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ABSTRACT

Today, there is an urgent need in our country to develop and implement new energy - and resource-
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saving technologies for wastewater treatment and water treatment. The need for such a system is
determined by the urgency of the tasks of protecting the health of the population, agricultural products
and other biological objects. Wastewater is contaminated with radioactive substances, heavy metal
ions, toxic substances and pathogenic microbes. During the work, wastewater contaminated with
heavy metal ions Cd?*, Pb?** was treated with a natural zeolite material. The mechanism of water
purification from metal ions is based on the porous structure and adsorption capacity of zeolite. Heavy
metal ions diffuse into the pores of the zeolite material, displacing sodium ions, which are structural
modifiers. The zeolite treatment process was carried out by measuring the permeability of wastewater
using a conductometer and comparing its results with the value of the permeability of distilled water.
According to the results obtained, this method can be used to completely purify wastewater from
heavy metal ions.
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Introduction water treatment. The need for such a system is

determined by the urgency of the problems of

The source of water released in human life and
industrial activities is called wastewater [1].

Prerequisites for this project are the treatment of
wastewater from oil and oil products, organic
compounds in the framework of previous research
[2].

Today in our country there is an urgent need to
develop and implement new energy and resource-
saving technologies for wastewater treatment and

protection of public health, agricultural products
and other biological objects. Wastewater after
industrial use contains a lot of pollutants: heavy
metal ions, acids, alkalis, salts, large amounts of
organic matter, etc.

Zeolites are microporous, natural or synthetic
aluminosilicate materials with a specific structure.
Their structure consists of a tetrahedral crystal
lattice consisting of SiOs* and AlO4° ions. Due to
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their unique porous properties, zeolites are used in
various fields. Chemical formula of natural zeolite
used for wastewater treatment: (Na, K, Ca).-3Al3(Al,
Si)25i13036 ¢12H,0 [3, 4]

The peculiarity of the work is the use of a
comprehensive approach to the treatment of
wastewater, which includes a combination of
physicochemical and effective natural sorbents. In
addition, for the first time domestic sorbents based
on zeolite materials were used in the
implementation of the work [4]. Integrated
wastewater treatment methods are currently
recognized as the most promising and economical,
as they reduce energy and reagent consumption
several times, and increase the speed and depth of
treatment [5, 6, 7].

Experimental part

The study studied the effects of sorbent
concentration and temperature on the sorption
process of heavy metals. Natural zeolite from the
Taizhuzgen deposit was used as an adsorbent.
Chemicals and materials: 30 g of natural zeolite;
aqueous solution of heavy metal salts (Cd**, Pb*)
with a concentration of 0.0025 mole/dm? for each
ion 200 cm3; conductivity meter; pH meter; filter
paper; clips, 3 glass filters; 2 glass jars and 4
measuring cups.

The permeability of wastewater contaminated
with Cd?*, Pb? ions was determined using a
conductometer. The cascade wastewater filter
consists of a vertically placed metal support on
which glass funnels and tanks are attached with
clamps and rings. The filter paper is mounted on a
glass filter. Each filter, which forms a three-layer
cascade, is filled with 2 g of natural zeolite. Water
permeability and pH are measured after each
purification to form a clear idea of the heavy metal
purification process.

The effect of temperature. 2 g of sorbent was
placed in a beaker, containing a solution of Cd?*, Pb?*
ions, concentration 0.0025 mole/ dm3, 200 cm? and
kept at a temperature of 289, 298, 308 K. The
temperature was set and adjusted by means of a
thermostat.

Results and Discussion

Heavy metal ions are removed from water by ion
exchange and adsorption processes. During
adsorption in the microporous structure of zeolite,
Na*ions are easily displaced from water by Cd?*, Pb?*

ions. The mechanism of ion exchange is based on the
high value of electrical negativity of heavy metals,
which allows low-negative sodium ions to leave the
zeolite structure and form a strong ionic chemical
bond with anions in wastewater.

The mechanism of ion exchange follows the
chemical equation (1):

Me" (water) + nNa(zeolite) = M(zeolite) +
nNa*(water)
(1)

where [M] represents the oxidation number of
heavy metal ions (Cd?*, Pb?*), and [n] the humber of
oxidation of metal ions.

Experimental results in the determination of
electrical conductivity showed that the water
permeability and pH value increase after each
treatment (after the ion exchange reaction between
heavy metal ions and zeolite), as shown in Table 1.
This is because the permeability of sodium ions
displaced from zeolite is higher than that of heavy
metal ions.

Table 1 - Electrical conductivity and pH values after
filtration of wastewater with zeolite

Water Electrical pH indicators
conductivi
ty (x)
1. Contaminated 50.0Cm 3.8
water:
2. After the first 68.5Cm 6.6
filtration:
3. After the second 86.0Cm 7.1
filtration:
4. After the third 91.0Cm 7.6
filtration:

Figures 1 and 2 show graphs of the degree of
extraction of lead and cadmium ions from natural
zeolite to the sorption time.
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Figure 1 - Dependence of the degree of purification
of Cd?* ions on the sorption time




KomnnekcHoe Wcnonb3oBaHne MuHepanbHoro Coipbs. Ne2 (317), 2021

ISSN-L 2616-6445, ISSN 2224-5243

100 -
90
80
70
60
50
40
30
20
10

O T T T 1
0 50 100 150 200

t, min

P2+

E, %

Figure 1 - Dependence of the degree of purification
of Pb?*ions on the sorption time

The results of the studies shown in Figures 1 and
2 show that with increasing duration of contact with
the aqueous phase containing metal ions in the
zeolite, the degree of purification in their initial
stage increases and then becomes stable. As can be
seen from the proposed graphs, the sorption
equilibrium during the purification of lead and
cadmium ions is within 30 minutes.

Conclusions

Experimental results show that natural zeolite is
based on ion exchange capacity, microporous
structure and adsorption capacity, this method of
wastewater treatment is very effective and allows
almost complete removal of heavy metal ions. Based
on the results obtained, the optimal conditions for
the sorption of Cd*, Pb?* ions by natural zeolite
were determined: the mass of the sorbent per 200
cm? of solution is 2 g, T = 298 K. This method can be
used for wastewater treatment, mainly in the
metallurgical industry, as well as for water softening.
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TYRIHAEME

ByriHri KyHi 6i34iH, pecnybivMKaga afbiHAbI CyNapAbl Ta3apTy XoHe cyabl Ta3apTy 6oMbIHWA XKaHa
3HEepPrua XaHe pecypcrapapl YHeMaey TEXHONOTMANAPbIH 93ip/iey MEH eHFi3yAiH, LWYFblN KaXKeTTiniri

AnblHFaH: 27 aknaH 2021
CapanTama »acangpl: 05 Haypeiz 2021
KabbingaHfaH: 18 mamoip 2021

TyblHAAYAA. MyHAalM XKYWeHiH, KaXKeTTiNir XanblKTblH, AEHCAYbIfbIH, ayblAWapyaLlblibiK 6HiIMAEePiH
»KoHe 6acka buonoruanbik 06beKTINEPA] KOpFay NPo6iemanapbIHbiH ©3EKTININIMEH alKblHAANAAb!.
AfbIHAbI CY PaMOAKTUBTI 3aTTaPMEH, ayblp MeTall MOHAAPbIMEH, Y/ibl 3aTTAPMEH XKIHE NaToreHaik

MMUKpPOBTapMeH nactaHagpbl. *)Kymbic 6apbicbiHAa aybip meTangap Cd?*, Pb?* noHaapbimeH nactaHfaH
afblHApl Cy TabuFn LEOAUT MmaTepuasnbiMeH TasapTbiigbl. MeTann MoHAapblH CyAaH TasapTy

MeXaHW3Mi LLeOUTTIH, KeYeKTi KypblabiMbl MeH agcopbunanbik KabinettiniriHve HerisgenreH. Ayblp

MeTaN MOHAAPbl LEeOAUTTI MaTepuanablH, KeyektepiHe eHin (auddysumanaHoin), KypbiabIMHbIH

moamnduKaTopbl 60/1bIN TabblIaTbIH HATPUI MOHAAPBIH bIFbICTbIPAALI. LleonnTtneH TasapTy afbiHAbI
CYAbIH, OTKI3riLWTIriH KOHAYKTOMETP KOMEriMeH e/1Ley KaHe OHbIH, HITUXKeNepiH ANCTUNAEHTEH CY

OTKI3MLWTIiriHiH M3HIMEH CanbICTbIPy apKblNbl XKYPri3ingi. AnbiHFaH HaTUXKenepre calikec, byn aaicTi

KO/14aHY apKblabl afblHAbI CyNnapAabl ayblp MeTanN NOHAAPbIHAH TO/bIK Ta3apTyfa 60ﬂa,ﬂ,bl.
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AHHOTAUMUA

CeroaHs B HaLLel CTpaHe CyLLecTByeT OCTpas HeOBXOAMMOCTb B pa3paboTKe v BHEAPEHUM HOBbIX 3HEPro-
1 pecypcocbeperatoLmx TeXHONOMMIM OYUCTKU CTOUHBIX BOA U BOAOMNOArOTOBKMU. HeobxoanMocTb Takom
CUCTEMbI ONPeaeNfeTcs akTyasbHOCTbIO 33434 3alUTbl 340POBbA HACENEHUA, CEbCKOXO3ANCTBEHHbIX
NPOAYKTOB W Apyrux 6uonornyeckux obbekToB. CTOYHble BOAbI 3arpA3HeHbl PafMOaKTUBHbIMU
BewecTtBaMn, MOHaMM TAXKENbIX MeTannos, A40BUTbIMU BeleCTBaMnU U NAaTOreHHbIMU MI/IKpO6aMVI. B
xo4e paboT CToYHblE BOAbI, 3arpsi3HEHHbIe MOHaMU Taxenbix metaanos Cd?*, Pb?%, obpabatbiBanunco
NPUPOAHBIM LLEOSIMTHbIM MaTepuanom. MexaHU3mM OUYWUCTKM BOAbl OT MOHOB METa//IoOB OCHOBaH Ha
NOPUCTOM  CTPYKType W aAcopbUMOHHOM CNOCOBHOCTM LeonuTa. MOHbI  TAXKENbIX MeTannos
onOYHAMPYIOT B MOPbl LLEONIMTHOTO MaTepuasa, BbITECHAA WOHbl HATPUA, KOTOpble ABAAIOTCA
moanduKaTtopamu  CTPYKTypbl. [Mpouecc 06paboTKM  LeoNUTa MNPOBOAWICA MyTEM M3MEPEHUs
MPOHMULLAEMOCTM CTOYHbIX BOA, C MOMOLLIO KOHAYKTOMETPA U CPAaBHEHUA ero pesy/ibTaTos Co 3HaYeHnem
NPOHULLAEMOCTU AUCTUANMPOBAHHOM BOAbl. COFNacCHO NOMYYEHHbIM pe3y/bTaTam, C NMOMOLLbIO 3TOT0
MEeTOA3 MOMHO MOIHOCTBIO OYUCTUTL CTOYHbIE BOAbl OT MOHOB TAXKEJIbIX METANIO0B.

Kntoueaole cnoea: CTOUHbIE BOAbI, O4UCTKA, COPOEHTbI, MOHbI, LLEONNUT.
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