puoranun.
Ha ocHOBaHMH TIIONy4E€HHOH 3aBHCHMOCTH 6 bocccoeii N A— RS i
ONTHMAIbHOE BpEMs KOHTPOJBHOM  (oTanuu :
ompeaeneHo B 12 wmuH. CregyrooummMm 3TanoM R S L
UCCIIEI0BAHHS SBHIIOCH OIpeJIeICHIE
ONTUMAJIBHOTO YHCIA OINEpaIMi M0 TEePEUHCTKE 2 | | |
YEPHOBOTO KOHIICHTpaTa OCHOBHOM  (hyroTammu 0 2 4 6

OKHUCJICHHOM MeIHOH pyabl. M3MenpyeHHYIO pydy
mocne cynmbQuan3anuyd QIOTHPOBAIA TIO CXEMe,
MPEICTaBICHHON Ha PUCYHKE 5.

OcHoBHy10 ¢uoTanuio npooaunu npu T:0K
= 1:3. ®noTanuio Mo MEPEYUCTKE MPOBOJIUIU BO
¢noromamune 189-dJ1 ¢ 0,25-, 0,15- u 0,1-
JUTPOBLIMU KaMepaMmu. BpeMst oCHOBHO# QuioTaruu

10 mun. Bpems 1, 2, 3 u 4 nepeductky,
COOTBETCTBeHHO, 10, 8, 5 1 4 MuH.
Pacxonpl peareHTOB: MOAM(HUIIMPOBAHHBIM

peareHT (o cynbhuIy HATPHA) 2,6 1/t
OyTHIOBBI KcaHToreHat Kamusi — 520 r/t; T-92 —
126 1/T.

[IponykTer (drotanumn aHAJIM3UPOBATIN
XMMHYECKAM METOJIOM. Pe3ynbrarsl sKcneprMeHTa
MPUBEICHBI B TaOIHIIE 3.

[lo manHBIM TabaHIBI 3 MOXHO BUAETH, YTO
BBIXOJI  CIIEAYIOUIEro  MpOXyKTa  (XBOCTOB)
NepeyrcTKy yMeHblnaercs. OIHaKo coaepiKaHue
MeJW B JIaHHBIX TMPOAYKTaX YBEIUYHUBACTCSA. ITO
CBSI3aHO C TEM, 4YTO NPOHMCXOAMT BHIMBIBAHHE
cobuparensi ¢ MOBEPXHOCTU MEIHOTO MHHEpana U
CHIDKEHHUE TUAPOPOOHOCTH.

Ha ocHOBamuu  JaHHBIX  TaOMMOBL 3
MmocTpoeHa  rpaduyeckas  3aBUCUMOCTH IS
WU3BJICYEHHUA MEAUW B  XBOCTBl  IIEPEUYUCTKH,

MIpeACTaBJICHHAS HAa PUCYHKE 0.

Ha pucynke 6 MOXHO BHUIETh, KaK PE3KO
MEHSIOTCS, @ UMEHHO YBEIMYUBAIOTCS TOTEPU MEAU
C XBOCTaMH IIOCIIC BTOPOH TEPEUUCTKH. DTO JaeT
OCHOBAaHHE CUUTATh ONTHMAJIHHBIM MPOBEICHHE HE
0oJiee JBYX OIEpanuii o MePeUYnCTKE.

Hucno nepeuncTok

PucyHok 6 3aBUCUMOCTb U3BJICYSHHSI MEJTU B XBOCTBI
MEPEUNCTOK OT YHCTIa MEPEUUCTHBIX OMepaIuit

IIpoBeneHs! YKPYIHEHHO-T1a00paTopHbIe
UCTIBITaHUS 10 (JIOTAMK OKUCIEHHOH MeaHOH
pyABl C  TpeaBapuUTENbHON  cynbhuan3aiuei
MOIU(PHUINPOBAHHBIM PEATEHTOM.

HcnelTanuss TOpoBeAEHBl 1O  W3BECTHOU
Meroauke [11] B 3aMKHYTOM IHMKJIE IO CXEMe,
MPEJICTABICHHOW Ha PUCYHKE 7, Ha 3 K MPOOBI
OKHCJICHHOM MEIHOH pynabl, U3MEIbYEHHOU B TpPHU
npuemMa (mo 1 xr) B nabopaTOpHOW UIAPOBOM
menbaune MI'TI mokpbim cioco6om nipu T:K = 1:1
110 76 %-ro BeIxoaa gactHil kinacca -0,071 mm.

WsmenpueHHylo  pyny  cynbduauposaiu
MOTU(PHUIMPOBAHHBIM peareHTOM npu
nepeMelnBaHuN B 3-UTpOBOM KaMmepe

¢notaumonHoi Mammuel 240-OJI npu T:2K = 1:3.
[Mocne cynbuauzanuu pyay GpIoTHpoBaly.

OCHOBHYI0O M  KOHTPOIIbHYIO  (IoTanuu
npoBoauan Bo (rorarmonHoit mamuHe 240-DJI ¢
3-nutpoBoit kamepoit npu T:2K = 1:3. ®nortaumto no
1 mepeurcTke TPOBOAWINM BO (PIOTAMOHHOM
mammHe 237-OJI-A ¢ 0,5-muTpoBoil  KaMepoi.
®noTanMi0o MO 2 TEPEeYHCTKE MPOBOJWIH  BO
¢doromamnae 189 @JI ¢ 0,25-muTpoBoii kKamepoi.

Juis  mpenBapuTenbHON  cynbQUAM3AIUH
UCIIOJIb30BAJIN MOJU(HULUUPOBAHHBIA peareHt, s
¢ioTanuu — cobuparenb OyTHIOBBIH KCAHTOTEHAT
KaJIust, BCIIEHUBATEIb OKcailb T-92,
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HzmemmyeHHan BEKE
¥ l ¥
BEREE
T-92 Ocaoenaa ¢daorarmpa 1
1' L 3 L
Kourpomsuaa daotama 1 1 mepeuncTral
L3
I{?MEE;:}HM A MCP BI’E;:Z 2 mepeuncrra 1
¥ l w w ¥
= O 2
TWL CHOBHAA (JI0Targa
1' ' ' '
Kourponsuana doaorargia 2 1 mepeuncTia 2
k3
HzrenmeyeHan EBEK
MCP
pyoa . T-92 2 mepeuncTra 2
'-.|r' l w &
TEZ Ocuoenan daorarpa 3
1' ' L 3
Kourposmaaa durotapia 3 1 mepeuncTra 3
Je k3
R T ¢ KDH:IJ;EHTpaT_ 2 mepeuncTia 3
XpocTHI K'“#I;I';PID'TEH"H in
—— KBDCTH L B
+ 2 nepeyncTEH 3 Komuearpar
XeocTEI

1 mepeyncrrE 3

Pucynox 7 Cxema yKpynHEHHO-Ta00paTOPHBIX UCIBITAHUI 1O (JIOTAIMU B 3aMKHYTOM LIUKJIC OKHUCICHHOMN
MEIHOH PYABI C IPEABAPUTENBHON Cynbdranzanueil MoanGHUINPOBAHHBIM PEareéHTOM

Pexxum mpenBapuresbHON CyIbGUAM3AIMH:
mynera o0beMOM 3 JIUTpa, TPUTOTOBIIEHHAS W3
WCXOIHOM  pynbl, KOHUEHTpAaTa KOHTPOJIbHOU
(draorauu ¥ XBOCTOB (ioraruu 1 TepeYrcTKH;
pacxoa MOTUPHUIIMPOBAHHOTO peareHTa 2,6 KI/T ¢
aruranuei 5 MuH.

Pexxum ocHOBHOM (hioTaiiuu: Mysblia MOCIHe

IpeABaPUTEIHLHOM CyJIbhUIU3aINHY; pacxon
cobuparenst 520 r/t ¢ aruranueit 1 MUH.; pacxon
BcnenmBartens 126 1/t ¢ arumramuein 1 Mumn.;
MPOJIO/DKUATENBHOCTD (hiotaruu 10 MuH.

Pexxum KoOHTpoNbHOW  duioTammu: IyJbIa

00bEeMOM 3 JTUTpa U3 XBOCTOB OCHOBHOH (hJ10Tanuy;
pacxon cobupatens 180 r/t ¢ arurtanmen 1 MuH.;
pacxox BcnieHuBarens 84 1/t ¢ aruranued 1 MuH.;
MPOAOJLKUTENBHOCTE (proTanmu 12 MuH.

Pexxum 1-0#1 mepeyncTKu: mynasna 00BEMOM
0,5 numTpa, TPHUTOTOBIEHHAs W3 KOHIEHTpaTa
OCHOBHOM (DJIOTAIlMM U XBOCTOB 2-0OH TMEPEUUCTKH;
0e3 peareHTOB; MPOJODKUTEIBHOCTL (iiotanuu 10
MUH.

Pexxum 2-0#f mepeuncTku: mynibna 00beMOM
0,25 nuTpa, NpUrOTOBIEHHAs U3 KOHLEHTparta 1-oif
MEPEeYHnCTKH; 0e3 peareHTOB; MPOJOKUTEIHHOCTD
dbmoranm 8§ MuH.

IIponykTer ¢droTanuu aHAIM3UPOBAIIU
XUMHAYECKHM METOJIOM Ha cojepxaHue meau. Ha
OCHOBE JaHHBIX XMMHUYECKOTO aHaJH3a OINpPEleIsIn
W3BJICUCHHE MEIW B  TPOAYKTH  (IIOTAIHH.
PesynbTatel (roTanuu npuBeAeHsl B Tabuunme 4.

Ha ocHoBanum pe3ynbTatoB Quotanuu ObLia
MPOM3BE/IEHA OIleHKa OOIIEro M3BJICUEHUS MEeIu

(o6, ) IO (hopMyIIC

€oom, = &x/(Ex T &x), (1)
e & M3BJICUCHHE MEIW B OOBCIMHCHHBIN
KOHIIGHTpAT, €& —  W3BJICUEHHE MEIu B
00BbeIMHEHHBIE XBOCTHI.

Ilo dopmyne (1) oOmiee u3BIEUEHUE Meau
cocraBieT 85,12 %.

OOBbenMHEHHBI KOHIIGHTPAT, WMEsl COCTaB,
Macc., %: Cuosm, — 20,66; Cuo — 18,04; SiO, —
19,42; AlLOs — 4,86; Fe 9,71, Soom. — 9,71,
SIBJIIETCS. TOBApHBIM 10 CojJepKaHui0 Meau. Ero

JlalibHerIas nepepadoTKa MOXET OBITH
OCYIIIECTBIIEHA W3BECTHBIMU
THUIPOMETAIUIYPTHYECKUMH  METOAAaMH, TaK Kak
OCHOBHOM KOMIOHeHT Ha 87 % mpexacraBieH

OKHCJICHHBIMU MUHEpAIaMU.
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Tabauna 4 Pesynprarsl ¢uioTanuy B 3aMKHYTOM LUKIIE

IIpoaykT droTamuu Y, % a (Cu), % & (Cu), %
00BeTMHEHHBI KOHIIGHTPAT 4,15 20,66 70,91
XBOCTHI | IEpEUnCTKHI 3,94 1,62 5,26
XBOCTHI 2 IEPEUUCTKHI 0,73 4,46 2,70
KOHIIGHTPAT KOHTPOJIFHOU (IIOTau 3,83 2,76 8,73
00bEeqMHEHHBIE XBOCTBI 87,35 0,17 12,40
Pyna 100,0 1,21 100,0
BriBoabl

conepxkanueM 21 % u obmuMm u3BneueHueM 85 %

1. YcraHOBIIEHO, YTO ONTHMAJIBHOE BpeMs .
MEJIH.

OCHOBHOW (PIIOTalMM OKUCIEHHOW METHOW pY/IBI

paBHo 10 MuUH., KOHTpONBHOHU QuoTanuu — 12 MuH.

OntumanpHOE YHMCIO IE€PEYMCTOK  YEPHOBOTO

KOHIIEHTpAaTa PaBHO 2. OT UMEHH BceX aBTOPOB KOPPECHOHAEHT aBTOP
2. B pesysnbTare yKpyNHEHHO-Ia0OPATOPHBIX  3asBIISET, YTO KOH(IMKTA HHTEPECOB HET.

WCIIBITAHUHN U3 pybl, comepkaiiei 1,2 % obmeid u

1,08 % oxucneHHOM Menu, mocie Cyiabpuau3anuu bnrazooapnocmo

MOIU(UINPOBAaHHBIM peareHTOM W (JIOTAIllk B

3aMKHYTOM IMKJIE B ONTHUMAaJbHOM pPEXKUME

MONlydeH TOBapHBIA  (IIOTAIIMOHHBIA  MEIHBIN

KOHIIEHTpAT C
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IpineHaipinreH-3epTxaHanbIK XXafganaa TOTbIKKaH MbIC KeHiH 6anbITy YLUiH
TYPNEeHAIpinreH peareHTTi CbiHay

©ckembekoB U. M., BypkiTtceTtepkbi3bl I'., AkybaeBa M. A., N'msatynnuHa [i. P., XKyHicoB E. M.

K. ©b6iwee ambiHOarbl Xumusi-memarnypausi uHcmumymbl, KaparaHObl Kanacbi, KazakcmaH

Tyiiinaeme. MbIc eHepKaciOiHIH KeHIIK 0a3aChIHBIH CapKBIIYbIHA OalIaHBICTHI IINKi3aTTHIH OPHBIH TOJTHIPY MAceneci
TybIHAaWabl. OchlFan OalIaHBICTEI TOTHIKKAH MBIC KEHAEPIH OHJEYTe TapTy ©3€KTi Macese OOoJbIN Tadbutansl. 3epTTey
KYMBICBIHIa bankam aiiMarbIHBIH ajAblH ana CyJb(QUATENreH TOTBIKKAH MBIC KEHIH TYPJIEHIIPIITeH peareHTIeH
(GoTauMTBIK  OaMBITY TEXHOJNOTHSACHIHBIH IpUICHIIPIITeH-3epTXaHANBIK MacImTadTa KYpPTi3iireH ChIHAKTapBIHBIH
HOTIDKENIepi KepceTinreH. TOTBIKKAH MBIC KCHi (DIOTAIMSICHIHBIH HETI3ri, Oakpliay JKoHE Kaiita Tazapry
KYMBICTAPBIHBIH (OTICpalMsIIapbIHBIH) KMHETHKACHIH 3epTTey OOMBIHIIA 3€pTTEyIIep JKYPTi3iiaai. AJNBIHFAaH HOTHXEIED
HETi31HAE OHIIPUITeH MBICTBIH >KYMBIC Y3aKTBUIBIFBIHA TOYCIIUINK TpauKTepl TYPFBI3BULABL TYpleHaipiareH
peareHTiieH KeHAlI alablH-alla CcylbQuaTey CTEXHMOMETPUSIBIK Tajam eTideTiH wMemmepaiH 20% TyThIHFaHIA,
KypambiHga 21% KypailiTelH (QIOTAUMsUIBIK MbIC KOHLEHTPaThIH anyra xoHe 85% MbIc anmyFa OONaThIHIBIFBI
aHBIKTAJIIBI.

Tyiiin ce3nep: O0alibITy, TOTHIKKAH MBIC KEHIEPI, CYIb(DHUATEY, TYPIACHIIPIATeH peareHt, GIoTarus.
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Study of the stability of the emulsion of
ultramicroheterogeneous flotation reagents obtained by
the method of ultrasonic dispersion
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Abstract. The results of studies of the stability of the microemulsion of an ultramicroheterogeneous flotation reagent
obtained from a mixture of oil from the Zhanazhol field and butyl xanthate (BX) in the following ratios are presented:
oil: BX = 1: 1; oil: BX = 2: 1; oil: BX = 4: 1. It was found that the microemulsion has the greatest stability when the
ratio of oil: BX = 4: 1, which was 99.3% after 120 hours of exposure. The supposed emulsifying effect of butyl
xanthate in symbiosis with natural emulsifiers of the oil itself over newly formed globules of ultrasonic (US) dispersion
was found. At an ultrasonic treatment power of 250 W for 10 min, a microemulsion with an average globule size of
123.4 nm was obtained. It is shown that an increase in the duration of ultrasonic treatment for more than 10 minutes
does not have a significant effect on the stability of the obtained microemulsion of an ultramicroheterogeneous
reagent.

Keywords: microemulsion, stability, ultrasonic dispersion, oil, butyl xanthate.
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AnHoTauud. [IpuBeneHsl pe3ynbTaThl HCCIEIOBAHUM YCTOWYHMBOCTH MHKPO3IMYJILCHUU YIbTPAMUKPOTETEPOTE€HHOTO
¢roTOpearenTa, NOIyIeHHOTO U3 cMecH Hedtn JKaHaKoICKOTO MecTOpokaeHNs u OyTtuioBoro kcanroreHara (bKc) B
crenyromux cooTHomeHmsx: HepTh: BKe = 1:1; medTr: BKe = 2:1; Hedts: BKc = 4:1. YcranoneHo, yto HanbompIien
cTaOMIIBHOCTHIO 001a1aeT MUKPOAIMYIIbCHs Tipr cooTHOIeHUH He(Th: BKc = 4:1, xoTtopas cocrasmia 99,3% udepes 120
gacoB BbIepKku. OOHapyKeHO MpeanogaraeMoe dMyIbIUPYIOIINe AeHCTBIE OyTHIIOBOTO KCAaHTOTEHATa B CHMOMO3¢e ¢
MPUPOIHBEIMHE SMYJIBIaToOpaMH caMoil He(TH Hax HOBOOOPA30BaHHBIMH TIJOOyJIaMH yibTpa3BykoBoro (VY3)
mucnepruposanus. [Ipu montoctn Y3 o6padotku 250 BT B Teuenne 10 MUH, MOTydeHa MHUKPOAMYJIBCHS CO CPEITHUM
pasmepoMm riodyn 123,4 um. [lokazaHo, 4TO yBelMUEeHHE MPOJODKUTEIHLHOCTH YIBTPa3ByKOBOM 00paboTku Oonee 10

Ml/lHyT HC OKa3bIBAKOT CylHeCTBeHHOFO BIIUSAHUS
YALTPAMHKPOrE€TEPOr€HHOI0 peareHTa.
KiroueBble c10Ba: MUKPOIMYNbCHUS, YCTOWYHBOCTB,
KCAaHTOI'CHAT.

BBenenue

B oboratutensHOM NMpakTHKE OAHUM THIIOM
coOuparenst  co3gaTb  BBICOKOE  H3BJICUEHHE
3epHUCTOM W TOHKOAMCIEpCHOW  (ppakumit
¢doTHpYEeMOro MaTepruaia, Kak IpaBuiIo HE yAaeTCs.
Yarie Bcero 3T0 JOCTUTAETCs NCMOIB30BAaHUEM IBYX
BUAOB coOuparesneli: TO ecTh KaXIblid coduparenb

NPUMEHSIETCS.  OTACNBHO B  IOCIEIOBATEIbHBIX
cTamusax mporecca, Jmbo o0a  coOuparens
HCIIOJIB3YIOTCA OJHOBPEMCHHO B  OIITHUMAJIbHBIX
codyeTaHusx,  oOecrieunBasi  CHHEPreTHYECKHUN
adpdexr [1].

[MpuMeHsieMbie TOTIOTHUTENBHBIC PEareHThl,
qamie ~ BCEr0, HE  OTIMYAIOTCS  3HAYMMBIM
cobuparenbHbIM 3()(EeKToM, HO B pasbl yCHIMBAIOT
neiicTBUe 0a30BOTO peareHTa-coOWparess, 4To B
CBOIO OYepe/b CIIOCOOCTBYET CYILIECTBEHHO CHH3UTh
pacxoj MOCIEIHEro Mpu COXPAaHEHHH, HO U OYCHb
YacTO TpH YJIY4YIICHUH, OCHOBHBIX TIIOKa3aresen
mporecca B 1enoM. HaOmiogaercss  3ameTHOe
CHI)KEHHE KOHIIEHTPALMH PEareHToB — coOMparenei
B CTOYHBIX (0OOpOTHBIX) BOJAX, 4YTO JaeT
OTPEICIICHHBIN COIUANIbHBIN 3 deKT [2].

[ToBbIIIeHHOE ~ BHUMaHHE  3aCIy)KHBAaeT
COBMECTHOE MPUMEHEHNE HOHOTCHHBIX M alIOJIIPHBIX
cobuparenell, codyeTaHHe KOTOPHIX oOecreyrBaeT
BBICOKYI0O  3((EeKTUBHOCTH  TEXHOJIOTHYECKOTO
nporecca ¢orarmu. [TepBoHauanbHAS
rugpodoou3anus MHUHEPAJIOB MOHOTE€HHBIMU
coOuparemsiMd € TIOCIEAYIOIIMM  BBEICHHEM
aroJIIPHOTO ~ PeareHTa, 3aKpeIUISIOIEerocss  Ha
y4acTKax TIOBEPXHOCTH TUAPOPOOH3UPOBAHHBIM
WOHOTEHHBIM peareHTOM, IO3BOJISIET 3HAYUTEIHLHO
YIAYYIIUTh TEXHOJOTWYECKHEe MOKa3aTelH mporecca
¢aoramuu [3,4]. PasymHOE MCTHOIB30BaHHME TaKOTO
cnocoba  ¢uoTaMK  OTKPBIBAET  IEPCIICKTUBBI
MPUMEHEHUS aloJISIPHBIX PEareHTOB.

B cratee [5] wmccrmenoBaHa CBHUHIIOBO-
UUHKOBash pyAa, B KadecTBe HHTEHcH(UKATOPa
oOorameHuss NpPUMEHEHa CMeCh  amOJIPHBIX
cobmpareneir w  KcaHTtoreHata. Ha  ¢one
ONTHMAJIBHOTO  COOTHOIIGHHS  HPUMEHSIEMBIX
pearcHTOB M3BJICYEHHE CBMHLIA M I[HMHKa B

yIBTPa3BYKOBOE JUCIIEPTUPOBAHUE,

Ha  yCTOHMYMBOCTb  IOJIyYEHHOM  MMKPOIMYJIbCUU

HedTh, OyTHIIOBBIH

KOJUIEKTUBHBIN KOHIIEHTpaT Bo3pocio 1o 6,0 %,
pacxoj KCaHTOTeHaTa Ipu 3ToM cokpatwics Ha 20,0
— 30,0 %. Taxk xe, B paborax [6] moka3aHo, 9TO TpH
(¢oTanMu  CBHMHLOBO  —  IIMHKOBBIX  DPYyI
UCIIOJIb30BaHUE B KAdecTBE AIOJSIPHOTO pearcHra
SMYJIbCUU MHIYCTPHAIBHOIO Macja WM KEpOCHHA
II03BOJIAECT INOJHATH W3BJICUEHHE CBHHIIA U LIMHKA
NpU OJHOBPEMEHHOM 3arpyOJIeHUH MTOMOJIA.

Ha 6a3ze AO “UncTuTyTa METaTypruu u
oOorareHus” ObUIH MPOBEACHBI HCCIEAOBAHUSA 10
M3yYEHHIO BO3MOXKHOCTH MEPepadOTKH XBOCTOB
¢notaunonHoro  oboramenus  JKeskasraHckoi
oboratutensHOH  (abpUKK C  TPUMEHEHHEM
KOMITO3UIIMOHHOTO (hrroTopearenta [7]. B kadectBe
UCXOIHBIX PEAarcHTOB OBIIM B3ATHL OYTHUIOBBIN
KCaHTOTEHAT, arnoJspHbIA (iaoTopeareHT Mapku TC
— 1000 u  KOMITO3UIMOHHBIA  a’podJIoT,
CHHTE3UPOBAHHBIH K3 OYMIIEHHOIO CHBYIIHOTO
Mmacna, nenracyinsduna pocdopa (V) u ruapokcuna
HaTpusa. COOTHOIIEHHE pEareHTOB COCTaBWIIO —

KOMITO3UIIMOHHKIH  aspodumor: TC - 1000:
OyTmioBsIid kKcanToreHat — 1:1:3.
ITokazano, 4TO MIPUMEHEHUE

KOMITO3UIIMOHHOTO COOMpareis B IUKIE (QIIOTAINH
XBOCTOB oOoramenns JKe3ka3raHCkol MeITHOU
oboratuTensHOM (haOpUKU IMO3BOJSIET CYIIIECTBEHHO
YIy4IIUTh TEXHOJIOTHYECKHUE NoKa3arenu
o0orameHus 0 CPaBHEHHIO C IPYTUMH peareHTaMH.
IMpumenenne TC-1000 (60 r/T) u ero coueranus c
OYTHJIOBBIM KCAaHTOTEHATOM TO3BOJISICT TOBBICHTH
cogep)kaHue MeAd B YCPHOBOM  MEIHOM
KoHueHTpate A0 12,1% wu u3BIeyeHHe Meou [0
76,65%. Hannydime nmokasateiy Mo Coep:KaHuIo U
M3BJICYCHHUIO MEIW JIOCTUTHYTHl NPU NPUMEHEHHH
KOMITO3ULIMOHHOTO ¢noropearenra, pacxon
KOTOpOTO HIKe 0a30BBIX peareHToB (25 1/T). Ilpm
€ro TPUMEHEHHH [OJNYYeH YEPHOBOW MEIHBIN
KOHLIEHTpAT ¢ coaepxanuem 13,0% npu n3piaeueHun
80,22%. Ilo cpaBHeHMIO ¢ 0a30BOHM TEXHOJOTHEH
colep)KaHWe MeOu B UYEPHOBOM KOHIIEHTpaTe
noBsimaercs Ha 5,1%, u3pneuenue — Ha 31,4%.
[osiBnenue pabort c YCIICIIHBIM
NPUMEHEHUEM alloJIAPHBIX Macel B COYETaHHU C
JPYTUMH COOMpPATENISIMHU, MPUBETIO K Pa3HOTIIACHSIM
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MOBOAY aACOpOLMHU amloNSAPHBIX PEareHTOB Ha
MOBEPXHOCTH  TUAPO(OOHBIX  MHHEpaJOB U
MEXaHW3Ma WX JeWcTBUA BO  (DJIOTAIMOHHOM
mporiecce.

B cBoux pabotax [8] B.A. 'memGornkuii c
COaBTOPAaMHU OTMEYAIOT, YTO, TOCKOJBKY aroJIspHBIE
peareHThl HEe PacTBOPHMEI B BOJE, 3aKpETUICHHE Ha
MOBEPXHOCTH MPOUCXOJUT TEM JIeT4e, YeEM MEHBIIIE
oHa rTuapaTupoBaHa. CrenoBaTeNnbHO, MHUHEPAIBI
(cepa, yraepox, MOJHMOACHHUT) MPOSBISAIOIINE
Hamboee BBICOKWE TPUPOAHBIE TUAPO(POOHBIE
CBOHCTBa AKTHUBHO B3aMMOJICHCTBYIOT c
anojsIpHbBIMK  peareHTamMu. (OOBIYHO amOJISPHBIC
coOuparenM HE MOTYT BBITECHHTh BOIY C
MUHEPaTbHON MIOBEPXHOCTH, u3-3a 3TOTO
3aKpeIUICHHE aIloJIIPHOTO PeareHTa MPOUCXOIUT B
KarensHOM Buje [9,10] u eciin KOMMYECTBO Karenexk
OyZeT J[OCTaTO4HbIM, TO OHH, OOBEIUHSACH,
00pa30BBIBAIOT CIUIONIHYIO AMOJISIPHYIO MPOCIOUKY
peareHTa Ha TOBEPXHOCTH MuHepama. Tak ke
YCTaHOBJICHO,  YTO  MpPUPOAa  B3aMMOCBS3H
aTnoJIIPHOTO coOMpaTens ¢ TOBEPXHOCTHIO MUHEpasa
SIBJISICTCS] THITMYHBIM JIJIs1 PU3UUECKOM aJICOPOIIIH.

Wntepec k usyueHHto  (pIoTalMOHHBIX
CBOICTB aIlOJIPHBIX PEareHTOB, IOJYYEHHBIX Ha
OCHOBE CEpHHUCTHIX He(pTel, BEI3BAHO HATMYHEM B UX
COCTaBE CEepycoAEprKallluX coeluHeHuil. B Tpymax
[11] HCCIIETOBAITNCH (hroTanMoOHHBIC u
COpOIMOHHBIE CBOMCTBa xapkyprasckoit
CEpHUCTOI He()TH U ee TeMIIePaTypPHBIX TOTOHOB Ha
MOHOMUHEpaIax - TaJICHUTCEC, XaJIbKOIIUPHUTE,
nupute. Bo ¢pakunu cogepxkutcs 1o 3,0 % cepsl.
Apomarndyeckue W HaQTEHOBBIE YTICBOAOPOJIBI
[IPEACTABIICHBI 3JIEMEHTapHOU CepoHu,
cepoBoOpoioM u cynbdunamu. Brocmencteum
00paboOTKM TalleHWTa, XaJbKONHMPUTA W TIHPUTA
MPOAYKTaMHU pa3roHKH [KapKypraHnckoi cepHHCTON
Heptn, mo gamaeiM MK - cmekrpockomuw,
He(TENPOAYKTHl afcOpPOMPYIOTCS Ha IMOBEPXHOCTH
Cynb(HUIHBIX MHHEPAJOB. 3aKpeljieHHe WX He
CTOMKOE M TIOCJIE OTMBIBKH PEareHT AecopOupyeTcs.
B cBs3M ¢ 3THM aBTOpHI MPEAIONaral0T HaJTHIUe
(dbm3udeckoil copOIMM  CEepHHUCTHIX HedTeH Ha
MOBEPXHOCTH MHHEPAIbHBIX YacTHL. Bce xe, s
Pa3IMYHBIX MHHEPAJIOB COPOIMOHHAS aKTUBHOCTH
CEpHHUCTHIX HedTed pa3Has. A HUMEHHO, COpOLHsS
pearcHTOB Ha NHUPUTE BBIIC, YeM Ha TaJCHUTE U
xanpKonupute. O0orameHne MEIHbIX CYIb(QHUIHBIX

pya Keskasrana ¢ TNpUMEHEHHEM COYETAHMS
cobupareneit KCAHTOIeHaT - ¢bpakuus
Jlxapkypranckoil cepHUcTOd He(TH MOKa3aio

BO3MOXKHOCTh YMEHBIIIEHHSI pacxojia KCaHTOreHaTa
g0 54,0 % 0e3 CHWKEHUS TEXHOIOTMYECKUX
MoKasaTelsel mpouecca.

Ha ceromHsimHuii AeHb, 3aMETHO BBIPOC
3aMHTEPECOBAHHOCTh CEPOOPTaHUYECKUM
COCIUHCHHUSIM He(TH B IUIAHE MX HUCIOJIb30BAHHS

npu (aoTanuKu nonuMeTauindeckux pya [12-14].
Hekornga cepoopranudeckue coequHEHUs HEPTH
paccMaTpUBAIUCh KaK HEXEJIAaTeIbHBIH M BPEIHBIN
KOMIIOHEHT MHOTHX He(TenpoayKToB, TO ceidac
pa3pabaThIBalOTCA U OCBaWBAIOTCSA TEXHOJIOTHUECKUE
NPOLIECCHl, MPeIlyCMaTPUBAIOIINE BBIIEICHUE U3
HEPTEMPOAYKTOB OPraHUYECKUX CEpyCOAEpKaIIUX
coenuHeHNH. OTMEYEHO, YTO CEepO-OpraHUYEeCcKHe
COeJIMHEeHUs] HePTH B OCHOBHOM COCTOSIT U3
cyns(hua0B, THOPEHOB U MEPKAaNTaHOB, mprdeM 80,0
- 95,0 % cynppunoB u THOGEHOB pPa3IUIHOIO
CTPOCHUSI.

Tem He MeHee, HCIIOIb30BaHUE ATIOSPHBIX
Maces ¢ coOMpaTensiMH MOHOI'€HHOI'O THUIA A0 CHX
MOop He TMOJIy4WUJIO IIMPOKOrO paclpoCTpaHEHuS,
BCJIEJICTBHE HEJIOCTATOYHOW M3YyUYEHHOCTH MpobiIeM
JEHCTBUS allOJISIPHBIX PEareHTOB Ha MUHEPAJIBL.

B 310l cBSI3U akTyallbHOU 3aa4el SABJIAETCS
pa3paboTka HOBOTO KJ1acca aroJISAPHBIX
YIBTPAMHUKPOTe€TEPOreHHBIX  (PJIOTOPEareHTOB  Ha
OCHOBE CEpPOOPraHMYECKUX COCAWHEHHH HeQTH.
Bnaronmaps Bo3neicTBUIO Ha (QU3MKO-XUMHUYECKHE
XapakTepUCTUKN  (JIOTALIMOHHOTO  KOMIUIEKCA,
(hoTOpEareHTs JAHHOTO TUIIA CYIIECTBEHHO YCUJIAT

coOMpaTeIbHBIN ekt TpaZuIIUOHHBIX
(hroTOpeareHToB.

Ilenpro  HacTosmel pabOTHl  SIBISUIOCH
MOJTy4eHHUe HOBOTO KJacca
YIBTPAMHUKPOTeTEPOreHHBIX aTOJISIPHBIX
¢dbnotopearenToB w3 HehtH  KazaxcraHCKOTO

MECTOPOXKICHHS, IOBBIMAIINX (QIOTAITHOHHYIO
aKTUBHOCTH COOMpaTelied MOHOTCHHOTO THIA JUIs
W3BJICUCHUS TOHKOAMCIICPCHBIX YACTHI[ IIEHHBIX
KOMIIOHEHTOB.

JKCNEePUMEHTAJbHAA YACTh U 00CYKIeHMSI
pe3yJabTaToB

OnHUM U3 NEPCNEeKTUBHBIX IyTeH TOHKOI'O
JUCIIEPTUPOBAHUSL  TBEPABIX Tl  SIBIsETCA
UCIIOJIb30BaHUE  YNbTPa3ByKOBOM  KaBHUTAaLlUU.
Paspymienue TBepAbIX dYacTHIl B 3TOM clydae
OPOMCXOAUT TMOJ JIeHCTBUEM YIapHBIX BOJIH,
MHUKpPOCTPYEK JKHAKOCTH M TaK Ha3bIBAEMBIX
(PUKLMOHHBIX  TOTOKOB, OOpa3yIOIIMXCS — TpH
TOPMOKEHUH TEYEHHH, BBI3BAHHBIX CXJIOIBIBAHUEM
KaBUTaLlMOHHBIX ITy3BIPHKOB y TBEpIOi
noBepxHoctH [ 15,17]. Barogaps aucrneprupoBaHUIO
HEPAaCTBOPUMBIX KOMITOHEHTOB YJAeTCs MOJIY4YHUTh
YCTOHYMBBIE ~ CMECH  BEIIECTB, a  TakKke
MHTEHCU(DULUPOBATh LEIbIH PO XUMHYECKHX U
MacCOOOMEHHBIX  TPOIECCOB.  YIBTPa3BYKOBOE
JTUCTIEpTHpPOBaHNE TIO3BOJISIET MoJy4aTh
BBICOKOJMICTIEPCHBIE, OJHOPOAHBIE M XHMHUYECKU
YHCThIE HAHOCYCTICH3UHN U HAHO3MYJIbCHU.

IIpuMeHsieMBIli B HAIIUX MCCIIEIOBAaHUAX
yIbTpa3ByKoBo  nmucnepratop — Y3/IH-M1200
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(pucyHox 1) 9210  MHOrO(YHKIIMOHATBHBINA
YHUBEPCAIbHBIN MHCTPYMEHT, KOTOpBIC
HCTIONB3YIOTCS ISl pABHOMEPHOT'O AMYJIBI'IPOBaHUS,
WU3MENbYCHUS, MepeMeIuBaHus, YCKOPEHHUS

XAMUYECKUX U (PU3UUECKUX TPOIIECCOB B 00Opasiax
Pa3IMYHON MPUPOIBI.

VY3AH-M1200 coctout u3 ABYX OCHOBHBIX
qacTei: YIIbTPa3ByKOBOTO reHeparopa u
npeoOpa3oBaTens, a TaKkKe 3BYKOH3OJIHPYIOIIETO
KOXKyXa M COEOUHEHHbIX KaOeneld. I'eHeparop
npeoOpaszyer mmrtanwe 220B/50 I'm B 20-25kI11
AIIEKTPUIECKYIO 9HEPTHIO; npeoOpaszoBareb
MpEeBpamaeT BbICOKOYACTOTHYIO  3JIEKTPHUYECKYIO
SHEPTUI0 B MEXaHWYECKYIO 3HEPTHIO MPOAOJIbHON
BUOpalMM, 4YTO TMPHUBOAUT K KABHTAIIHOHOMY
3¢ (DeKTy B KUIKOCTH.

IlpeodpazoBaTens
(ananazon yacror 20-25kl'u)

I
Y3/H-M1200T 1
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I
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I
I
YasTpassyKoBoii 3011 1
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I
I
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ViabTpa3sByKoBasi KABHTAUNS I
I
oo
- AT e
WUcneiTyemslii obpasen = ?":

B kaudecTtBe O0OOBEKTAa HCCIENOBAHUA IS

IIOJIyYEHHUS YCTOMYHUBOM 3MYJIbCHUA
YIBTPAMHUKPOTE€TEPOreHHBIX (PIIOTOpEareHToB ObUI
BbIOpaH He(Th JKaHaKOJICKOTO MECTOPOXKIICHHUS.
Mectopoxnenne XKaHakos HaxoIUTCS B Ipeaenax
IIpenypanbCckoro IulaTo, pacHoIOKEHHOIO MEXIY
MyromKapcKUMU FOpaMu U TOTUHOM pekn OM0a 1 B
aJMUHHACTPATUBHOM OTHOIIEHHH, BXOAUT B COCTAaB
Myromxapckoro paiioHa AKTIOOMHCKOH 007acTH.
Hedtu mectopoxnennn JXanakon NpeacTaBisiOT
co00il  yrieBoAOpOIBI
COJICpP)KaHUEM CEPHUCTHIX coequHeHuit. B Tabmurie 1

CpPaBHUTCIIBHO BBICOKHUM

MIPE/ICTaBIICH COJIEPIKAaHNE CEPHUCTBIX COCTMHEHUH B
Kanaxxonbckoit HeTH.

I'eneparop

BJI0K ynipaBjaeHus

/
!

ULTRASONIC CELL CRUSHER

Ultrasonic On

Temp 19°C
Total Time: 00600 S

DO
101610

loTolo
0O

Pucynok 1 OyHKIMOHaNBHAS cXeMa yIbTpa3BykoBoro aucnepraropa «Y3IH-M1200»

Tabéauua 1 aauBrayanbHBI COCTaB CEPHUCTHIX coenuHeHni B HedTH XKanaxon [16]

Haumenosanne XKanaxon, S, ppmw HaunmMeHoBaHre KOMIIOHEHTA JKanaxonn, S,
KOMIIOHEHTa ppmw
CepoBoopos 60 Brop6yTHaMepKanTaH 104
Merunmzonponuicyabhur +
MeTunmepkanTtan 49 MeTtunoyTuiamMepKarTan 24
OruaMepkanTan 249 TperamunmepkanTan 13
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Jumeruicyasbu 22 Hustnncynsbun 27
H3onponuiMepKanTan 125 Byruimepkanran 12
TperOyTunmepkanTan 19 Metunmponmicyabdu 5

IIponunmepkanTtan 46 2,2-JluMeTHIIpOTMIIMEpKaITaH 6

Amunmepkanran-3 +

Mertmmtuncyiabdun 43 MertuntperOyTuiacynbpun 7
[Tonyuenue YIBTPAMHUKPOTETEPOTeHHBIX ~ HEPTIHOTO CIOSI, Vuex. — HCXOAHBIH 00beM

pEareHTOB Ha OCHOBE HE(TH, CTAOMIMU3UPOBAHHBICE  AMYJIbCHU.

SMyJbraropaMu 0a30BbIX pPEareHTOB, MPOBOAWIN
CIIEAYIOIIMM 00pa3oM: B CTEKJSIHHBIM CTakaH
HanuBaau 50 M JUCTUILTUPOBAHHOM BOIBI U 1 T
cMmecu He(pTh+OyTHIIOBBIN KcaHTOreHat Hatpus. Kax
M3BEeCTHO, OyTMIIOBBIM KcaHTorenat Hatpus (BKc),
IIMPOKO MPUMEHSIEMBIN BO (pIoTaruu pyJ TSHKEIBIX
LBETHBIX METAJUIOB SBJSIETCS 0a30BBIM peareHTOM-
cooupareneMm. [Ing  OUEHKH  YCTOHYHMBOCTH
MOJyYaeMBbIX ~ MHKPOIMYJbCHH, BBIOpaHBl  TpHU
pasHble COOTHOUIEHMS HepTH U  OYyTHIOBOrO
kcantorenata: Hegtb: bKe = 1:1; medth: BKc = 2:1;
Hepth: bBKc = 4:1. VYuprpasBykoBoil 30HI,
BBHIMIOJIHCHHBIM M3 THUTaHa B (OpME KOHYCHOTO
KOHIIEHTPATOpa, MOTPYKaICi B CTaKaH TaK, YTOOBI
M3Ty4yarolMi KOHEI] HAaKOHEYHHWKAa HaXOAWJICS B
HEHTpabHON YacTu oObeMa xuakocTH. OOpaboTKy
nmpoBoAMaM Ha paboueit uactore 25 &l c
peryaupyeMoil MOJE3HOH MOILIHOCTBIO B KUAKOM
cpene ot 150 Bt 1o 350 Bt. Bpems ynbpTpa3BykoBoif
o0Opabotku BapeupoBanock oT 10 mo 30 MuHYT.
Temmneparypa MOJy4eHHOHM MHKPOSMYJIbCUHU IOCIHE
VY3 o6paboTku coctarmia t = 45-50 °C.

AHanmu3 yCTOWYMBOCTH OMYJIBCHUH  OBLTa
MIPOBEJEH BHU3yalbHO, IO CTENEHH BBIJEICHUS
BOJHOH (ha3bl HaJl MOBEPXHOCTBIO dMYJIbCHU Uepe3
72 n 120 gacoB. Kak moka3zan aHaim3 MOTyYCHHBIX
pe3yiabTaTOB  JaHHBIA ~ METOA  MO3BOIMI  C
JIOCTaTOYHON TOYHOCTBIO OIMPENIEIUTh YCTOHYUBOCTh
MUKpPOSIMYJIBCUH B 3aBHUCHUMOCTH OT BpPEMEHHU
BBIJICPXKKH, TOCIIE HPEKpaLICHUs! yIbTPa3ByKOBOTO
BO3JECHCTBHSI.

IIpouienTHOE cooTHOLIEHHE 00BEMA pacmaja,
HaJ] TOBEPXHOCTHIO AIMYJIBCHH, K UCXOTHOMY 00BEMY
MOKAa3bIBACT CTENEHb €€ PacciIOCHHs M BHIPaKCHHE
JUIS. YCTOMYHMBOCTH SMYJIbCHHM MOXHO 3alucaTh
CIeayIomuM 00pa3oM:

W = (1- Vora/Viex) ©100%

rae W — ycToiiunBOCTh  OMYyIbCHH, Vo —
o0BeM arperaTUBHO-HEYCTOWYMBOTO  BOJHO-

Ha ocHOBaHMW MOMyYEHHBIX JAHHBIX OBLTH
MOCTPOCHBI TpaUKH 3aBUCUMOCTH yCTOWYHBOCTU
SMYJBCUHU OT BPEMEHH BBIACP)KKHU Iocie 00paboTKu
yIABTPa3ByKOM  IPH  Pa3HBIX  COOTHOLICHHUSX
KOMITOHEHTOB, a TaK)Xe TPH Pa3IMYHbIX 3HAYCHUSIX
BpeMeHH 00pabOTKH M MOII[HOCTH.

BrisiBneHo, 4to ¢ OoJbIIel YCTOWYHMBOCTHIO
(puc. 2) obmamaer MUKPOIMYIbCHS COOTHOILIECHHE
Hepts: bBbKe = 4:1 mo cpaBHeHuio ¢
MHUKPO3MYJIBCHSIMH COOTHOIICHUSI KOTOPBIX HEe(Th:
BKc = 1:1; nedts: BKc = 2:1. Ananu3 noxy4eHHbIX
JTAaHHBIX MTOKA3bIBACT, C TEUCHHEM BpeMeHu 72 u 120
4acoB, OOBEM OTHENMBLIETOCS KOMIIOHEHTa OT
obmero oobema smynbeuu anst Hegtr: BKe = 4:1
ObUT TMpPaKTUYeCKH HUYTOXKHBIM. B Takmx ke
OTpe3Kax BpeMeHH Ut cooTHomeHus Hedth: bKc =
1:1 m mHedth: BKc = 2:1 Habnronanock 3HAaYUTENEHOE
pacclioeHre, 1 BhIIeTICHHE HeCTa0MILHOU a3kl Hal
MOBEPXHOCTHIO MHKPOIMYJbcHU. C TMOBBIIICHUEM
KOHIICHTpAINK HEQTH B CMECH CO KCAaHTOT€HATOM
COOTBETCTBEHHO C YBEIMYCHHEM OOIIeH BSI3KOCTH
Cpellbl  CKOpPOCTh  arperaud  MHUKPO3MYJIBCHUH
CHIDKAeTCS M COOTBETCTBEHHO YBEIHYMBAETCS €&
yCcTOMUMBOCTh. Tak iKe, HaIU4ue CEPHUCTBIX
COCJIMHEHNH B OMYJIBCUH HE(QTH, KOTOPbIE MOTYT
SBTISTHCS. IPUPOJHBIMU 3MYJIBIaTOPaMH, BEpOSTHEE
BCErO, OKAa3bIBAIOT 3HAYMTENIFHOE BIHUSHHE Ha
CTaOMITFHOCTh MHKPO3MYJIbCHHU.

Kax wm3BecTHO, 3MysbCcHil MoapazaensoTcs
Ha 1Ba THIa: Maciio B Bose (M/B) m Boma B macie
(B/M). B smynbcuu niepBoro Tuma (mpsmMasi) Macio
ABIsIeTCS  OUcHepcHoi  ¢dazoif, a Boma —
JUCIIEPCUOHHOM Cpefiod. B 3MynbCUU BTOPOro THUIIA
(oOpaTHas) Boma sBIIIeTCS pa3apoOJICHHOW B BHJIE

Kamenexk  gucrnepcHod  ¢dazoif, a Macimo —
JUCIIEPCUOHHOM  cpepod. B Hamem  ciydae
OyTHIIOBBIH KCaHTOT'€HaT OTHOCHUTCS K

TUIPOPUIBLHBIM  OMYJIbraTopaM, KOTOPBIE JIydllie
PacTBOPUMBI B BOJIE, YeM B HE(PTH U CTAOMIU3UPYIOT
“HMpsIMBbIC” SMYITHCHH.

Ha pucyHke 3 npejicTaBieHo npeanoiaracMoe
AMYJIBTHPYIOIIUE JieificTBre OyTHIIOBOTO
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cuMobuosze ¢
€caMoro

KCaHTOT€HaTa B
IMyJIbraTopamMu HedTH HaJ
HOBOOOPAa30BaHHBIMU rino0ynamu v3
JIUCTIeprupoBanusl. JJaHHble AMyJIBraTopsl 000I0IHO
pacrosnarasch TOHIDKAIOT MIOBEPXHOCTHOE
HaTsDKEHHE Ha TpaHHWLE pasgena (a3 M CO3IaroT
BOKPYI 4YacTWl JAWCHEpCHON a3pl MpOYHBIC
afcopOLMoHHbIe 000a0uKy. [Tpu 3TOM, anmoIspHBIH
y4acTOK  3MYJBTHPYIOIIEro  BemecTBa  Oyzder
apunupoBaHo K HeQTAHOH (ase, a moJIIpHAS YACTb K
BOJHOU (a3ze.

HIPUPOAHBIMU
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Pucynok 2 3aBucumMocTh yCTOHYHMBOCTU
SMYJIBCHH OT BPEMEHH BBIJIEP)KKH I10CiIe 00paboTKu
yIbTpa3BykoM (yactoroii 25 k', MmomHoCTHIO 250 BT)
cMecH HeTH ¢ OyTHIOBBIM KCAHTOT€HATOM HATPHA B
teueHue 10 MUHYT npu cooTHOIIeHIX: 1 — HepTH: BKe
=1:1; 2 - uedts: BKc =2:1u 3 - nedrs: BKe =4:1

Juenepcunan
cpeaa
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¢asza

Cepll HCTHIE COCIHHEHHA H edJTll H
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Oprannydeckue cyJab(uiabl

Kaxk n3BecTHO, 3MyJIbCHI TOAPA3AEISIOTCS HA
nBa tuma: Macio B Boje (M/B) u Bona B macie (B/M).
B smynbcun nepBoro tumna (mpsiMast) Maciio siBIsieTcs
mucnepcHoi (azoil, a Boga — JAMCIIEPCHOHHON
cpenoii. B amynscun Broporo Tuma (o0patHasi) BoJa
ABNSETCS  pa3ApoONeHHONM B  BHAE  KareJek
JUCTiepcHOM (a3oif, a Maclio — JAUCIEPCHOHHON
cpenoii. B Hamem ciryuae OyTHIIOBBIN KCAaHTOTEHAT
OTHOCUTCSI K THUAPO(PHIBHBIM  3MYJILraTopam,
KOTOpBIE JIy4lle PACTBOPUMEI B BOZE, YeM B HEPTHU U
CTaOMIIM3UPYIOT “HpsAMbIE” IMYJIbCUH.

Ha pucynke 3 npeacraieHo mpeamnoiaraeMoe
SMYNBIUPYIOLIHE JeiicTBUE OyTHIIOBOTO
KCaHTOreHaTa B cHMOHMO3€ C  TNPUPOIHBIMH
3MYJIBraTopaMu camoro HeTH Haj
HOBOOOpa30BaHHBIMHU ro0ynamMu v3
JUCTIeprUpoBaHus. JJaHHbIE 3MyIbraToOpsl 000K0IHO
pacrmonarasch MOHWKAIOT MIOBEPXHOCTHOE
HATSOKEHHE Ha TpaHule pasfena (a3 W co3aaroT
BOKpYI 4YacTHll JAWCHEpCHON (a3pl MpOYHBIE
agcopbunonHsie 00on0uku. [Ipu 3TOM, amonspHbIi
YUaCTOK  OMYJIBIHPYIONIETO  BellecTBa  OyneT
admupoBaHo K HepTsHOHU (ase, a HoNApHAsA YaCTh K
BOIHOH (aze.

[IpoBeseHbl HCCICIOBAHUS MO MOA00PY
onTuMaibHON MomHocTU Y3 00padoTku. IlocTpoeH
rpauK 3aBUCUMOCTH YCTOWYHUBOCTH SMYJIbCHU OT

BPEMEHHM BBIICP)KKH IOcie 00paboTKH  HpH
pPa3IMYHBIX 3HAYCHUSX MOIIHOCTH 00pabOTKH.
Iloka3aHo, 4TO ¢ YBEIMYEHUEM MOILHOCTH Y3

obpaboTtku Oonee wem 300 Br He Habmromamock

i
H=- CI ~H
H=C-=H
i Byrniaosbrii
H=- CI‘ =H  keanrorenar
H —(‘—H HATPH#H
C
0]
I
/\

S S Na’' IMYJAbBIraTopbl

PucyHok 3 DMynbrupyloniye 1eiicTBue OyTHIOBOTO KCAaHTOT€HATa M IIPUPOIHBIX IMYJIbraTOPOB caMoi HedTH
HaJ1 HOBOOOpa30BaHHBIMH TTI0Oymamu Y3 AUCIIEpTHPOBAHUS
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CYIIECTBECHHBIX  W3MEHCHUHM B  YCTOHYHMBOCTH
MOJTy4eHHBIX 3Mynbcun (puc.4). MHbIMU croBamuy,
nmpu BeIepxkke 72 w 120 gacoB, IpH MOITHOCTH
o0paboTtku 250 Bt u 350 BT cooTBeTCTBEHHO U B
MHUKPO3IMYITbCUIX HaOII01aeTCs OJIMHAKOBAs
BBICOKasi CTaOMIIBHOCTh, 0€3 BUJAMMOTO BBIJCIICHHUS
arperatuBHO-HeycToiunBoi (aszel. B To Bpems, ¢
yMeHblIeHneM MourHocTu 10 150 BT yctoluuBoCTh
SMYJIbCUH OpHU BIAEPKKE 72 U 120 yacoB JOBOJBHO
cHmxkaercsa. Ilpeanonaranoch, 4YTo Ipu  Majou
MOIIHOCTA He(TsIHbIE [IOOYJIBI HE mpuoOpeTaeT
ONTUMAJBHOTO pa3Mepa Ui YCHEIIHOW TIOJHOMN
cTabwIM3anuu Bcero 00bemMa MUKPOIMYJITHCHU.
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Pucynok 4 3aBucuMoCTh YCTOWYMBOCTH AMYNBCUU OT
BpPEMEHH BBIZEPIKKH I10ciIe 00pabOTKH YIIbTPa3ByKOM
(uacroroii 25 k') cMecn HeBTH C OYTHIIOBBIM
KCaHTOreHaToM HaTpus (cooTHoeHue 4:1) B Teyenue 10
MUHYT IPH PA3THMYHBIX 3HAYCHUSIX MOIHOCTH
obpabotku: 1 - 150 BT, 2 - 250 Bt, 3 — 350 Bt

Jlns  OleHKM BIWSHHE MOIIHOCTH Y3
00paboTKM Ha pasMep TI00yJlT MHUKPOIMYIJIBCHH,
o0pa3mpl ObUIM CHATHI HAa aHAIN3aTOpE pa3MepoB
gactur; Photocor Compact. Jlausbeiit  mpudop
MO3BOJISIET U3MEPHUTDH CIEAYIOIINE XaPaKTEPUCTHKH

JMCHEPCHBIX ~ YAacTHI: pa3Mep YacTHL, J3eTa-
NOTEHIMAN  4YacTHll, KodpduuueHt auddy3um.
Pesynprathl  MpOBEAEHHBIX ~ HCHBITAHUH  TIO

OTIPEJICJICHUIO CPEAHEro pazMepa MacisiHOW Qasbl
MHUKPOIMYJIBCHH TPEJICTABIICHB HA PHUCYHKax 5-7.
[pu wmommoctn Y3  o6pabdorku 150 Br
MPOJIOJKUTENBHOCTBIO ty,=10 MUH cpenuuit pazmep
JIACTIEPCHOM (ha3bl IMYITBCHH coCcTaBmI 473,2 HM. Y3
JIUcTieprupoBanue mpu MomHocTax 250 Bt u 350 Bt
MO3BOJIMJIO MOJNYYUTh OMYJIBCUHM CO CPEIHUM
pasmepom rTiobyn 1234 wM wu 108,7 HM
COOTBETCTBEHHO. BeposTHO, pa3zMenpueHue pazmepa
r1100yJIBl 10 AaHHBIX BEJIMYMH MO3BOJISIET MOIYyYUTh
yCTOWYMBBIE OMYyJIbCcHMH. B  wurTore, cpaBHMBas
[IOJIyYEHHBIC PE3YJIbTaThl, MOIIHOCTh Y3 00paboTKH
250Bt ObL1 BEIOpaH Kak Hauboliee MPaKTHYHBIM IS
ONITUMAJILHOTO JTUCTIEPTUPOBAHUS MACIIIHON (a3bl U
JUISL TIOCTICYIOUICH YCIENIHOW CTaOWIIH3allii ero
aMmynbraropamu. [IpuHIMT pPabOTHl aHANIKM3aTOPa
Photocor Compact ocHoBaH Ha METO/IE CTATHYECKOTO
W JOUHAMUYECKOro paccesHus cBera ((OTOHHOM
KOPPETSAIUOHHON CHEKTPOCKOTIHN). Pazmep
JMUCTIEPTUPOBAHHBIX B JKHIKOCTH YacTHIl U
MOJIGKYJISIpHAsi ~Macca IOJMMEPHBIX  MOJEKYJ
ompeJieNiieTcss ~ WM3MEPEHHEM  KOPPEeJSIIMOHHON
(byHKIMYU QIyKTYauid HHTEHCUBHOCTH PacCEsTHHOTO
CBETa W MHTErPaIbHON WHTEHCHBHOCTH PAaCCESHUSI.
JuanazoH u3MepseMbIX pa3MepOB HAaXOAMTCS B
npeaenax ot 1 M g0 10 MxMm.
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Files : 4:1(wecbre+EKc)_150.0xt

4:1(HedpTb+BKe) _150.txt  intensity Distrib, (nm)

< Distribution analysis
Fitting range - [50; 250] channels
Number of Intervals - 200
Boundaries : [16e4; 2 1e+9]
Resolution 0
|Peak Num |  Area Mean | Position S0 |
4 | 1000 | 4732 | 4856 5065 |

le+d la+6 lat+8
Intensity Distrib (nm)

Pucynok 5 Cpennuii pasmep HEQTSHBIX MIOOYII MUKPO3MYIIBCUH YIIBTPAMUKPOT€TEpOTeHHOT0 peareHTa HeTh: BKc =
4:1, nucnepruposanHoro Ha Y3/IH M 1200, montHocTs Y3 00pabotku 150 Bt
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Pucynok 6 Cpentuii pazmep HeQTSHBIX TI00YI SMYJIbCUH yIBTPAMUKPOTETEpOreHHOr0 pearenrta Hedh: BKe =
4:1, nucnepruposanHoro Ha Y3/IH M 1200, mortunocts Y3 06pabotku 250 Bt

Pucynoxk 7 Cpenunuii pasmep HEQTSHBIX TI00YyI1 SMYJIbCUH yIbTPAMUKPOTeTEPOreHHOr0 pearenra Hedth: BKc =
4:1, nucneprupoBanHoro Ha Y3/IH M 1200, moutHocTs Y3 00pabotku 350 Bt

HccnenoBaHo BIMsSHHE NPOAOIKUTEIBHOCTH
V3 06paboTka Ha CTAaOHIBHOCTH SMYJILCHU TTOCIIE 72
n 120 gacoBoii BeIIEpKKU. Y3 00paboTKa 00pasioB
ocymectBisuioch npH 10, 20 u 30 MuHyTaXx (PUCYHOK
8). YcraHOBNIEHO, 4YTO MPOJOJDKUTENHHOCTh Y3
00paboTku B cBbimie 10 MHUHYT HE OKasbIBaeT

CYLIECTBEHHOTO  BJIMSHUSA HAa  yCTOWYHMBOCTH
[IOJIyUEHHOH MHUKPOIMYJIbCHUH. B  momyueHHBIX
9MYJbCUSX IIOCHIE BBIIEP)KKM OTMEYAECTCS BBICOKAs
CTa0MJIBHOCTP €  HAaWMEHBUIIMMH  oObeMaMu
oTaenuBIICHCS (a3bl.
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HaunGonpmein  craOMnAbHOCTBIO  00Ja1aeT
MUKPOSMYJILCUS TPU cooTHOIIeHuu Hedp1h: BKc =
4:1, xoropasi cocraBmia 99,3% wuepe3 120 uwacoB

2 BBIJICPAKKH. O6HapyxeHO npeJroiaraeMoe
E’ SMYJBIUPYIOLIHE JeiicTBUe OyTHIIOBOTO
3 KCaHTOreHata B cuUMOMO3e C  TPUPOJHBIMU
z OMYJIBraTopamMu camoit HeTH HaJI
E HOBOOOPa30BaHHBIMHU rio0ynamu v3
= JUCTICPTUPOBAHUSL.

Haunbonee omnTuManbHOEe IUCHEPrHPOBAHHE
MacIsTHOH (a3bl ¢ MOCIEAYIONIeH CTa0uIN3ainu ee
ol | . | I | IMyJIbraTopamMy HaONIOAAIOCh NPH MOLIHOCTH Y3
0 20 40 60 80 100 120 obpadorkn 250Brt. Ilpu stom B Teuenne 10 mun

G, Hac MOJIy4€Ha MHUKPOOMYJIbCHSI CO CPEAHHUM pa3MEpOM
Pucynok 8 3aBucuMOCTb YCTOHUHNBOCTU MUKPOSMYIBCUU rJI06yJI 123,4 um.

OT BPEMEHH BBIJIEPIKKH T10CIIE 00padOTKH YIIbTPa3ByKOM

N VBennuenue MPOIOIKUTEIIBHOCTH
(wactoToit 25 kI'1, MmourHOCTEIO 250 BT) cMecu HedTH ¢ .
. yJIbTPa3ByKOBOH 00pa0GoTku cBbie 10 MHHYT He
OYTHIJIOBBIM KCAHTOTCHATOM HATpHs (CooTHOIIEHUE 4:1)
TIPH PA3ITUYHON MPOIOJKUTEIBHOCTH 00padoTku: 1 — 10 OKa3bIBAIOT CYHIECTBCHHOTO BITMSTHUA Ha

MHH. 2 — 20 MuH. 3 — 30 MuH YCTOWYHBOCTD MOTYYEHHONH MUKPOIMYJIbCHH.
b b

BbIBOBI Kondauxkr narepecon

HpOBeIIeHbI HCClIeJOBAaHUA C LEJILIO Or mMeHH Bcex ABTOPOB KOPPECHOHIACHT aBTOP
ONpeACICHUS YCTOMYUBOCTH aMynbcuu  SAABIIACT, UTO KOH(JINKTA HHTEPECOB HET.

JBTPAMHUKPOT€TEPOTEHHOTO JIOTOpeareHTa

YbTP P P ¢ p ’ bnazooapnocmu
HOJy4eHHOTO W3 cMmecH Hedtn JKaHaoJICKOro
MECTOPOXIEHHsT M OYTUIOBOIO KCAaHTOreHaTa B Paboma  evinoamena  npu  nooodepiicke
cootromenusx HepTh: BKc = 1:1; Hepts: BKc =2:1  2panmoeozo punancuposanus 0ns MOLOObIX yUEHbIX
u HedTh: BKc =4:1. MOH PK (Ne AP08052653).
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YnbTpaablObICTbLIK AUCNeprupriey agiciMeH anbiHFaH ynbTpaMUKporeTeporeHai
corioTopeareHT aMyfibCUSACBIHbIH TYPaKTbIbIFbIH 3€pTTEY

EcenrasueB A. M., BapmeHwuHoBa M. 6., Bunanosa C. M., MyxaHoBa A. A., Myxameaunosa A. M.

Memarnnypaus xeHe keH balbimy uHcmumymsl, Combaes yHusepcumemi, Animamsi, Kazakcmax

Tyiinaeme. JXXKanaxon keH OpHBI MyHaibl MeH OyTni kcantoreHatbiHaH (BKc) kemecinelt kateiHacTapaa: myHaii : BKc
= 1:1; mynaii : BKc = 2:1; mynaii : BKc = 4:1 ansiaraH yIpTpaMHKpOTeTepOreH Il (proTopeareHT MUKPOIMYITbCHSACHIHBIH
TYPaKTBUIBIFBIH 3epTTEY/ICT1 HOTIDKEIep KenTipinreH. EH xoraprel TypakThUIbIKKa, MyHail: BKc = 4:1 KaTeIHACBIHAAFHI
MHUKPOAMYJIBCHSL M€ CKCHI AaHBIKTAIABl JkoHe 120 caraTThIK YCTalbIM KeE3iHJEC TYPAaKTBUILIK 99,3% Kypajsl.
VYipTpansiobicTeik  nucnieprupiiey (Y]) OGapwichiHma Ty3iareH rinoOynainapra, OyTHJI KCaHTOTEHAThl MEH MyHau
KYypaMbIHJaFbl TaOUFU OMYJIbraTopiap CUMOHMO3IHIH AMYNbralMsuIbIK acepi aHbIkTainFad. 250 Bt kyaTteuisikra 10 MuH
Mep3iMzie  yIbTpaIbIOBICTHIK OHJeY OapbichiHAa, Ti00ynamapAblH opTama emmemi 1234 HM  KypaiThiH
MHUKPOSMYJIbCHUSIIAP aJbIHFaH. YIIbTPaIbIOBICTHIK OHACY Y3aKTHIFbIHBIH 10 MUHYTTaH acTaM yaKbITKa YJIFaloybl alblHFaH
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YIBTPAMUKPOTETEPOreH/lI  PEareHT MHUKPOIMYJIbCHSUIAPBIHBIH, ~ TYPAKTBUIBIFBIHA — afTapibIKTall ocep eTHeuTiHi
KOPCETIUITCH.
TyiiiH ce31ep: MUKPOIMYIILCUS, TYPAKTBUIBIK, YIbTPAIBIOBICTHIK JUCIICPTUPIICY, MYHAH, OYTHII KCAHTOTCHATEI.
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Abstract. The research represents a newly-developed simple method to apply hydroxyapatite by gas-dynamic
spraying. The hydroxyapatite coating formed on VT1-0 titanium were obtained following the mechanochemical
interaction of hydroxyapatite and titanium with gas-dynamic spraying. The article proposes the phase composition,
surface morphology, and roughness of these coatings. The surface morphology of the hydroxyapatite coating had
a porous structure. The transverse sections of coatings were researched to study the interaction of hydroxyapatite
with a titanium base. It was shown that the coatings mainly form in the titanium bedding depressions. Analyzing
the roughness parameter Ra of hydroxyapatite coatings made it possible to conclude that the samples obtained fell
almost within the same limits. These data are within the roughness optimum (Ra = 2-3 pym) of artificial surfaces
aimed to manifest the best human osteogenic properties. The analyzed phase composition enabled to establish
the fact that the hydroxyapatite layer composition does not change significantly after spraying that is important for

biomedical use.
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Introduction

Titanium and titanium alloys are preferred
materials for medical implants. They have favorable
properties such as relatively low elasticity modulus,
low density, and high strength. On the other hand,
the biocompatibility of titanium alloys is much
worse than that of calcium phosphate ceramics [1].

To improve the biocompatibility attributable to Ti
and its alloys, a ceramic coating is applied to their
surface. The main ceramics used in medicine is
hydroxyapatite (HA, Cai0(PO4)s(OH)2) marked with
high biocompatibility, since its chemical and
crystallographic structure is similar to the bone
tissue structure [2-3]. To this date, various methods
of applying the HA coatings have been employed
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[4-8]. However, due to extremely high operating
temperatures, some HA deposition methods usually
stimulate the amorphous phase forming at the
implant-coating interface that impairs
osseointegration [9]. A more acceptable method of
applying biologically active surfaces to orthopedic
implants is plasma sputtering (PS) [10]. But, the
main problems when using the PS coating
technology include poor control over the phase
composition, low applying reproducibility, and the
use of expensive vacuum equipment. An interesting
alternative to this method is the use of a relatively
new gas-dynamic spraying (GDS) method [11]
based on the mechanochemical fusion process.
Compared to plasma sputtering, the GDS
temperature is significantly lower than the melting
points of the sputtered materials [12]. It overcomes
some traditional thermospray “disadvantages”, such
as unwanted phase transitions and decomposition
[13].

GDS is a solid-state coating process where
powder particles are accelerated at supersonic
speeds and pass through a de Laval nozzle to a
bedding but the powder particles do not reach their
melting point unlike conventional processes. Very
few attempts to obtain pure HA coatings by the
GDS method is attributable to the difficulties in the
ceramic particle cohesion [14]. If compared to the
plasma sputtering methods, the ceramics GDS, in
particular HA, is a more difficult task, but recent
studies have shown that the mechanism of their
deposition depends on the sprayed mixture
characteristics [15-17]. In this regard, the study of
HA coatings on titanium beddings obtained by the
GDS method is an urgent problem in medical
materials science.

The present study is focused on testing the
modes of mechanochemical interaction between HA
and VT1-0 grade titanium by the GDS method.

Experimental procedure

The need to study the mechanochemical
interaction of HA powder and a titanium bedding
during mechanical fusion resulted in developing a
GDS unit. The analysis covered three modes for
applying the HA powders on the surface of VT1-0
titanium beddings with a size of 25x40x1 mm with
and without a carrier. The modes are presented in
Table 1. The beddings were preliminarily cleaned
from the oxide layer with a sandblaster using an
abrasive material.

Testing of modes 1 and 2 included using a SBS
350 sandblaster that has a box and a sand supply
system equipped with a W-0.9/8 compressor
enabling to create a pressure of up to 10 atm. with a
productivity of 1121 I/min (Figure 1). The sprayed

mixture for the sandblaster was prepared with the
addition of 5% HA powder by the carrier weight.
the carrier was intensively mixed with HA powder
and distilled water in an amount of 250 ml per 3 kg
of the mixture in a volumetric glass for this purpose.
Then the mixture was placed in an oven to evaporate
the water. The mixture dried in this way was placed
in the sandblaster storage device, then titanium
beddings were processed with a pistol.

Table 1 Modes for applying HA coatings

Modes No.1 No.2 No.3
Sprayed HA and | HA and HA
mixture garnet SHH15 powder
sand steel (<5 um
powder powder
(<150 um) | (<50 um)
Mixture flow 8-10 atm. | 8-10 atm. 50 atm.
pressure
Distance 10 mm 10 mm 10 mm
between
the nozzle and
bedding
Processing approx. 20 | approx. 20 | approx.
time sec sec 20 sec

Mode 3 testing applied the developed unit
that had a box, a nozzle, and a powder supply
system with valve cocks making it possible to
supply a gas flow at a pressure of up to 100 atm.
(Figure 2). The sprayed material flow pressure was
measured using a monomer located in the nozzle.
The working gas was pure argon (99.99%) supplied
from the cylinder at a pressure of at least 100 atm.
The GDS took place without a carrier using pure
HA powder loaded into the hopper. The nozzle was
specially designed to accelerate the sprayed particle
to supersonic speeds.

The surface morphology was studied by
scanning electron microscopy (SEM) on a JXA-
8230 (JEOL) microscope at an accelerating voltage
of 20 kV and an electron beam current of up to 7
nA. For all areas of the samples selected for the
SEM study, the backscattered electron mode
(COMPO) was used. The obtained samples were
studied by X-ray phase analysis (XPA) using a D8
Advance (BRUKER) diffractometer with o-Cu
radiation (A = 1.54 A), U = 40 kV, I = 40 mA, the
recording rate was 0.1-1 deg./min, the angle interval
— 20 4-90° with a scanning step 0.01°. The X-ray
recording applied focusing according to Bragg-
Brentano. For the phase analysis, the PDF 2 base
was used. A Diavite DH-5 profilometer helped to
measure the surface roughness. Each sample was
measured 5 times with the average of five
measurements chosen upon obtaining the results.
The measurement length was 4 mm. SEM and XPA
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studies took place at the National Research

Laboratory for Collective Use in the priority
direction "Technologies for the hydrocarbon and
mining and metallurgical sectors and related service
industries of the Institute of Metallurgy and Ore
Beneficiation JSC.

Figure 2 Diagram for the unit used with GDS HA
coatings: 1 —a box, 2 — a nozzle with a monometer, 3 —a
hopper for sprayed powder, 4 — valve cocks, 5 — an argon

cylinder

Results and discussion

To determine the relationship between the
coating and bedding, transverse sections of the
obtained HA coatings were prepared. With this in
view, two samples were fixed on a single table in
such a way that their surfaces (the sprayed side)
were located on top of each other. In this position,
the two samples were ground and polished
simultaneously. Next, the polished surface was
explored followed by determining how HA was
formed on titanium, and the coating thickness was
also measured.

Figure 3 shows the titanium surface morphology
and transverse sections of the obtained HA coatings.
According to the SEM studies, HA coatings on
titanium obtained in modes 1 (Figures 3a and 3d)

and 2 (Figures 3b and 3d) are similar in appearance
and have a porous structure. As shown in Figure 3d,
the HA coating is formed mainly in the titanium
bedding depressions.

The harder and more brittle HA powder
particles form microroughness upon colliding with
titanium, and HA is fixed in further deepened areas.
Processing in modes 1 and 2 results in the HA
coating thickness ranging from 9 to 20 um. Also
under these conditions, the coating has significant
roughness, and for this reason, high waviness is
noticeable. On the contrary, the coating obtained in
the third mode (Figures 3c and 3f) forms
occasionally relatively smooth and continuous
coatings (with a thickness of 23.06 um) with small
microcracks. Decreasing roughness of the HA layer
surface occurs due to the replenishment of the
deeper Ti surface. The GDS mode using the starting
HA powder without a carrier leads to a morphology
consisting of submicron grains (Figure 3c).

The elemental composition of the coating shows
the presence of the main HA elements and bedding:
Ca, P, O, and Ti. At the same time, given the
microprobe analysis data, the Ca/P ratio was 1.7
meeting the biocompatibility conditions. No
obtained coatings had pores, delamination, or any
defects near the coating/bedding interface pointed at
a good quality of the sprayed coating. In the future,
it would be useful to try and make it possible to
obtain a uniform coating on the VT1-0 titanium.
Works [8, 13, 17-18] describe obtaining coatings on
the implant surface that is already in progress.

Upon processing by the GDS modes, the

following crystalline phases are present on the
titanium surface: HA, titanium, calcium hydrogen
phosphate, and titanium hydrogen phosphate. This is
confirmed by the XPA results shown in Table 2.
The X-ray diffraction results (Figure 4) show that
for the three types of GDS coatings, the main
coating phases were practically the same. However,
small peaks were observed attributed to the phases
Cas(P0O4).H-0, Ca3(P0s)s10H-0, Ti(HPO.)s,
although the low intensity of these peaks indicates a
limited number of such phases. The Ti(HPQO,)2
phase formation is usually caused by titanium
interacting with phosphate groups in the HA
composition. Large broad bands were not observed
due to the absent amorphous phases. It should be
noted that the TiO, and CaO phases were not
identified either on the raw material powder or on
the Ti-HA surfaces deposited by the GDS
sputtering. Also, no carrier phases (sand, tungsten)
were detected in the coatings obtained under modes
No. 1 and No. 2.

The surface roughness evaluation included the
values of the vertical profile irregularity parameters
using the measuring system of the profilometer.
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Table 2 Phase compositions obtained in all coating application modes

Phase fractions, %

Modes
Ca]_o(PO4)6(OH)2 Ti Cag(PO4)2H20 C&a(POa)elOHzO Ti(HPO4)2
No.1 17.9 82.1 — — —
No.2 17.9 72.5 9.6
33.7

10 o

=i

10 pm

Figure 3 SEM micrographs of morphology and transverse sections of the obtained HA coatings by the GDS method in

Intensity, rel. units

all production modes
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Figure 4 X-ray diffraction pattern of a sample obtained after mechanochemical interaction by the GDS method
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Figure 5 Roughness parameters of the HA coatings on titanium obtained in all application modes

The HA coating surface on titanium was measured
within several areas. Analyzing the roughness
parameter Ra of HA coatings made it possible to
conclude that the samples obtained fell almost
within the same limits. Figure 5 shows the main
values of the roughness parameters for all the
coatings obtained (the average deviation of the
profile, Ra (um), the height of the profile
irregularities at ten points, R, (um), the maximum
profile height, Rmax (um)). These data are within the
roughness optimum (Ra = 2-3 um) of artificial
surfaces aimed to manifest the best human
osteogenic properties [19].

Conclusions

The developed new simple method to apply HA
is distinguished by the possibility to obtain HA
coatings with the composition that fully corresponds
to human bone tissue. Mechanochemical interaction
produced HA coatings on VT1-0 titanium using
GDS. The article proposes the phase composition,
surface  morphology, and roughness of these
coatings. As it can be seen from the results obtained

while analyzing the phase and elemental
composition, no significant change in the HA
composition was revealed after spraying.

The coating morphology had a porous structure.
Studying the interaction between hydroxyapatite
and a titanium base included examining the
transverse sections of coatings.

To detail the morphology and structure of the
samples obtained, it is necessary to perform
additional studies using atomic force and
transmission electron microscopy. It is planned to
study the adhesion properties of HA coatings in the
future using sclerometry.
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Tyiingeme. ["a3-ntnHaAMHUKAIBIK OYPKY 9iCIMEH THAPOKCHAIIATUTTI JKAIATYABIH SKaHa KapamaibM ofici skacangsl. ['a3-
IUHAMUKAJBIK OYpKY oliciMEH THAPOKCHAIIATHT IIeH TUTAHHBIH MEXaHOXUMILIIBIK ©3apa opekertecyineH keiin BT1-0
MapKaJlbl TUTaHIa THAPOKCHATIATUT KaOBIHABLIAPH! aldbHABL. OmapasH (a3aislk Kypambl, 0eTKi MOPQOIOTHACH KoHE
KeIip-OyABIpIbIFEl KenTipinreH. [mapokcuanaTHTTiH O0eTKi KabaTBIHBIH MOP(OIOTHICH OOpPIBUIIAK KYPBUIBIMFA He
6omapl. [MIpOKCATATHTTIH THTAaH HETi3IMEH ©3apa OpeKeTTeCyiH 3epTTey YIIiH KaObHIapAbIH KeJNJCHEH KUMajaphl
3eprrengi. JKaOBHOBUIAPABIH KaNBINTACYBl HETi3iHEH THUTAH TOCCHINIIHIH OWBIKTAPBIHAA JKYPETiHI KOpCeTii.
I'mapokcuanaTuT >kaOBIHABLIIAPBIHBIH KeAip-OYABIPIBIK MapaMeTpiH R, 3epTTey HOTHXKECIHIE alIbIHFaH YITUIepaiH
Oipieil IeKTepie eKeHMIrT aHbIKTanAbl. bynm Jnepekrep aJaMHBIH €H JKaKChl OCTEOTrEHJIK KacHeTTepiH KOepCeTeTiH
xKacaH bl OETTEpAIH Kelip-OyAbIPIBIFBIHBIH OHTaiIbI erinae (Ra = 2-3 MxM) kateip. dazanblk KypaMHBIH HOTHXKeEepi
OOMbIHIIA >KalaTylaH KeHiH TUIPOKCHANaTHUT KabaThbl KypaMbIHBIH aWTapibIKTail e3repyiHe YIIbIpaMaiThIHABIFbI
aHBIKTAJJIbl, OYJ1 OMOMEANIIMHANBIK KOJIIaHY YIIiH MaHbBI3/bI.

Tyiiin ce3nep: xaObIHABI, YHTAK, TUTAH, THIPOKCUANIATHT, UMIUIAHTAT, Ta3-INHAMUKAIIBIK KajaTy, IYMEK, KYM Tery
APKBUIBI OHJIEY.

NMonyyeHne NOKpbLITUX U3 rMAPOKCHanaTuTa NyTeM MexaHoXMMMU4YeCKoro
B3auMoaencTBUs

! MamaeBa A. A., 1 Kenxerynos A. K., 1 MaHunukun A. B., ? LLax A.

1 AO «MHcmumym memannypeauu u obozaweHusi» npu HAO «Ka3zaxckuli HayuoHanbHbIG
uccnedosamernbcKuli mexHudeckul yHueepcumem umeHu K.W. Camnaeea», Animamei, KasaxcmaH
2 @aKynbmem mexHU4eCKo20 U MpogheccuoHanbHo20 obpa3sosaHusi, YHusepcumem Cynmaxa Mdpuca,
35900 TaHdxyHe Manum, lNepak, Manatsusa

AnHoTanmsi. Pa3paboTaH HOBBIM NPOCTOH croco0 HaHECCHWS THIAPOKCHANaTHTa METOJOM Ta30AMHAMUYECKOTO
HanbuleHus. [loce MEXaHOXMMUYECKOro B3aMMOAEHUCTBHS TMAPOKCHANATUTA U TUTaHA METOAOM ra30JWHAMHUYECKOTrO
HaMBUICHUS TOJy4eHbl TMAPOKCHANATUTOBBIE MOKpHITHA Ha THTaHe Mapku BT1-0. IlpencraBneHsl pe3ynbTaThl MX
¢azoBoro cocraBa, MOp(OJOTUS IOBEPXHOCTH W LIEPOXOBATOCTb. MOpPQOIOTUsl MOBEPXHOCTH MOKPHITUS U3
THJpOKCHANaTHTa WMMeNa pBIXJIYI0 CTPYKTypy. MccnemoBaHbl momnepeuHble HUIM(GBI MOKPBHITHH IS U3Y4EHHs
B3aliMO/ICHCTBUS THAPOKCHANIATHTa C THTAHOBOH ocHOBOW. IlokazaHa, 4To (OPMUpPOBAHHE MOKPBITHH MTPOUCXOAUT
MIPEUMYIIECTBEHHO B YIIIyOJCHNUAX TUTAHOBOW MOIOKKH. B pesynbraTe ncciegoBaHus mapaMeTpa MepoxoBaTocTH Ra
THIPOKCHANATUTOBBIX TOKPHITHHA OBUIO BBISBICHO, YTO IOJIydCHHbIE 0OOpas3Ipl HaXOAWINCh TOYTH B OJMHAKOBBIX
npezaenax. JOTH AaHHbIE JieKaT B IpesiesiaXx oNTUMyMa mepoxoBatocT (Ra = 2-3 MKM) MCKYCCTBEHHBIX TIOBEPXHOCTEH
JUISl TIPOSIBJICHHS] HAWTy4IINX OCTEOTeHHBIX CBOMCTB uenoBeka. [lo pesynpraram (pa3oBOro cOCTaBa YCTaHOBIIEHO, YTO
MocJ€ HaNbUIEHHs CIOW TMAPOKCHANATHTa CYHMIECTBEHHOIO HM3MEHEHMs COCTaBa HE IMPETEPIEBAET, YTO Ba)KHO I
OMOMETMITMHCKHUX TPUMEHEHHH.

KiroueBblie ¢j10Ba: NOKPBITHE, TOPOLIOK, TUTAH, THAPOKCHANIATUT, UMIIIAHTAT, Fa30JUHAMUYECKOE HAIIBLIEHUE, COILIO,
MIECKOCTpYiHAs 00paboTKa.
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Abstract. Hydrometallurgical processing of uranium-containing raw materials generates a significant amount of
liquid industry-related waste, namely waste solutions that require disposal. Sorption is known as one of the most
effective methods for purifying liquid matters contaminated with radionuclides. Various modification options are
being developed for the purpose of using natural sorbents and increasing their sorption capacity. The authors
proposed the methods for modifying natural aluminosilicate and coal-mineral raw materials. Zeolite found at the
Kusmurun deposit and shungite from the Koksu deposit were selected for the research. The methods are based
on obtaining solid-phase extractants. It was proposed to modify natural sorbents with a mixture of tributyl
phosphate and di2-ethylhexyl phosphoric acid in kerosene, as well as a mixture of phosphoric acid and
polyacrylamide. It was demonstrated that the first method is preferable for zeolite, and the second one for
shungite. The research addressed the sorption properties of modified sorbents in static and dynamic modes.
Uranium sorption isotherms were plotted. The maximum sorption capacity and the Langmuir constant were
calculated. The research allowed synthesizing an organopolymer based on shungite, glycidyl methacrylate,
orthophosphoric, and hydroxyethyl diphosphoric acids. Its sorption properties were studied under dynamic
conditions. Its sorption capacity was assessed in comparison with modified natural sorbents.

Keywords: natural sorbents, modification, uranium sorption, organomineral.
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Introduction

Recently, more and more attention has been
paid to the ecological safety of the Republic taking
into account the increased threat of radionuclide
contamination, in particular with uranium, since the
processing of uranium-containing raw materials
generates a significant amount of liquid industry-
related waste. The main waste disposal method is
sorption, which requires the use of inexpensive
sorbents [1].

Such sorbents may be obtained based on
domestic natural raw materials. The significant
disadvantages of natural sorbents include low
sorption capacity, which can be increased by
developing effective and inexpensive methods for
their modification.

At the same time, the lack of inexpensive and
easily feasible methods for obtaining modified
sorbents that would work well in the uranium
sorption processes represents a great obstacle to
their use for environmental purposes.

Experimental part

Natural sorbents were modified with organic
extractants and phosphoric acid in combination with
polyacrylamide using the method for obtaining
“solid-phase extractants”. Following the preliminary
flotation, zeolite found at the Kusmurun deposit and
shungite from the Koksu deposit were used as
natural sorbents [2].

The experiments took place in the following
way: 10 g of a natural sorbent (zeolite or shungite)
was filled with a solution of the summed up
extractants Di-2EHPA+TBP (di-
2ethylhexylphosphoric acid and tributyl phosphate)
in kerosene. The resulting compositions were kept
for 72 hours, dried at room temperature for one day,
and then dried in an oven at a temperature of 100°C.

The following conditions were applied for
modification ~ with ~ phosphoric  acid  and
polyacrylamide (PAA): a weighed portion of natural
sorbent in the amount of 10 g was treated with a
diluted (1:4) phosphoric acid solution, the sorbent
was washed from excess acid in 12 h, dried, filled
with a polyacrylamide solution (S: L=1:50) and kept
in such a state for 12 hours. Then the
polyacrylamide solution was poured off, and the
sorbents were washed with distilled water and dried.

Organopolymer based on shungite was
synthesized as described below. Glycidyl
methacrylate (GMA) with the addition of

orthophosphoric acid was loaded into a reaction
vessel equipped with a thermometer and a
mechanical stirrer. The mixture was heated to 100°C
and stirred for 30 minutes. Then a solution of

hydroxyethyl diphosphonic acid (HEDP) in 1,4-
dioxane and the calculated amount of shungite were
added followed by stirring for 30 minutes. Next, the
mixture was kept in an oven in porcelain cups for 10
hours at 100°C, after which it was washed
repeatedly with a solvent and dried to constant
weight under vacuum. The resulting sample was
treated with a 3% alkali solution and washed with
distilled water until the washings were neutral, then
it was converted to the H" form using a 3% HCI
solution.

The sorption capacity of the modified sorbents
was tested under static conditions. Sorption at room
temperature (~25°C) lasted for 4 hours. The initial
uranium concentration in the product solution
amounted to 8.9 mg/dm?, and S: L=1:5.

Besides, the dynamic sorption capacity of the
modified  sorbents and the  synthesized
organopolymer was determined, for which a
uranium-containing solution was passed through the
sorbent layer placed in the column. Samples of 10-
15 ml each were collected and analyzed for uranium
content during sorption.

Desorption took place in a static mode with the
ratio S: L=1:10.

Analysis methods

The quantitative uranium content in the
solutions before and after sorption was determined
with the help of an Optima 8000DV inductively
coupled plasma  (ICP) atomic  emission
spectrometer.

Results and Discussion

There are many ways to modify natural
materials in order to increase the efficiency and
selectivity of radionuclide extraction. Many of them
are based on the introduction of additional
functional groups into the sorbent structure, which
leads to the formation of new adsorption centers and
increased sorption capacity and sorbent selectivity.
Inorganic materials modified with amidoxime or
iminodoxime groups, as well as heteropoly salts,
serve this purpose [3, 4]. Sorbents with amidoxime
groups on various carriers showed high efficiency in
the radionuclide extraction, as well as good kinetic
properties [5-8].

Organopolymer synthesis plays a special part
in the modified sorbent generation. Thus, organo-
zeolite was synthesized based on natural zeolite-
containing tuffs and a water-soluble polymer of
polyhexamethylene  guanidine, as well as
epichlorohydrin as a crosslinking agent, which
simultaneously exhibits cation-exchange, anion-
exchange and bactericidal properties [9]. The
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sorbent is highly effective against oxygen-
containing anions and uranium  carbonate
complexes.

It should be noted that all the described
methods were developed using foreign raw
materials, expensive modifying reagents, and many
of them are difficult to implement.

Among the works presented by domestic
scientists, the most interesting are the examples with
modifying zeolite and shungite, previously activated
with sulphuric acid, copper (Il) and nickel
hydroxide, which are presented in the article [10].
The authors discussed the features and general
regularities of uranium sorption by modified
sorbents. It was shown that the use of pre-activated
and modified shungite and zeolite for the uranium
sorption makes it possible to increase its extraction
in comparison with the use of natural sorbents.
However, the labor-intensive modification process
is a deterrent for the widespread use of sorbents
obtained by this method.

Thus, the described methods have a common
disadvantage  expressed in  their  complex
implementation, high cost, and the use of not
generally available reagents. In addition, the
obtained organominerals are characterized by the
unstable surface layer of the modifier and the need
to create special conditions for optimal sorption.
Therefore, the development of effective and
inexpensive sorption materials using cheap local
raw materials remains urgent in the current
economic conditions [11].

The research included developing the
modification methods and studying the properties of
modified natural sorbents. Among the most
promising with functional groups fixed on polymer
matrices capable of forming complex compounds,
there are sorbents based on natural minerals and
extractants. Such “solid-phase extractants” are
characterized by good sorption properties; therefore,
we chose this method to develop modification
methods. Determining the sorption degree followed
the method described above. The uranium content in
waste solutions is estimated at 5-15 mg/dm?. The
uranium content in the product solutions used was
11.9 mg/dm?. The results are shown in Table 1.

Table 1 Results of sorption by natural sorbents modified
with organic solvents

No| Reagents used for | Zeolite Shungite after
modification flotation
Extraction | Extraction
degree, % | degree, %
1| Di-2EHPA 99.8 98.2
+TBP+kerosene
2 | HsPO,+PAA 97.6 99.7

Table 1 suggests that zeolite modified with a
mixture of di-2ethylhexylphosphoric acid and
tributyl phosphate in kerosene almost completely
extracts uranium from product solutions under the
described experimental conditions. The degree of
uranium extraction by zeolite modified with a
mixture of phosphoric acid and polyacrylamide is
somewhat lower. Meanwhile, an inverse dependence
is observed for shungite. In further studies, the first
method was used to modify zeolite, and the second
method was used for shungite.

The second stage of the research included
doubling the maodifier concentration, modifying
natural sorbents according to the described methods,
and tripled  sorption-desorption.  Desorption
complied with the conditions described above. The
results are shown in Table 2.

Table 2 Results of uranium sorption-desorption

Stagg Process Zeolite Shungite
Uranium [Extraction|Uranium|Extractio
content, degree, |content, |n degree,
mg/dm®  Do; mg/dm? |%;

desorptio desorpti
n degree, on
) degree,
%
I |Sorption | 0.79 91.12 0.046 | 99.5
Desorption| 9.504 | 40.2 3.8 15.45
Il |Sorption | 7.4 16.0 0.06 99.3
Desorption| 0.39 10.4 18.06 | 81.7
Il | Sorption 7.18 19.3 0.96 89.2
Desorption| 0.3 7.8 11.52 | 63.8

Table 2 suggests that shungite can be used
repeatedly with an increase in the modifier
concentration. No such dependence was observed
for zeolite.

Further, to modify the sorbents, a two-fold
increased modifier concentration was used. The
studies were based on model solutions with a
uranium concentration of 70, 107.5, 142.8, and
212.6 mg/dm3 under static conditions at the ratio S:
L=1:5 for 4 hours.

The balance ratio was used to calculate the
sorption capacity of ion exchangers (SC, mg/g):
SC = (Cinit. — fin.) Vsol. /0,
where Ciyit. and Csin. are the uranium concentrations
in the initial solution and the solution after sorption,
respectively, mg/l; Vsq. is the solution volume, I;
and g is the sorbent sample weight, g.

The study results are presented in Table 3.
The obtained isotherms and their anamorphoses are
shown in Figure 1. According to Figure 1 (a, b), the
curves are convex and may be described by the
Langmuir equation as follows:

Cequil. /SC= Cequil_ /SC00+1/(SCwXConSt.),
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Table 3 Results of uranium sorption from model solutions on modified natural sorbents with an increased concentration
of modifying agents

Initial uranium concentration in the solution, Zeolite Shungite
mg/dm? 70 107.5 | 142.8 | 212.6 70 107.5 | 142.8 | 212.6
Uranium concentration in the solution after 0.07 | 0.063 | 0.51 11.27 | 0.07 | 0.02 0.81 11.48
sorption, mg/dm?
Extraction degree, % 99.9 [ 999 |99.6 | 947 99.9 |99.99 | 99.6 | 94.6
Sorption capacity, mg/g 0.349 | 0.671 | 0.911 | 1.007 | 0.349 | 0.713 | 0.921 | 1.006
Zeolit 10

{0 1,2 eolite

[eT4]

S 8

C, mg/dm3
(o))

1
$ 0,8
0,6
0,4 4

0,2 2
0 4
70 107,5 142,8 CZlLQ%gﬂ 0 S B B e e e e e e e
2

equil.”
4
Cdumnvdué%
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Figure 2 Output curves of uranium sorption on modified

1 sorbents: 1 — shungite; 2 — zeolite; 3 — organopolymer
0,8 . . .
where SC is the sorption capacity, mg/g; SC.
0,6 is the maximum sorption capacity, mg/g; Const. is
0,4 the Langmuir constant, ml/g; and Ceqi. iS the

02 equilibrium concentration of metal in the solution
after sorption, mg/l.

C, mg/g

0 0 1075 s 1261 Isotherm anamorphoses of the uranium
' ' Cequi, Mg/l sorption by modified zeolite and shungite in the
b) Langmuir coordinates are shown in Figure 1 (c, d)
Seolite used_ to calculate the maximum sorption ca_pacity for
220 zeolite SC. = 434.76 mg/g and for shungite SC., =
5‘3 i 225.99 mg/g, as well as the Langmuir constant
< . Const. = 0.229 ml/g for zeolite and Const. = 0.187
< ml/g for shungite.
205 / At the next stage, sorption from product
200 ° o solutions with a concentration of 11.9 mg/dm?® took
- place under dynamic conditions according to the
0 100 200 300 400 method described above.
Cequit M8/!
c)
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Figure 1 Isotherms of uranium sorption by modified
zeolites and shungite (a, b) and their anamorphoses inthe  Figure 3 Output curves of iron sorption on modified
Langmuir equation coordinates (c, d) sorbents: 1 — shungite; 2 — zeolite; 3 — organopolymer
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Figures 2 and 3 show the output curves
representing the sorption of uranium and iron from
the process solution on shungite modified with
phosphoric acid with polyacrylamide, zeolite
modified with a mixture of organic solvents and a
shungite-based organopolymer. The flow rate of the
solution on the modified zeolite and organopolymer
is 30 ml/h, and 10 ml/h on the modified shungite.
The studies performed allowed determining the total
dynamic exchange capacity (TDEC, Table 5). As it
follows from the table, the TDEC of the
organopolymer for uranium and iron is lower in
comparison with modified zeolite and shungite.

Table 5 Results obtained from the sorption of uranium
and iron by modified sorbents and organopolymer under
dynamic conditions

Shungite Zeolite Organopoly
TDEC mer
total U Fe U Fe ) Fe
dynamic | 1.068 | 17.2 | 1.07 | 17.26 | 0.77 | 11.3
exchange
capacity),
mg/g

Conclusions

The research included proposed and tested
methods for modifying natural sorbents, which
make it possible to actively extract uranium.
Mixtures of di-2ethylhexylphosphoric acid and

phosphoric acid and polyacrylamide, were used as
modifiers. The methods are based on obtaining
“solid-phase  extractants”  characterized by
functional groups fixed on polymer matrices capable
of forming complex compounds, which is regarded
as the most promising method. Sorption in static and
dynamic modes was studied in the framework of the
research. It was shown that with an increase in the
modifier concentration, shungite can be used
repeatedly. No such dependence was observed for
zeolite.

Uranium sorption isotherms were plotted. The
maximum sorption capacity and the Langmuir
constant were calculated.

The research allowed synthesizing an
organopolymer based on shungite, glycidyl
methacrylate, orthophosphoric, and hydroxyethyl
diphosphoric acids. Its sorption properties were
studied under dynamic conditions. Its sorption
capacity was assessed in comparison with modified
natural sorbents.
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TypneHaipinreH copbeHTTEpMEH ypaH any

L A6aukepum B.E., * Kenxanues B.K., ! Cypkosa T.10.,?2 Anauk H., ! Bepkun6aeBa A.H.,
! DocbimGaesa 3.4., ' YMup6ekosa H.C.

1 Memannypeusi xeHe KkeH 6alisimy uHcmumymoi, Satbayev University, Anmamsi, KazakcmaH
2 [Dxoesikapma memiekemmik yHueepcumemi, VIHOoHe3usi

Tyiingeme. KypampiHga ypaH Oap IIUKI3aTTBl THIPOMETALUTYPTUSUIBIK OHJACY Ke3iHAe CYHBIK TEXHOTCHIIK
KaJIBIKTAPABIH €Ioyip O6JIiri - KOABl KaXKeT e€TeTiH KAJIABIK epiTiHainepi naiaa 6onanpl. CopOuus CYMbIK 3aTTap/Ibl
JIACTaHFaH PaTUOHYKIUATEPACH Ta3apTyFa apHaJFaH THIMII peuenTopiapabiH Oipi Oonbim TaObutafpl. Tabwru
COpOEHTTEPAl KOJIIaHy KOHE OJapbIH COPOLUSIBIK KabiIeTiH apTThIPY YIIiH MOAUUKAIUsIap skacamyaa. ABTopiap
TaOWFH AJFOMOCHIIMKATTHl JKOHE KOMip-MHHEpaIAbl MIMKi3aTThl MOAM(UKanusiIay OmiCTepiH YCHIHABL. 3epTreyre
KocMypbIHHBIH 11eonuTi koHe KOKCyAbIH IIYHTUT KE€H OpBIHAAphl TaHAAIABL. 3epTTey oMdic KaTThl (ha3aiibl
9KCTPAreHTTepAl axy oniciHe HerizgenreH. TaOuru copOeHTTepai KePOCHH KypaMBIHAAFsl TpuOyTmidochar nen nu2-
STHATEKCWI(POCPOP KBIIKBUIBIHBIH KOCIACBIMEH, COHIai-aK (ochop KBIIKBUIBI MEH NOJHAKPHIAMHJ KOCITACHIMEH
MoIuHUKAIMsIAY YCHIHBUIAABI. BIpiHIN oNIiC HEONHT YIIH, ajl eKiHII OJiC IIYHTUT YUIH KOJaWIbl eKEHMIrl



https://doi.org/10.31643/2020/6445.30

Complex Use of Mineral Resources. Ne3 (314), 2020 ISSN-L 2616-6445, ISSN 2224-5243

kepcerireH. MoanpukauusulanFan COpOEHTTEPIH COPOLMSUIBIK KacHeTTepi CTaTUKAIBIK JKOHE JMHAMUKAIIBIK
peKUMIEpAE 3epTTeNui. YpaHHBIH COPOLMSIBIK n30TepManapsl chi3buradH. CopOLMsSHBIH MakcuMmaiasl KabOineTi MeH
Jlanrmiop koHcraHTacel ecenrenai. UlyHrut, raunuaniMeraakpuiar, opTtodocdop KkaeHe oxcudITHIIU]OCchHOp
KBIIKBUIIAPEl THAPOKCETIIIIHE HETI3ZeNTeH opraHomoimMmep cuHTe3nenngi. OHBIH COpOIFSIIBIK  KacHeTTepi
IUHAMUKAJBIK pexumae 3eprrenreH. OHBIH copOISUIBIK  KabineTiH Oaramay MOTUUKANWSIAHFAH TaOWFU
COpOCHTTEPMEH CaIIBICTRIPFaHAa OepiTeH.

Tyiinai ce3aep: Taburu copOeHTTEp, MOAUPHUKANINS, YPAaHHBIH COPOIISICH], OpraHOMHUHEpaIIap.

M3BneyeHue ypaHa moancpuumMpoBaHHbIMU COpOEeHTamMum

L A6aukepum B.E., * Kenxanues B.K., ! Cypkosa T.10., 2 Anauk H., ! BepkuH6aesa A.H.,
1 DockimbGaesa 3.[., ' YmMup6ekosa H.C.

1 lncmumym memannypeuu u oboeaweHus, Satbayev University, Anmamesl, KasaxcmaH
2 [ocydapcmeeHHbil yHugsepcumem [kokbsikapmabl, IHOOHe3ust

AnHoTamms. [lpm rugpomeTaTypruueckoid mepepaboTKe ypaHCOIACPIKAIlero ChIpbs 00pasyercs 3HauYUTENbHOS
KOJIMYECTBO KUAKAX TEXHOTCHHBIX OTXOJOB — COPOCHBIX PAacTBOPOB, TpeOYrOmMX yTuiau3auuu. OmgHUM U3 Hauboliee
3 (EKTUBHEIX TPHEMOB OYHCTKH, 3arpA3HEHHBIX PAJIUOHYKIHIAMH JKUIKUX OOBEKTOB sBisieTcs copbuus. C menbo
UCIIONB30BAaHMS TPHPOAHBIX COPOCHTOB M YBEJIMYCHHS HX COPOMOHHOW €MKOCTH pa3padaThIBAIOTCS BapHAHTHI
MojuduKauu. ABTOpaMH HPEATI0KEHbl CHOCO0bI MOIU(HUIIMPOBAHHS TPHUPOIHOTO ATIOMOCHIMKATHOTO U YTOJIBHO-
MHUHEPAIBHOTO ChIpbsi. J[s nccnenoBaHuii BIOpaHBI LIEOJIUT MECTOPOKAECHUsT KOCMYypyH M LIYHTHUT MECTOPOXKICHUS
Kokcy. B ocHOBY crtOCOOOB 1MOJIOKEH METO/I MOJIY4YeHHsI TBEpAO(Pa3HbIX SIKCTpareHToB. [1peanoxkeHo MoanpruupoBarTh
NPUPOJHBIE COpOeHTHI cMecblo TpuOyTmidochara U au2-3TUIreKcuIhocHOPHO KHUCIOTHI B KEPOCHHE, a TaKkKe
cMechio (hocopHOIT KUCTIOTH U noiuakpuiamuia. IlokasaHo, 4To s [EoIuTa MPeANoYTHTEeIbHEH HepBhIi coco0, a
JUIl IIYHTUTa — BTOpOil. M3ydeHbl COpOLMOHHBIE CBOMCTBA MOIU(PUIMPOBAHHBIX COPOEHTOB B CTaTHYECKOM U
JOMHAMUYECKOM pexuMax. [1ocTpoeHsl H30TepMbl cOpOLU ypaHa. PaccynTaHbl MakCUMalbHasi COPOLIMOHHAS €MKOCTh
u kKoHctaHTa Jlenrmiopa. CHHTE3UpPOBaH OpPraHOIONMMEpP HA OCHOBE INYHTUTA, TIHLIUIUIMETAaKpHiaTa,
optodochopHOit 1 okcHdITUIANPOCHOPHON KHUCIOT. M3ydeHBI ero cCopOLHOHHBIC CBOWCTBA B TMHAMHYECKOM PEXKHME.
[laHa olieHKa ero COpOLMOHHOI eMKOCTH B CPaBHEHHH ¢ MOIU(DUIINPOBAHHBIMH IPUPOJIHEIMU COPOCHTAMH.
KunroueBble ciioBa: NprpoaHbIe COPOSHTHI, MOAU(HUKALINS, COPOLHS ypaHa, OpraHOMHHEPAJL.
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