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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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OBTAINING DERIVATIVES OF HUMIC SUBSTANCES FROM
OXIDIZED COAL AND STUDY OF PHYSICO-CHEMICAL
AND ADSORPTION PROPERTIES

Abstract. In the work, a chemical analysis of humic substances based on oxidized coal of the Maikuben basin
(Kazakhstan) is carried out. Humic acids were obtained on the basis of potassium humates by acidification with a
20% acid solution to pH = 3-4.5. The optimal conditions for obtaining nitrohumic acids from oxidized coals are: the
duration of the process is 3 hours, the ratio of S:L. = 1:5, the content of nitric acid is 64%, sulfuric acid is 96% and
the composition of the nitrating mixture is 1:1 (g/g). Amminohumic derivatives were obtained in the presence of a
3% aqueous solution of ammonia using mechanical activation and ultrasonic treatment. The samples obtained were
tested as an adsorbent for water purification from heavy metals. Humic acids and aminohumate showed the highest
degrees of purification for zinc (99.0-100.0%) and cadmium (80.0-96.7%), and nitrohumic acid showed a high
adsorption capacity for heavy metals like copper - 100.0 % and lead 82.9%. This is due to the fact that when
interacting with heavy metals, humic acids and their derivatives (amino and nitro) form chelate complexes due to
carboxyl, phenolic, nitro and amino groups. As a result of the study, the possibility of using them as non-toxic
available sorbents for the purification of heavy metals in aqueous media has been shown.

Key words: oxidized coal, humic acid, nitrogumic acid, amino humate, adsorbent, heavy metals.

Humic substances (HS) are a macrocomponent of organic matter in soil and water ecosystems, as well
as solid fossil fuels. The use of brown and oxidized bituminous coals for the production of humic
fertilizers and plant growth stimulants is one of the promising directions in coal chemistry. For humic
acids (HA) coals are characterized by a general type of composition and structure. However, depending on
the initial composition of coal, the method of extraction and storage, the indicators of their composition
and structure may vary. The physiological activity of HA is largely due to the content of quinoid groups
and phenolic hydroxides [1].

The presence in the macromolecules of oxidized carbons and humic acids of an aromatic framework,
highly substituted by functional groups such as carboxyl, phenolic, quinoid, carbonyl and others,
determines their ability to enter into an ion exchange reaction and the possibility of using them as sorbing
substances [2].

To increase the efficiency of humic preparations in sorption processes, their directed functionalization
seems to be promising, in particular, by introducing nitro-, amino- and other groups into their
composition. Interest in such sorbents is caused by the combination of ion-exchange properties with
respect to alkali and alkaline earth metals and the possibility of complexation with transition metals. A
significant contribution to the complexation is made by nitrogen atoms, which, in contrast to oxygen
atoms, have a higher polarizability and are more prone to the formation of donor-acceptor bonds with
metal ions [3].

Nitrohumic acids have received considerable attention as potential soil amendments for nitrogen
fertilizers and many other applications, such as plant biostimulants and chelating agents for metals [4-7],
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as they are characterized by high sorption and complexing properties. They are usually produced by basic
coal mining that has been oxidized with nitric acid.

Aromatic nitration, discovered by Mitscherlich in 1834, is a typical electrophilic substitution reaction.
The electrophile is the nitronium cation NO*". The nitronium ion has a linear structure, the nitrogen atom
is in the sp” state, and oxygen is in the sp” hybridization state [8].

Humic substances (HS), in addition to being a source of C and N for microorganisms and plants, are
important in the chemical and physical properties of the soil, mainly due to their high complexing ability
with respect to metal ions, which is a consequence of the presence of oxygen-containing functional groups
in their structure associated with their high specific surface [9, 10].

It is known that the coals of humic acids are weakly acidic cation exchangers. When nitrogen atoms
are more prone to donor-acceptor bonds with metal ions than oxygen atoms are introduced into these
carbons, the latter become more complex and polyampholytic [11].

Methods for introducing nitro and amino groups into the composition of coals or humic acids (HS)
are their direct nitration or amination.

The aim of the work is to obtain nitro-, amino-humic substances from oxidized coal of the
“Maikuben” basin and to study their physicochemical and adsorption properties.

The raw material used was brown coal from the Maikuben deposit, pre-crushed to a particle size of
less than 0.1 mm and having the following characteristics (wt%): A%- 258, W -9.3; V- 46.6; S - 0.71.
The yield of free humic acids was (on the analytical state) - 87%.

The moisture, ash content and volatility of the samples were determined on a “Thermoster Eltra”
thermogravimetric analyzer (according to ASTM D7582-12). The total pore volume, bulk density, pH of
the aqueous extract, adsorption activity for methyl orange and methylene blue were determined in
accordance with the procedures [12, 13]. The adsorption characteristics of the sorbents (specific surface
area) were studied by the Brunauer-Emmett-Teller (BET) method, measurements were carried out on a
KATAKON Sorbtometer M. Chemical analysis and surface morphology were studied by energy
dispersive X-ray spectroscopy using an SEM instrument (Quanta 3D 200i) with an EDAX energy
dispersive analysis attachment. The IR spectrum of the samples was recorded on a Nicolet iS 10 FT-IR
spectrometer.

Humic substances are obtained from oxidized brown coal, purified and determined in accordance with
the recommendations of the International Humic Substances Society (IHSS). Humic acids were obtained
on the basis of potassium humates, by acidifying them with a 20% acid solution to pH = 3 - 4.5, as a result
of the reaction, humic acids precipitated in the form of amorphous brown sediments.

Nitrohumic acids were obtained according to the method described in [2], where coal was treated with
64% nitric acid and 96% sulfuric acid in a ratio of 1: 1 (g/ g) in a cooled flask. The ratio S:L was 1: 5. The
coal nitration method using a nitrating mixture is the most effective. Sulfuric acid has a catalytic effect and
reduces the oxidative effect of nitric acid. The nitrating mixture was added to the moistened charcoal in
small portions with vigorous stirring and cooling. The process was carried out at a temperature not higher
than 40-50 ° C to suppress oxidative reactions, the duration of the experiment was 3 hours. The precipitate
was separated from the filtrate, washed several times with water, and dried. The nitrocarbon yield was
85%. Nitrohumic acid was obtained from nitrocarbon by alkaline treatment (3% KOH, microwave
treatment for 6-7 min, power 1000 W) and subsequent precipitation with 5% acid solution.

The nitrating agent is nitronium ions, which are formed during the decomposition of concentrated
nitric acid:

+ -
2HNO; = NO, + NOs + H,0

or in the interaction of sulfuric and nitric acid:
+ + -
HNO; + H,SO4 = NO, + H;0 + 2HSO,

Nitration of coals occurs similarly to aromatic hydrocarbons by the mechanism of electrophilic
substitution for the aromatic nucleus of carbon macromolecules and leads to the formation of nitrohumic
acids [1].
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To obtain aminogumic substances, oxidized coal was crushed to 2.95-452 microns. Then, in a
rotary-pulsating apparatus (RPA), it was subjected to intensive oxidation and dispersion of coal
particles with atmospheric oxygen, the mixture was heated to 50 °C and brought to an ultrafine state and
a homogenized mass in the presence of a 3% aqueous ammonia solution for 20 minutes. After RPA, the
finished mass was fed into the extraction vessel for holding the solution for 1 hour. The aged solution
was fed to the synthesis module for ultrasonic dispersion, where it was subjected to ultrasonic
dispersion at a certain frequency. The ultrasonic treatment time was 25 minutes.

H
\ | Hmmc H
Ii:gmc o + md C =NH: - OH % a‘c‘:j‘c/ NH
/ |
H

To carry out research on the removal of heavy metals using humic substances, a model solution of
heavy metals (copper, zinc, lead, cadmium) was prepared from state standard samples (SSS). In a conical
flask (250 ml), a weighed portion of the sorbent (0.5 g) was stirred with a model solution (50 ml,
pH = 3.26) and stirred in a shaker at room temperature (25°C) at a stirring speed of 200 rpm for 3 hours.
After the process, humic substances with heavy metals were extracted from the solution by filtration. The
solution filtered from the adsorbent was analyzed for the content of heavy metals on a Ta-lab
voltammetric analyzer.

The chemical composition and physicochemical characteristics of the obtained humic substances are
shown in tables 1-3.

Table 1 - Chemical composition of humic substances

Ne Content of elements, wt.%
Denomination S T
C (0] Na | Mg Al Si K Fe Ca
b Humicacids | 1947 | 4003 | - 072 | 058 | 38.06 | L.15 - - -
2 Nitrohumic
acids 50.51 | 29.19 | 0.17 | 022 | 345 | 946 | 070 | 1.69 - 0.19 -
3 | Aminohumate | 3609\ 3 08 | 019 | 030 | 284 | 725 | 065 | “T* | 049 - 0.36
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According to the data obtained, it should be noted that the potassium content (38.06%) in comparison
with the initial humic acid decreases to 0.70% and 0.65% in the derivatives of nitrogumic and aminohumic
acids, respectively, which may be due to the replacement of potassium ions by amino and nitro groups.

Table 2 - Content of functional groups of humic substances

Ne Carboxyl groups Total acidity, Phenolic group,
Denomination meq/g meq /g meq /g
1 Humic acids 1,18 1,60 0,42
2 | Nitrohumic acids 0,60 1,64 1,04
3 Aminohumate 0,12 0,73 0,61

The data in table 2 show a 50 % decrease in carboxyl groups from the original form of humic acid in
the derivatives of humic acids. The nitro and amino groups increase the reactivity of other substituents on
the aromatic ring. It should be noted that in aromatic acids nitration often occurs the substitution of the
carboxyl group for nitro and amino groups.

Table 3 - Physical and chemical characteristics of the obtained humic substances

Ne
Vs
Denomination W% A% V4, % SBzE b Poulks by water, pH A, Amb,
m/g g /cm 3 mg/g mg/g
cm’/g

1 Humic acids 1332 | 2573 | 6225 0.42 0.95 - 4,09 | 280 -

o | Nitohumicacids | 555 | 5787 | 6703 | 5637 | 0882 | 043 | 660 - -
3 | Aminohumate 341 | 7413 | 5677 | 3.940 | 0857 017 | 1007 | 455 | 1125

Figure 1 shows the IR spectrum of humic acid, peaks were found in the region of 2918 cm™, which
can be associated with CH stretching vibration of alkyl chains, which can also be a broad signal N - H/O - H.
Peak at about 1701 cm™ typical for the stretching vibration of C = O carbonyl groups of ketones (including
quinones), carboxylic acids and / or amides. The band of deformed stretching vibrations in the region of
1650-1520 cm™ also indicates the presence of a strong N-H group. The peak in the 1100-1000 cm™ range
is responsible for the strong elongation of the C-O group.
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Figure 1 - IR spectrum of humic acid
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Figure 2 - IR spectrum of nitrohumic acids

In Figure 2, the absorption bands in the range of wavenumbers 3700-3300 cm™ refer to weak
stretching vibrations of O — H bonds, probably due to the presence of moisture in this compound. In the
region of 2923 cm™ to be associated with C-H stretching vibration of alkyl chains. A peak at about
1700 cm™, typical of the C = O stretching vibration of carbonyl groups of ketones (including quinones),
carboxylic acids and / or amides, confirms that these units are present in humic acid. The peak in the
1100-1000 cm™ range is responsible for the strong elongation of the C-O group. The wide range of peak
variation from 800-650 cm™ can be explained by the tensile C-H vibration. Peak 920-830 cm™ for
nitroparaffin compounds, 1560-1500 cm™ for aryl groups.
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Figure 3 - IR spectrum of amino humate

Figure 3 shows a peak at 2993 cm™, which is responsible for the presence of aromatic stress assigned
to C-H. There is also a slight shift of the band at 1576 cm ™', which also indicates the presence of a strong
N — H group. The peak at 1560 cm™ is characterized by asymmetric and 1363 ¢cm™ symmetric tensile
vibration of aromatic tertiary amines. The peak in the 1100-1000 cm™ range is responsible for the strong
elongation of the C-O group.

The particle size of the amino humate was determined using the Mastersizer 3000. The frequency
results are shown in Figure 4. The particle size of the amino humate was 10% - 0.687 um, 50% - 7.21 pm,
90% - 296 pm.
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Figure 4 - Particle size of amino humate

The obtained HS were tested for water purification from heavy metals. Analysis of the data obtained
showed that after water purification, the values of all heavy metals decrease (table 4).

Table 4 - Testing of humic substances for water purification from heavy metals

Aminohumate
Humic acids Nitrhumic acids
megjsa Vr}rll /1 C(I)l(ll\/if)’ Purificat
- me & Cresidual (Me)7 Purification Cresidual (Me), ion Cresidual (Me), Purificatio
mg/l degree,% mg/1 degree, mg/1 n degree,%
%

Zinc 0.10£0.01 | 0.0010+0.0004 99.00 0.052+ 0.009 48,00 Item not found 100,00

Cadmium 0.10+£0.01 | 0.003340.0003 96.70 0.10+0.03 - 0.020+0.005 80,00

Lead 0.10+0.01 | 0.0216+0.0005 78.40 0.015+0.004 85,00 0.036+0.009 64,00

Copper 0.10+0.01 | 0.0171+0.0003 82.90 Item not found 100,00 0.1+0.01 -

As a result of sorption, the obtained humic substances removed most of the heavy metals from the
solution and showed a high degree of purification. Humic acids and aminohumate showed the highest
degrees of purification for zinc (99.0-100.0%) and cadmium (80.0-96.7%), and nitrogumic acid showed a
high adsorption capacity for heavy metals like copper - 100.0 % and lead 82.9%. This is due to the fact
that when interacting with heavy metals, humic acids and their derivatives (amino and nitro) form chelate
complexes due to carboxyl, phenolic, nitro and amino groups.

Thus, nitro- and amino-humic substances were obtained from the oxidized coal of the Maikuben
deposit by nitration and amination. Their physicochemical and adsorption properties have been studied.
As a result of the study, the possibility of using them as non-toxic available sorbents for the purification of
heavy metals in aqueous media has been shown.

Acknowledgement. This work was carried out as part of the scientific and technical program No.
IRN BR05236359 “Scientific and technological support for coal processing and production of high-value
coal products” and project No. IRN AP05130707 on the theme “Development of technology and creation
of production of carbon nanocomposite materials based on domestic mineral raw materials for gas phase
urification and wastewater”, funded by the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan.
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TOTBIKKAH KOMIPJAEH I'YMUH/I 3AT TYBIHABICBIH AJTY
KOHE OU3UKA-XUMUAJIBIK, ATICOPBHUAJBIK KACUETTEPIH 3EPTTEY

Annorauus. Xymeicta Maiikebe Oacceiini (Ka3zakcTaH) TOTBIKKAH KOMip HETI3iHJIE alblHFaH TYMUHJI 3aTTapra
XUMHSIIBIK TaJfay Kyprizingi. [yMuH KeIIIKpUIIAphl Kanuit rymarsiHad 20% KeIIKeUl epitingicimen pH = 3-4,5 neiiin
KbIIIKBULAAHABIPY apKbUIbl anbIHABL. TOTBIKKAH KOMIpIEH HHUTPOTYMHH KBIIIKBUIJAPBIH alyJbIH OHTAMIBI IIAPTTaphl:
YIepICTiH Y3aKTBIFBI — 3 carar, KaTbIHACHI K:C=1:5, a30T KBIIIKBUIBIHBIH KOHIEHTpanuschl 64%, KYKipT KbIIIKBUTBL 96%
KOHE HHUTpATKa apHallFaH KocmaHblH Kypambl 1:1 (r/r). HuTpaT KocnachlH KOJNJaHy apKbUIbl KOMipJi HUTparTay ojici
THiMIl Oonbin caHanmanel. KyKIpT KBIIKBUIBI KATAJIHTHKAIBIK OCEpre HMe JXKOHE a30T KBIIIKBUIBIHBIH TOTBIFY JCepiH
azaditansl. KeMip[iH HUTpIIEHY1 apOMaTHKAIIBIK KOMIPCYTEKTEp CHAKTBI KOMIpiH MaKpOMOJIEKYJIa-ChIHBIH apOMaTUKAIIBIK
SOPOCHl OOMBIHINA 3JEKTPOQUIBAI aIMAaCTBIPy MEXaHH3MiHe CoHKec Kypell ’KoHe HHTPOTYMHH KBIIIKBUIIAPHI Haina
6onaznel. Hutpat Kocnacsl KapKbIHABI apallacThIpy XKOHE CAIKBIHAATY Ke3iHJe bUIFallaHFaH keMipre Koceliasl. ITpouece
TOTBIFY peaKIusuIapeiH Oacy yimris 40-50 °C acmaiiThiH TeMmiepaTypaxa sKYPri3iimi, TOKIpHOCHIH Y3aKTBIFBI 3 CAFATTHI
Kypansl. TyHOa ¢unbrparran Oeninin, OipHelie peT CyMEH >KybULABI JkoHe KenTipiani. Hurpokemip mbirbiMbl 85%
Kypajbl. HUITpOryMUH KBIIKBIIBIH HUTPOKOMipAeH cinTinik enaey apkplibl (3% KOH, MUKpOTONKbBIHABI HemTe 6-7 MUH
6oitbl oHzOey, KyaTsl 1000 BT) sxoHe omaH KeliiH 5% KBIIKBIT epiTiHAICIMEH TYHIBIPY aPKBUIBI Al

AMMPHOTYMUH TYBIHABUIAPHI MEXaHOAKTHBAIKS JKOHE YJIbTPAIbIOBICTBIK TYPFbIAA OHACH OTHIPBIN, aMMHUAKTBIH 3%
CyJIbl pITIHIICIHIH KaThICybl HETi3iHJIE albIHIbl. AMMHUHOTYMHH/II 3aTTap/bl ajly YIIIH TOTBIKKaH KeMip 2,95-452 mkm
Jeiin ycakranasl. OmaH opi poTopibl-yiabcanusiiblk annaparra (PIIA) xemip OemmiexTepi aya OTTeri KaTbIChIHZA
KapKbIH/bl TOTBIFYFa JKOHE TUCHeprupieyre yiubipansl, kocna 50°C aeiiH KpI3AbIpbULIbl koHe 20 MHUHYT imriHzme
aMMUAKTbIH 3% Cynbl €piTiHAICIHIH KaTbICYbl apKblLIbl YJIbTPaJAUCIEPCTI KYHIe >oHE IOMOIEHJENreH Maccara AeiiH
xerkizingi. PITA-gaH keifiH maiiblH Macca epiTiHAiHI | caFaT ycray YIIIH 3KCTPaKIus bIABICBIHA Oepinmi. ¥crairaH
epITIHAl yJIbTPaJbIObICTHIK AUCIEPralUsFa apHalfaH CUHTe3 MOAyJliHe xibepinai, oHzxa on Oenrimi Oip >KUITIKTe
YIBTPaAbIOBICTBIK AUCTIEPTHPIICYTe YIIBIPAAbl. YIBTPAIbIObICTHIK OHAEY YakbITHI 25 MHHYTTH KepceTTi. ['ymuHmi
3aTTapiasl KOJNJAaHAa OTBIPHIN, ayblp METajJaH Ta3apTy OOWBIHINA 3epTTEyJiep JKYPri3y YIIIH MEMIIEKETTIK CTaHIapTTHI
yarinepaen (I'CO) aybip MeTamap/IplH MOAECIBIIK epITIHAICI (MBIC, MBIDBII, KOPFAChIH, KaAMU) naibiHaanapl. KoHyCThIK
konbana (250 mm) copbenr (0,5 r) moxensaik epitinaimen (50 mu, pH=3.26) apanacTelpbuiIbl JKoHE Hielikepnae Oenme
temneparypacsirga (25°C), apanacTsipy sKeugaMabiEsl 200 aife/MuH, 3 caraT GOibI apanacTIpbUIABL IIporecti xypriz-
TeHHEH KeiliH epiTiHAieH ayblp MeTalgapMeH T'YMHUHJI 3aTTap CY3y apKblUIbl allblHIbL. AJNCOPOEHTTEH CY3LIreH epiTiHAi
Ta-lab BompTaMIIepoMeTpIIiK aHAIN3ATOPBIHIAFBI ayBIp METAJIIAPAbIH KYpaMbIHIa TaJlaH bl

CopOryss HOTHXKECIHJE alblHFaH TYMHUH[II 3aTTap €piTiHIiAeH ayblp MeTaljapAblH KeIl OeJIiriH aiblll TacTall,
Ta3apTyAbIH JKOFaphl IOPEKECiH KopceTTi. ' yMHH KBIIKbUIAPB MEH amMuHOrymaT MeIpbimTad (99,0-100,0 % ) skoHe
kagmuiizeH (80,0-96,7%) TazapTynblH €H JKOFapbl AOPEKECIH KOPCETTi, all HAITPOIYMHUH KbIIKbUIBI MbIC — 100,0% xoHe
KOpracblH 82,9% CHSKTBI ayblp MeTalJapra >KOFapbhl aICOpOLMSUIBIK KaOuUleTiH KepceTTi. Ayblp MeTaljapMeH
OPEeKEeTTECKEH Ke3/le T'YMHUH KbIIIKBULAAPHI XKOHE OJIApAbIH TYBIHABI (hopManapsl (aMUH XoHE HUTPO) KapOokcui, (eHo,
HUTPO KOHE aMHH TONTAPBIHBIH OCEPIHEH XENaT KEIICHIH KYpPaThIHIBIFBI TYCIHIIpiaeni. 3epTTey HOTHKECIHIEC OJIap/Ibl
CyJIbl OPTaHbIH aybIp METANJAapbIH Ta3apTy KE3iHJE YBITTHI eMeC KOJDKETIMAI COpOeHTTEp peTiHle maiijanany MYMKIiHJIIT
KOpCETIJITeH.

Tyiiin ce3aep: TOTHIKKAaH KOMip, T'YMHUH KBIIIKbIIBL, HUTPOTYMHH KBIIIKBIIBI, aMUHOTYMaT, aJCOpPOEHT, aybIp
MeTaaap.
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INOJIYYEHUE ITPOU3BOJAHBIX 'YMHAHOBBIX BEINECTB U3 OKUCJIEHHOT O YI'JIA
U N3YYEHUE OU3NKO-XUMHUYECKUX U AJCOPBIIMOHHBIX CBOUCTB

AHHoTanus. B pabore mnpencTaBieHbl pe3ysbTaThl XMMHUYECKOTO aHajiu3a TYMHHOBBIX BEIIECTB Ha OCHOBE
OKHCIIeHHOTo yriisi MaiikyOeHnckoro Oacceiina (Kasaxcran). ['yMHHOBBIE KHCIIOTHI OBUTH MOJYYECHBI HA OCHOBE I'yMaTOB
Kanus myteM noaxucieHus 20%-HbpIM pacTBOpoM KUcIoThl 10 pH = 3-4,5. OnrtuManbHBIMM YCIOBUAMH ISl IOTY4EHUS
HUTPOTYMUHOBBIX KHCIIOT W3 OKHCIEHHBIX YTIJIEH SBISIFOTCS: TMPOMOJDKUTENHHOCTh Tpolecca 3 dyaca, COOTHOIICHHE
T:2K=1:5, KoHUEHTpalust a30THOH KUCIOTHI 64%, cepHOil KUCIOTHl 96% U coctaB HuTpyromei cmecu 1:1 (r/r). Meron
HUTPOBAHUS YISl C UCIOJIB30BaHHEM HUTpPYIOIEH cMecH siBiseTcst Hanbomnee 3gdektnBHoN. CepHas KUCIOTa OKa3bIBaeT
KaTaJUTUYECKOE BIIMSHUE M YMEHBIIAEeT OKHUCIINTENbHOE JIeHCTBUE a30THOM kucioTsl. HurpoBanue yrieil mpoucxomaut
MOJIO0OHO apOMAaTHYECKUM YIJIEBOJOPOJAM IO MEXaHH3MY SJIEKTPO(UILHOIO 3aMEIICHUS MO apOMaTHYECKOMY SIIpy
MaKpOMOJIEKYJI yIJIsi M IPHUBOAUT K OOpPa30BaHMIO HUTPOTYMHHOBBIX KHCIOT. HHTpyMOIIyr0 cMech NpUOABISIN K
YBIIQXXHEHHOMY YTJIF0 HEOOJBIIUMHE MOPIUSMH NTPH MHTCHCHBHOM MEPEMEIIMBAHUN U OXJIaXKIeHHUH. [Ipoliecc mpoBoauIcs
npu temmneparype He Bbime 40-50 C 1nms MOJABIEHHS OKHUCIHTENBHBIX peakuuii, IpOAOKUTENBHOCTD OIBITa COCTABUII
3 gaca. Ocagok OTAEISUTH OT (UIBTPATa, MPOMBIBAIA MHOTOKPATHO BOJOW M CyNIHIH. Bbixom HUTpOyriis coctaBui 85%.
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HUTpOryMHHOBYIO KHCIOTY MOIYy4ald U3 HUTPOYIIIsA MienouHoi oOpaborkoi (3 % KOH, o6paboTka B MUKPOBOIHOBOM
neuu Tedenue 6-7 muH, MourHocTh 1000 Br) u nocnenyrommm ocaxxaennem 5 % pacTBOPOM KHCIIOTHI.

AMMUHOTYMUHOBBIE TNPOM3BOAHBIC OBbIIM IOIy4eHbI B NPHUCYTCTBUH 3 % BOAHOIO pacTBOpa aMMHaKa cC
NPUMEHEHHEM MEXaHOAKTHBAallMd M YJIbTPa3ByKOBOH 00paboTku. [l TONydYeHHs aMMHHOTYMHHOBBIX BEIIECTB
OKHUCJICHHBIN yroJib ObUT U3MeNb4eH 10 2,95-452 mkM. Jlanee B poropHo-mynbcanuonHoM anmnapare (PITA) noasepraincs
WHTCHCUBHOMY OKHCJICHMIO M JUCHEPTrUPOBAHHIO YACTHI] YIS KUCIOPOAOM BO3AyXa, cMech Harpe-aics a0 50°C u
JIOBOJWIICSL [0 YJIBTPAJUCIIEPCHOTO COCTOSIHMS M TOMOI€HU3MPOBAHHOW MacChl B IIPUCYTCTBMU 3 % BOJHOTO pacTBOpa
ammuaka B reuyeHue 20 munyT. ITocne PITA roroBast macca nmogaBaics B €MKOCTH 9KCTPAKIMM IS BBIIEPIKKH pacTBOpa
B TedyeHHe | uaca. BelaepskaHHBIN pacTBOp MOJAaBajCs B MOJYJIb CHUHTE3a IS yJIbTPa3By-KOBOM AMclepranuu, Iiae
MO/IBEPTajiCsl BO3ACHCTBUIO YJIBTPa3ByKOBOMY JAMCIIEPTUPOBAHUIO, OIpe/elIeHHOl JacToToil. Bpems ynibrpa3BykoBoit
00paboTku cocTaBmwil 25 MHUHYT. [l NpOBENEHUS UCCIEIOBAHUI IO OUMCTKE OT TSDKENBIX METaJUIOB C MPUMEHEHUEM
TYMUHOBBIX BEIIECTB, TOTOBHWJCS MOJEIbHBII pPAaCTBOP TSDKEJIBIX METAUIOB (MeIb, LMHK, CBHHEL, KaaMHH) U3
roCyJJapCTBeHHBIX cTannapThix 0opasuos (I'CO). B konnueckoi konbde (250 mut) pazmemuBaiu HaBecky copbenta (0,5 rp)
¢ MozenbHBIM pacTtBopoM (50 mi, pH=3.26) n mepemenmBanu B mieiikepe Mpu KOMHATHOW TeMIepaType (250C), npu
ckopocTtu nepeMemuBanus 200 06/MuH B TeueHue 3 uyacoB. Ilocne mpoBeneHus mpolecca, U3 pacTBOpa 'YMHUHOBBIE
BEIleCTBA C TSDKENBIMH METaJUlaMH H3BJIeKanu myTeM ¢uiabrpaiud. OTOUIBTPOBaHHBIA OT ancopOeHTa pacTBOp
AHAJIM3UPOBAIN Ha COEP)KaHHE TSDKENBIX METAIIOB Ha BOJIBTaMIIEPO-MEeTpUIecKoM aHaimu3zaTope Ta-lab.

B pesynbraTe copOumy, NojgydeHHbIE T'yMHUHOBBIE BEIIECTBA BBIBEIM M3 pacTBOpa OOJBIIYI0O YaCTh TKEIBIX
METAJUIOB M MOKa3aJId BHICOKYIO CTEHEHb OYMCTKH. | YMHHOBBIE KHCIOTHI M aMUHOTYMAaT IOKa3ajld HanOojee BBICOKHE
creneHy o4ucTku nmo nuHKy (99,0-100,0 % ) u xaamus (80,0-96,7 %), a HUTPOryMHUHOBasi KHUCJIOTA MOKa3ajia BHICOKYIO
a7ICOpOLIMOHHYI0 CIIOCOOHOCTD K TshKeNbIM MeTaiiaMm kak Menb — 100,0 % u cBuner 82,9 %. OTo o0bSCHSAETCS TEM, YTO
IIPU B3aMMOJICHCTBUU C TSDKEJNBIMH METaJUIAMH T'YMHHOBBIE KHCIIOTBI M MX HPOM3BOJHBIE (OPMBI (aMHHO- U HHUTpPO-)
00pa3yloT XeNaTHblE KOMIUIEKCHI 33 CYeT KapOOKCWIBHBIX, (EHONBHBIX, HHTPO- M aMHHO- Ipynm. B pesynbrare
UCCIIEIOBAHUS TI0Ka3aHa BO3MOXKHOCTbh MCIOJIb30BaTh MX B KAaU€CTBE HETOKCHUYHBIX JIOCTYITHBIX COPOEGHTOB IpPU OYMCTKU
TSKEJUIBIX METAJUIOB BOJHBIX CpEl.

KuaroueBble cj10Ba: OKUCIEHHBII Yroyib, TYMHHOBAsI KHCJIOTa, HUTPOTYMHUHOBAsI KUCIIOTa, aMUHOTYMAT, aJCOpOCHT,
TSKEJIble METaJlIbI.
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