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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
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SORPTION CHARACTERISTICS
OF ZEOLITE AND BENTONITE NATURAL
ADSORBENTS MODIFIED COMPLEX

Abstract. The main objective of our study is to obtain a complex compound from natural adsorbents to purify
wastewater with simultaneous sorption of chemical and microbiological substances contained therein, which
contribute to disinfection and softening of water, increasing the degree of treated water saturation with calcium,
magnesium salts and trace elements, while not requiring the use of sophisticated equipment. The technical result is to
create a complex of adsorbents with the sorbing ability of chemical and microbiological pollution, disinfecting and
softening water, enriching it with calcium ions, magnesium, sodium, potassium, as well as trace elements.

Key words: water, purification, sorption, natural adsorbents, aluminosilicates, heavy metals.

Introduction. Currently, water purification is becoming one of the most common technological
processes in the world, including Kazakhstan. This determines the particular relevance of the issue of
reducing the cost of cleaning drinking water, and sewage [1]. In this regard, a very promising seems the
application of natural sorbents, deposits of which are available in Kazakhstan. In the literature appears
more and more with about the effectiveness of natural sorbents for disperse impurities, heavy metals, oil
and oil products, surface active agents, dyes, radioactive contaminants and others [2].

The study was intended to determine the methods of a promising approach, the creation of new types
of modified complex sorbents and an experimental evaluation of the effective use of a modified complex
of natural mineral sorbents, based on zeolite and bentonite, for the purification and conditioning
of drinking water and the purification of wastewater.

Technical characteristics of the studied adsorbents:

Bentonite (Mukrynskoye field of Almaty region) - natural clay mineral, hydroaluminosilicate, has the
property of swelling during hydration (14-16 times). In a confined space for free swelling in the presence
of water, a dense gel is formed that prevents further penetration of moisture. This property, as well as non-
toxicity and chemical resistance, makes it indispensable in industrial production, construction and many
other fields of application.

Natural bedding bentonites usually have a pH of 6-9.5 (for 5% aqueous suspension after settling for
1 hour) and contain less than 2% sodium carbonate; the total content of interchangeable sodium and
calcium does not exceed 80 me/100. There are two types of bentonites:

- Calcium, with a low degree of swelling;

- sodium, with a high degree of swelling (swelling rate less than 7 ml/g or more than 12 ml/g).

Chemical formula: Al [Si40,0; (OH), * nH,O.

Chemical composition: SiO; - 58.25%; ALLO; - 14.27%; Fe,O5 - 4.37%; FeO - 0.5%; Ti,0O - 0.36%;
CaO - 2.07%; MgO - 3.67%; P,0s - 0.18%; S - 0.14%; K,O - 1.2%; Na,O - 2.25%; PPP - 12.19%.
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Figure 1 — Radiograph of a sample of bentonite-montmorillonite (Mukrynskoye field of Almaty region)

Zeolites (Maytobinskoye deposit of Almaty region ) - a large group of minerals with similar
composition and properties; aqueous calcium and sodium aluminosilicates of the subclass of
frame silicates, with glass or pearlescent gloss, known for their ability to give and
reabsorb water depending on temperature and humidity. The most common representatives of the group of
zeolites - natrolit, shabazit, geylandit, stilbite (desmin ), mordenite, thomsonite, lomontite.

The crystal structure of natural zeolites is formed by the tetrahedral groups SiO,;4 and AlO,4, united
by common vertices in a three-dimensional framework, permeated with cavities and channels (windows)
of 2-15 angstroms[3]. The open frame-cavity structure of zeolites [AlSi] O4 has a negative charge,
compensated by counterions (metal cations, ammonium, alkyl ammonium and other ions, introduced by
the mechanism of ion exchange) and easily dehydrating water molecules.

Chemical formula: Zeolite-clinoptilolite, described by the idealized formula
(KNa,), CaAlgSiz07; * 24H,0 - is a crystalline aqueous aluminosilicate.

Chemical composition: AlLO;- 12.9-13.2%; K,O - 4.0-4.8%; CaO - 1.8-2.4%;V - 0.001%;
Cu - 0.001%; Rb - 0.001%; SiO, - 66.2-78.3%; Na,0O - 1.8-2.2%; Fe,05 - 0.8-1.2%; Mn - 0.001%;
Be - 0.001%; As - 0.03%.
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Figure 2 — Zeolite radiograph (mine I Maytobe Almaty region)
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Materials and research methods. A sorbent based on zeolites modified by ion exchange of silver
ions is known for absorption of radioiodine and/or radiocaesium. After ion-exchange modification, the
sorbent is additionally treated with acetylene in a gaseous or liquid medium so that its carbon content in
carbon is 0.4 - 2,0 wt. The sorbent is designed specifically for purifying water from strong contamination
with radionucleotides, it is effective to purify drinking water, but it does not enrich water with calcium,
magnesium salts, as well as with trace amounts of elements from side groups of the Periodic System[4,5].

The technical result is achieved by the fact that the proposed sorbent of the following composition,
chemical formula: Zeolite-clinoptilolite, chemical formula: (KNa)s CaAlsSizO 7, * 24H,0 is a crystalline
aqueous aluminosilicate, chemical composition: ALL,O; - 12.9-13.2%; K,O - 4.0-4.8%; CaO - 1.8-2.4%;
V - 0.001%; Cu - 0.001%; Rb - 0.001%; SiO, - 66.2-78.3%; Na,0 - 1.8-2.2%; Fe,05 - 0.8-1.2%;
Mn - 0.001%;Be - 0.001%; As - 0.03% and Bentonite- hydroaluminosilicate, chemical formula:
Al, [Si40;9 (OH), * nH, O, the chemical composition: SiO, - 58.25%; ALO; - 14.27%; Fe,0O5 - 4.37%;
FeO - 0.5%; Ti0 - 0.36%; CaO - 2.07%; MgO - 3.67%; P,0s - 0.18%; S - 0.14%; K,O - 1.2%; Na,O - 2.25%;
PPP - 12.19% .

To test the effectiveness of the complex, natural adsorbents were taken in different
percentages, agglomerate was obtained: 1) zeolite (60%) and bentonite (40%), 2) zeolite (50%) and
bentonite (50%), 3) zeolite (40%) and bentonite (60%). Subsequently, capsules 10 mm wide, 15mm long
were made from the mixture obtained, acid activation was performed using 15 % H,SO, taken in an
amount of 50 % of the air-dry sample, the duration of treatment was 4 hours. In a muffle furnace at a
temperature of 400 degrees, heat treatment was carried out to increase the total porosity.

Determination of the sorbent porosity.

One of the most important characteristics of the adsorbent is the determination of its porosity, which
in general depends on its deposit. It is characterized by the total volume of all voids (pores) in the rock [6].

Determination of the porosity of the sorbent was carried out according to the following method. The
samples were boiled in a glass with distilled water for 1.5-2.0 hours and then weighed [7].

Sample density, water absorption and porosity were calculated according to table 1, where: my - the
mass of the samples with suspension in water, g; m; - weight of wet samples, g; m, - weight of dry
samples g; m; - suspension weight year.

Table 1 — Incoming data for calculation (modified complex of bentonite and zeolite)

No Material name m m m m

experience 0, & 1, g 2, 8 3, &

1 Zeolite complex (60%) and bentonite (40%) 10,0018 31.4312 19.0645 0.5923

2 Complex zeolite (50%) and bentonite (50%) 9.6453 29.2576 16.7312 0.4627

3 Zeolite complex (40%) and bentonite (60%) 9,9459 31.2057 18,1124 0.4134
1000
800
500
an0 +~
200 +~

0 - T T T r
974 961 936 644
Heavy metals, Zeolite (60%) Zeolite (50%) Zeolite (40%)
mg/dm’ Waste water Bentonite (40%) Bentonite (50%) Bentonite (60%)

—— 140 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 4. 2020

The results of the laboratory research on change of heavy metals in wastewater by modified complex
of natural adsorbents consisting of bentonite, zeolite in different percentages.

The limits of the relative total error of result, which is admitted, is equal to 2.0; at confidence
probability is 0,95. The results of the research are given in table 2.

Table 2 — Determination of porosity of bentonite and zeolite complex

Sample The name Sample weight, | Water adsorption, Density, Porosity,
number of material g % % %
1 Zeolite (60%) and bentonite (40%) complex 21,2145 76.0690 43.8490 73.45
2 Zeolite (50%) and bentonite (50%) complex 20,7124 77.7860 44,7296 73.91
3 Zeolite (40%) and bentonite (60%) complex 19,9437 82,3320 45.6125 80,51

Determination of adsorption capacity according to methyl orange and iodine.

To determine the adsorption according to methyl orange we have chosen the method, introduced at
State Standard 4453-74.

For this purpose, the sample of coal was placed in a conical flask with capacity of 100 cm’, added
25cm’ of methyl orange solution. After that, optical density was determined using a photoelectric
colorimeter.

As a control solution we used distilled water. From the received optical densities on the base of
calibrating graph we determined residual concentration of the pigment.

Adsorption activity was calculated by the formula 1 [5,8]:

¥ = (C;— C;K) -0.025 M

m

where C; - concentration of the original dye solution, mg/dm®; C, - concentration of the dye solution after
interacting with tripoli powder, mg/dm’; K - dilution factor; m - weight of the coal sample, g; 0.025 - the
volume of methyl orange solution, dm’ .

The results of the research of the adsorption capacity are given in table 3.

Table 3 — The results of the experiment to determine the adsorption capacity according to methyl orange

Adsorption capacity according to MO
Sample Weight Concentrati}o 1, Adsorption capacity
of the sample, mg /dm according to MO, mmol /|
g original residual g
1. Zeolite (60%) and bentonite (40%) complex 0.1 1500 0,600 0.6880
2. Zeolite (50%) and bentonite (50%) complex 0.1 1500 0,800 0.5351
3. Zeolite (40%) and bentonite (60%) complex 0.1 1500 0.750 0.6291

Determination of the adsorption capacity of tripoli by iodine was realized in accordance with the
State Standard 4453-74. lodine number is an approximate measure of the ability of a substance to adsorb
small molecules, which depends on the size of the surface area. The processing of the result was carried
out according to formula 2 [4,8]:

Vi—V;)-0.0127-100-1000
X — ( 1 2) (2)

10-m

where V - the volume of sodium thiosulfate solution (0.1 n), which was used for titration of 10 cm® of
iodine solution in potassium iodide, cm’; V; - the volume of sodium thiosulfate solution (0.1 n), which
was used for titration of 10 cm® of iodine solution in potassium iodide, after processing it with bentonite
and zeolite complex, cm’; 0,0127 - the mass of iodine, which corresponds to 1 cm’ of sodium thiosulfate
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solution, g; 100 - the volume of iodine solution in potassium iodide, which is needed for bentonite and
zeolite complex, cm’ ; m - the mass of the sample of bentonite and zeolite complex, 1.00g.
The results of calculation of the iodine number of the bentonite and zeolite complex are given in table 4.

Table 4 — The results of the experiment to determine the iodine number of the bentonite and zeolite complex

Iodine adsorption capacity
] The amount of thiosulfate )
Sample Weight of the for titration, cm’ Iodine
sample, B - 4 adsorption capacity,
g Todine entonite an mmol/g
zeolite complex
1. Zeolite (60%) and bentonite (40%) complex 0.5 16,10 12.60 10.16
2. Zeolite (50%) and bentonite (50%) complex 0.5 16,10 12.40 12.70
3. Zeolite (40%) and bentonite (60%) complex 0.5 16,10 12.52 11.80

Since bacterial spores are much more resistant to disinfecting agents than E.coli cells, the absence of
the latter in water does not guarantee absence of the spores. The indicator, showing presence of bacterial
spores in water was anaerobic spore-forming organism C. perfringens and aerobic spore-forming
bacterium B. subtilis. These bacteria differ in location of spores in a cell. Since their spores are able to
exist in water for much longer than coliform bacteria, they are resistant to disinfection and therefore serve
as indicators of long-term contamination and defects in filtering techniques at waterworks.

Tables 5-7 show the results of studying the effectiveness of NMS (natural mineral sorbents) regarding
removal of E. coli cells from water, as well as B. subtilis and C.perfringens spores.

The results shown in tables 5-7 indicate that NMS effectively remove microbial contamination from
water at the concentration of bacterial suspension (1.2+3.5) x10° cells/ml.

At increasing the concentration of the bacterial suspension significantly [up to (3.1+3.2)
x10* cells/ml] in the filtrate inoculations you can find bacteria colonies. At the same time, their number
decreases in comparison with the initial by (4+5)x10” times - for the filter. The effectiveness of reducing
microbial contamination with zeolite is significantly lower than in control, and is (2+2.8) x10° times [9].

Table 5 — The number of microorganisms E.coli ( X+x ) in water before and after filtration through filters (n = 5)

The number of microorganisms, cells/ml
Initial Filter type
Coal filter Zeolite filter Filter- zeolite, bentonite complex.
(12+0.1)x10° 0 0 0
(3,5+0,2)) x10° 0 0 0
(3.2+0.2)x10° (1.5+0.3)x10° (0.7 £ 0.05) x10° (0.6 + 0.03) x10°

Table 6 — The number of microorganisms B. subtilis (X+x) in water before and after filtration through filters (n = 5)

The number of microorganisms, cells / ml

Filter type
Initial
Carbon filter Filter - zeolite, bentonite complex
(1.5+0.1) x10° (1.5+0.1) *x10' (0.7 £ 0.02) x10"
(3.4+0.2)xx10° (1,8£0.1) * x10? (1,1 £0.02) x10?
(3.2+0.1)x10* (4,5+0.1) * x10° (2,3+0.02) x10?
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It should be noted that in practice in distribution networks, as well as at water withdrawal from a
natural water source, we face less severe microbiological pollution. Installations designed for water
disinfection in the field and built on the principle of ultraviolet bactericide irradiation are designed for coli
index of not more than 5 x 10° cells/I [10].

Determination of toxicity of water samples containing chemical toxicants (phenol, copper sulphate)
before and after passing through NMS filters was performed using Daphnia magna and microalgae
Chlorella vulgaris.

The data in table 7 show that water before passing through NMS filters had a toxic effect on the
Daphnia magna (the percentage of daphnia death in both cases exceeded 50%). After passing water
through NMS filters there was no toxic effect on daphnia in all cases, and the percentage of their deaths
hardly differed from the control one, except for the variant with bentonite at concentration of 1.5 mg/l,
when the percentage death was 11%.

Table 7 — The effect of NMS on the death of Daphnia magna (% to the control one)
in water samples containing toxicants (n = 5)

Toxicant content mg/1 Original water Zeolite Bentonite
10.0 CuSO, 85.5+5.0 4.0+0.2 3.0+0.2
5.0 59.0£3.0 3.0£0.1 3.0£0.2
1.5 73.0£2.5 11.0£0.5 40=+0.3
0.05 57.0+1.5 3.0+0.2 3.0+0.1

Notes: 1. In the control (cultivation water), no death was noted;

2. The duration of cultivation Daphnia magna in water samples is 96 hours;

3. After passing through the filters, the water pH in all variants of the experiment was in the limits of
7.0 = 7.2. The water was aerated for 1 hour.

Some indicators of the quality of tap water (Taldykorgan city) before and after filtering through
filter complex, containing the complex NMS studied in the work (bentonite and zeolite).

Conclusions. The received results testify that after passing tap water through the filter zeolite and
bentonite complex the composition of water had significant changes. Its organoleptic characteristics
significantly improved, in particular, they began to comply with the Sanitary Regulations and Standards in
smell and taste of water.

The iron content in water decreased by 9.5 times and began to comply with the Sanitary Regulations
and Standards requirements.

In the filtered water pH, the content of calcium, magnesium, silicon, hydrocarbonate ions, as well as
the total hardness and dry residue increased. This fact should be assessed positively, since it is known that
tap water is distinguished by low content of these essential elements, increased softness and total low salt
content.

Based on the analysis of technical and economic indicators for this experimental study we selected
material of the domestic resource base, mineral sorbents of different nature: zeolite and bentonite.
Experimentally we selected conditions for NMS activation. Most significantly (by 35-57%) PMS activity
increased after acid processing with a mixture of 10% sulfuric acid (1: 1).

The results of the conducted sanitary-microbiological studies have shown that NMS have pronounced
sorption properties against bacteria E.coli strain K12, as well as the spores B.subtilis and C.perfringes. All
studied NMS and their combination in the filter of zeolite and bentonite complex effectively remove
microbial contamination from water at the initial concentration (1.2 + 3.5) x10° cells/ml.

Since the work has not been completed yet, it is planned to conduct further studies and to offer
improvements of adsorption characteristics of the complex of natural adsorbents for water purification
from harmful impurities.
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HOEOJIUT )KOHE BEHTOHUT TABUT'N AICOPBEHTTEPIHEH KACAJIFAH
MOINPUKAIUAJAHFAH KEHIEHHIH COPBIUAJIBIK CUITATTAMAJIAPBI

AnHoTanmsi. Makanaza aBTopiap aybI3Cy XKOHE JIaCTaHFaH CapKbIHIBI akada Cy[bl JKOFaphl Jopexene Tazap-
TyFa KOJ JKETKi3yre MYMKIHAIK OepeTiH OCHTOHUT, IEOJUT KOHE TUATOMHT HETi31HAET1 KypaMIacTHIPBUIFaH TaOUFU
aZcopOCHTTEp KEUIeHIH aXyOblH THIMII TEXHOJOTHACHIH JXacayFa TBIPBHICTBI, OUTKEHI 3WUSHABI KOCHUTBICTApMEH
Jacray ypaici jKorapbl OOJIATBIH CyJBI OpTaja KOFaphl KONTEereH JIacTayllbl 3aTTapAblH COHFBI HOTIDKECI OOJIBII
cananaznpl. OcblFaH OalJIaHBICTBI TaOMFH CYJbIH JIACTaHYbI, OHBI Cy KYOBIPHI CTaHIMsUIAPbIHIA KaHAFaTTaHFBICHI3
Ta3apTyMEH, TapaTyIIbl JKeNUIep/e eKiHIII peT JIaCTaHy apKbUIbl aHBIKTANATBhIH aybI3Cy CalachlHBIH HPOOJIeMAach
6ap. OcbIFal opaii cy KyObIpiapbl OEKeTTepiH/e carachl3 Ta3apTyAaH TAOUFU CyNapblH TapaTy JKeNijepiHe eKiHIi
peT JacTaHysl calIapblHaH aybI3Cy CallaChIHBIH MOCEIIeepi TybIH AN IbL.

3epTTeymiH MaKcaThl — CyIbl Tazajay >KoHe KOHAWIMMAIAY YIIiH TaOuFu MUHEpalIbl COpOCHTTEP I maiinanany
TUIMIUIITIH ic XKy3iHIe TOXIpuOemik Oaranay.

3epTTeyAiH Herisri MiHAETI KypAeni >KaOAbIKThI MaiiianaHyabl Tajam eTrneiTiH TaOuFu afcopOeHTTEPIIEH CyIbl
Ta3apTy YIIiH KeUIeHAl KOCHUIBICTAp ally, COHBIMEH Karap copOLusMeH Oipre KypaMmblHAa XUMHUSUIIBIK XKOHE MUKPO-
OMOJIOTHAJIBIK JIACTaHy JKarAaiibl Ke3meceni, Cyabl 3allajChI3JaHAbIPYFa JKOHe JKYMCapTyFa BIKIal eTETiH, OHAeITreH
CYJBIH KaJbLHH, MArHUH Ty31apbIMEH XKHE MUKPOJIEMEHTTEPMEH KaHbIFY JICHIeHiH apTTHIPY OOJIBI CaHalabl.

Kymricta meomut, OeHTOHUT ca3bl xkoHe JKerticy (JKoHFap) AmaraybIHBIH aiaca Tayibl OeIiKTepiHAe Ke3zie-
CeTiH LIEOJINT, OCHTOHUT JANATOMHUT HETi3iHJE aJbIHFAaH TaOMFUM MUHEPaJIbl COPOCHTTEP aybI3CYAbl Ta3apTy JKoHE
KOH/IMIIMAJIAy JKOHE CapKbIHIbI akaba cynap/pl cynbdarrapiaH, ruipokapOoHaTTapaH, HUTpaTTapliaH, ayblp MeTall
MOHJapbIHAH JKOHE 0acKa Jja 3UsiH bl KOCTIAIapAaH Ta3apTyAblH THIMALIITIH 3ePTTEY HOTHIKEIICPl YChIHBLIFAH.

Taburu copOeHTTepAiH (PU3NKATBIK-XUMUSIIBIK, MUHEPATIOTHSIIBIK KYpaMbl )KOHE aJIbIHFaH KypaMa COpOeHTTep-
IIH ancopOUMsICHIHBIH THIMIIUIIT 3epTTeNai, COPOEHTTIH KypaMblHA JKOHE aJIblH aia TeMIIepaTypaiblK Momupu-
Kalus ocepine OalIaHbICTH COPOUMSITBIK OCICEHIITIK apTTHI.

INCA Energy-350 «(Oxford Instruments) mukpotannay >xyieci 6ap EVO 50 XVP» (Carl Zeiss) ckanepneiTin
AJIEKTPOH/BI MUKapCKOIIIEH PEHTreHIiK (ha3asiblk Tayiayjap HeridiHme AnMarbl oOnbIchl aymarbiHIarbl JKericy
AunarayblHbIH ajaca TayJbl Oellirinae kezaeceTiH MaliToOe KeH OpPHBIHBIH 1I€0JIHUT XKoHe MyKpUH KeH OpbIHIapbIHaH
OHIIPIICTIH OCHTOHUTTIH (PU3UKAJIBIK-XUMHUSUIBIK KYPaMbl 3¢pACICHICH.

DNEeKTPOHIBI MEUKPOCKOIIICH 2|um JeiiH YIFaUTBII PEHrPCKONIBUTBIK TalAay dIiciMeH OCHTOHHT TeH IICONHUT-
TiH aybI3Cy MEH CapKbIHIbI akaba CyIbl Ta3apTy XKOHE camachlH apTThIPy MaKCaThIHIA KOJJaHy OapbIChIHIA Kypa-
MbIHJAFbI aybIp METAJAAPIbl CIHIPY KOJIEMiH apTThIPAThIH ipreiii KyphUIBIMBIHIAFbI 00C KYBICTAp aHBIKTANIBIL.

OKCHEpUMEHTTIK 3epTTey HOTHKENepl aybI3Cy MEH JlaCTaHFaH CapKbIHIIBI akaba Cy/ibl ayblp MeTajjiap HOoHJa-
PBIH CiHIpYIiH eH >xorapbl Tuimaitiri 900°C temneparypana KyWaipitin, OeJCeHAUIIr apTThIPbUIFaH KYPaMaacThbl-
pBUIFAaH TaOUFH COPOCHTTCH OalKaIaThIHBIH KOPCETTI.

AJIBIHFaH 3€pTTEY HOTIKENEpi CTAaTHCTHKANBIK JKaFbIHAH oHeni. JKypri3iiren skcnepuMeHTTep OaphIChIHIA
CaHWTAPIBIK-TUTHCHANBIK HOPMaJlapblH TajanTapra coWKec, aJaMHBIH KayilCi3miK ejmeMaepiHe xayam OepeTiH
CYJIBIH Carachsl apTThl.

Tyiiin ce3nep: cy Tazapry, copOuus, TaOUFH aJcCOPOSHTTEDP, ATIOMOCHIIMKATTAp, aybIp MeTaaap.
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COPBIIMOHHBIE XAPAKTEPUCTUKU MOJUPUNTIIUPOBAHHOI'O KOMIIVIEKCA
N3 MPUPOJHBIX AJICOPBEHTOB HEOJIMTA U BEHTOHUTA

AHHoOTanusi. B craTbe aBTOPBI HNONBITAIUCH CO3aTh A(PPEKTUBHYIO TEXHOJIOTHIO MOJYYSHUs] KOMILIEKCa U3
MPUPOJIHBIX aJCOPOSHTOB HA OCHOBE OEHTOHMTA U ICOJIUTA, TO3BOJISIIOLIYIO JOOUTHCS BBICOKOW CTEIIEHH OYMCTKH
MUTHEBBIX M CTOYHBIX BOJ OT 3arps3HEHUH, TaK KaK HAaMOOJBIIHMK Mpecc 3KO- TOKCHYHOCTH WCHBITHIBACT BOIHAS
cpena, SBJISISACh KOHEYHBIM pPEe3epBYyapoM OOJBIIMHCTBA 3arps3HSIONMX BEIIECTB. B CBA3M C 3TUM CyIIECTBYeT
mpobiieMa KadecTBa NHUTHEBOW BOJBI, OIpenessieMas 3arpsA3HEHHEM IPHPOTHON BOJBI, HEYIOBIETBOPUTEIHHOM
OYNCTKOH €€ Ha BOAOMPOBOJHBIX CTAHLIUAX, BTOPHYHBIM 3arpsI3HEHUEM B Pa3BOIAIINX CETSX.

[enp TaHHOTO HMCCIEAOBAHMUS 3aKIOYANach B IKCIEPUMEHTAIBHOW OLEHKE 3()()EKTUBHOCTH HCIIOIB30BaHHS
MPUPOHBIX MHUHEPAIIBHBIX COPOSHTOB ISl OYUCTKH U KOHIULIMOHUPOBAHHUS BOJIbI.

OcHOBHOW 3aa4eii UCCIETOBaHUS SIBIISETCS MMOTyUYeHIEe KOMIUIEKCHOTO COSIMHEHUS U3 IPUPOTHBIX aicopOeH-
TOB /ISl OYMILIEHHUS CTOYHOW BOJBI C OAHOBPEMEHHON COPOIMCH, COMEpKAIIUXCSA B HEH XHMHUYECKHX M MHUKPO-
OHMOJIOrMYEeCKUX 3arps3HEHHH, CIOCOOCTBYIOIINX 00€33apaKMBaHUI0 M YMSITYCHHUIO BOJIbI, MOBBILIAIONINX CTEICHb
HACBIIICHUS] 00pabOTaHHON BOZBI COJISIMH KalbLHs, MarHus M MHKPOdJEMEHTAMH, IPH STOM HE TpeOyroliero
HCTIOJIH30BaHUS CJIOXKHOTO 000PYIOBaHHA.

B pabore npencrasieHbl pe3ysbTaThl UCCIeI0BaHHS d(PEKTUBHOCTU TPUMEHEHHS TPUPOIHBIX MUHEPATIbHBIX
cOpOEHTOB, MOYYEHHBIX HA OCHOBE 11€0JIMTA, OCHTOHUTOBBIX IJIMH W JMATOMHTA HU3KOTOPHBIX uacrteil JKeTbicyc-
koro (JlxyHrapckoro) Anaray Al OYHCTKH W KOHOUIMOHUPOBAHUS MUTHEBOM BOABI U IOOYHCTKH CTOYHBIX BOJ OT
cyibdaToB, rHAPOKApOOHATOB, HUTPATOB, HOHOB TSDKENBIX METAJIOB M JIPYTHX BPEIHBIX IPUMECEH.

Uzyuenbl (QU3MKO-XMMHUYECKHH, MHHEPAIOTHYECKHH COCTaB IMPHUPOIHBIX COPOCHTOB U A(P(PEKTHBHOCTD
a7CcoOpOIMH TTOyYeHHBIX KOMOMHHPOBAHHBIX COPOCHTOB, OOHAPYKEHO YBEIHYCHHE COPOIIMOHHON aKTHBHOCTH B
3aBHCHUMOCTH OT COCTaBa COPOEHTA U BIMSHHS IPEIBAPUTEIbHON TEMIIEPaTyPHOI MOAN(DUKALINH.

Hus onpeneneHus (QU3UKO-XMMHUYECKOTO COCTaBa HCIOIB30BAaH METOJ KOJMYECTBEHHOTO XHMHUYECKOTO M
peHTreHo¢a3sHoro aHainm3a neoauTa MaitoOuHckoro m OeHTOHHMTa MYKPHHCKOTO MECTOPOXACHHUH, pPacIojio-
KCHHBIX Ha TEPPUTOPUU AJMAaTHHCKON 00JacTH € MOMOIIBIO CKaHUPYIOMIETO 3EKTPOHHOTO MuKpockomna “EVO 50
XVP” (Carl Zeiss) ¢ cucremoii 3onmoBoro mukpoananmsa “INCA Energy — 350” (Oxford Instruments).
PenTreHockonmyecKuii aHaIN3 ¢ MOMOIIBIO 3IEKTPOHHOTO MUKPOCKOIIA € YBEITMUEHHEM 0 21lm MOKa3al ITyCTOTHI B
KapKacHOM CTPYKType LEeOoJUTa M OCHTOHHTA, MOBBIIIAIOIINE aJCOPOIMHY HOHOB TSDKENIBIX METAJUIOB IPH MpUMe-
HEHWH JJIS1 OYMCKH U KOHICHECUPOBAHNSAE CTOUYHBIX W TUTEBBIX BOJ.

YcranoiieHo, 4To Hanboubias 3h(GEKTUBHOCTh aICOPOIMM HOHOB TSKEIBIX METAJUIOB HaOMIomaeTcs IS
copOeHTa, MpOLIe/IIEro TeMieparypHyo Moaudukaiuo mpu 900°C.

[lomyueHHbIE pe3ybTATHl MCCIEIOBAHUN CTaTUCTUYECKH oOpaboTaHbl. B Xoze MpOBOIUMBIX IKCIEPHUMEH-
TOB IOBBICHJIOCH Ka4ECTBO BOJBI, OTBEYAOIIEE KPUTEPUAM OE30MACHOCTH YEJIOBEKa B COOTBETCTBHH C CAHUTApPHO-
THTHCHUIECKUM HOPMHUPYEMBIM TPEOOBaHHSAM.

KiroueBble cjioBa: 09nCTKa BOABI, COPOLNS, IPUPOTHBIE aICOPOEHTHI, ATFOMOCHIINKATHI, TSKEITBIE METAJLIBL.
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