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Production of electrolytic copper from Zhezkazgan Processing Plant tailings
leaching solutions using a hydro-impulse discharge

In this work, for the first time, studies of the mineralogical composition and chemical semi-quantitative spec-
tral analysis (SQSA) of the Zhezkazgan processing plant tailings before and after leaching were carried out. It
was found that copper is present in the tailings in the form of the chalcosine and bornite minerals. After
leaching with the use of ammonium bifluoride and a hydro-pulse discharge, chalcosine and boronite are de-
stroyed, and copper passes into a solution containing phosphoric acid. As a result of multiple placing of tail-
ings into the solution, the copper content in it is brought to a concentration at which copper deposition on a
stainless steel plate is possible. The identification of copper was implemented on a LAES-Matrix grain spec-
trometer. A visual comparative analysis of the changes in the structure of the treated ore waste was carried
out using a TESCAN MIRA scanning electron microscope. Metallic copper was obtained from solution by
electrochemical reactions in an experimental laboratory setup as a result. The technology was developed on
an experimental laboratory setup for the extraction of metallic copper and brought the choice of the solution
medium and electrochemical processes to the stage of obtaining the target metal with a purity of 99.99 %.

Keywords: hydro-impulse discharge, reactor, pulp, ammonium hydrofluoride, tailings samples, mineralogical
composition, copper, electrolysis.

Introduction

The currently used beneficiation processes do not provide full extraction of useful components from
minerals due to the constructive parameters of the working equipment and apparatuses, so they cannot be
taken when developing off-balance sheet reserves of deposits [1].

Modernization of enrichment processes is carried out by involving hydrometallurgical and chemical
processing operations, which increase the efficiency of enrichment through the use of a new type of energy,
for example, reagent leaching technologies for metals.

One of the rapidly developing trends in the leaching of non-ferrous metals today can be considered the
use of electro-hydro-impulse discharge (HID) technology. HID is characterized by a high coefficient of
efficiencyand universal capabilities of ultra-high pressures in combination with electromagnetic properties.
The content of valuable components both in ores and concentrates extracted from dump tailings is usually
low. That is why, the complete extraction of valuable metals from ore is impossible without the use of mod-
ern enrichment methods, such as the method of electro-hydro-impulse action [2, 3].

Currently, the use of ammonium salts is gaining new relevance due to their high productivity in the
leaching of copper from hydrometallurgical production waste. They have the properties of breaking the in-
termolecular bonds of copper compounds and silicon compounds, thereby releasing the target product from
the minerals. The study showed that when exposed to NH** ions at a concentration of 1.29 mol/l, as well as
the impact of physical parameters such as partial pressure, time, mixing intensity, temperature, particle size,
on the minerals chalcopyrite and siderite, the extractivity is 95 % of the ore mass. Then the kinetics of Cu
leaching with a total content of 8.8 % of the ore mass indicates the feasibility of using ammonia derivatives
for copper leaching [4]. The ability to form an unstable NH; ¢ Cu*? complex makes it possible to extract
copper not only from the enriched ore, but also from their depleted products of the hydrometallurgical pro-
cess, which together makes it possible to completely extract copper and other metals of the transition group
of the periodic system of elements from ores without residues [5, 6]. For example, the authors [7] carried out
work on the hydrofluoride opening of mines of scheelite, wolframite, ilmenite, sphene, baddeleyite, datolite,
crystalline quartz and gold-containing technogenic waste. It is established that during fluorination, ammoni-
um fluoro or oxofluorometallates are formed, which provide the solubility of the products and the possibility
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of separating the mixtures by sublimation. It is shown that the opening of mineral raw materials with ammo-
nium hydrodifluoride proceeds at low temperatures and allows for the extraction of all valuable components
in the form of final oxides or intermediate simple and complex fluorides according to similar schemes.

The copper production industry in Kazakhstan has a huge potential for development with the introduc-
tion of new innovative and environmentally friendly methods of integrated ore processing, covering previ-
ously unused waste-tailings stored in the form of dumps. In this work, the “electro-hydro-impulse effect”
was used, which allows achieving a high-quality yield of metals from the tailings of the Zhezkazgan pro-
cessing plant (ZPP) at relatively low energy costs.

The aim of the study is to study the changes in the mineralogical composition of the tails of the
Zhezkazgan processing plant after leaching by hydro-impulse discharge and deposition of copper on stainless
steel by electrolysis from a fluid.

Experimental

A laboratory setup has been developed and installed for experimental work on the processing of studied
samples of mining waste by electro-hydro-impulse (HID) exposure. This makes it possible to conduct exper-
iments in a wide range of changes in the characteristics of the electric discharge.

Extraction of metals was carried out in a 11 cell, where 250 g of tailings of ZPP 1, ZPP 2, ZPP 3 were
filled in, then 500 g of water was poured and 4 g of NH,HF, were added [8].

Then it was treated with an electro-hydro-impulse discharge (HID) in the cell for 15 minutes, after that
15 ml of H3PO, was added to pH 1-2, and GIR was treated in the cell for another 15 minutes.

Next, 100 ml of water was added, after filtration, the total solution was checked with a pH meter (pH
meter / Etan ionomer) and brought to pH = 1-2 H,SO,, then sedimentation on iron plates was carried out and
the purity of the resulting copper was determined. The purity of copper deposition on the plate was imple-
mented on a Laser atomic emission spectrometer “SPEKS LAES Matrix Continuum”.

The assembled installation is composed of the main blocks and nodes. The remote control for starting a
high-voltage generator with current and voltage output sensors is made with a controlled transformer for
220 V. To obtain high-voltage electrical pulses, a pulse voltage generator was assembled. The generator unit
consists of a high-voltage transformer, a high-voltage AC rectifier, a spark gap with a cell (reactor) and a
circuit protection circuit for the generator housing, electricity metering devices (Fig. 1).
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Figure 1. Diagram of a laboratory setup for extracting copper from the tailings of the ZPP 1, 2, 3

Description of a laboratory setup:

Stirring machine v =20 I;

Pump feeding the pulp;

Pulp discharge reactor;

Decantator (sediment separation) with filtration;

Collector of the working fluid of the electrolyte v =10 ;
Electrolyzerv =51,

Circulation pump for electrolyte;

Post-decantation fluid supply pump with non-return valve;
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9. Tailings loading hopper with water and reagents supply;

10. Hydraulic pulse control panel (HIR);

11. Switch valve for the solution supply to the reactor and decantator;
12. Low-voltage controlled transformer for 220 V;

13. High voltage transformer up to 60 kV/A;

14. Discharge switch;

15. 0.4 mF capacitor;

16. Grounding.

An 1-160 MI laboratory ionomer was used to measure the pH of the medium. A microwave plasma
atomic emission spectrometer (MP-AES) duplicated on an AA-140 atomic absorption spectrometer was ap-
plied for the quantitative determination of metals. The mineralogical composition of the tailings samples was
determined using a Micromed POLAR 2 polarizing microscope. A visual comparative analysis of the chang-
es in the structure of the treated ore waste was carried out using a TESCAN MIRA scanning electron micro-
scope.

Results and Discussion

It is necessary to know the mineral composition of the samples, the size of mineral grains and the nature
of their adhesion when choosing a method for processing ores [9]. This allows to determine the required
fineness of grinding and facilitate the choice of methods for processing ore or waste. Table 1 shows the pass-
port data of the imported samples of tailings ZPP-1, 2; ZPP-3.

Table 1
Passport data of “Kazakhmys” LLP tailings samples
Name of PP Tailings Cu Fe Zn Pb SiO Al,O3 S CaO
ZPP1,2 Current 0.127 2.2 0.02 0.01 63.82 11.27 0.13 6.47
ZPP1,2 Stale 0.187 1.8 0.03 0.02 62.85 10.46 0.16 7.17
ZPP 3 Stale 0.176 2.3 0.04 0.02 64.68 11.88 0.16 4.76

The mineralogical composition of the obtained tailings samples was studied; the results before and after
the HID treatment are represented in Tables 2—-4.

Table 2
Copper content before and after HID treatment
Sample name
Stale tailings Current tailings Stale tailings
Mineral ZPP Ne l, 2 ZPP Ne l, 2 ZPP Ne 3
before  |after leach-| before after before after
leaching ing leaching | leaching leaching leaching

[Cu], total in % 0.213 0.024 0.13 0.012 0.176 0.014
¥ Cu oxidized phase, % <0.02 <0.01 <0.02 <0.01 0.026 <0.01
Cu, free oxidized % <0.02 <0.01 <0.02 <0.01 0.026 <0.01
¥ Cu of Malachite+ Azurite
Ejztg‘g?(‘gﬂ;/; 200{CO4 <0.02 <001 | <002 <0.01 0.026 <0.01
xCU[OH],+Cu,CI(OH);3
Cu, chalcosine % (Cu,S) 0.09 0.004 0.04 0.01 0.056 0.01
Cu, bornite %(CusFeS,) 0.063 0.02 0.03 0.002 0.042 0.004

As can be seen from Table 2, copper is contained in the samples in the form of chalcosine and bornite
minerals. The highest copper content is found in the sample “Stale ZPP No. 1, 2. After the HID treatment,
copper remains only in the form of the chalcosine and bornite minerals in small quantities, and from the re-
maining minerals it passes into solution.
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Lead content before and after HID treatment

Table 3

Sample names
. Stale tailings ZPP Ne 1, 2 Current tailingsZPP Ne 1,2 Stale tailings ZPP Ne 3
Mineral
before after before after before after leaching
leaching leaching leaching leaching leaching

[Pb], total in % 0.025 0.003 0.014 0.002 0.025 0.002
Galenite (PbS), % 0.011 0.001 0,008 0.001 0.012 0.001
Cerussite (PbCO3),% 0.005 0.0 <0.002 0.0 0.007 0.0
1';5?)"3]((')/'3 oxide (litharge, | 5 504 0.001 <0.002 0.001 0.004 0.001
Pyromorphite
(Pbs(POL)sCl) 0.003 0.001 0.0 0.0 0.002 0.0

From Table 3 it can be noticed that lead is mainly contained in the samples in the form of the minerals
of galena, cerussite and litharge. In the HID processing field, lead remains in the samples in the form of the
minerals of galena and litharge in small quantities.

Zinc content before and after HID treatment

Table 4

Sample names
Mineral Stale tailings ZPP Ne 1,2 | Current tailings ZPP Ne 1, 2 Stale tailings ZPP Ne 3
before after before after before after
leaching leaching leaching leaching leaching leaching
Zn total, % 0.018 0.0021 0.014 0.0027 0.019 0.0021
Carbonated Zn, % 0.003 0.0 0.001 0.0 0.004 0.0
Zn associated with iron 0.007 0.001 0.002 0.001 0.007 0.001
and manganese oxides, %
Zn sphalerite (ZnS), % 0.008 0.0011 0.01 0.001 0.004 0.001
Zn related to 0.003 0.0 0.001 0.0007 0.003 0.0001
aluminosilicates ,%

As can be seen from Table 4, zinc is mainly contained in the mineral sphalerite in the samples of stale
ZPP 1,2 and ZPP 1, 2, 3 in minerals associated with iron and manganese oxides. After processing HID, zinc
in small quantities remains in the samples of ZPP 1, 2, 3 mainly in the minerals sphalerite and minerals asso-
ciated with iron and manganese oxides.

A semi-quantitative spectral analysis was performed applyng a LAES-Matrix laser spectrometer to de-
termine the valuable chemical elements in the tailings. The obtained data are illustrated in Table 5.

Chemical semi-quantitative spectral analysis (SQSA) before and after treatment

Tableb

Sample names
Ne | Metals, % Stale tailings ZPP Ne 1, 2 Current tailings ZPP Ne 1, 2 Stale tailings ZPP Ne 3
before leaching| after leaching |before leaching| after leaching | before leaching| after leaching
1 Ag 0.0004 0.0001 0.0001 0.0001 0.0004 0.0001
2 Ba 0.092 0.066 0.081 0.071 0.074 0.053
3 Co 1.2 1.1 1.3 0.6 13 1.0
4 Cu 0.213 0.023 0.117 0.012 0.179 0.014
5 Ni 0.25 0.23 0.26 0.24 0.25 0.22
6 Pb 0.024 0.030 0.013 0.019 0.022 0.022
7 Sc 0.8 0.009 1.0 0.008 0.9 0.010
8 Fe 0.180 2.79 0.240 1.51 0.210 2.53
9 Zn 0.022 0.0021 0.013 0.0027 0.035 0.0021
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It is clearly seen from Table 5 that there are other chemical elements besides copper. These are ele-
ments such as zinc, lead, silver and some others, and they are of interest for the development of technologies
for their extraction. As can be seen from the data of quantitative analysis in Table 6, the metals in the work-
ing solution first go into solution, and then precipitate in the form of phosphates, and also partially form
complexes with fluorides.

Table6
Chemical analysis of sediment after decanting and deposition of other metals
No Sample Ag Ba Co Cu Ni Pb Sc Fe Zn
° P % % % % % % % % %
1 ZPP 1, 2 Stale 0.0004 0.092 0.9 0.013 0.25 0.024 0.8 0.18 0.02
2 |ZPP 1,2 Current| 0.0001 0.08 0.12 0.02 0.26 0.013 1.0 0.240 0.013
3 ZPP 3 Stale 0.0004 0.074 0.5 0.014 0.25 0.022 0.9 0.210 0.035

Table 6 shows that copper remained in solution.
Figure 2 demonstrates the percentage of copper in the fluid to its content in the tailings, after running the
pulp through a laboratory unit with HID treatment for 30 minutes in the presence of phosphoric acid.
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1—Z7PP 1,2 Stale; 2— ZPP 1, 2 Current; 3 — ZPP 3 Stale
Figure 2. Diagram of copper content in tailings before (a) and after (b) HID treatment

The average copper content for all fractions was calculated using the formula:
A = (x1+xot...xp)/n = Yx/n =0.114+ 0.167 + 0.162 / 3 = 0.148.

Heap and underground leaching are widely used to extract copper from poor and off-balance ores or
tailings. The main solvent for heap leaching is solutions of iron sulfuric oxide, which are obtained by
irrigation of piles with water as a result of pyrite oxidation. Irrigation is carried out consistently with water
and solution, followed by cementation of copper with iron scrap. In the case of using a leaching technology,
the copper yield was 63.2 % (current ZPP 1,2), 63.6 % (stale ZPP 1,2), 64.2 % (stale ZPP 3).

During the use of a hydro-impulse discharge, the copper yield was 89.75 %; 89.3 %; 92.0 %, respectively.

The first 3 digits are reduced by 63, and the second by 89.3 for the convenience of calculations, then:

S,2=1/3[0.45% +2,7% — (0.45 + 2.7)* /3] = 1/3[7.21 — 3.3] = 1.3;
S,2=1/5[0.2* + 0.6° + 1.2 — (0.2 + 0.6 + 1.2)? /3] = 1/5[1.84 — 1.33] = 0.10;
812 / 822 =13.

The number of freedom degrees were f; = 5, f, = 3. Improvement can only reduce the variance, so we
apply a one-sided significance criterion. According to the table of quantiles of the Fisher distribution, we
find Fogsi3 = 9.0. We see that S,% 1 S;* = 13. Therefore, the observational data allow us to reject the null
hypothesis and consider the improvement effective. Thus, the variance of dispersion is significant.
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On the plates, after sedimentation and washing from the solution residues, the copper content was
analyzed for its purity from contamination on a laser atomic emission spectrometer “SPEKS LAES Matrix
Continuum”. The above spectrum clearly shows the analytical lines of copper, which are characterized by
high intensity and low content of impurities. The sedimentation of copper on iron plates and the analysis car-

ried out on a laser spectrometer is illustrated in Figure 3, the laser operation zone in the form of burnt circles
is clearly visible.
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SEM HV: 15.0 kV
View field: 51,7 ym
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SEM HV. 150 kV
View fieid: 161 ym
SEM MAG: 1,84 kx

SEM HV: 160 kV
View fieid: $0.1 ym
SEM MAG: § 53 kx

e f

a—1, 2 Current tails before HID treatment; b — ZPP 1, 2 tails after HID treatment;
¢ — ZPP 1, 2 stale tails before HID treatment; d — ZPP 1, 2 Stale tails after HID treatment;
e — ZPP 3 before HID treatment; f — ZPP 3 after HID treatment

Figure 4. Micrograph of ore waste samples (before and after processing)

To check the sediment remaining after the HID, images of the tailings samples were taken before and
after processing (Fig. 4) on the TESCAN MIRA-scanning electron microscope (SEM).

The photos taken with a scanning microscope clearly show the difference between the tail samples be-
fore and after the HID treatment: 1) all small particles of clay crumble and dissolve; 2) transparent quartz
crystals are clearly visible; 3) all mineral and fibrous formations disappear, there is no adhesion of particles
to each other.

All this shows that as a result of treatment with HID and 4 grams of ammonium bifluoride NH;HF;,
mainly larger quartz crystals remain, and other types of minerals dissolve with them. After the deposition of
other metals and their conversion to insoluble phosphates, the HID laboratory facility worked out the modes
of extracting copper from the tailings and subsequent deposition on a stainless steel cathode with a high puri-
ty of 99.99 %.

Preliminary calculation of energy consumption

When processing 150 thousand tons of tailings per year, the costs will be:

The cost of equipment is 99,850,000 tenge.

Materials (provided that the working solution with ammonium bifluoride and sulfuric acid circulates
during the daily operation of the installation until it is saturated with copper to approximately 35-38 kg/m°).

150,000 * 34,248 tenge = 5,137,200,000 tenge.

When organizing the regeneration of ammonium bifluoride and sulfuric acid, i.e. the return to the leach-

ing process of about 70 %, the annual cost of materials will be:
5,137,200,000 tenge * 0.3 = 1,541,160,000 tenge.

Resource costs:

— electricity: 150,000 t * 10,260 tenge / t = 1,539,000,000 tenge;

— water (if the unit is loaded three times for 10 tons of tailings, the loss of water at each discharge will

be about 20 liters, that is, the daily additional volume of water will be 24 cubic meters):
365 days * 24 cubic meters * 150 = 1,314,000 tenge;
—salary: 3 people * 180,000 tenge * 12 = 6 480 000 tenge.

Conclusions

The following results were obtained for the first time: the mineralogical composition of the selected
tailings samples, which are gray sand with clay inclusions, was determined. In these samples, copper resi-
dues are mainly found in the form of the minerals chalcosine and bornite. Then leaching was carried out us-
ing ammonium bifluoride hydro-pulse discharge.

A complete chemical analysis of the HID treated samples was carried out on the 4210 MP-AES atomic
emission spectrometer, which showed that the metals had passed into solution. Next, the solution was treated
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by acidification of the medium with phosphoric acid to pH = 1-2 to transfer other metals to the precipitate.
In this solution, HID was repeatedly produced to increase its copper content to a concentration of 0.25 mol/I.

Electrochemical methods were used to obtain copper deposited on the matrix, where the anode is an ox-
idized ruthenium-titanium anode (ORTA) mesh, insoluble 3x5x15 c¢m, and the cathode of non-rusting steel
plates is 3x5x15 cm. The purity of the obtained copper on the substrate was determined using an LAES-
Matrix spectrometer. It was shown that the purity of the obtained copper is 99.99 %. An experimental labora-
tory setup was made, on which the modes of copper extraction on stainless steel plates were worked out.

Then, the images of the tailings samples before and after processing were taken with a TESCAN MIRA
scanning electron microscope (SEM) to check the sediment remaining after the HID. It was shown, that all
small particles of clay crumble and dissolve; transparent quartz crystals are clearly visible; all mineral and
fibrous formations disappear, there is no adhesion of particles to each other.
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E.C. Mycradun, X.b. Omapos, A.C. bopcbinbaes,
. Xasnuuek, A.M. Ilynos, H.B. Illyes

7Ke3kasraHn 0aitbITy padpuKachl KAIABIKTAPbIHA THAPOUMILYJIBCTI PA3pSAATHI
KOJIJaHA OTBIPBII, ePiTiHALIepPiHEeH 3J1eKTPOJIUTTIK MBICTBI a1y

Makanaga anram per JKeskasraH OaifbITy (paOpHKAachIHBIH KalABIKTApPBIHBIH, ©HAEYre NeWiHTi >KoHe
OHJICY/ICH KeHiHTT MUHEPAJIOTHSUIBIK KYpaMblHA YKOHE XUMHSIIBIK JKapThlIaid CaHABIK CTIEKTPIiK Tangay (PSA)
3epTTeyepi KYprizireH. MpIc KalIbIKTapbIHAA XaTbKO3HH XKOHE OOPHUT MHUHEpAIAaphl TYpiHIE OONATHIHBI
AHBIKTAABL. AMMOHHH OWUMTOPHUIIH KOHE THAPOUMITYIIBCTI PAa3pSATHL KOJJaHFaHAa, OenyldeH KeHiH
XaIIbKO3MH >KOHE OOPHHUT BINBIPAWIBI, al MBIC KypaMbiHAa (Gochop KBIIKBUIBI Oap epiTiHIIre oTemi.
Kangpikrapasl epiTiHaire KalWTa-KalTa eHTi3y HOTIDKECIHIE OHBIH KYpPaMBIHIAaFrbl MBIC MeJIIEpi TOT
OacrmaiiTeiH GoNaTTaH jJKacaJFaH MBICKA IIOTy MYMKIH OOJIaTBIH KOHIEHTpAIMsAFa JKETKI3LIi. ABTopiap
MbIcThl Tanaayapl LAES-Matrix masepiik ceKTpoMeTpiHze 3epTTeyJiep/bl, COHBIMEH KaTap, OHJCIreH KeH
KaJIZIIKTapBIHBIH KYPBUIBIMBIHIAFEl ©3repicTepre BU3yaiabl canbicTeipManbl Ttangayasl TESCAN MIRA
CKaHEPJICHTIH AMIEKTPOHIBI MUKPOCKONTA KYpridreH. HoTmxkecinne ToxipuOemiK 3epTXaHalbIK KOHABIPFIIA,
SMEKTPOXUMHUSUIBIK PEaKIUsIIap apKbUIBI €PITIHAIAEH MBICTBI METAJUT TYPiHJAE aly, METaUl MBICHIH alyFa
apHaJFaH KOHABIPFBIA TEXHOJIOTHSCH 3ePTTEI I )KOHE epITiHAI OPTaChIH TaHay apKbUIBI JIEKTPOXUMHUSIIBIK,
nporectep ke3innae 99,99 % TazanbIKIeH MeTanbl ATy CaThIHA IeHiH 3epTTeyiep Kacabl.

Kinm ce30ep: TMAPOMMITYJIBCTI pa3psil, peakTop, KeHIi Cy, aMMOHHUH THAPO(GTOPHAl, KaJIbIK YITiiepi,
MHHEPAJIOTUSUTBIK KYPaMBbl, MBIC, JJIEKTPOJIH3.
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E.C. Mycradun, X.b. Omapos, A.C. bopceinbacs,
. Xasnuuek, A.M. Ilynos, H.B. Illyes

Iosy4eHue 3JIeKTPOJIMTHYECKOM MeAU U3 PACTBOPOB BbIIETYHBAHUS
xBocToB 7Ke3ka3zranckoii odorarurenbHoi Gpadbpuku
¢ NIpUMeHeHHeM F'HIPOUMILYJIbCHOTO pa3psiaia

B cratbe BmepBble NPOBEAEHBI UCCICAOBAHUS MHUHEPAJIOTMYECKOr0 COCTaBa M XMMUYECKUHM MOJIyKOIH-
yecTBeHHBIH crekrpansHbiid anamus (IICA) xBocroB JKeskasranckoi oboraturensHol (Gabpuky 1o U mocie
BBIIIEIQUYUBAHKS. Y CTAHOBIICHO, YTO MeJlb IPUCYTCTBYET B XBOCTaX B BUJIC MUHEPAJIOB XaJIbKO3WHA ¥ OOPHH-
ta. [Tocrne BbImeNaYnBaHUs ¢ NpUMEHEeHHeM OH(TOpUIa aMMOHHMS ¥ THIPOUMITYJIECHOTO pa3psiaa XalbKO3WH
U GOpHUT pa3pyIIAIOTCs, a MEb NEPEXOIUT B PacTBOP, coaepxkauuii GpocdopHyto kucinory. B pesyinprare
MHOTOKPaTHOTO BBEJIEHHS XBOCTOB B PACTBOP COJEPKAHUE MEIM B HEM JIOBEJECHO A0 KOHIIEHTPALUH, IIPU KO-
TOPOH BO3MOXHO OCaKICHHE MEIH Ha INIACTHHKE M3 Hep)KaBelomllel cTaau. ABTOpaMHd NPOBEICHA MACHTH-
¢ukauus Menu Ha JlazepHoM criekTpomerpe LAES-MatriX, Bu3yanbHbIi CpaBHUTEIBHBIH aHAIN3 U3MECHEHHS
CTPYKTYpBI 00pabOTaHHEIX PYAHBIX OTXOJOB Ha CKaHUpYyIommeM eKTpoHHoM MuKpockorre TESCAN MIRA.
Pesynpraramu cranu moiaydeHue METaUIMYECKOW MEAM U3 pacTBOpa IIyTeM JJIEKTPOXUMHMUYECKUX pPEeaKIHi,
0TpaboTKa TEXHOJOTUH Ha ONBITHOW JaOOPAaTOPHOH YCTAaHOBKE IO M3BJICUCHHIO METAITIMYECKON MeIH U J0-
BeJICHHE TTOJJO0POM CPEbl pacTBOpa M AIEKTPOXUMUYECKHX MPOLIECCOB IO CTAANH MOJTYUSHHUS 1IEIEBOTO Me-
Taia ¢ yuctoroit 99,99 %.

Kniouesvie cnosa: TupONMITY IbCHBIN pa3psf, peakTop, MyJbla, THAPOYTOPUI aMMOHHMS, 00pa3Lbl XBOCTOB,
MHHEPaJIOTNIeCKUIl COCTaB, HIIEKTPOIIH3, MEMb.
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