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BACKGROUND TECHNOLOGY FOR PURIFICATION OF POLLUTED
AQUATIC ENVIRONMENT AND REGENERATION OF CONCENTRATED
WASTE NITRATE-CHLORIDE-SULFATE INDUSTRIAL SOLUTIONS

Background. Recently, the problem of recycling and regeneration of concentrated waste technological solutions con-
taining non-ferrous metal ions, in particular copper, has become acute. The particular complexity of processing such
type of solutions is caused by the presence of nitrates and chlorides in their composition, causing their chemical
aggressiveness. There is a great number of works devoted to electrodeposition of copper from nitrate-containing
solu-tions. However, the background technology for the regeneration of nitrate-containing solutions by
electrowinning method is poorly developed.

Objective. The aim of the investigation is to develop background technology for the purification of contaminated aquatic
environment and to study the process of regeneration of concentrated nitrate-containing solutions by the method
of copper electrowinning with establishing the influence of the cathodic current density and solution composition on
the efficiency of copper extraction and the quality of cathode deposits.

Methods. The effect of the solution composition on the polarization and limiting current density of copper deposition
was determined by voltammetry. The influence of current density and inter-electrode distance on the cathodic copper
current efficiency and the quality of the cathode sediments were determined on the basis of gravimetric studies. The
quantitative and qualitative composition of copper cathode deposits was investigated by X-ray fluorescence analysis.
Results. The possibility of compact copper obtaining in the solution with copper content of 2 M at the current
densities of 15—25 A/dm? with the current efficiency of about 100 % was shown. It was established that for current
densities less than 10 A/dm? the copper current efficiency exceeds 100 %, which is due to the precipitation of basic
copper salts in the cathode layer. On the basis of current-voltage measurements it was established that the
electrodeposition of copper from the investigated nitrate-chloride-sulfate solutions occurs with diffusion limitations.
Conclusions. As a result of the conducted research the main technological parameters of the copper electrowinning
process from concentrated nitrate-sulfate-chloride solutions are established. The obtained data are not indispensable
for solving the important environmental problems of removing the concentrated metal-containing industrial waste.
Further investigations will focus on optimization of the current mode of copper electrowinning process and development
of semi-industrial plant for copper electrowinning from nitrate-contain solutions.

Keywords: background technology; nitrate-sulfate-chloride solution; copper electrowinning; compact copper; current
efficiency.

Introduction

Industrial galvanic effluents and waste solutions
contain heavy metal ions and other aggressive com-
ponents that are environmentally hazardous. The
problem of recycling concentrated nitrate-contain
solutions used for etching and clarifying the particles
from copper and its alloys is particularly acute. The
concentration of copper ions in such solutions can
be up to several moles per liter. The extraction of
copper and the regeneration of such solutions by the
electrowinning are hampered by the high content of
chlorides and nitrates, which makes it impossible to
use sufficiently accessible lead anodes due to their
chemical destruction in a highly aggressive solution.
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The presence of nitrate ions due to their cathodic
electroreduction can significantly reduce the current
efficiency of copper [1].

There are many proceedings dealing with cop-
per electrodeposition from nitrate solutions [1-7].
But the process of copper electrowinning from such
solutions is poorly observed [8, 9]. In addition, it is
well known that the presence of chloride ions in ni-
trate solutions can, on the one hand, increase the
current efficiency of copper, on the other hand, sig-
nificantly impair the quality of cathode deposits [7].
In concentrated chloride solutions, chemical disso-
lution of copper is generally possible when a slight
cathodic polarization is applied [10, 11].
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Problem statement

Of particular scientific interest is the study of
the possibility of copper electrowinning from ni-
trate-sulfate-chloride solutions and the effect of gas
evolution on the anode on the cathodic deposition
of copper in the duration of electrowinning process.
As a result, the determination of optimal process pa-
rameters for copper electrowinning from nitrate-
containing solutions will give the solution of the
problems associated with the utilization of highly
toxic industrial waste and copper recovery.

Research methodology

The study was subjected to an industrial waste
solution for clarifying copper parts with the following

ionic composition, mol/l: Cu** — 2; SO%‘ — 1.57;
Cl- — 3.5; NO; — 1.36; pH < 1. The content of

copper ions was determined by complexonometric
titration with trilon-B in an alkaline medium in the
presence of a murexide indicator, according to the
standard method. Chloride content was determined
by potentiometric titration using a 0.05 M standard
solution of AgNQs. The sulfate content was deter-
mined by gravimetric method by precipitation of
sulfate ions in the form of lead sulfate. For prepara-
tion of solutions, reagents of h.ch. and h.d., Khim-
laborreactive were used.

Copper electrowinning was carried out in a
two-electrode rectangular plexiglas cell with a vol-
ume of 0.5 dm®. As a cathode was used a AISI 304
stainless steel plate with an area of 0.12 dm?, and as
the anodes were used titanium plates coated with
ruthenium and titanium oxides layer (ORTA) with
an area of 0.48 dm?. The interelectrode distance was
11 and 22 mm. The cathode current efficiency of
copper (CE) was determined by gravimetric method
using analytical weights of VLR-200, at least two
parallel experiments were performed at each value.

The polarization measurements were carried
out with the potentiostat PI-51.1 in a standard
three-electrode cell with separated by glass dia-
phragm anode compartment. As a cathode (working
electrode) was used a copper core (grade MO)
pressed into teflon; the cathode working area was
of 0.5 cm? A graphite core served as the auxiliary
electrode (anode). Before the volt-ampere measure-
ments, the surface of the cathode was mechanically
cleaned with 1000 grit sandpaper. Afterwards, cath-
ode was degreased with Viennese lime and washed.
Potential values are indicated on the scale of a sat-
urated silver-chloride electrode (Ag/AgCl), which

was used as the reference electrode. The current-
voltage curves were recorded on a PDA-1 two-co-
ordinate recorder. The potential scanning rate wea-
ried within 2—20 mV/s [12].

The composition of the cathode deposits was
determined using a metal-free express X-ray fluo-
rescence analyzer EXPERT 3L in Center for Elec-
tron Microscopy of Igor Sikorsky KPI.

Results and discussion

Effect of current density on the cathodic copper
electrodeposition process. During the electrowinning
of copper from the observed solution, the following
reactions can occur,

on the cathode:

Cu®* +2e — Cu; (E” =0.338V)
NO; + 3H* +2¢ — HNO, + 2H,0;

. (1)
(E” =0.934 V)

NO; + 10H*+ 8¢ — NHj + 3H,0; @
(E° = 0.880 V)

2H" +2 — H,; (E°=0V) (3)

0, +4H" +4e — 2H,0; (E" =1.228V) (4)
on the anode:

2CI° - Cly+2; (E" =1359V)

2H,0 —» O, +2H" + 4e.

During the experiments, it was found that the
copper current efficiency (CE) and the quality of the
cathode deposits are significantly influenced by val-
ues of the cathodic current density (i) and interelec-
trode distance (Figs. 1, 2).

At the current density of 1 A/dm? (Fig. 2), the
precipitation on a cathode of white crystalline salts
with a green tint occurred. Such precipitates were
partially peeled off during electrolysis.

The obtained dependencies of the CE—i (Fig. 2)
are of extreme nature, whereby at 1 A/dm? the cur-
rent efficiency varies within 50—80%. This, on the
one hand, may be related to the predominant oc-
currence of adverse cathodic reactions (1)—(4). On
the other hand, it may be due to the detachment of
saline precipitates.

In general, the course of CE—i dependences in
the range of current densities up to 10 A/dm? —
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Fig. 1. The effect of current density on the appearance of copper cathode deposits. Interelectrode distance, mm: a—d — 11; e—h — 22.
Cathodic current density, A/dm* a — 1; b, e — 5; f — 10; g — 15; ¢ — 20; d, h — 25. Average deposit thickness — 10 pm
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Fig. 2. Current efficiency (CE) vs current density dependences;
interelectrode distances, mm: / — 11; 2 — 22

is similar to that, which was obtained in concen-
trated chloride electrolytes [11]. According to the
same work, at the current densities of 0.5—1 A/dm?
in the chloride electrolyte CE is also much less than
100% due to the corrosion of the copper cathode
under the low cathode polarization. At a low con-
centration of free chlorides in solution, this process

proceeds with the formation of insoluble copper
mono chloride by the reaction:

Cu + Cu?*+2CI"- - 2CuClL 5)

Similar processes can occur in the investigated ni-
trate-chloride-sulfate electrolyte, because the con-
centration of chloride ions is less than the concen-
tration of copper ions.

The pH of near-cathode layer can increase due
to adverse processes (1)—(4). This in turn can lead
to formation of insoluble basic copper salts which in
general terms can be represented as: Cux(OH),A.,

where A — anion CI-, SO?{, NOj. Usually such

salts have a greenish tint.

X-ray fluorescence analysis of the separated sa-
line precipitate sample showed the following con-
tent, in wt.%: Cu — 49.2; Cl — 50.3; S — 0.3. The
pure substance CuCl must contain 64 wt.% Cu and
36 wt.% Cl. Accordingly, this confirms the assump-
tion that not only CuCl, but also the basic copper
salts, can be formed during electrowinning at a cur-
rent density of 1 A/dm?.
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At a current density of 5 A/dm?, the current is
redistributed in favor of the predominant copper
deposition process. The cathodic potential shifts to-
ward more negative values, which partially elimi-
nates the copper corrosion process and the for-
mation of CuCl. The acidity of the near-cathode
layer increases due to the intensification of gas evo-
lution and mixing. The intensity of this process is
also depends on the interelectrode distance (Fig. 2).
This partially eliminates the process of salt-like sed-
iments precipitation. As the result CE exceeds 100%
(Fig. 1, b, e; Fig. 2).

Further increase in current density up to 10—
25 A/dm? due to even greater intensification of mix-
ing completely eliminates precipitation of salt-like
sediments. In addition, the values of the cathode
potential make it thermodynamically impossible for
copper cathode corrosion by reaction (5). At such
current densities, CE is almost 100%, and compact
fine crystalline cathode copper deposits are formed
(Fig. 1, ¢, d, h, g).

Polarization measurements. The potentialdy-
namic polarisation measurements were performed to
determine the effect of changing the solution com-
position on the copper electrodeposition process
(Figs. 3, 4).

From the potentiodynamic curves (Fig. 3, a, b)
it can be seen that in the range of small polarizations
the first wave with a limiting current of ~1 A/dm? is
observed. This limiting current may correspond to
the reduction process of Cu?* to Cu*. The second
wave corresponds to the process of direct electro-
deposition of copper. After the limiting current, the
next wave which corresponds to the process of hy-
drogen evolution is observed. After obtaining the po-
larization curves in solutions with copper contain
of 2 and 1.3 M (the original solution and depleted
by 33%, respectively), large crystalline copper sponge
was observed on the working electrode (cathode).

As can be seen from Fig. 4, in the solution de-
pleted by copper up to 0.26 M, the value of the lim-
iting current decreased slightly compared to the so-
lution containing 1.3 M copper. According to [1],
this is due to the intensification of the nitrate ions
electroreduction process in a solution with increased
content of HNOs. After polarization measurements,
the formation of white-green sediments (apparently
CuCl and basic salts) parallel with the copper dep-
osition on cathode was observed. This can explain
the course of the curve 3 (Fig. 4), and may indicate
partial passivation of the cathode.

As a result, for the initial solution with copper
ions content 2 M (Fig. 3), the limiting current is
about 30 A/dm? (at a scanning rate of 2mV/s, which

corresponds to stationary conditions). For a solution
with a copper content of 1.3 M, the limiting current
density is about 20 A/dm?. The values of the mini-
mum of limiting current density for all investigated
scan rates are close (Fig. 3, a, ). Comparing the
data obtained (Figs. 3, 4), it can be assumed that for
a solution with a copper content of 0.26 M, the lim-
iting current value corresponds to the minimum of
curve 3 (Fig. 4), and is about 10 A/dm?>.
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Fig. 3. Potentiodynamic polarization curves in the initial solution
with a copper content of 2 M (a) and in a solution with
a copper content of 1.3 M depleted by 33% (b), potential
scanning rate, mV/s: [ —2; 2—5; 3—10; 4 — 20

EV

—0.1 —0.2 —0.3 —0.4
Fig. 4. Potentiodynamic polarization curves in solution with a
copper content 0/26 M depleted by 87%, potential scan-

ning rate, mV/s: 1 — 2; 2—10; 3 — 20
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Dependences of the maximum of limiting cur-
rent density (iz,) on the square root of the potential
scanning rate (/v ) are linear (Fig. 5).

This according to [12] indicates that the elec-
trodeposition of copper from the investigated solu-
tions in the concentration range of copper ions 2—
1.3 M occurs with diffusion limitations. This con-
firms that solution mixing is a major factor in the
intensification of the electrowinning process.

On the basis of determined influence of the so-
lution composition on the limiting current density,
it is possible to develop the optimal current mode of
the electrowinning process [9, 13, 14]. The effect of
chloride ions should also be taken into account in
developing current mode. According to [7], it is not
possible to obtain compact fine crystalline copper
deposits of considerable thickness from nitrate solu-
tions without special organic additives and in the
presence of a large amount of chloride ions. Copper
deposits of considerable thickness will be formed in
the form of dendrites. However, in the process of
electrodeposition, dendrites can coalesce and form
a monolithic structure. This will increase the cath-
ode true surface area and may be also a factor of the
electrowinning process intensification.

Copper electrowinning with solution depletion.
Taking into account the above experimental data it
has been proposed to conduct copper electro-
winning under the current mode, which is shown in
Fig. 6, a. For experiments, a rectangular cell with
an interelectrode distance of 22 mm was used.

Deposited during 5.5 h copper had a dendritic
structure, a white sledge of insoluble copper salts in
a small amount was observed on the surface of the
deposit (Fig.6, b). In general, obtained deposit is
quite dense and does not completely lose its solidity
after the removing from the cathode plate. The pu-
rity of the copper on dendritic fragments was
99.9 wt.%, which corresponds to the metal grade
MO. When the solution was depleted from 2 to
0.26 M, the average CE was about 80% of the spe-
cific energy consumption of 5.02 kWh/kg. The value
of the specific energy consumption is comparable to
that achieved for the compact copper electro-
winning process from sulfate solutions. However,
the mass velocity of the electrowinning process in
observed solution is 8—10 times higher. Additional
increases in CFE and a reduction in specific energy
consumption are possible due to the optimization of
the current mode, which was outlined in previous
papers [13, 14].

60
o 1
£ 40 -
2
< 2
=
20 -
0 T T T 1
1 2 3 4 5

\/;, mV/s

g. 5. Dependence of i;, on+/v in the initial solution with the
copper ions content of 2 M (/) and in the solution with
the copper ions content of 1.3 M depleted by 33% (2)
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Fig. 6. Dependences of change in time (a) cell voltage (7), cur-
rent density (2), and current (3) during electrowinning;
electrochemically deposited copper (b)

Conclusions

As a result of the investigations the background
technology of aqueous medium purification and the
regeneration of copper from concentrated nitrate-
chloride-sulfate solutions by the electrowinning
method were developed.
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It has been established that, in tasted solu-
tion with 2 M Cu?*, at low current densities of
<5 A/dm?’, salt-like deposits, apparently CuCl and
basic copper salts, are deposited on the cathode. At
a current density of 10—25A/dm? dense compact
crystalline copper is deposited. This is predeter-
mined to the intensification of solution mixing,
which is due to an increase in the cathodic current
density and a decrease in the interelectrode distance.

It has been shown that during copper elec-
trowinning at an average current density of
17.5 A/dm? with the depletion of nitrate-chloride-
sulfate solution from 2 to 0.26 M, the average cur-
rent efficiency is about 80%, and the specific energy
consumption is 5.02 kWh/kg.

Further studies will focus on optimizing the
current mode of copper electrowinning process and
developing a semi-industrial plant for copper elec-

trowinning from nitrate-containing solutions.
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0.10. Ywanoecbkuir, O.I". NiHtoyes, T.I. MoTpoHtok, O.B. JliHtouesa, O.10. bBinbyeHko

TEXHOMNOIIYHI BACAON OYMEHHA 3ABPYOHEHOIO BOAHOIO CEPEQOBULIA TA PEFEHEPALIIA KOHLIEHTPOBAHUX
BIAMNPALIbOBAHNX HITPATHO-XJITOPUOHO-CYNIb®ATHNX MPOMNCNOBNX PO34YMHIB

Mpo6nematuka. OcTaHHIM YacoM rocTpo noctae npobnema yTunisauii Ta pereHepadii KOHLEHTPOBAHUX BiANpaLbOBaHWUX TEXHO-
NOTYHMX PO3YMHIB, LLO MICTATb iOHM KONMBbOPOBUX MeTanis, 3okpema Mmigi. OcobnuBy cknagHiCTb NepepobKn Taknx PO3YMHIB CIPUYMHSIE
HasIBHICTb Y HWX HITpaTiB i XNOpuWAiB, ki 3yMOBIIOIOTb iX BUCOKY arpecuBHiCTb. EnekTpoocamkeHHIo Mifi 3 TaKoro TMny po3ymHiB Npuces-
YeHa Ayxe Benuvka KinbkicTb npaupb. MNpoTe TexHonoriyHi 3acagu pereHepadii HITPAaTOBMICHUX PO34YMHIB METOLOM ereKTpoeKCTpakLii €
Marnopo3pobneHmMm.

MeTta pocnipxeHHA. Po3pobka TeXHOMNOriYHNX 3acaz OYMLLEHHST 3abpyAHEHOr0 BOAHOMO CepeaoBuLLa Ta AOCHIIKEHHS npoLecy
pereHepadii KOHLEHTPOBaHMX HITPaTOBMICHUX PO3YMHIB METOOOM eNneKTPOoeKCTpaKLii Migi 3i BCTAHOBMEHHAM BNAMBY KaTOAHOI ryCTUHMU
CTPYMy i Cknagy po34nHy Ha ePEeKTUBHICTb BUITYYEHHS Mifi Ta AKICTb KaTOAHUX OCafiB.

MeToauka peanisauii. MeTogom BonbTamnepomeTpii BCTAHOBIEHO BMMB CKINaay PO3YMHY Ha Nonspusadilo Ta rpaHnyHy rycTuHy
CTPYMy OCaXeHHs Midi. Ha ocHOBI rpaBiMeTpuyHUX AochigXeHb BU3HAYEHO BNAMB rYCTUHU CTPYMY i MiDKENeKTPoAHOI BiACTaHi Ha kaToa-
HWI BUXig 3a CTPYMOM Mifli Ta SIKiCTb KaToAHOro ocagy. MeToioM peHTreHONoPECLIEHTHOrO aHanidy A0CHiAXEHO KiNnbKICHWI Ta AKiCHWI
cknapj katogHux ocagis Migi.

PesynbTaTn gocnigkeHHs. [okasaHo MOXIMBICTb OTPMMaHHSA KOMMaKTHOI Migi 3a rycTuH ctpymy 15-25 A/am? npu Buxodi 3a
cTpyMom 6nunasko 100 % Ta BMICTI Migi B po3unHi 2 M. BCTaHOBMEHO, WO 3a YCTUH CTPyMy, MeHlunx 10 A/om?, BUXia 3a CTpyMOM Mifi
nepesuwye 100 %, Wwo NoB’sA3aHO 3 BUNaiHHAM OCHOBHUX comneW Midi y npukaTogHoMy Lwapi. Ha ocHOBi BonbT-aMnepHMX BUMIpOBaHb
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BCTaHOBIEHO, L0 €MEKTPOOCaKEHHS Midi 3 AOCNiOAXKYBaHUX HITPATHO-XNOPUOHO-CYNb(aTHUX PO34MHIB BiAOyBaeTbCst 3 ANAY3iiHUMM
OBMEXEHHSIMMU.

BucHoBKW. Y pesynbTaTi NpoBeAeHUX AoCnigXeHb BCTaHOBMEHO OCHOBHI TEXHOMOTIYHI MapameTpu Npouecy enekTpoeKcTpakLii
Mifli 3 KOHLIEHTPOBAaHWX HiTpaTHO-CyNbaTHO-XNOPUAHMX PO34MHIB. OTpUMaHi AaHi € HEOOXIOHUMY AN BUPILLEHHS BaXXIMBUX €KOMNOTiYHUX
npo6rnem yTunisaii KOHLEHTPOBaHMX METaNoBMICHMX NPOMUCIIOBUX Bigxoais. MNoganbLi gocnigkeHHst 6yayTe CNpsAIMOBaHi Ha oNTUMI3a-
Liito CTPYMOBOIO pEXMMY MPOLECY enekTpoeKkCcTpakuii Midi Ta po3pobKy HamiBMpOMMUCIIOBOI YCTaHOBKW AN eNeKTpoeKCcTpakLii Migi 3 HiT-
PaTOBMICHUX PO3YMHIB.

KntoyoBi cnoBa: TexHOMOriYHi 3acaau; HITpaTHO-CyNb(aTHO-XMOPUAHUIA PO3YMH; €NEKTPOEKCTPaKLIis Midi; KOMNakTHa Miab; BUXif,
3a CTPyMOM.

0.10. Ywanosckui, A.l". JlnHioueBa, T.U. MoTpoHiok, O.B. JlnHioueBa, A.HO. bunbyeHko

TEXHONOMYECKUE OCHOBbLI OUNCTKU 3AMPA3SHEHHOW BOOHOW CPEfbLI W PEFEHEPALA KOHLEEHTPUPOBAHHbIX
OTPABOTAHHBLIX HUTPATHO-XITOPUOHO-CYJIb®ATHbLIX MPOMBbILLNEHHBIX PACTBOPOB

Mpo6nematuka. B nocnegHee Bpemsi 0CTPO CTOUT NpobrnemMa yTunusauum u pereHepaunm KOHLEHTPUPOBAHHbIX OTPaboTaHHbIX
TEXHOJIOMMYECKMNX PaCTBOPOB, COAEPXKALLUMX UOHbI LIBETHBIX MeTanmnoB, B YacTHocTh meaun. Ocobyto crnoxHOCTb nepepaboTku Takux pac-
TBOPOB BbI3bIBAET Hanu4ne B HUX HUTPATOB U XNOPMAOB, KOTOpble 06YCNoBMMBAOT MX BbICOKYH) arpeCCUBHOCTb. ONEKTPOOCAXAEHUIO
Meau 13 Takoro Tuna pacTBOpOB MOCBALLEHO 6onbLioe KonmyecTBO paboT. OgHAKO TEXHOMOIrMYeCcKMe OCHOBBLI pereHepauum HUTpaTco-
[epXaLymx pacTBOPOB METOAOM 3EKTPOIKCTPaKLMM ManopaspaboTaHbl.

Llenb uccnepoBaHus. PaspaboTka TEXHONOMMYECKMX OCHOB OYMCTKM 3arpsi3HEHHOW BOOHOWM Cpefbl U uUccrefoBaHue npolecca
pereHepaumm KOHLIEHTPUPOBAHHbBIX HUTpaTCoAEepXKaLluX pacTBOPOB METOAOM 3IEKTPOIKCTPAKLMN Mean C OnpeaesnieHneM BIUsHNUA Ka-
TOLHOM NSIOTHOCTM TOKA M COCTaBa pacTBopa Ha ah(PeKTUBHOCTb N3BIIEYEHUsT Mean M Ka4eCcTBO KaToAHbIX OCafKOB.

MeToauka peanusauuu. MeTofoM BofbTaMnePOMETPUN YCTAHOBIIEHO BNUSIHWE COCTaBa pacTBOpa Ha Nonsipu3auuio U Npeaenb-
HYI0 NIOTHOCTb TOKa OCaXaeHns Meaun. Ha ocHoBe rpaBUMeETPUYECKUX UCCNef0BaHWI OnpeaeneHo BMsHUE NIIOTHOCTM TOKa Y MEX3meK-
TPOAHOrO PacCTOSAHUSI Ha KaTOAHbIV BbIXOA NO TOKY Meau 1 Ka4yecTBO KaToAHOro ocagka. MeTogom peHTreHodnopecLeHTHOro aHanmaa
ncenenoBaH KoMMYECTBEHHBIN Y KAYECTBEHHBIN COCTaB KaToAHbIX 0CaaKoB Meau.

PesynbTaTthl uccrneaoBaHus. MokasaHa BOZMOXHOCTb MOMyYeHUs KOMMAKTHOM MeIn B MHTepBare nrnoTHocTen Toka 15-25 A/am?
npu BbIXoAe no Toky okorno 100 % u cogepaHnu Meam B pacteope 2 M. YCTaHOBREHO, YTO MU MIIOTHOCTSX Toka MeHblwe 10 A/am?
BbIXxoZ Nno Toky Meau npesbiwaeT 100 %, 4TO CBS3aHO C OCaXAEeHWeM OCHOBHBIX COMell Meau B NpukaTogHoOM crioe. Ha ocHoBe BOnMbT-
aMnepHbIX U3MEPEHMUIN YCTAHOBIIEHO, YTO 3NIEKTPOOCAXAEHNE MeaN U3 UccrenyeMblX HUTPATHO-XITOPUAHO-CYbdaTHbIX PACTBOPOB NPO-
NCXOAMUT € AN EY3NOHHBIMU OFrPaHNYEHUSMU.

BbiBoabl. B pesynbTate npoBedeHHbIX MCCIEAOBaHWUiA YCTaHOBMEHblI OCHOBHbIE TEXHONOrmyeckue napameTpbl npouecca
3MEKTPO3KCTPAKUMN Mean U3 KOHLEHTPUPOBAHHBLIX HUTPATHO-CYNb(aTHO-XMOPUAHBLIX PacTBOPOB. [lonyyeHHble AaHHble SIBRSIOTCS
HeobXoOUMbIMU ANSi pPeLleHUss BaXHbIX 3KOMNOrMYEcKMX Npobrnem yTunm3auuMu KOHLEHTPUPOBAHHbLIX MeTannocoaepXaliux npo-
MbILMEHHbIX OTX0AOoB. [danbHelwne wnccnefoBaHus OyayT HanpaBneHbl Ha ONTUMM3auMIo TOKOBOTO pexuMa npouecca 3MekTpo-
3KCTPaKUMM Meau 1 pa3paboTky NomynpoOMbILLIIEHHON YCTAHOBKM A ANIEKTPO3KCTPaKLUMU Mean U3 HATpaTcoaepKallmx pacTBOPOB.

Knio4yoBi cnoBa: TexHOnornyeckme OCHOBbI; HMTpaTHO-CyJ’Ibd)aTHO-X.I'IOpI/I,EI,Hbll71 PacTBOp; 3NIEKTPOIKCTPAKUNA Mean; KOMNaKTHasA
Me[b; BbIXO4 MO TOKY.

PexomennoBaHa Panoto Hapiituuia no penakuii
XiMiKO-TEXHOJIOTiYHOTO (DaKyJIbTETy 17 xoBtHs1 2019 poky
KIII im. Iropst CikopchKoro
[Ipuithsara go myOsikaii
31 xoBtHs 2019 poky





