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EXTENDED ABSTRACT:

Despite the wide practical use of sorption methods and complexones in treat-
ment of industrial wastewater, some problems are still to be solved in this field.
These are the most significant: insufficient sorption capacity of materials, lack of
reliable methods for regenerating sorbents and resource-saving ecology friendly
treatment technologies with the use of sorbents as well as methods of utilization
of heavy metals from waste by complex formation.

An important factor affecting the behavior of heavy metals in the soil is
the medium acidity. With a neutral and slightly alkaline reaction of the medium,
hardly soluble compounds are formed: hydroxides, sulphides, phosphates, car-
bonates, and oxalates of heavy metals. When acidity increases the reverse pro-
cess runs in the soil: hardly soluble compounds become more mobile, while mobil-
ity of many heavy metals increases. However, the effect of soil acidity on mobility
of heavy metals is ambiguous. Although mobility of many heavy metals decreases
with increasing pH of the medium (for example, Fe, Mn, Zn, Co, etc.), there are
a number of metals whose mobility increases with soil neutralization. These in-
clude molybdenum and chromium, which are able to form soluble salts in a weak-
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ly acidic and alkaline medium. In addition, heavy metals such as mercury and
cadmium are able to maintain mobility in an alkaline medium through formation
of complex compounds with organic matter in soils. Heavy metals interact with
a solid phase of the soil by mechanisms of specific and nonspecific adsorption.

In this article, a technique of wastewater treatment from heavy metal ions
using nanoactivated complexes of natural zeolite and diatomite is proposed. This
technique can reduce significant costs in preparation of raw materials and subse-
quent chemical modification of them. Technological solutions aimed at disposal
and recycling of industrial wastewater have been proposed. These solutions make
it possible to obtain the water treated to the necessary standard impurity content
and reuse it in the technological process.

Key words: zeolite, diatomite, wastewater, heavy metal ions, ecology, wa-
ter treatment, water treatment method, nanoactivated complex, natural sorbent,
nanotechnologies.
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ccording to the World Health Organization, human diseases
caused by consumption of low-quality water can account for up
to 80% of the total number of health problems. In general, more than half
of the world population consume low-quality water, and thus every third
inhabitant is endangered by gastrointestinal diseases. Economic damage
from morbidity of the population using low-quality water virtually can not
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be measured to the full extent due to specifics of the problem and incom-
plete initial data. Nevertheless, one can say with certainty that this compo-
nent predominates in the total amount of damage from pollution of water
sources.

Sewage of enterprises contain oil products, heavy metal ions, and many
different chemical compounds. Harmful chemical elements and substanc-
es enter water bodies worsening their sanitary condition, which requires
thorough water treatment before using it for household and drinking pur-
poses and for some industrial purposes [1-7].

Often, these methods involve natural sorbents with subsequent me-
chanical grinding, thermal and/or chemical modification to obtain high
rate of adsorption at the output. The chemical modification must be chosen
for the different types of contamination separately which also increases
the treatment process cost. The developed method allows creating a nano-
activated complex of natural zeolite and diatomite. Its production is tens of
times cheaper than that of the existing methods in the absence of costs for
expensive grinding, expensive chemical components and chemical modifi-
cation process.

The environmental problems of wastewater treatment are considered in
papers of Alekseev M.I., Vinogradov S.S., Gubanov L.N., Ilyin Yu.A., Evil-
evich A.Z., Zainullin Kh.N., Zapolsky A.K., Koganovsky A.M., Kudryavt-
sev V.N., Ksenofontov B.S., Naidenko V.V., Palgunov P.P., Smirnov A.D.,
Tarasevich I.Yu., Yakovlev S.V. and others.

In this article, a technique of wastewater treatment from heavy metal
ions using nanoactivated complexes of natural zeolite and diatomite is pro-
posed. This technique can reduce significant costs in preparation of raw
materials and its subsequent chemical modification. Technological solu-
tions are proposed for disposal and recycling of industrial wastewater al-
lowing obtaining water treated to the necessary regulatory water content
of impurities and returning it to the process cycle. The uniqueness of the
method and techniques is in the use of nanoactivated natural sorbents for
treatment of both ion-exchange water, and also natural water from heavy
metal ions that pollute it.

Some natural materials are quite active in the natural state, but most
of them are advisable to activate by chemical or thermal means to increase
and adjust their porous structure, and change the chemical nature of the
surface [8-11]. Various methods of modifying natural materials, includ-
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ing activated carbons, lead to production of sorbents with specific sorption
properties to a wide range of organic and inorganic substances [12—-16].
A new field of application of nanomaterials based on carbon and inorganic
nanostructures is developing especially intensively [17—-20]. As a result,
sorbents with a porous structure different from the original mineral are
obtained, combining the useful properties of the initial material and syn-
thetic sorbents [21, 22].

One of the most promising methods of treating natural and waste
water is sorption on various natural materials, to re-use treated water in
closed water systems of enterprises. The increase in the scale of applica-
tion of natural sorbents is due to the fact that, with a developed specific
surface, they have good sorption properties and are ten times cheaper than
synthetic ones. In this regard, their technological application is simplified
often excluding the regeneration stage.

The simplest method which does not require additional reagents and
complex hardware design, is thermal modification of various materials.
The obtained materials are characterized by increased sorption properties
with respect to various organic and inorganic substances.

The main problem of modern technological systems of application is
the development of environmentally safe technologies with the most closed
cycle and the minimum amount of waste. The current situation in this field
of research has necessitated the improvement of sorption technologies and
selective processes for treatment of contaminated solutions and process
fluids for the integrated solution of resource-saving and environmental
problems. As a result of target of studies of a wide range of sorption mate-
rials in relation to wastewater treatment, the processes of adsorption of oil
products and heavy metal ions on natural sorbents and their analogs have
been further developed.

Often, these methods involve natural sorbents with subsequent me-
chanical grinding, thermal and/or chemical modification to obtain high
rate of adsorption at the output. The chemical modification must be chosen
for the different types of contamination separately which also increases
the treatment process cost. The developed method allows creating a nano-
activated complex of natural zeolite and diatomite. Its production is tens of
times cheaper than that of the existing methods in the absence of costs for
expensive grinding, expensive chemical components and chemical modifi-
cation process.
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In this work, a sorbent for water treatment from heavy metal ions
is produced from a natural zeolite and diatomite nanoactivated using an
ultrasonic through-flow disperser in the following ratios of components
(wt. %): diatomite — 20-30, zeolite — the rest. The resulting sorbent al-
lows trapping arsenic ions of different valences, cadmium, cesium, copper,
zinc, nickel, lead, chromium, sulfate ions, chloride ions, and others.

The main difference of the result in the output sorbent of this method
is an expanded list of heavy metal ions captured to a high degree of treat-
ment, and also the most concentration of contamination of effectively
treated water which is greater than 20 mg/l, i.e., 3—4 times higher than
that of most of the previously proposed methods. Furthermore, when us-
ing the proposed sorbent obtained in this method, no metal ions release,
and absorption of metal ions actively continues. These technical results are
achieved because a sorbent for water treatment from heavy metals ions is
produced from natural zeolite and diatomite nanoactivated in the through-
flow ultrasonic disperser.

Moisture is separated by passing the slurry through a separator which
also divides the resulting prepared sorbent into fractions followed by cal-
cination for 4 hours at 250-300°C. Thus, the proposed technique makes it
possible to obtain fractions of nanoactivated natural sorbent with particle
size of classes: 0.5—1 nm, 0.005—0.01 microns, 0.5—1 micron. Reduction
in sizes is done by ultrasonic cavitation in the flow regime; the percentage
ratio of the mass fraction of solids to water is 70:30.

The sorbent samples of nanoactivated complexes of natural zeolites and
diatomites were tested for the adsorption capacity with respect to heavy
metal ions as follows. Absorption of the specified heavy metal ions was
studied from model solutions at a concentration of 20 mg/l. 100 g of the
sorbent was placed in 10 1. of the test solution in the pH range of 5—7 and
stirred with a mechanical submersible stirrer for 30 minutes. The solution
was then settled for 20 minutes and analyzed by stripping voltammetry for
residual content of heavy metal ions. The concentration was evaluated by
adding the standard solution of the specified heavy metal ions with a con-
centration of 20 mg/1 (50 ml). The minimum detectable concentration was
0.001 mg/l. The sorption percentage was calculated while taking the initial
concentration of heavy metal ions as 100%.

Depending on the data obtained, the degree of extraction was deter-
mined to determine the dynamic characteristics of the adsorption process.
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Experimentally, the amount of adsorption (A) of contaminants and the de-
gree of extraction (o) were calculated as follows:

A - (Cinit - C) ' Vsol / msorb
a (%)=, —C-100/C_ .,

where C_. and C are the initial and the equilibrium concentration of
heavy metalionsin the solution; V_ —solution volume; m_ , —sorbent mass.

Data on the sorption capacity of the obtained sorbent samples with dif-
ferent concentration of diatomite and zeolite is given in Table 1.

Table 1
Sorption capacity of the obtained sorbent samples with different
concentration of diatomite and zeolite

Zeolite, % of content Diatomite, % of content o (%), sorption

100 0 62,3+0,5

95 b 71+0,5

90 10 89+0,5

85 15 90,1+0,5
80 20 97,8+0,5

75 25 100+0,5

70 30 100

65 35 96=+0.5

As we can see from the results of experiments, the best results are
shown by samples of diatomite in concentrations ranging from 20-30%.
The minimum absorption is observed with a decrease in the proportion of
diatomite less than 20%, but also with its significant increase of more
than 30% .

The experiment showed that there is a degree of extraction ratio on the
sorbent sample processing temperature. The data is given in Table 2 and
graphically in Fig. 1.
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Table 2
Degree of extraction ratio on the sorbent sample
processing temperature

T, °C 100 150 200 250 300 350 400 500 600

o, % 83,5 91,7 95,8 98,6 99,4 97,1 91,8 85,1 83,7

100 7 ..o"Q_
o .O.
95 o
. G &,
= 90 4
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80 T T 1
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Fig. 1. Degree of extraction ratio on the sorbent sample processing temperature

By analyzing the data obtained it can be concluded on the best sorp-
tion properties of the obtained sample at a temperature of 250-300°C. All
samples of various concentrations of diatomite and zeolite were tested at
different temperatures. We can say that there is a dependence on the sor-
bent heating time and pH of the solution being treated. Optimal time of the
sorbent heat treatment is from 2—4 hours, further heating does not impair
the degree of treatment. The data obtained are well correlated with the re-
sults [23—-26].

Is known to use zeolite-containing sorbent treated by calcination at
a temperature of 250°C for 2—4 hours for water treatment from metal ions
[27], but the disadvantage of this invention is the low sorbent efficiency.
Also known are methods where a chemically modified zeolite is used [28]
and [29]. The disadvantages of these methods include a narrow list of ele-
ments to be treated, as well as low sorbent efficiency and high cost of pro-
duction.
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The developed method allows obtaining a high degree of treatment
at minimal cost for preparation of raw materials compared to the known
methods. The most efficient modes for the sorbent production by the above
method were obtained.
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O4YUCTKA CTOYHbIX BOQ OT UOHOB TAXENbIX METANJOB
C NOMOLYbH HAHOAKTUBUPOBAHHbIX KOMIJIEKCOB
NPUPOHOI0 LEOJINTA U QAUATOMUTA

AHHOTAHI/IH K CTATBHE (ABTOPCKOE PE3IOME, PE®EPAT):

HecMoTpsa Ha mMIMPOKOE NMPaAKTUYECKOE MCIIOJb30BaHHE COPOIIMOHHBIX METO-
JIOB ¥ KOMILJIEKCOHOB B OUHMCTKE IIPOM3BOICTBEHHBIX CTOYHBIX BO/I, B 3TOM 00J1aCTH
cyuiecTByeT pan mpodaeMm. K HaunbGosiee cyiiecTBEeHHBIM OTHOCSATCS CJEaYyHOIIHe:
HEeJ0CTAaTOYHAS COPOIMOHHAS €MKOCTh MaTepuaJjioB, OTCYyTCTBME HAEKHBIX CIIO-
Cco000B pereHepamnuu COpOEHTOB, pecypcocOeperamumnx 3K0J0TU3SHPOBAHHBIX TeX-
HOJIOTM I OYUCTKH C UCIIOJIb30BaAaHUEM COPOEHTOB, CIIOCO00B YTHIU3AIUHU TAKEIBIX
MEeTaJIJIOB U3 OTX00B KOMILIEKCOO0pa30oBaHMEM.

BasxHbIM (haKkTOpPOM, BIAUAIONIMM Ha MOBEeAeHNE TSI eJIbIX MEeTAJJIOB B IIOYBE,
SIBJISIETCA KHCJOTHOCTHh cpenbl. Ilpu HelTpaJbHON M CJIA0OIIEJTOUYHON pPeaKIiuu
cpeabl 00pPa3ylTCcA TPYAIHOPACTBOPHMMBIE COeIUHEHUS: THUAPOKCHABI, CyJIb(UIBI,
tdochaTsl, KapOOHATHI M OKCAJIATHI TAMKEJIBIX MeTaJoB. IIpu Bo3pacTaHum Kuc-
JIOTHOCTHM B IOYBE MIET OOPATHBIH MPOIECC — TPYAHOPACTBOPUMBIE COECTUHEHUS
nmepexoaAaT B 0oJiee MOABUKHbBIE, IIPH 9TOM MOBBINIAETC MOABUKHOCTh MHOTHX THA-
sKeJbIX MeTaJuIoB. OMHAKO MeiicTBHE KMCIOTHOCTH IMOYB HA MOABHMKHOCTH TSKe-
JBIX METAJIJIOB HEOJHO3HAYHO. XOTd mpu Bo3pacranuu pH cpeasl moaBUKHOCTH
MHOTHUX TSAKeJbIX MeTAJIJIOB CHUKaeTca (Hanpumep, Fe, Mn, Zn, Co u ap.), umeer-
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¢ PAJ METAJLIOB, MOABHKHOCTh KOTOPBIX MPU HEHTPAJIH3AIUYU IIOYBBI BO3PACTAET.
K HMM oTHOCATCS MOJIMOIEH X XPOM, KOTOPBIE CIIOCOOHBI B CJIA00KHMCJION U IIeJI0Y-
HOU cpejie 00pa30BBIBATH pacTBOpPUMEIe cosii. Kpome Toro, Takue Tsxebpie MeTaa-
JIbI, KAK PTYTh M KaIMUIi, CHOCOOHBI COXPAaHATh MOJABUKHOCTH B II[eJIOYHOM cpefe 3a
cueT 00pa3oBaHUA KOMILIEKCHBIX COeTUHEHHNH ¢ OPTaHUYECKHUM BelIeCTBOM IOYB.
C TBepaoii (pa30ii MOYBHI TAKEJIbIe METAJIBI B3AUMOEHCTBYIOT II0 MEeXaHN3MaM
cruenu(puuecKoi u HecnenupnIecKou agcopoOIuu.

B craTse mpenioskeHa MeTOTMKA OYMCTKHM CTOYHBIX BOJ OT MOHOB TSMKEJBIX
METaJIJIOB C IOMOIIbI0 HAHOAKTHUBHPOBAHHBIX KOMILIEKCOB IPHPOTHOTO II€OJHTA
U nuaTtoMuTa. /[aHHAA METOAWKA IMO3BOJIET COKPATHTH 3HAUMTEJbHbIE M3IEPIKKH
B IIOJITOTOBKE CHIPHS U MOCJIEAYIOIIel ero xuMmmueckoit moguduramun. Ilpenmoskens:
TeXHOJOTHYECKHe PelIeHHs 10 00e3BPeKMBAHUIO M YTUJIM3AIMYU IPOU3BOICTBEHHBIX
CTOYHBIX BOJ U ITO3BOJISIIONINE MTOJYYaTh OUMIEHHYIO 10 HE00OXOIMMOT0 HOPMATUBHO-
r'o coJep:KaHus MpuMeceil BOXY M BO3BPAIIATh €€ B TeXHOJOTUUECKUIA ITNKJI.

Kuarouessle ciIoBa: 1€0JIUT, JUATOMUT, CTOUHbBIE BOABI, MOHBI TAMKEJIBbIX MeTAaJI-
JIOB, DKOJIOTHS, OUMCTKA BOJAbI, METOJ OUMCTKY BOAbl, HAHOAKTHBHUPOBAHHBIN KOM-
IJIEKC, IPUPOAHBIN COPOEHT, HAHOTEXHOJIOTUH.
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0 MHeHUI0 BceMupHOI opraHu3anum 3paBooXpaHeHns, 3a0oIeBa-
HIS YeJIOBeKa, BbI3BaHHBIE IIOTPebIeHeM HeKaueCTBeHHOM BOI,
MOTYT COCTaBJATEL 10 80% oT ob11iero umcaa mpobdaeM co 34opoBbeM. B 11e-
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JIOM B MUpe 0oJiee TOJIOBUHBI HaceJeHU MOTPed IsdeT HeJo00pOKaueCTBeHHYIO
BOJY, B Pe3yJabTaTe Uero KasKIbIN TPETUH KUTeJb IIOJBEPTraeTcs yrpose Ku-
IIIeUHO-KeJIYAOUHBIX 3a00JeBaHN. DOKOHOMUUYECKHui yIiepo oT 3aboJieBae-
MOCTH HacCeJIeHUS IIPU YIOTPeOJIeHNN HeKaueCTBEHHOM BOABI IPAKTUUYECKH
He MOKeT OBbITh U3MEPEH B IIOJHOI Mepe BBUAY cHelu(pUKU IPodJIeMbl 1 He-
IIOJIHOTHI MCXOAHBIX JaHHBIX. TeM He MeHee, MOXKHO C YBePEeHHOCTHIO TOBO-
PUTH O IPeodJIaJaHNM 9TOM COCTABJAIONIEH B 00Ieil cyMMe yiepoOa oT 3a-
TPsI3HEHUS BOAHBIX NCTOUHUKOB.

CTouHble BOABI IPEAIPUATHI COAEPKAT He(PTEIPOAYKTEI, MOHBI TAMKe-
JBIX METAJIJIOB, MHOJKECTBO PA3JIMUHBIX XMMHUUYECKUX coemunHeHuii. Bpen-
Hble XMMUUYECKHe 3JIeMEeHTHI 1 BellleCTBa IIOIIafaloT B BOJOEMBI, YXVAIIasd
UX CaHHTapHOe COCTOAHNE, B CBA3U C UeM HeoOXoAuMa IIy0OKas OYMCTKA
BOJBI II€pe] MCIIOJh30BAHNEM €€ B X03SAMCTBEeHHO-IIUTHEBBIX 1 HEKOTOPBIX
MIPOMBIIIIJIEHHBIX Ieaax [1-7].

C pocToM TeXHOJOTUUYECKUX IIPOM3BOJACTB OCTPO BCTAET BOIIPOC IIO
OUIICTKEe OTPabOTaHHOI BOABLI, KOTOPAsS COAEPKUT He(PTEeIPOAYKThI, MOHBI
TSKEJBIX METAJJIOB M MHOYKECTBO Pa3JIHNUYHBIX XMMUUYECKUX COeSUHEHM.
Ha cerogHaIiauii JeHb CYIIeCTBYEeT JOCTATOUHO MHOTO 3(p(EKTUBHBIX TeX-
HOJIOTMYECKHNX METOJOB II0 OUMCTKEe TAKUX 3arpA3HeHUi, HO BCe STH METO-
OBl IMEIOT YeTKYIO 3aBUCHUMOCTDL CTEIIeHU OUMCTKM OT IMOHECEHHBIX 3aTpaT
Ha 9TOT IPOIleCC, IIOITOMY B PeaIbHOM CEKTOPE SKOHOMHUKH JaHHBIE METOIbI
HMCIIOJB3YIOTCSA N30MpPaTeIbHO MM YaCTUYHO BBUAY CYIIIECTBEHHOMN CTOMMO-
CTH JAHHBIX METOJOB.

OKOJOTMYeCKM IIPOo0IeMaM OUNCTKI CTOUHBIX BOJ, IIOCBSAIIEHEI PAOOTEI
AnerxceeBa M.U., Bunorpagosa C.C., I'ybaunosa JI.H., Uasuna 10.A., EBu-
agesuua A.3., 3aninynaa X.H., 3anoiabckoro A.K., Koramosckoro A.M.,
Kynpasuesa B.H., Kcemoponrosa B.C., Haiizenko B.B., Ilansrynosa I1.11.,
CvmupnoBa A.]ll., Tapacesuua NU.10., AxoaeBa C.B. u gpyrux.

B manHo# paboTe IpeaoKeHa METOAMKA OUNCTKY CTOUYHBIX BOJ OT IOHOB
TSKEJBIX MEeTaJIJIOB C IIOMOIIbI0 HAHOAKTHUBUPOBAHHBLIX KOMILJIEKCOB IIPHU-
POSHOTO Ie0JHTa WM AuaToMuTa. JlaHmHasg MeTOAUKA IIO3BOJIAET COKPATUTH
3HAUUTEJbHbIC U3AEePIKKH B IOATOTOBKE CHIPhA U IIOCJEAYIOIIeil ero XMMMU-
yecKol moauduranuu. IIpeaaoKeHbl TeXHOJOTMUECKHE PeIlleHns 110 00e3-
BPEKUBAHUIO U YTUJIN3AIUY IIPON3BOCTBEHHBIX CTOUHLIX BOJ 1 II03BOJISIO-
Ie IMOJIyYaTh OUUIIEeHHYIO 1O HeoOXOAMMOT0 HOPMATHUBHOTO COAEPIKAHU S
IIpuMeceil BOAY 1 BO3BPAIIATh €€ B TeXHOJOTUUECKUHA ITUKJI. ¥ HIUKAJIbHOCTD
IIPOJOJIXKEHHOTO MeTO[a 1 IIPHUEMOB II0 HCI0JIb30BAHNI0 HAHOAKTHUBUPOBAH-
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HBIX ITPUPOJIHBIX COPOEHTOB B TOM, UTO OHU MOTYT OBITh MCIIOJb30BAHBI JJIs
OUYHMCTKM HE TOJHKO MOHHO-OOMEHHOI BOJbI, HO M IIPUPOIHOIN BOABI OT 3a-
TPASHAIONINX €e MOHOB TAKEJIbIX METAJJIOB.

HexkoTopsle MpupogHbIE MaTePUAJIbl JOCTATOUHO AKTUBHBI B €CTECTBEH-
HOM COCTOSHUU, HO OOJBIIYIO UAaCTh U3 HUX IeJeco00pa3HO aKTUBUPOBATH
XUMHUYECKUM UJI TEPMUUECKUM CIIOCOOOM JJIsI YBEJIMUEHUA U PeryJInupoBa-
HUA UX IMOPUCTOH CTPYKTYPhl, U3MEHEHUA XUMNUYECKON TPUPOABI IIOBEPX-
HocTu [8—11]. Paszniuunble crmocoObl MOAM(MUIIMPOBAHUSA IPUPOTHBIX Ma-
TEPUAJIOB, B TOM YMCJIE aKTUBUPOBAHHBIX yTJIell, IIPUBOAAT K MOJYUEHUIO
copOeHTOB, 00JIAHAIONINX CIeMU(UIECKIMU COPOITMOHHBIMU CBOHICTBAMHU K
IMIUPOKOMY CIHEeKTPY OpPraHMYecKUX WM HeopraHudYecKux BermiecTB [12—16].
OcobeHHO MHTEHCUBHO Pa3BUBAETCA HOBas 00JIaCTh IIPUMEHEHU ST HaHOMAaTe-
pHaJIOB HA OCHOBE YIJIEPOAHBIX U HEOPTaHUUYECKUX HAHOCTPYKTYp [17—-20].
B pesysnbTaTe mosiyuaioTca cOpOEHTHI ¢ OTJAMYHON OT UCXOLHOTO MUHepasa
IIOPUCTOM CTPYKTYPOI, coueTarolue B cede IMoJe3Hble CBOMCTBA UCXOJHOTO
MaTepuaJja ¥ CHHTeTUUYeCKuX copbeHTos [21, 22].

OnuumM m3 HauboJee MEPCIEKTUBHBIX METOJOB OUMCTKUN HPUPOIHBIX
U CTOUHBIX BOJ SABJISETCS COPOIMA Ha Pa3JIMUYHBLIX IIPUPOAHBIX MaTepua-
JlaX, YTO II03BOJISAET IIOBTOPHO MCIIOJIF30BATh OUMUINEHHYIO BOAY B 3aMKHY-
TBIX CUCTEMAaX BOJHOTO X03AMCTBA IPeAIPUATHI. Y BeJInueHre MaciiTabos
MIPUMEeHeHUA IPUPOIHBIX COPOEHTOB 00YCJIOBJIEHO T€M, UTO IIPU PAa3BUTOM
yAeJIbHON MOBEPXHOCTU OHU 00JI1alal0T XOPOIIUMU COPOMPYIOIIUMU CBOM-
CTBAMU U B JECATKU Pas JAellleBJjie CHHTeTUUYECKUX. B ¢BA3U ¢ 9TUM yIIpO-
IIaeTcsd UX TeXHOJOTUUecKoe IIPUMeHeHNe, YacTO UCKJIoUaeTCsa CTalusd
pereHepamnuu.

Haubosiee mpocThIM CII0COO0M, He TPeOYIOIINM AOMOJHUTEJIbHBIX pea-
TeHTOB U CJIO}KHOTO allnapaTHOro o(hopMIeHU A, ABJIAETCA TePMUUECKOe MO-
In(UuIupoBaHMe pasInUYHbIX MaTepuaoB. IlosyyeHHbIe MaTepuabl Xapak-
TEPU3YIOTCA MOBBIMIEHHBIMN COPOIIMOHHBIMU CBOMCTBAMU II0 OTHOIIIEHUIO
K Pa3JINYHBIM OPraHNYECKUM M HEOPraHMYEeCKUM BEIeCTBaM.

OcHOBHOII ITP0O0JIEMOM COBPEMEHHBIX TEeXHOJOTUUYECKUX CUCTEM IpUMe-
HeHUA ABJIAeTCA pa3paboTKa 9KOJ0TrmuecKy 6€30IaCHbIX TeXHOJIOTUH ¢ MaK-
CUMAJIbHO 3aMKHYTBHIM IUKJIOM U MHUHUMAJBHBIM KOJUUYECTBOM OTXOMOB.
CrnosxkuBIIasCcsA B HaCTOAIIee BpeMA CUTyaIUA B 9TOM 00J1aCTH CCJIeIOBaHM I
BbI3Bajla HEOOXOAMMOCTL COBEPIIIEHCTBOBAHUSA COPOITMOHHBIX TEXHOJIOTHUI
U CEeJIEKTUBHBIX MPOIECCOB OUUCTKU 3arpPsA3HEHHBIX PACTBOPOB U TEXHOJIO-
TMUYEeCKUX KUIKOCTEH /sl KOMIIJIEKCHOTO PelIeHUs pecypcocOeperaromiux
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U D9KOJIOTUUYEeCKUX IIpobseM. B pesyisibraTe HAmpaBJIeHHBIX HCCJIEIOBAHUMI
IIIUPOKOTO CIIEKTPa COPOIIMOHHBLIX MaTepHaOB IIPUMEHUTEIBHO K OUNCTKE
CTOUYHBIX BOJ IIOJYUYHUJIHN NajbHeHIlee pa3BUTHE IIPOIIECCHI aAcopOnuuy He-
(bTeIpoayKTOB 1 MOHOB TAMKEJIBIX METAJJIOB HAa IIPUPOJHBIX COPOEHTAX U UX
aHaJoTax.

3ayacTyio BCe 9TU METOAbI UCTIOJb3YIOT IPUPOIHEIE COPOEHTHI C IOCJIe-
IVIOIIUM MeXaHUYEeCKUM H3MeJIbUeHUeM, TePMUUYECKON U/MAu XUMUuYe-
CKOM mMoam(puKaIrueir, 4ToObI MOJYUYNUTh HA BbIXO/€ BHICOKUH MOKa3aTeNb
azcopOIMy, TPH BTOM HYXKHO IOAOMPATh XMMHUYECKYI0 MOAU(DUKAIUIO
I pasJNYHBIX BUAOB 3arpsa3HEHUA OTAEJbHO, UTO TaK K€ ITOBBIIIAET
CTOMMOCTB IpoIlecca OUNCTKU. Pa3zpaboTaHHBIN MeTO/ IIO3BOJAET CO3ATh
HAHOAKTHUBUPOBAHHBIA KOMIIJIEKC NPHPOIHOrO IEOJUTa U AUATOMUTA,
IIpollecc IIPOMU3BOACTBA KOTOPOTO B IECATKHU pas AellleBJje paHee CYIecTBY-
IOMIUX METOAO0B, B BUAY OTCYTCTBHSA 3aTpaT Ha JOPOTOCTOAIIUIN PasMoJI,
Ha JOPOTOCTOAININEe XUMUUYECKNE KOMIIOHEHTHI M IIPOIeCC XUMUUYECKOM
Moau(pukranuu.

B nammoit paboTe cOpOEHT IJisI OUUCTKM BOABI OT MOHOB TSMKEJBIX Me-
TAJIJIOB IIOJIYUYAIOT U3 IIPUPOJHOTO IIEOJUTA U AUATOMUTA, HAHOAKTUBUPO-
BaAHHBIX IIPW IIOMOIIHX YJBTPA3BYKOBOTO IPOTOYHOTO AUCIIEPTraTopa, MpHU
cJeIyIoIeM COOTHOIIeHNN KOMIIOHEHTOB, Mac. % : muatomutr 20-30, meo-
JUT — ocTayibHOe. IlosryyaeMbIii COPOEHT ITO3BOJIAET YJIABJIUBATH NOHBI MbI-
IMbAKAa Pa3HOU BAJIEHTHOCTU, KaAMUs, 1e3Usd, Meau, IIUHKA, HUKeJIsd, CBUH-
Ia 1 Xpoma, cyJib(paTa MOHOB, XJIOPUIa NOHOB U IP.

OCHOBHBIM OTJIMUMEM IIOJYYaeMOTrO pe3yJbTaTa B BEIXOJHOM COpPOEHTe
ITaHHOT'O METO/Ia ABJAETCSA PACIINPEHNE CIINCKA NOHOB TAMKEJIbIX METAJIJIOB,
yJaBJINBAeMbIX IO BBICOKOI CTEeHU OUMCTKHU, a TaKyKe Hambo bIIasd KOH-
IeHTpanusA 3arpA3HeHnA d3((PEeKTUBHO OUUIITaeMOM BOJbLI, KOTOpas COCTaB-
asiet 6oJiee, uem 20 Mr /1, T.e. BBIIIIE, YeM Y OOJIBLIITMHCTBA PaHee IPeaIoKeH-
HBIX METOJIOB, B 3—4 pasda. KpoMme Toro, Ipu ncIoJib30BaHNY IIPEAJIOKEHHOTO
copOeHTa, TOJYy4aeMoOro B JaHHOM METO/ie, He IPOUCXOAUT BHICBOOOKIEHME
MOHOB METAJIJIOB, a IIPOIeCC IIOTJIONIEHN A NOHOB METAJIJIOB aKTUBHO PO 0JI-
JKaercd.

YKazaHHbIe TEXHUUYECKUE Pe3yJabTaThl JOCTUTAIOTCSA TEM, UTO COPOEHT
IS OUMCTKHU BOABI OT MOHOB THAMKEJIBIX METAJIJIOB IOJIydYaeTca U3 IPUPO-
HOT'O I[€OJINTA U AMATOMUNTA, HAHOAKTUBUPOBAHHBLIX B IIPOTOYHOM YJIbTPAa-
3BYKOBOM JHcCIIepraTope, IIocJje 4ero Aajiee IPON3BOAUTCA OTAeJIeHUe BJaaru
IIyTeM TPOITYCKAHUSA CYCIIEH3UU Uepes CemapaTop, KOTOPBIA TaK:Ke IEeJIUT
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MMOJIYyUYEeHHBIN MOATOTOBJIEHHBIN COPOEHT Ha (paKIiuu, IIOCJe ero IIPOKaJIn-
BaioT B TeueHue 4 uacoB mpu temmeparype 250—300°C. Takum obpasom,
IIpeaJio;KeHHasd TeXHOJIOTUA JaeT BO3MOKHOCTD HOJIyUaTh (hpaKiiuu HAHO-
AKTUBUPOBAHHOTO IIPHUPOJHOTO COpPOEHTa ¢ KPYIHOCTHIO YaCTHUIL KJACCOB:
0,5-1 M, 0,005-0,01 mxMm, 0,5 — 1 MmKM. I3MeapueHMre IPOU3BOSUTCS IIPU
YAbTPa3BYKOBOII KABUTAIIUU B IIPOTOYHOM PeKUMeE, IIPOIEHT COOTHOIIEHU
II0 MacCOBOM JoJie cyxoro BelriectBa 1 Bogwl — 70:30.

HcnplTanns TOJYYEHHBIX 00pasIoB cOpOeHTa HAHOAKTHBHPOBAHHBIX
KOMILJIEKCOB IPUPOIHBIX IIEOJUTOB U AUATOMUTA Ha aACOPOIMOHHYIO CIIO-
COOHOCTH IIO OTHOIIIEHUIO K MOHAM TSMKeJbIX METAJIJIOB HIPOBOAUIMN CJIELY-
IMUM o0pasoM. McciaemoBaHue IOTJIOIEHUSA 3aJaHHBIX MOHOB TSAMKEJBIX
MeTaJIJIOB IIPOBOIMJIN U3 MOAEJbHBIX PACTBOPOB ¢ KoHIleHTpalueir 20 mMr/ 1.
Ha 100 r copb6ernra — 10 1 MmozmenbHOTO pacTBOopa B npeaenaax pH 5—7, mepe-
MeIITBaJIN MeXaHUUeCKOU MeIllaJKou IIOTPYyKHOro Tuiia B Teuenue 30 MuH.
3aTeM pacTBOp OoTcTauBayiu B TeueHue 20 MUH ¥ aHAJIU3UPOBATIU METOIOM
VMHBEPCUOHHOM BOJILTAMIIEPOMETPUM Ha OCTATOUHOE COoJep:KaHue NOHOB Ts-
JKeJIbIX MeTasIoB. OIeHKY KOHIIeHTPAIlMU IIPOBOAUWJIU METOAOM H00aBOK
CTAHZAPTHOTO pacTBOpPa 3aJaHHBIX MOHOB TAMKEJBIX METAJJIOB C KOHIIEH-
tpanueit 20 mr/a (B koaudectBe 50 mi). MuHUMaIbHO onpeaeasieMas KOH-
neHrpaiud cocrasisaiaa 0,001 mr/a. IIpomeHT copbiiuy OLLT BEIUKMCIEH IIPU
npuHATHn 3a 100% wmMCXOAHON KOHIIEHTPAIIUU 3aJaHHBIX MOHOB TMKEJBIX
MeTaJIJIOB.

B 3aBuMCHMOCTH OT HMOJYUYEHHBIX JAaHHBIX ONPEAEeJANIN CTelleHb M3BJIe-
UYeHU OJIS OIpeesIeHnsT TMHAMUYECKUX XapaKTepPUCTUK IIpolecca aacopo-
ouu. OKCIEePUMEHTAJLHO BeJUUMHY aacopOrum (A) 3arpAsHAKIIUX Be-
II[EeCTB U CTeIIeHb N3BJIeUeHU (O) BEIUMCIAIN II0 YPABHEHUAM:

A= (Cncx o C) : Vp-pa / l’ncop6’
a(%)=(C, —C)-100/C_,

rae C, u C — ucxonHasa u paBHOBECHAA KOHIIEHTPAIAA NOHOB TAMKEJIbIX
METaJLIOB B pacTBope; V. — 00'beM pacTBOPa; m o~ Macca copbeHTa.

IlaHHBIE IO COPOIIMOHHOM CIIOCOOHOCTH IIOJYUYeHHBIX 00pas3IioB COpOeH-
Ta ¢ Pa3HbIM COAeps;KaHreM KOHIIeHTPAIluK JUATOMUTA U I[e0JINTa IIpuBee-
HBI B Ta0J. 1.
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Taobnuua 1
AOcCoOpOIIMOHHAA CITIOCOOHOCTH MOJIyYeHHBIX 00pa3IoB cOpOeHTa
MIPU PA3JIUYHBIX KOHIEHTPAIUAX JUAaTOMUTA M I[€0JIUTA

IMeoaur, % comep:kanusa | Iuaromur, % comep:kaHusd o (%), coporun

100 0 62,3+0,5

95 5 71+0,5

90 10 89=+0,5

85 15 90,1+0,5
80 20 97,8+0,5

75 25 100=+0,5

70 30 100

65 35 96=+0,5

Kax MBI MOXXeM yBHUOETHL M3 Pe3yJbTATOB SKCIEPUMEHTOB, HAWJIYU-
MU pe3yJbTaTaMu 00JIaZaioT 00pas3ilbl B KOHIEHTPAIIMAX AUATOMUTA
ot 20—-30% , HauMeHbIIaA adcopOIMa HAOIIOLAETCA IPU CHUMKEHUU JOJINU
muatomuta meree 20% , HO U TaKiKe IIPU 3HAUNTEJIbHOM €ro yBeJIUUYeHUU
csoimie 30% .

HNcxona n3 pe3yabTaTOB SKCIEPUMEHTOB, MOMKHO CAeaTh BBIBOJ O Ha-
JUYNYN 3aBUCHUMOCTH CTEIeHN M3BJICUEHUs OT TeMIlepaTyphbl 00paboTKu 00-
pasioB copOeHTa, JaHHbIe IPUBEAeHBI B TabJ. 2 1 B rpaduecKOM BHuIe Ha
puc. 1.

Tabauua 2
3aBHCHMOCTH CTEIIEHH! U3BJICUCHHUS OT TEMIIEPATYPSI 00PA0OTKHI
00pa31oB copOeHTa

100

150

200

250

300

350

400

500

600

83,5

91,7

95,8

98,6

99,4

97,1

91,8

85,1

83,7
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Puc. 1. 3aBUCUMOCTH CTEeIIEHN U3BJIEUYEHUSI OT TEMIIEPATYyPhI 00Pa0OTKH
00pa3IoB copOeHTa

AHanmuaupys mojaydyeHHbIe JaHHbIE, MOKHO CIeJaTh 3aKJII0UeHle B Ya-
CTU HAMOOJBIINX COPOIIMOHHBIX CBOMCTB IOJYUEHHOT0 00pasiia IIpu TeMIIe-
parype 250—300°C. Bce o0pasmbl pasjMUYHBIX KOHIEHTPAIINMII JUATOMUTA
U I[e0JINTa OBLIM aITpoOMPOBaHBI ITPY PA3HBIX TeMIlepaTypax. TaKkiKe MOMKHO
CKas3aTh, UTO NUMeeTCs 3aBUCUMOCTh OT BpeMeHU HarpeBa copOenTa u pH oun-
maemMoro pacrsopa. OuTuMaibHbIe TeMIIepaTypPhl TEPMUUECKON 00pabdoTKu
copOeHTa COCTABJSAIOT OT 2—4 YacoB, MOCJIEAYIOINI HArpPeB He YXYIIIaeT
cTemeHb ouncTKU. [loTyueHHbIE JaHHbIE XOPOIIIO KOJUPUPYIOTCS C Pe3yJIb-
tatamu [23—26].

M3BecTHO MCHOJIL30BAHUE IEOJUTCOAEpKaIero copoenra, oopaboran-
HOro mpokajimBaHueM Ipu Temiepatrype 250°C B teueHme 2—4 4acoB OJis
OUYMCTKM BOJBLI OT MOHOB MeTaJIJIoB [27], HO HeZoCcTaTKOM AAaHHOTO m300pe-
TEeHUS ABJIAeTCSI HU3Kasa 53((PeKTUBHOCTL copOeHTa. TaK:Ke M3BECTHBI U N30-
OpeTeHUs, TIAe IPUMEHSETCS XUMHUECKU MOAUPUIIUPOBAHHBIA IIE€OJIUAT
[28, 29], ¥ HemocTaTKaM JaHHBIX N300PETEHNIT MOKHO OTHECTH Y3KUH Imepe-
YeHb OUMIIaeMbIX SJIEMEHTOB, a TaKiKe HU3KYI0 3(ppeKTUBHOCTL COpOeHTa
¥ BBICOKYIO JOPOTOBUBHY ITPOU3BO/ICTBA.

PaspaboTaHHbI METO/ TO3BOJIAET IIOJYYATh BLICOKYIO CTEIeHb OUUCTKHU
IIPU MUHUMAJbHBIX U3IEPKKaX Ha MOJATOTOBKY ChIPbA IO CPABHEHUIO C U3-
BeCTHBIMU MeTomaMu. IlosryueHbl onTuMaabHO 3 (MEKTUBHBIE PEIKUMBI IJIs
IIPOM3BOICTBA HAHOAKTUBUPOBAHHOTO COPOEHTA IPeICTaBJIeHHBIM METOIOM.
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