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ABSTRACT. It is known that copper ores and waste of copper production often contain rhenium. In some deposits or dumps, its quantity is sufficient to recognize this
raw material as profitable for obtaining rhenium in various forms. Rhenium has the status of a strategic raw material; it is used in the creation of refractory alloys and
catalysts of the oil refining industry. At the moment rhenium is not produced in the Russian Federation. One of the options for obtaining rhenium is its extraction from
leaching solutions of metallurgical slags. The most rational method of extraction is sorption on the ion exchange sorbent perrenate-ion. This process can significantly
increase the profitability of copper slag processing. In the course of the work, the effect of various components of the solution on sorption of perrhenate-ion on an ion-
exchange sorbent AV-17-8 was studied.
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EKCTPAKLUWNA HA PEHWUYM OT AMOHAYHU U3NYXXBALLIA PASTBOPU HA PA3TOINMEHA MEHA LUJTAKA U MOOEJIN HA
PELLEHUA
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PE3IOME. M3BecTHo €, Ye MeAHWTE pyau W OTNagbLuTe OT NPOM3BOACTBOTO HA MeA YECTO ChAbPXaT PeHWil. B HAKoM Haxoauwa unn CMeTWLLa HeroBoTo
KOMMYeCTBO € JOCTaTbYHO, 3a Aa Ce NMpueme Ta3un CypoBMHA KaTo peHTabunHa 3a nomy4aBaHe Ha peHuii B pasniniyHu opmu. PEHUSAT ma CTaTyT Ha cTpaTternyecka
CYpOBWHA; W3non3Ba Ce Mpu Cb3[ABAHETO Ha OTHEYMOPHM CMMaBiM M KaTanusatopu B HedpronpepaboTeaTenHata NpOMULLNEHOCT. B MOMeHTa pehuit He ce
npoussexaa B PyckaTa cefepaums. EgHa oT Bb3MOXHOCTUTE 33 NOMyyaBaHe Ha PeHU e N3BMNYAHETO My OT Pa3TBOPUTE 3a W3NYXBaHE Ha METanyprudHu LWnaku.
Hait-paLmoHanHmusT MeTod 3a ekcTpakums e copbums Ha MOHOOBMeHHUS copbeHT neppeHaT-ioH. Tosu NpoLec MOXe 3HaUMTENHO Aa MOBULLM PEHTabWIHOCTTa Ha
obpaboTkata Ha MefHaTa wnaka.B xoaa Ha paboTaTa e u3crneABaHO Bb3AENCTBMETO Ha Pa3N4HM KOMMOHEHTU Ha pa3TBopa BbpXy copbuusTa Ha neppeHaT-MoH
BbpXY H0HO06MEHHMS copbeHT AV-17-8.

Knto4oBu pymu: neppeHat-ioH, copbuus, peruit, xuapomeTanyprus

Introduction rhenium at the moment in the Russian Federation. This makes
the issue of creating and implementing a cost-effective
technology for its production even more acute, since rhenium
is a strategic raw material. Rhenium is currently in demand in
the industry. A significant step in the production of rhenium is
the production of ammonium perrenate by sorption-elution
processes with further cleaning. In the future, ammonium
perrenate is converted in the form of metallic rhenium. Metal
rhenium is a strategically important raw material. 83.3% of the
produced rhenium is used to create heat-resistant alloys and
super-alloys used in the manufacture of rocket engine nozzles
and rotating parts of aircraft engines, as well as in energy.
9.3% of the produced rhenium is used in the production of Pt-
Re catalysts for oil refining processes, for example, the
production of high-octane gasoline, hydro desulphurisation
processes. Rhenium is wused in the production of
thermocouples, heating elements, electrodes, electrical
connectors, electromagnets, as well as in organic synthesis,
catalysis and medicine. The main forms of rhenium used are
rhenium, rhenium perrenate and renic acid.

In recent decades, the abundance of natural resources has
been significantly depleted. In addition, dumps and "waste"
deposits are a long-term source of environmental pollution due
to the spontaneous leaching of metals from them. Therefore, to
solve these problems, many copper smelters aim at the
introduction of technology for processing of copper smelting
slurries. The main advanced technology is hydrometallurgical
processing, namely the leaching of sludge. In addition to the
main component — copper, it can extract by-products such as
rhenium, which is found in the composition of copper-
molybdenum ores (Luganov, 2004).

Rhenium is a typical dispersed element that does not form
independent minerals. Mostly, rhenium is found in
molybdenum and copper-molybdenum ores, which are
currently its main sources.

The reserves of Russian rhenium are estimated at 310
tons, this is the 3rd place in the reserves worldwide. However,
according to some data, there is no mass production of
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Due to the fact that rhenium is a concomitant element,
methods for obtaining rhenium as a by-product are now in
demand since this can significantly increase the profitability of
obtaining waste elements such as copper.

The accumulated volumes of copper-containing
technogenic mineral resources in Russia practically
correspond to the volumes of minerals put on the balance of
deposits. Only in the metallurgical industry more than 95
million tons of slag are produced from them annually, more
than 10% are in the copper metallurgy. In this situation, it is
necessary to find ways to develop the copper raw material
base with the involvement of man-made mineral resources,
primarily through the improvement of existing technologies for
their enrichment.

One of the most accessible resources for copper is slag of
copper smelting metallurgical enterprises in the Urals. The Ural
region is called the "copper belt" of Russia and it has
accumulated a significant number of them over a long period.
The predominant factors of the involvement of slag in
processing are economic benefits, which are determined by
the possible profit of the enterprise and environmental
feasibility, which is expressed in terms of environmental
performance. In total, the Ural region has accumulated more
than 110 million tons of copper slag.

One of the most promising technologies for the associated
extraction of rhenium is the ion exchange sorption, as it is
effective for the extraction of dispersed components. In
addition, sorption processes can have high selectivity, and can
be easily integrated into the process cycle. To create the
technology and select the sorbent, it is necessary to determine
the thermodynamic and kinetic parameters of the ionite.

Review and selection of the analysis method

For the development of technologies related to the
recovery of rhenium from the leaching solution a methodology
is necessary to determine its content in the samples. It should
be noted that the content of rhenium in raw materials is
extremely low. What causes the choice of those techniques
that are able to provide high accuracy?

Spectrophotometry, gravimetry, kinetic, electrochemical,
extraction-fluorimetric methods as well as X-ray fluorescence
analysis are used as the main methods for the determination of
rhenium.

The main problems of most methods for the determination
of rhenium are their lack of sensitivity, reproducibility of the
results, and the interfering influence of accompanying
elements of the sample. In modern analytical chemistry,
methods such as inductively coupled plasma atomic emission
spectroscopy (ICP AES), inductively coupled plasma mass
spectrometry (ICP MS), as well as a number of electrochemical
methods are used to determine rhenium.

However, the main problem that a researcher encounters
when using these methods is the influence of incidental sample
components. In view of this, the question of concentrating
rhenium and separating it from the matrix is extremely
important.

Spectrophotometric methods make it possible to determine
the content of rhenium in a sample up to 10-2-10-5 wt. %. The
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advantage of these techniques lies in the simplicity, availability
of equipment and relatively high sensitivity. Spectrophotometric
techniques are based on the formation of coloured complex
compounds of rhenium with appropriate reagents. The
distributed methods use rodanide and thiocyanate ions,
thiourea. The disadvantage is the need for preliminary
separation of rhenium from interfering with the determination of
impurities (Mo, W, Cu). This is carried out by concentrating the
perrhenate ions by sorption or extraction.

Atomic emission spectroscopy with inductively coupled
plasma (AES-ICP) is used to determine rhenium in mineral raw
materials and metallurgical products. The advantage of AES-
ICP is high stability and reproducibility of results, a wide linear
range of concentrations. The method allows to determine up to
10~* wt. % rhenium. However, the correctness of the results of
analysis in atomic emission spectrometry with inductively
coupled plasma depends on many factors, for example, related
to the physical properties of the solutions — their viscosity,
surface tension, etc.; with chemical interaction of the sample
components; with the superposition of the spectral lines of the
sample components and with the negative effect of plasma
ionisation. The determination of rhenium by AES-ICP in
complex objects, for example, products of metallurgical
production, is a difficult task, since the emission lines of
rhenium are not very sensitive, moreover, they partially overlap
with the lines of accompanying elements.

Nowadays, ICP-MS allows rhenium to be determined at the
ng/g level. However, when using ICP-MS, a number of
problems arise associated with the influence of various factors
on the formation of an analytical signal. The accuracy of the
method is affected by the matrix, signal drift, saline
background, and isobar overlays.

Over the past decade, the X-ray fluorescence method
(XRF) has not lost its relevance for the determination of
rhenium. It is fast and often used for mass analysis in industry.
However, the method is not without flaws: firstly, the detection
limit of rhenium by XRF is low and is only 0.05-0.1 wt.%,
Secondly, there is a problem associated with interfering
influence from the associated sample components. The use of
concentration allows not only to lower the detection limit in the
X-ray phase analysis method, but at the same time to reduce
the influence of interfering elements on the rhenium signal. For
the concentration of rhenium the XRF methods often use
sorption of rhenium in the form of perrhenate ions.

A significant place in the analytical chemistry of rhenium is
occupied by the electrochemical methods, in particular, inverse
voltammetry. This method can determine up to 10-6-10-5 wt.%
rhenium. The first stage of the inversion voltammetry method is
the electrochemical reduction of perrhenate ions on the surface
of a graphite electrode, which takes place in two stages, while
rhenium is deposited in two forms - in the form of ReO2 and
Reo. Then, the precipitate concentrated on a graphite electrode
is subjected to anodic dissolution, while on the voltammograms
there are two anodic oxidation peaks, the peak currents and
the areas under the peaks are proportional to the concentration
in the analysed solution. In the determination of rhenium by the
method of inversion voltammetry, metal ions, which occupy a
position higher on the scale of standard potentials than the
perrhenate ion, interfere. (Lakernik, 1957; Evdokimova, 2012)
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Table 1. The composition of the solution after leaching the slag
with an aqueous solution of 3M ammonia

C, g/l C, mg/l
Cu | Zn | SOsz Fe Pb Re Ag
1741 23 | 618 | <01 | <01 | 1.0 | 237

Table 1 shows the main components of the leaching
solution, as well as their concentration. This composition
allows the use of photometric analysis methods for the solution
after the extraction of copper extraction. In addition, this
method is an affordable and effective option for the analysis of
model solutions.

For the selected method, the results were consistent with
the ICP MS results.

Dynamics of perrhenate sorption with the
sorbent AV-17-8

At this stage, a study was made of the dynamics of
sorption on the AB-17-8 anion exchange resin on model
solutions with varying composition of model solutions:

1) Model ammonium perrhenate solution.

2) Model solution of ammonium perrhenate in the environment
of ammonium hydroxide 3M.

3) Model solution of ammonium perrhenate in the environment
of ammonium hydroxide 1.2 M and ammonium sulphate 0.9 M.
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Fig. 1. Output sorption curve of solution N1

Anion exchanger AV-17-8 is a strongly basic ion-exchange
resin with gel structure. It is used in the technology for
softening and water desalination. AV-17-8 is pre-converted to
chloride form. The experiment was carried out in a
thermostated unit: T = 20°C sampling every V = 6 ml. The full
exchange capacity according to the regulations is:
FECtheory=1.15 mol/l.

As we can see, in the presence of sulphate ions, FDEC
remains at the same level. In addition, it was found that for
perrhenate ion the capacity of this ion exchange resin exceeds
the capacity declared by the manufacturer. This allows to
consider this resin for use not only in water treatment, but also
for extracting valuable components like rhenium. Also, a series
of trial experiments allows us to supplement this conclusion
with the fact that the ion exchange technology allows one to
selectively extract the perrhenate from the technological
leaching solution.
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Fig. 2. Output sorption curve of solution N2
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Fig. 3. Output sorption curve of solution N3
Figure 1-3 shows the results of sorption. Based on these

data, the values of full dynamic exchange capacity were
obtained. These data are presented in table 2.

Table 2. Full dynamic exchange capacity for different
compositions of the solution

ReO« ReOs + ReOs +
C(NHsOH)=3M |  C(NH:OH)=1,2M
C((NH4):S04)=0,9M
FDEC, | 191 1.78 1.91
mol/l

The obtained data will allow further comparison with other
ion exchange resins and calculate the technological installation
for the associated extraction of rhenium.

References

Evdokimova, O. V., N. V. Pechischeva. 2012. Sovremennyie
metodyi opredeleniya reniya. - Journal analiticheskoy
himii, 67, 9, 828-841 (in Russian)

Lakernik, M. M., N. N. Sevryukov. 1957. Metallurgiya tsvetnyih
metallov. Gosudarstvennoe nauchno-tehnicheskoe
izdatelstvo literaturyi po chernoy i tsvetnoy metallurgii, 536
p. (in Russian)

Luganov, V. A., A. O. Baykonurova et al. 2004. Teoreticheskie
osnovyi  gidrometallurgicheskih ~ protsessov. Uchebnoe
posobie. VKGTU, Ust-Kamenogorsk, 104 p. (in Russian)



