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One of the sources of environmental pollution with hazardous substances, primarily heavy
metals, is the electroplating industry. The prevention of pollution of water bodies with wastewater
containing heavy metal ions is closely related to reducing the consumption of fresh water for the
technological needs of production and to reducing the amount of effluent. One of the solutions to
this problem is to create low-waste and waste-free environmentally safe technological processes
of wastewater treatment using treated effluents in the recirculation system, which reduces the
negative impact on the environment. The results of studying the sorption properties of the natural
modified mineral Akdolit-Gran prove a high efficiency of this sorption filling when conditioning
electroplating shop effluents contaminated with a complex of heavy metals. Taking into account
a relatively low cost of this natural mineral, Akdolit-Gran has the advantages in terms of its
economic feasibility, plus the high degree of extraction of metals using this sorbent together with
its low consumption allows designing recirculation systems for industrial enterprises meeting the
requirements for physical and chemical parameters of service water.
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HepCHeKTI/IBLI HUCIIOJIBb30BaHUA
MOAM(PUIIMPOBAHHOIO COPOIIMOHHOI0 MATepHUAaJIa
JAJISl MHTEHCU(PUKALUN OYMCTKHU BOABI
3JIEKTPONPOMBIIIJIEHHOT0 IPOU3BOACTBA
T.A. Kypuauna, O.I. Jlyoposckas,
B.A. Kyaarun, A.U. Marwomenko, A.I. boopux

Cubupckuti pedepanvHulil yHUBepcumem
Poccus, 660041, Kpacnospck, np. Ce0600HbitL, 79

OOHUM U3 UCTOYHUKO8 3ASPA3HEHUs OKpyxcaroujell cpedbl ONACHbIMU Beujecmeamu, npexicoe
8Ce20 MANCENBIMU MEMANIAMU, ABNACMCA 2ATbBAHUYECKAA NpOoMbluLIeHHOCb. [Ipedomepaujenue
3A2PASHEHUSL 8000EMO8 CMOYHBIMU BOOAMU, COOEPIHCAWUMU UOHBL MAHCETBIX MEMALL08, MECHO
CBA3AHO € COKpAUeHUeM NOMpeONeHUs. NPECHOU 600bl HA MEXHOI0SUYECKUEe HYHCObl NPOU3E0OCNEA U
C yMeHbleHUueM Koaudecmsa cmounsix 600. OOHUM U3 peuleHuti 9moii npooiemvl A8IAeMcs CO30aHUe
MATOOMXOOHBIX U Oe30MXOOHBIX IKOA02UHECKU OE30NACHBIX MEXHON0SUECKUX NPOYecco8 OUUCTKU
CMOYHBIX 800 € UCTIONBLIOBAHUEM OYUUWEHHBIX CTNOKO8 6 PEYUPKYIAYUOHHOU CUCTeMe, YO CHUMCaem
He2amugHoe 8o30elicmeue Ha OKpYxcarowyro cpedy. Pesynomamul uyueHus copoOyUOHHBIX CE0UCME
NPpUPOOHO20 MOOUPUYUPOBAHHO20 MUHEPAIA AKOOIUM-2PAH OOKA3bI8AIOM 8bICOKVIO 3 heKmugHocms
9MO20 COPOYUOHHO20 HANOTHEHUS NPU KOHOUYUOHUPOBAHUU YeX08 2Ab8AHUYECKO20 NPOU3E00CMEd,
3A2PASHEHHBIX KOMNAEKCOM MANCENbIX Memaanog. 3a cuem OMHOCUMENbHO HUSKOU CMOUMOCHU
axkoonum-zpan ooa1aoaem npeumMyuecmeami ¢ MOUYKU 3peHUs €20 IKOHOMULECKOU yerecoo6pasHocmu,
RIIOC BbICOKAA CTENeHb U36NeHeHUs MeMALI08 ¢ UCNONb308AHUEM D020 COpOeHma emecme ¢ e20
HU3KUM PACXOO00M NO3605A€M CO30A8AMb CUCTHEMbL DEYUPKYIAYUU O RPOMBIULIEHHBIX NPeONPUATIU,
omeeuaioujue mpedOBAHUAM K PUIUKO-XUMUUECKUM NOKAZAMENAM MEeXHUYeCKOU 800bL.

Kniouesvie cnosa: copOyuonHas Heumpanusayus, UOHbL MANCEbIX MEMALL08, MOOUDUYUDPOBAHHbIIL
copbenm, 0010MUMo8vle NOPOObI.

Current state of the problem

Sorption extraction of metals is one of the most effective methods for cleaning effluent of
electroplating, its effectiveness is 80-95% depending on the sorbent used. The sorption technique of
wastewater treatment using natural sorbents has been known for a long time, however, there is a large
class of natural sorbents minerals which, have not been widely used due to the lack of knowledge
[1-6]. Meanwhile, their advanced sorption properties, low cost, and natural abundance make them an
economically feasible raw material in industrial wastewater treatment technologies. Natural materials,
as a rule, are most preferable as sorption filling in terms of environmental and economic expediency.
However, to increase the sorption activity and sorption capacity, the original natural materials need to
be modified. The methods of modifying and activating natural sorbents include heat treatment, acid or
alkaline exposure. Activation and enhancement of the sorption properties of natural materials allow
obtaining highly efficient fillings with desired sorption properties and a certain selectivity.

Currently, taking into account the growing need for recirculation systems of treated industrial
wastewater, searching for effective and economically-viable natural sorbents to intensify effluent

treatment is an immediate problem [8, 9].
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Research methods

This paper studies the sorption method for removal of a complex of heavy metals, for example,
Cu (IT); Ni (I) and Zn (II), from aqueous solutions with a modified sorbent which bases on dolomite
raw materials. This sorbent, Akdolit Kesselburger Pelm Gran CM3 (Akdolit-Gran) is produced in
Germany and is widely used in Europe and the European part of Russia.

The sorbent material is thermally activated and modified by calcining the natural mineral.
Calcination contributes to loosening of the rock with the formation of structures with greater porosity
and specific surface [10, 11]. The approximate chemical composition of Akdolit-Gran: calcium
carbonate CaCO; — 68.9%; calcium oxide CaO — 1.4%; magnesium oxide MgO — 25.4%; magnesium
carbonate MgCO; — 0.6%; iron oxide Fe,0; — 0.6%; aluminum oxide Al,O; — 2.7%; silicon oxide SiO, —
0.3%; water H,O — 2.7%. The percentages of the substances obtained on the basis of a regular physical

and chemical testing and are the average statistical values.

Research results

The objective was to study the physical and chemical and sorption properties of Akdolit-
Gran.

To carry out the sorption in the laboratory, we used the method of variable sorbent weights and
constant volumes of the simulated solution with the initial ion concentration: Cu (II) = 60 mg/dm?*; Ni
(I1) = 15 mg/dm3; Zn (II) = 20 mg/dm?. These concentrations are most common in the electroplating
industry wastewater. The residual concentration was determined on an ICAP-6500 Inductively Coupled
Plasma Atomic Emission Spectrometer.

The sorbent mineralogical composition was determined based on the data from X-ray
crystallography carried out on a DRON-3 diffractometer, in Cu-K, radiation.

The analysis of the diffractogram indicates that the main phase in the sorbent is calcite CaCO,
(d=0.38; 0.30; 0.23; 0.19; 0.18 A); besides, there is a rather significant amount of magnesium oxide MgO
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Fig. 1. The diffractogram of Akdolit-Gran
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(d=0.21; 0.15 A). Low-intensity diffraction maxima correspond to magnesium hydroxide Mg(OH),
(d=0.21; 0.15 A) and calcium hydroxide Ca(OH), (d=0.49; 0.26 A) resulting from hydrolysis oxides of
magnesium and calcium contained in the sorbent. The remaining substances specified in the technical
documentation for the sorbent (MgCO,, Fe,0;, A120;, and SiO;) were not detected due to their low
concentration. For a more detailed study of the sorbent sample, we carried out a thermal analysis on
an STA 449 F1 (simultaneous thermal analyzer), by NETZSCH (Germany), in an argon medium. The
thermogram of the Akdolit-Gran sample is shown in Fig. 2. The number, shape and position of various
exothermic and endothermic peaks relative to the temperature scale were used to qualitatively identify
the sample being studied.

The sample thermal analysis data show 4 endo-effects on the DSC. A minor endo-effect at
109 °C refers to removal of the adsorbed water, the endo-effect at 430 °C is caused by dehydration of
Mg(OH),:

Mg(OH),— MgO+H,0;

meanwhile, the sample mass, as shown by the TC, decreases ~ 5.59% in this temperature range, the
compound of Mg(OH), in the sample is ~ 18%, it is followed by the endo-effect at 476° which is caused
by dehydration of Ca(OH),:

Ca(OH),—Ca0O+H,0;

the mass decreases by 0.59%; a large endo-effect is observed at t=844 °C, which is related to calcite

decarbonization, i.e. calcite CaCO; decomposes with formation of CO,:

CaCO;—Ca0O+CO,1;

the sample mass is reduced by approximately 27%, the content of CaCO; in the sample is 61.4%
according to the thermogram.
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Fig. 2. Thermogram of Akdolit-Gran: DTC is a differential thermogravimetric curve (shows the rate of change of
mass, this is the first derivative of TC), TC is a thermogravimetric curve which shows the change of mass during
heating (the mass increases or decreases), DSC is a differential scanning curve (DSC and DTA show endo- and
exo-effects occurring during heating, DTA is an analysis from one point, DSC is an analysis from the whole
surface)
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According to the data of differential-thermal and X-ray phase analyses of the sorbent, we can
conclude that during heat treatment, chemical transformations also take place, which results in the
formation of calcium carbonate and magnesium oxide.

We determined the technical characteristics of the sorbent abiding by the standard techniques (see
Table 1).

The dose values of the proposed sorption material are found experimentally and given in
Table 2.

The experiment performed (see Table 2) showed that the cleaning effect with the use of Akdolit-
Gran sharply reduces in an acidic medium. The reason for this can be a change in the colloid-chemical
properties of the sorbent, the isoelectric point of which corresponds to pH = 5.4 approximately,

therefore, when the pH is below this value, the reaction centres on the sorbent granules are deactivated,

Table 1. Technical characteristics of the sorbent

Total pore volume, Vy (cm/g) 0.103
Bulk density, p, (g/cm?) 1.15
Real density p (g/cm?) 2.37
Average density p, (g/cm?) 2.26
Porosity P (%) 4.64
Water absorption W (%) 10.3

Table 2. The experimental results

Residual Residual Residual
No. Dsb —dose of the pHO concentration concentration concentration
sorbent mg/dm’ of Cu*, mg/dm? of Ni**, mg/dm? of Zn*, mg/dm?
1 1.0 3.0 9.736 6.128 4902
2 1.0 7.0 0.123 1.495 1.295
3 1.0 9.0 1.131 0.183 0.0152
4 1.0 11.0 1.268 0.199 0.0098
5 1.2 3.0 8.131 6.103 3.663
6 1.2 7.0 0.305 0.923 1.306
7 1.2 9.0 0.192 0.163 0.0081
8 1.2 11.0 0.193 0.198 0.0093
9 1.6 3.0 7.961 5.932 3.569
10 1.6 7.0 0.129 0.138 1.0061
11 1.6 9.0 0.109 0.162 0.0062
12 1.6 11.0 0.203 0.204 0.0161
13 2.0 3.0 7.805 5.862 4.998
14 2.0 7.0 0.905 0.132 1.0092
15 2.0 9.0 0.129 0.193 0.0103
16 2.0 11.0 0.151 0.235 0.0198
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the bimolecular attraction of the binary layer decreases, which causes electrostatic repulsion of metal
ions from the sorbent surface.

When analysing the sorption parameters of the studied Akdolit-Gran, we determined the
following: Ay, — absorbing capacity of the sorbent, ky — a coefficient of metal distribution between
the simulated solution and the sorbent, kg, — a preset degree of the sorbent capacity exhaustion, R — a
degree of metal extraction from the solution, Dy, — dose of the sorbent [12—14]. The calculus results are
given in Tables 3-5.

The sorption capacity of Akdolit — Gran varies in respect of the studied materials. Evaluation of

the sorbent efficiency for extraction of metals from aqueous solutions using a specific sorption capacity

Table 3. The absorbing capacity of Akdolit-Gran (Asb, mg/g)

Item Dsb _Gfszfgfg?iﬁom - Cu? Ni?t Zn*
1 1 57.74 13.01 19.87
2 1.2 48.16 11.71 16.37
3 1.4 41.28 10.27 14.14
4 1.6 36.76 8.63 12.35
5 1.8 32.26 7.26 10.54
6 2.0 28.15 6.37 9.19

Table 4. The coefficient of metal distribution between the simulated solution and the sorbent (kd, g/dm?)

Item Dsb 7((}1;:5’ ogf;dAnlgi olit - Cu* Ni% Zn*
1 1 25.59 6.55 155.23
2 1.2 21.81 12.48 45.98
3 1.4 18.68 16.48 67.98
4 1.6 31.20 729 52.55
5 1.8 16.69 3.77 10.28
6 2.0 7.61 2.83 5.64

Table 5. The degree of metal extraction from the solutions (R, %)

Item Dsb _C?:asri ng/‘?nl:? olit - Cu? Ni?t Zn*
1 1 96.24 86.76 99.36
2 1.2 96.32 93.75 98.22
3 1.4 96.32 95.85 98.96
4 1.6 98.03 92.11 98.92
5 1.8 96.78 87.16 94.87
6 2.0 93.83 84.94 91.86
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can lead to erroneous conclusions. Thus, evaluation of the efficiency of immobilization of heavy metals
using the values of the sorption capacity gives the following row of sorption: Cu?*> Zn*"> Ni*, and by
means of the metals distribution coefficient and the degree of extraction of metals we see the following
sequence: Zn** > Cu? > Ni*". This is due to the fact that the sorption capacity depends on the mass of
the sample taken.

Ionic potential, i.e. a surface charge of the ion can be used to assess a surface dissociation
degree.

The ionization potential is determined by the formula

where 7 is a number of electrons; e is an electron charge.

Cu?, Zn*" and Ni** have got 2 electrons, and the electron charge is 1.602. There is a dependence
[12] stating that the larger the radius of the ion is, the smaller the ionization potential will be. The
radius of the atom for Cu?* is 1.278 A, the radius of the Zn?* atom is 1.333 A, and the radius of the for
the Ni**atom is 1.246 A; and according to this feature, the studied metals arrange in a row Zn** > Cu?*
> Ni?*, which corresponds to the experimental findings.

Table 6 shows the results of the study and calculation of the kinetics of the sorption process of
copper (I1), nickel (II) and zinc (II) ions.

Which also gives the following sequence of distribution of metals in the extraction rate:
Zn2+ > Cu2+ > Ni2+

As the sorption process is exothermic, when temperature increases, the capacity of the sorbent
with respect to metals decreases [15, 16], which is confirmed by the results (Table 7).

The phenomena of physical and chemical sorption clearly differ in some rare cases. There
usually occur intermediate variants when the bulk adsorbed substance is relatively weakly bound, and
only a small part of it binds firmly [17-19]. When the temperature is rising, an increase in chemical
adsorption begins blocking a fall in physical sorption, starting from a certain temperature; therefore,
the temperature dependence of sorption has a clear minimum in this case (Table 8).

These experimental data were used to develop a project to restore wastewater treatment facilities

using the proposed sorption material.

Table 6. The results of the calculation of the sorption rate constant, depending on the dose of the sorbent

Dsb — dose K, sec’

of the sorbent mg/dm? Cuzt Niz 70z
1 3.28 2.02 5.05

1.2 33 2.77 4.02

1.4 33 3.18 4.56

1.6 39 2.54 4.44

1.8 34 2.05 2.97

2.0 2.78 1.89 2.51
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Table 7. The dependence of the sorption capacity (A, mg/g) and the solution temperature, mg/g

A, mg/g
Item Temperature °C -

Cu(1I) Ni(1l) Zn(I1)
1 11.5 41.78 10.22 14.06
2 17.0 4275 10.59 14.28
3 25.0 42.76 10.63 14.26
4 33.0 42.76 10.67 14.28
5 38.5 42.77 10.70 14.27
6 60.0 42.76 10.62 14.22
7 70.5 42.71 10.61 14.20
8 80.0 42.71 10.57 14.14

Table 8. The calculation results for the dependence of the residual concentration and the temperature of the
aquatic medium

Temperature °C Cre

Cu(Il) Ni(II) Zn(1I)
11.5 2.201 0.689 0.308
17.0 0.151 0.161 0.005
25.0 0.128 0.112 0.031
33.0 0.131 0.056 0.0053
38.5 0.121 0.013 0.0101
60.0 0.136 0.128 0.0805
70.5 0.207 0.146 0.108
80.0 0.210 0.202 0.196

Conclusion

The results of studying the sorption properties of the natural modified mineral Akdolit-Gran
prove a high efficiency of this sorption filling when conditioning electroplating shop effluents con-
taminated with a complex of heavy metals. Taking into account a relatively low cost of this natural
mineral, Akdolit-Gran has the advantages in terms of its economic feasibility, plus the high degree of
extraction of metals using this sorbent together with its low consumption allows designing recircula-
tion systems for industrial enterprises meeting the requirements for physical and chemical parameters
of service water.

Based on these results, we can conclude the following:

1. Itis reasonable to use this sorbent as a potential ion exchange sorbent to treat the electroplating

effluents since calcium and magnesium ions function as the exchangeable ions.

2. The cation sorption occurs both via the mechanism of ion exchange (exchange with cations in

inter-packet spaces and via formation of complex compounds.
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3. The optimal amount of Akdolit-Gran is about 1.4—1.6 gr/dm? for solutions with an initial con-
centration: Cu (I1)=60 gr/dm?; Ni (I)=15 gr/dm?®; Zn (I)=20 gr/dm?®, the temperature range is
set within 33,0 — 38,0 °C.

4. The effect of cleaning the effluent from heavy metals using Akdolit-Gran is 93-98% in an al-

kaline environment, but it sharply decreases in an acidic environment.
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