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The galvanic production is one of the source of environmental contamination by harmful
substances and especially heavy metals. The questions of water pollution prevention by wastewater
containing heavy metal ions, are closely linked to the development of event to reduce fresh water
consumption for technological needs of production and to reduce the amount of wastewater.
One solution to this problem is the creation of low-waste and waste-free environmentally safe
production processes of sewage treatment with the use of treated wastewater in the working cycle,
which leads to a reduction of negative impacts on the environment.
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IIpumeHenne MOAUGUUMPOBAHHOI0 COPOIIMOHHOT0 MaTepuaJia
11 3P PeKTUBHOM OYUCTKH CTOYHBIX BO/

raJbBaHU4Y€CKOIo NIpoM3BOACTBA

O.I. JyopoBckas®, B.A. Kyn1arun®,

T.A. Kypuwinna?®, ®@.-Y. Jin®

“Cubupckutl ¢hedepanbHblil YHUSEpCUmem
Poccus, 660041, Kpacnosipck, np. Ceobo0omwiii, 79
°[lIkona sHepeemuuecKux HayK U MexHuKu
Xapounckuii mexHonoeudecKuil UHCMumym
Kumauii, 150001, Xapoun

OOHUM U3 UCTMOUHUKOG 3A2PA3HEHUs OKPYICAIoWel cpedbl 8PEOHbIMU 6eUeCmEdAM, 6 Nepeyio
ouepedb  MANCENbIMU — MEMALIaAMy, AGNAOMCA  2ANb8AHUYECKUe npouzgodcmeda. Bonpocel
npedomepawenus 3a2pA3HeHUs 6000eM08 CHOUHBIMU BOOAMU, COOEPICAUUMU UOHBL MAICETbIX
MEmanios, mecHo CA3aHbl C pa3pPabOMKAMU MEPONPUSMUL NO COKPAUEHUI0 ROMpPebaeHUs. ceedicell
600bl HA MEXHONOSUYECKUE HYICObl NPOU3BOOCTNEA U YMEHbUICHUIO KOIUUeCmea cOpachiéaemulx
cmoxos. O0un u3 nymeu peweHuss OaHHOU NPoOaeMbl — CO30anue MALOOMXOOHbIX U Oe30MXOOHbIX
IKONO2UUECKU BE30NACHBIX MEXHON0SUYECKUX NPOYECCO8 OUUCMKU CIOYHBIX 600 C UCHONb308AHUEM
OUUWYEHHBIX CIMOKO08 8 0OOPOMHOM YUKILe, YMO NPUEOOUM K CHUICEHUI) He2AMUBHO20 8030€UCMEUs.
HA OKPYACAIOWLYI0 NPUPOOHYIO Cpedy.

Kniouegvie crosa: copbyuonnoe obesgpesicusaniie, UOHb MANCETbIX MEMALL08, MOOUDUYUPOBAHHYLIL
copbenm, 0010MUMOo8vle NOPOOHI.

The current state of the problem

A sorption extraction of metals is one of the most effective methods of using electroplating
wastewater treatment; the efficacy of sorption purification is 80—95 % depending on the used sorbent.
Sorption methods of wastewater treatment using the natural sorbents are acquainted for a long time,
however, there is a large class of natural sorbents — minerals which due to the lack of knowledge is
not widely used [16]. In the meantime, high sorptive properties, cheapness, abundance in nature make
them cost-effective raw materials in technologies of treating industrial wastewater. The use of natural
materials in wastewater treatment is acceptable from an environmental and economic point of view,
but often such of materials do not have the desired sorptive properties, and they must be thermally
modified. As a result of the modification, we obtain the sorbents which are different from the original
mineral of natural surface which combine the useful properties of original material and the synthetic
sorbents [7]. Therefore, the search of efficient and cost-effective natural sorbents for an intensification

of wastewater treatment is an urgent problem [8, 9].

Research technique

We studied the sorptive method of heavy metal removal, as an example Cu (II); Ni (II) and
Zn (IT) from the aqueous solutions of a modified sorbent, based on the dolomite raw. This sorbent,
Akdolit Kesselburger Pelm Gran CM3 (Akdolit-Gran) is produced in Germany and widely used in
the West, and the European part of Russia.
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The sorbent material passes the thermal modification by heat treatment of a mineral. A calcination
promotes loosening the rocks to form a structure with greater porosity and specific surface [10, 11].
The approximate chemical composition of Akdolit-Gran are 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 %; alumina Al,O; — 2,7 %; silicon oxide SiO, — 0,3 %; water H,O — 2,7 %. The

presented values are average for several years of regular testing.

Research results

The aim of research was to study the physicochemical and sorptive properties of Akdolit-Gran
sorbent.

For carrying out the sorption process in the laboratory environment was used a method of alternating
batches of sorbent and constant volume of the initial concentration of the solution: Cu (IT) = 60 mg/dm?;
Ni (IT) = 15 mg/dm?; Zn (II) = 20 mg/dm?. These concentrations are most common in wastewater of the
electroplating. The residual concentration was determined by an atomic emission spectrometer with
inductively coupled plasma, ICAP-6500. Mineralogical sorbent composition was determined based on
X-ray diffraction analysis performed on DRON-3, in a Cu-Ka radiation, Fig. 1.

Analysis of diffraction patterns shows that the main phase in the sorbent is calcite CaCos; (d = 0.38;
0.30; 0.23; 0.19; 0.18 A), in addition, there is a considerable amount of magnesium oxide MgO (d =0.21;
0.15 A). Diffraction peaks with the low intensity correspond to magnesium hydroxide Mg (OH), (d =
0.21; 0.15 A) and calcium hydroxide Ca (OH), (d = 0.49; 0.26 A), formed by hydrolysis of magnesium
and calcium oxides contained in the sorbent.

The rest of the substances listed in the technical documentation for the sorbent (MgCO;, Fe,0s,
AlLO,, and SiO;) have been identified because of their low concentration. The thermal analysis was
conducted for a more detailed study of the sorbent sample with the help of STA 449 F1 instrument

(simultaneous thermal analyzer), NETZSCH company (Germany) in an inert argon gas environment.
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Fig. 1. The diffraction pattern of Akdolit-Gran sorbent
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Fig. 2. The thermogram of sorbent Akdolit-Gran: DTC — differential thermogravimetric curve (showing a mass
rate of change, this is the first derivative of the TG), TG — thermogravimetric curve, which shows the change-of
mass during heating (mass increases or decreases), DSC — differential scanning curve (DSC and DTA show tak-
ing place at the on-heating the endo-and exothermic peaks, DTA — analysis from a single point, DSC — analysis
with all on-surface)

A thermogram of sorbent sample Akdolit-Gran is shown in Fig. 2. A qualitative identification of the
sample was produced according to the number, shape and position of various exo and endo-thermal
peaks which are relative to the temperature scale.

Data of the sample thermal analysis show that the DSC curve are observed 4 endoeffect. Slight
endoeffect at 109 °C relates to the removal of adsorbed water, endoeffect at 430 °C is caused by
dehydration of Mg (OH),:

Mg(OH), — MgO+H,0

wherein the sample weight decreases, as the TG curve shows ~ 5.59 % at these temperatures, the
compound Mg(OH), in a sample of ~ 18 % then is followed by endoeffect at 476 °C, which is caused by
dehydration of Ca (OH),:

Ca(OH), — CaO+H,0

the weight decreases by 0.59 %, there is a large endoeffect at = 8440S relating to the decarbonisation
of calcite, ie the decomposition of calcite CaCO; and CO, formation:

CaCO; — CaO+CO,1

the sample weight is reduced approximately 27 %, CaCO; content of the sample according to the
thermogram 61.4 %.

According to the differential thermal and X-ray Akdolit-Gran analysis of sorbent, we can conclude
in the process of heat treatment, the chemical transformation also occurs as a result calcium carbonate

and magnesium oxide are formed.
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The standard techniques of sorbent were determined according to the standard procedures
(Table 1). The dose values of proposed sorption material, which were found by experiment, are
presented in Table 2.

The experiment (Table 2) showed that the cleaning effect using the sorbent Akdolit — Gran
drastically reduced in an acidic medium. The reason of that could be a change of colloid-chemical
properties of the sorbent, which the isoelectric point corresponds to approximately pH = 5.4, therefore
if the pH values are below this value, the grain of sorbent loses the bimolecular gravitation of binary
layer, which causes electrostatic repulsion of metal ions from the sorbent surface by contrast the
typical gravitation of the alkaline medium. Furthermore, in the alkaline environment the metal ions
are delivered to the reaction centers in the larger mass of sorbent metals.

The amount of copper ions in the sorbent phase (adsorption value) was calculated from A known

equation [12].

Table 1. Specifications of the sorbent

Total void content, Vs (cm?/g) 0.103
Bulkdensity, p, (g/cm?) 1.15
Real density p (g/cm?) 2.37
Average density p, (g/cm?) 2.26
Porosity IT (%) 4.64
Water absorption W (%) 10.3

Table 2. Results of experiment

No Reagent dose Values Residual concentration | Residual concentration | Residual concentration
- mg/dm? pH Cu?*, mg/dm? Ni%, mg/dm? Zn*, mg/dm?
1 1.0 3.0 9.736 6.128 4.902

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 absorbtion and concentration of substances from the solution at the surface and in the pores
of the sorbent occur at the sorption. A metal distribution coefficient between the solution and carbonate
K, and also the degree of metal recovery from solution were determined. The calculation results are
shown in Tables 3, 4.

Sorption ability of Akdolit — Gran differs in relation to the studied materials. The evaluation of
the sorbent effectiveness for the metals extraction from aqueous solutions with the help of specific may
lead to erroneous conclusions. Thus, evaluation of the effectiveness of heavy metals immobilization
with the help of adsorptive capacity values gives the following series of sorption: Cu®*> Zn*" > Ni*,
but with the help of a metal distribution coefficient and the degree of metals recovery, we can see the
following sequence: Zn** > Cu*" > Ni?*". It is connected with the parameter of adsorptive capacity which
depends on mass of the taken sample.

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

dissociation”. The ionic potential is determined by the formula

where n — number of electrons; e — the electron charge.

For Cu?', Zn*" u Ni*" the number of electrons are 2, and the electron charge is 1.602. There is a
relationship the greater ion radius, the lower ionization potential. For Cu?* the atoms radius is 1.278 A",
for Zn?* the atoms radius is 1.333 A "and Ni?' the atom radius is 1.246 A , on that basis, the investigated

Table 3. The sorption capacity of absorption Akdolit — Gran (mg/g)

Number | p ot Gran, o/dm? Cu NiZ Zn*
1 10 5774 13.01 19.87
2 12 43.16 171 16.37
3 14 4128 1027 14.14
4 16 36.76 8.63 1235
5 18 32.26 7.26 10.54
6 2.0 28.15 6.37 9.19

Table 4. The metal distribution coefficient between the solution and sorbent (g/dm3)

Number Akdolit 0 Ssrin g/dm’ Cu® Ni Zn’t
1 1.0 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 3120 7.29 52.55
5 1.8 16.69 377 10.28
6 2.0 761 2.83 5.64
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metals are arranged in series: Zn?>" > Cu? > Ni?*, which corresponds to the experimentally obtained
data.

Table 5 is shown the kinetic dependence of sorption process of copper ion (II), nickel (II) and
zinc (IT).

It also gives the following sequence of metals distribution under extraction rate
Zn2+ > Cu2+ > Ni2+

It is known that the sorption process is exothermic, as the temperature increases, the sorbent
capacity reduces in relation to the metals [14, 15], which is confirmed by the results of Table 6.

The phenomena of the physical and chemical sorption are clearly distinguished in rare cases.
Usually, the intermediate options are carried out, when the mass of the adsorbed substance links
relatively weakly, and only a small part is firmly [16—18]. The chemical adsorption occurs, as the
temperature increases, which begins to overlap the downfall of physical sorption at definite temperature.
(Table 7).

These experimental studies were used to develop the project on reconstruction of treatment

facilities with the proposed sorption material.

Conclusion

The study’s results of sorption properties of natural modified mineral Akdolit — Gran show that

it is highly effective sorbent, being relatively cheap natural mineral, which can provide the treatment

Table 5. The degree of metal recovery from solution ( %)

Number | p o Gran, o/dm? Cu NiZ Zo*
1 10 96.24 86.76 99.36
2 12 96.32 9375 98.22
3 1.4 96.32 95.85 98.96
4 16 98.03 92.11 98.92
5 18 96.78 87.16 94.87
6 2.0 93.83 84.94 91.86

Table 5. The results of calculation of the rate constant, depending on the reagent dose

Doses K, sex’!
mg/dm? Cu?* Ni2* Zn?
1.0 3.28 2.02 5.05
1.2 33 2.77 4.02
1.4 33 3.18 4.56
1.6 3.9 2.54 4.44
1.8 34 2.05 2.97
2.0 2.78 1.89 2.51
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Table 6. The dependence of the adsorptive capacity of the solution temperature, mg/g

Number Temperature °C Cu(I) Ni(IT) Zn(II)
1 11.5 41.78 10.22 14.06
2 17.0 42.75 10.59 14.28
3 25.0 42776 10.63 14.26
4 33.0 42776 10.67 14.28
5 38.5 4277 10.70 14.27
6 60.0 4276 10.62 14.22
7 70.5 4271 10.61 14.20
8 80.0 4271 10.57 14.14

Table 7. The calculation results of the residual concentration depending on the environmental temperature

Temperature °C ?ex'

Cu(Il) Ni(II) Zn(1)
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

from the complex contamination of heavy metal ions to the required parameters in the purification of
circulating water and refuse pulp.

We can draw the following conclusions from the results:

1. Itis appropriate to use the sorbent for wastewater electroplating purification by way of a potential
sorbention exchanger because the ion exchanger is calcium and magnesium ions.

2. The sorption of cations occurs as the mechanism of ion exchange (the exchange with the cations
which are situated in the interstices spaces) and by the formation of complex connections.

3. The optimum dose of sorption material Akdolit — Gran is approximately
1,4-1,6 gr/dm® for solutions with initial concentration: Cu (II) = 60 mg/dm? Ni(Il) = 15 mg/dm?
Zn (I1) = 20 mg/dm?, temperature conditions are in the range 33,0-38,0 °C.

4. A treatment effect of using sorbent Akdolit — Gran is drastically reduced in an acidic media.

The reported study was funded by Russian Foundation for Basic Research, Government of
Krasnoyarsk Territory, Krasnoyarsk Region Science and Technology Support Fund to the research
projects No Ne 17-48-240386 p_a and 16-41-242156 p_ogpu_m.

! These authors contributed equally to this work.
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