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2 Clarivate
Analytics

NAS RK is 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.

KasakcmaH Pecriybniukacbl ¥nmmbiK fbiribiM akademusicbl «KP YFA Xabapnapbi. Xumusi XoHe
MeXHOI02Usi cepusiChbl» FblbIMU XypHarnbiHbIH Web of Science-miH )aHanaHraH Hyckacbl Emerging
Sources Citation Index-me uHOekcmeryee KabbindaHraHbiH xabapnaliObl. byn uHOekcmery
bapbiceiHOa Clarivate Analytics komnaHusicbl XXypHanObl oOaH opi the Science Citation Index
Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday moacerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acrnawbinap
MeH Mekemerniepae KOHmeHm mepeHOiei MeH canacbiH ycbiHaodbl. KP ¥FA Xabapnapbl. Xumusi
JXKoHe mexHoroausi cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH
€eH e3eKkmi xoHe 6edendi XuMusrnbiK fblibiMOap 6olbiHWa KOHmMeHmke adandbirbiMbi30bl 6inndipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «M3eecmust HAH PK. Cepusi xumuu u mexHosoauui»
6b11 IpuHsIM 0151 uHOeKcuposaHusi 8 Emerging Sources Citation Index, o6HosneHHou eepcuu Web of
Science CodepxaHue 8 amom UHOEeKCUpoB8aHUU Haxo0umcsi 8 cmaduu paccMOMmpPeHUsi KoMraHueu
Clarivate Analytics dns danbHeliwezo npuHamus xypHana 8 the Science Citation Index Expanded,
the Socia1l Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science
rnpednazaem kKadyecmeo 8 enlybuHy KoHmeHma Ornsi uccriedoeameriel, asmopos, uddamernel u
yypexoeHul. BkrroyeHue Usgecmusi HAH PK e Emerging Sources Citation Index demoHcmpupyem
Hawy rnpuesepXeHHOCMb K Hauboriee akmyaribHOMY U 61usimesibHOMY KOHmMeHmMy Mo XUMUu4ecKum
Haykam Os1 Haue2o coobuwecmea.
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H=38

POCC Camup, noxtop PhD, mpodeccop Ilkonbr ®apmaiiuu HalMOHAIBHOIO IIEHTPA Hay4HBIX
WCCIIEZIOBAaHUH PACTUTEIBHBIX MPOAYyKTOB YHUBepcuTeTa Muccucunu (Oxcdopn, CIIA) H = 35
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U.B. Nazarbek, S.P. Nazarbekova, P.A. Abdurazova, M.B. Kambatyrov, Y.B. Raiymbekov*

M. Auezov South Kazakhstan University, Shymkent, Kazakhstan.
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CHEMICAL EXPRESSION OF THE STRUCTURE OF HUMIC SUBSTANCES
IN TERMS OF COMPLEX COMPOUNDS

Abstract. Currently, the requirements for the quality of new products are increasing. In this regard, there is
a need to develop new scientific approaches, namely, process mechanisms for the development of technology
and synthesis of chemical compounds necessary for various sectors of the national economy. In this regard, the
task was to develop mechanisms for obtaining organomineral compounds from coal mining waste. Despite the
obvious importance of the problem of obtaining organomineral humic compounds: firstly, local raw materials
of industrial waste from the coal mining of the Lenger deposit of the Turkestan region are used as raw materials,
secondly, the industries of the agricultural sector of the country are mainly based in the Southern region, but its
solution is hindered by the absence of studies of the chemistry of formation, composition, structural features
of the compounds obtained and sound technological developments. A literature review on the methods of
obtaining, compositions and structures of synthesized organomineral compounds (chelate complexes) allows
us to conclude that the mechanism of the process of obtaining humates from coal mining waste with treatment
with an aqueous solution of sodium hydroxide remains a little-studied area in chemical technology. In addition,
the synthesis of new organomineral compounds is impossible without studying the composition, properties and
chemical structure of the complexes formed by them. The study of the mechanism of the complexation process
(chelate complexes) of the composition of «humate - aqueous solutions of sodium hydroxide» leads to an
understanding of the structure of the molecule and to the development of the theory of chemical structure. The
development of the mechanism of the basics of complexation (complexones-chelates), in turn, are a prerequisite
for the creation of the scientific foundations of the technology for the production of complex organomineral
compounds used as feed additives from industrial waste of the Republic of Kazakhstan.

Key words: humic substances; humates; extraction; complex compounds; coal mining waste.

V.b. Ha3zapéek, C.I1. Hazap6ekoBa, I[1.A. A6nypa3oBa, M.b. Kambareipos, E.B. PaiibimoexoB”

'M. OyesoB arbianarsl OHTYCTiK Kazakcran yuuBepcuterti, LlsimkenT, Kazakcran.
E-mail: eplusr@bk.ru

KEINEHAI KOCBIJIBICTAPABIH TEOPUSCBHI TYPFBICBIHAH I'YMUH/AI 3ATTAPABIH
KY¥PbBIUIBIMBIH XUMUAJIBIK OPHEKTEY

Annoramus. Kazipri yakeITTa eHAIpUIETIH KaHA OHIMJEP/IH canachblHa KOWBUIATBIH TajanTap apThIIl
keneni. OcblFan OalIaHBICTBI YKaHA FBUIBIMH TOCIIIEpAl, aranm aiTKaHAa, YITTHIK SKOHOMHUKAHBIH OpTYpIi
cayianapblHa Ka)eT XUMHSJIBIK KOCBUIBICTApABIH TEXHOIOTHSCHl MEH OJNIapAbl CHHTE3/eY YPHAICTEpiHiH jKaHa
TETIKTEPiH jKacay KaXeT. AJbIMbI3a KOMip OHIIpICi KalAbIKTapblHAH OpraHOMUHEpasAbl KOCBHUIBICTAP
any oxicTepiH o3ipiey MiHzmeTi Typ. OpraHomMuHepaiIbl TYMUHII KOCBUIBICTapAbl ©HAIPY MOCENECiHIH
AlKpIH MaHBI3IBUIBIFBIHA KapamacTaH: OipiHmiineH, mmkizar peringe Typkictan oOnbIchHBIH JIeHTip keH
OPHBIHJIAFBI KOMIp OHIIPici KaJABIKTAPhI )KEPrUTIKTI IKKI3aT PEeTiHAC Nak1aaHbuIajIbl, eKIHIIIICH, eIMIi3IIH
aybul HIapyallbUIBIFBl CATACBIHBIH callanapbl HETi3iHEeH OHTYCTIK OHipAe OpHalacKaH, ajaiia, TYMHHAI
KOCBUIBICTAP/IBIH LIEKTi TYP/I€ KOJAaHBLTY bl aJIbIHFaH KOCBUIBICTAPIbIH TY31TY XUMH3M1, KYPaMbl, KYPBUIBIMIIBIK
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EpeKUIETIKTeP] XKOHE OChIFaH HETI3AeIreH TEXHOIOTHIIBIK d3ipieMerep OONBbIHIIA 3epTTEYNIEPIiH KOKTHIFbI
kezepri kentipeai. CHHTE3IENTeH OpraHOMUHEPAI/Ibl KOCBUTBICTap/Abl (KOMIUIEKC-XenaTTap) ajy oicTepi,
KYpaMbl MEH KYPBUIBIMBI Typajibl 971eOu 0Ty HaTpuid TuapokcuainiH Cyiasl epiTiHAICIMEH OHACITeH KOMIp
KaJABIKTapblHAH TyMaTTapisl ajly HPOLECIHIH MEXaHW3MI XUMMSJIBIK TEXHOJIOTHSA a3 3epTTENreH aiMak
Ooutbln Kasia Oepesi 1ereH KOphIThIHAbIFa Kenaik. COHbBIMEH Karap, )KaHa OpraHOMHMHEPaIbl KOCUIBICTApAbIH
CHHTE31 OJlap KYpaTblH KOMIUIEKCTEPIiH KYpPaMblH, KaCHETTEPiH >KOHE XUMHSJIBIK KYPBUIBIMBIH 3€pTTEyAi
KaxeT eTefi. «HaTpuil ruapoKcuii TyMaTBIHBIH CYJbI €pITIHAIEP» KYPaMbIHBIH KEIIEeH Ii TY31Ty MpoueciHiy
MeXaHHM3MiH (KOMIUIEKC - XellaTTap) 3epTTey OJIapblH MOJIEKYIaJbIK KYPbUIBIMBIH TYCIHYTE KOHE XUMUSIIBIK
KYPBUTBIM TEOPHACHIH jKacayFa bIKnan ereni. Kemeni Kypy Heri3aepiHig (xenar KemeHaepi) TeTirin azipiey,
o3 ke3erinne, Kazakcran PecnyOMKachIHBIH OHEPKOCITITIK KAIIBIKTAPBIHAH TEIHAUTKBIIT KOCTIATaphl pETiHIS
naianaHbplUIaThIH KeIEH Il OpraHOMHHEPAIAbI KOCBUIBICTAp aly TEXHOJIOTHSCHIHBIH FRIJIBIMU HET131EPiH KYpy
YILUiH anFbImuapT 00BN TaObUIaAb.

Tyiiin ce3mep: TymMuHAI 3aTTap; TymarTap; SKCTPaKIHs; KEIIEHJI KOCBUIBICTap; KOMip OHIIpICiHIH
KaJJIBIKTaphl.
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XUMHMNYECKOE BbIPA’)KEHUE CTPYKTYPbI 'YMHUHOBBIX BEHIECTB C TOYKHU 3PEHUSA
TEOPHUU KOMILIEKCHBIX COEJIMHEHU

AnHoTanus. B Hactosiee BpeMs BO3pacTaioT TpeOOBaHMSA, MPEIbSBISEMbIE K Ka4eCTBY MOJIydaeMbIX
HOBBIX MPOAYKTOB. B CBf3M ¢ 3TUM BO3HMKaeT HEOOXOAMMOCTh B pa3pabOTKe HOBBIX HAy4YHBIX IOJIXOOB,
a MMEHHO MEXaHH3MOB IPOIECCOB U Pa3pabOTKH TEXHOJIOTMH M CHUHTE3a XMUMUYECKHX COCIUHCHUH,
HEOOXOAMMBIX IS PA3IMYHBIX OTpaciiell HapoJHOTO X03siicTBa. B CBA3M ¢ ueM mepen HaMH CTosJIa 3a/a4a
paspaboTars MeXaHU3MBI MTOMYyYEHHS OPraHOMUHEPATBHBIX COSAMHEHUH M3 OTXOMOB yriieno0srau. HecmoTps
Ha OYEBHIHYIO BaXKHOCTh MNPOOJEMBI IONyYEHUS OpPraHOMHHEPAIbHBIX TYMHHOBBIX COCIUHEHHIA: BO-
MEPBBIX, K KAYECTBE UCXOAHOTO CHIPBS UCIIOIB3YETCS MECTHOE ChIPhE MPOMBIIIICHHBIX OTXOI0B YIIEA0ObIUN
Jlenrepckoro mecTtopoxkaeHuss TypKecTaHCKOW 00macTH, BO-BTOPHIX, B HOXKHOM pernoHe B OCHOBHOM
0a3upoBaHbl MIPOMBIIIIEHHOCTH arpapHOTo CEKTOpa CTPaHbl, OHAKO PpEIIeHHE €€ TOPMO3HUTCS OTCYTCTBUEM
WCCIIEZIOBaHUN XUMH3Ma 00pa3oBaHWs, COCTaBa, OCOOCHHOCTEH CTPOEHHUS TIONyY9aeMBIX COEIWHEHUH U
000CHOBaHHBIX TEXHOJOTHYECKHX pa3paboTok. JlureparypHbiid 0030p Mo crocobaM MOIYYeHHS, COCTaBaM
U CTPYKTypaM CHHTE3UPOBAHHBIX OPTaHOMHUHEPAIHHBIX COCTUHEHHH (KOMITJICKCOHOB-XEIATOB) TO3BOJISIET
C/IeNaTh 3aKIIOYeHHE, YTO MEXaHU3M IMpoLecca NOTydYeHHsI TyMaToB U3 OTXOA0B yrienoosuu (JleHrepckoro
MecTopokaeHus TypkecTaHCKOM 001acTH) ¢ 00padOTKOM BOIHBIM PACTBOPOM THAPOKCH]IA HATPUS OCTAIOTCS
MaJOM3y4YeHHOW O0NacThI0 B XMMHUYECKOH TeXHOMIOTHH. KpoMe TOro, CHHTE3 HOBBIX OpraHOMHHEPAIbHBIX
COETMHEHNH HEBO3MOXKHO 0€3 M3ydeHHUs COCTaBa, CBOMCTB M XMMHYECKOTO CTPOCHHS 00pa30BaHHBIX WMHU
KOMITJIEKCOHOB. M3ydeHne mMexaHW3Ma Ipoliecca KOMILUIEKCOOOpa3oBaHUs (KOMITJICKCOHBI-XEIAThI) COCTaBa
«TYMaTBOJHBIM pacTBOPOB T'MAPOKCHUIA HATPHS» BEIET K MOHUMAHUIO CTPYKTYPBI MOJIEKYJIBI U K pa3padoTKe
TEOPUHM XUMHYECKOTO CTpoeHUs. Pa3paboTka MexaHHW3Ma OCHOB KOMIUIEKCOOOpa30BaHMs (KOMIUIEKCOHBI-
XeHaTI)I), B CBOIO O4YC€PC/b, SABJIAIOTCS HpCI[HOCBIHKOﬁ JJId CO3JaHUA HAYyYHBIX OCHOB TCXHOJIOTHHU IMOJTYYCHUA
KOMIIJICKCHBIX OPraHOMHUHEPAJIbHBIX CerII/IHeHI/Iﬁ HCIIOJIB3YEMBIX B KAY€CTBC y,ZIO6pI/ITeJII)HBIX KOMHO3I/II_II/H71 n3
MIPOMBITIUICHHBIX 0TX0A0B PecyOnmkm Kazaxcram.

KiroueBble cji0Ba: TYMHHOBBIC BEIECTBA; I'yMarTbl; KCTPAKIUS; KOMILUIEKCHBIE COCTUHEHHS, OTXOIbI
yIIe100BIYH.

Introduction. Currently, the use of environmentally friendly and safe substances in agriculture is becoming
relevant. One of the directions of the future is the use of humic substances. Humic substances are high-molecular
compounds of natural origin, which are formed as a result of oxidation of coal or changes in dead biomass and
are shapeless formations with a chaotic structure of dark brown color, which can dissolve or swell in water [1].
These compounds do not have a single chemical formula, but it is known that their main structures are aromatic
rings and functional groups (hydroxyl, carboxyl, carbonyl, alkyl and methoxyl) [2]. In addition to aromatic
rings, the substance may contain polypeptide and polysaccharide fragments. Even simple compounds, such as
fulvic acids, have a complex chemical structure.
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Since the structure of the humic acid molecule cannot be quantified by traditional methods, researchers
have developed a classification method based on solubility in alkalis and acids. Thus, humic substances are
classified into three categories: humins - substances insoluble neither in acids nor in alkalis; humic acids
-substances insoluble in acids, but soluble in alkalis; fulvic acids -substances soluble in acids and alkalis [3].
Humic acids are fractions of humic substances that are soluble in an alkaline medium, semi-soluble in water
and insoluble in an acidic medium. This classification parameter may vary depending on the content of humic
acids, pH and ionic bonds. Due to their amphiphilic nature, humic acids form micelle-like structures called
false micelles in a neutral and acidic environment. This property is used for use in water treatment plants and to
increase the solubility of hydrophobic preparations in water [4-5]. Humic substances contain various functional
groups, the amount of which depends on the origin, seasons, climate and environmental conditions during the
production of humic acids [6]. The various functions of humic substances mainly relate to the functional groups
of phenols and carboxylic acid. These properties provide humic acids with many positive properties, such as
improved plant growth, complex formation with heavy and variable metals, which means that they can remove
heavy metals from the body and form chelated compounds. In addition, their antiviral and anti-inflammatory
activity has been proven [7]. It has been proved that the presence of phenols, carboxylic acids and quinones in
the structure of humic acids is associated with their antioxidant, fungicidal and bactericidal activity [8]. The
chemical composition of humic substances can vary depending on geographical origin, timing, climate and
biological conditions, which makes it difficult to determine its exact definition [9].

In the literature, a number of authors have a common opinion about the chemical composition of humic
acids obtained from various sources [10-11]. Thus, substances prepared on the basis of humic acids contain
50% carbon, 35% oxygen and 5% hydrogen, and the remaining percentage is nitrogen and sulfur [12]. The
largest amount of carbon is contained in coal and brown coal, and its content can reach 60-65%. The ability
of humic acids to bind cationic metals and complexes makes them useful in various fields. Thus, they ensure
the transfer of micronutrients from soil to plants and from feed additives to the body of farm animals [13]. In
addition, humic acids reduce the content of heavy metals in soil, water and living organisms [14].

The main source of humic acids is brown coal. Its reserves in Kazakhstan amount to 34 billion tons [15].
It was found that brown coal differs in chemical composition compared to other sources of humic acids. It
contains various trace elements that can be used in the production of animal feed additives [16].

The main methods of isolation of humic substances include alkaline extraction with ammonia solutions
or potassium / sodium hydroxides. Such methods convert humic substances into water-soluble salts, that is,
potassium or sodium humates with high biological activity. This method is practically waste-free, therefore it
is widely used in many countries [17]. Analyzing the literature data on the chemical composition of humates,
it can be noted that the most effective method of their application is the isolation of humic acids and their
bases from brown coal, including humates. Humates obtained from brown coal allow them to be used in
small quantities, everywhere and regardless of the time of year, due to the high concentration of nutrients
and biologically active substances in them [18]. Most humic substances are chemically added to inorganic
components (clay and oxides). An important feature of humic substances is that they can combine with metal
ions, oxides, clay minerals and interact with organic compounds such as alkenes, fatty acids, capillary active
substances and pesticides [19].

Methods and Materials. Extraction of humic substances was carried out according to the following
method: weighed the bulk of coal mining waste from the Lengersky deposit of 1.0 g. The bulk is placed in a
conical flask A with a capacity of 250 cm?®, 100 cm?® of an alkaline solution of sodium pyrophosphate is poured
and stirred for 1 hour using a mechanical shaker. The suspension is centrifuged for 15 minutes. The solution
is decanted by collecting in a conical flask with a capacity of 1000 cm®. The insoluble residue is washed twice
with 100 cm® of sodium hydroxide solution. The suspension is centrifuged after each washing, collecting
the washing solution into the flask B. The washed precipitate is transferred to flask A, 100 cm? of sodium
hydroxide solution is added and heated for 2 hours in a boiling water bath. After cooling to room temperature,
the contents of the flask A are centrifuged for 15 minutes. The solution is decanted and collected into a flask
B. The undissolved residue is washed twice with 100 cm? of sodium hydroxide solution. The suspension is
centrifuged after each washing, collecting the washing solution into the flask B.

Ultimately, sodium humate with the following chemical composition was used to chemically express the
structural features of synthesized humic substances from coal mining waste from the point of view of the
theory of complex compounds (Table 1).
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Table 1 — Elemental composition of sodium humate synthesized from coal mining waste

Element Weight, % In terms of oxides, %

C 42,72 -

(0] 38,17 -

Na 17,14 23,10
Al 0,34 0,64
Si 0,79 1,68
Ca 0,23 0,32
Fe 0,49 0,70
Ti 0,12 0,20

Results and Discussion. To describe the experimental data obtained and the established regularities, the
mechanism of chemical reactions under selected optimal conditions is proposed. At the first stage, a mechanism
is proposed for the process of interaction of coal mining waste according to their experimentally established
composition, with an aqueous solution of sodium hydroxide in order to obtain Humates (Hum.), where the
process can be described by the following general chemical equation:

Coal mining waste + NaOH + H,O — Humates - NaOH - H,O — Hum ... NaOH (1) Q8
active complex

Agreement with experimental data can be obtained if we assume that the process of formation of humates
is carried out by reactions (1), under the condition of formation of an active complex Hum ... NaOH (1),
the chemical structure and composition of which is the formation of intra-complex compounds (chelates).
Experimental data can be explained that some nonmetals containing double-charged metal ions (Ca*", Mg*,
...) in coal mining waste: Si, S, N... and p-Al...., d-Ti, Fe.... - elements, as well as containing several organic
functional groups form strong complexes that are of great practical importance, i.e. complexons are polydentant
ligands.

The proposed mechanism at the first stage corresponds to the formation of an active complex (1), which are
intra-complex organic compounds (chelates). According to the established composition of coal mining waste,
their following possible chemical reactions with an aqueous solution of sodium hydroxide are proposed in
order to obtain humates, which are characterized by the following equations:

Me O, +2NaOH + H,0 = Na,[Me(OH),(H,0),] 2)
Na, [Me (OH) ] - tetrahydroxo metal-Me sodium

Me = Na; K; Ca; Mg; Ti.

MeO +2Na* +20H + H,0 <> 2Na’ + [Me (OH) |

MeO + OH" + H,0 <> [Me (OH) x]

Na [Me(OH) (H,0),]

Na [Me(OH) (H,0),] — 2Na" + 2[Me(OH) (H,0)]*

2[Me (OH) (H,0)]* «» 2Me** +2(OH) =+ 2H,0°

where, the stability of complex compounds is determined by the instability constant, according to the theory
of complex compounds [20], the smaller this constant, the more stable the complex compound. A detailed
scheme of the formation of a complex compound is presented in the Figure 1.

internal sphere

Na,[Me(OH),] Me = Ca, Mg
ions of the \ig; (i::oordination nurnber, Nag[Me(OH\)i(ijO/)Z]

external environment complexing agent Tigamds

Figure 1. The structure of the complex compound

According to the theory of complex compounds, the coordination number (c.n.) of the complexing agent
reflects the number of bonds that the complexing agent forms with ligands. The coordination number can
vary from 2 to 12 [21]. The most common c.c. are 4 and 6. In most cases, the rule is fulfilled: the coordination
number is twice its charge.
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In this case: Me?* (Ca, Mg) =c.n. — 4, 6; Me* (Al, Fe) =c.n. — 6; Me* (Ti) =c.n. — 8.
It is known [22] that metals in the composition of humic substances indicate the formation of simple or
complex salts with the participation of various organic groups in their composition:

Fe,0,+2NaOH+3H,0=2Na[Fe(OH),]-sodium tetrahydroxoferrate (3)
(c.n. =4)

Fe,O, + 2Na" + 20H + 3H,0 «> 2Na" + 2[Fe(OH), |

Na,[Fe(OH),] — sodium tetrahydroxoferrate (III)

Na[Fe(OH), (H,0),] — sodium tetrahydroxoferrate (III) (c.n.=6)

Fe,O0, + 2NaOH +3H,0 = 2Na'[Fe(OH),] - sodium tetrahydroxoferrate (III) (c.n. =4)
Fe,O, + NaOH + H,O = Na,[Fe(OH),]; Na[Fe(OH), (H,0),]

(c.n. =0)

2Na‘[Fe(OH),]” 2—>Na" + 2[Fe(OH),J

[Fe(OH),] <> Fe’* + 4OH

Na[Fe(OH),(H,0),] — Na" + [Fe(OH),(H,0),]

[Fe(OH),(H,0),] «> Fe’* +40H +2H,O°

§

Na,’ | Fe 8
|

O . c /C

O

[
O

[Feﬁ*( k _

Figure 2. The structure of the sodium tetrahydroxoferrate

The ability of individual chemical elements in the composition of synthesized humic substances to form
complex compounds is determined by the structure of the electron shell of their atoms, ionic radii and valence.
For example, one of the compounds in the composition of humic substances is silicon dioxide. Below is the
mechanism of formation of a complex compound - sodium disilicatodiaquanatry:

SiO, +2NaOH = 2Na,SiO,+ H,0 @)
SiO, + 2Na® +20H «» 2Na*+Si0,> + H,O

SiO, + 20H < SiO,* + H,0

Na,[Na(Si0,),(H,0),°]- sodium disilicatodiaquanatry

Na,[Na (Si0,),(H,0),°] — 2Na’ +[Na,Si0,),(H,0),]*

(c.n. =4)

[Na,(SiO,),(H,0,)]* «> 2Na" +2Si0,*> + 2H,0

/CH2
Na—Q - |
~Cc O
H-0O" | L O—N
O —S81—0-—Na

1 _o-H
HC 0§ Na
|
Na—Q -
C—0
H -0~
Figure 3. The structure of Na [Na (SiO,),(H,0),°]
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Polydentant ligands - they consist of several donor atoms and have several positions in the coordination
sphere. Polydentant ligands often form chelates in which the ligand and the central atom form cycles (Figure
4).

CH,

Figure 4. Structure of polydentant ligands

When considering the ability of complexation of humic substances, it is necessary to take into account the
interaction of the organic part of humates with various metal cations can be carried out under conditions of
hydrogen substitution of carboxyl groups, adsorption and sedimentation.

The substitution of hydrogen ions in the interaction with metals can occur with the cationic and anionic
part of humic substances. If the metal enters the anionic part into the structure of humates, then it is connected
by means of coordination chemical bonds and leads to the formation of chelate-containing compounds [23].

2Na O + 4NaOH = 4Na O, + H,O &)
4Na O, + H,O = 8NaOH + O, (cyclic reaction)

CaO + 2NaOH + H,0 = Na,[Ca(OH),] (6)
CaO + 2NaOH + 2H,0 = Na,[Ca(OH),]; Na [Ca(OH), (H,0),]

Na,[Ca(OH),] — sodium tetrahydroxo calcium

Na,"'[Ca**(OH), (H,0),"] — sodium tetrahydroxodiaqua of calcium (c.n. =4,6)

o I solution
MeO(Ca, Mg) + NaOH + H,O — Na'[Me(OH),|
sodium trihydroxy Me (II)
0O O 0 0O

N N

C \ / C

| |

HC Ca CH

PN PN
HC O e ‘\O H.C
| |
H H

Figure 5. Calcium-lactate - chelates complex

TiO, + 2NaOH = Na TiO, + H,0 )
TiO, + 2NaOH = Na "' [Ti"(OH),] - sodium hexahydrooxotitanates (IV)
Na, [Ti"(OH),(H,0),], - sodium hexahydrooxodiaquatitanates (IV)
E\Iaz[Ti(())H%(HzO)z] —> 2Na“ + [Ti(OH),(H,0),]*
cn. =8
[Ti(OH),(H,0),* < Ti** + 60H +2H,0
CH,— OH
2 | + Me{Na, Ca, Mg, T1) + 2 NaOH + 4HO
CH,— OH
2
ethylene glycol ,C-0 L O-CH,
T 2Na’ Me
H,C-0-  ™0O-CH,
sodium Me (II, IIT) diethylene glycolate
Figure 6. Intra-complex salt Me(Na!, Ca", MY, Ti'V) with ethylene glycol
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The chemical structure of the reaction product - the active complex Hum ... NaOH (1) can be represented
in the following form:

CH — CH -
/ \
OOCCH, CH,COO

\ Ca” /

Figure 7. The chemical structure of Hum ... NaOH (1)

NaOGOCCH, CH,COONa

Each ethanol molecule is a functional organic compound, an intra-complex compound that forms 2 bonds
with Me?" - one by exchange, the other by donor-acceptor mechanism [24].

In the system under study, trace elements are reactants contained in coal mining waste, i.e. starting substances,
and the chelating agent is a 1% aqueous solution of sodium hydroxide. The mechanism of interaction: coal
mining waste and NaOH (aqueous solution) can be expressed in the following summary expression:

+ I\-Ie”’zt}tMSiﬁ g _—

chelated agent microelement chelate

Figure 8. Formation mechanism of chelate substances

where, the formation of a complex ion can be explained by the presence of vacant orbitals in metal cations
at the s-, p-, d- and f-sublevels, which participate in the donor-acceptor mechanism of bond formation in
complex compounds. The ability to complex formation decreases in the series: £>d>p>s, and some non-metals
can also be complexing agents: Si, S, N.....

According to the proposed mechanism, when the studied reagents “Coal mining waste + NaOH + H,O” are
used, cyclic (chelated): stable complex compounds of metals and nonmetals with polydentant ligands in which
the central atom is a component of the cyclic structure are formed.

Coal mining waste and a 1% aqueous solution of sodium hydroxide form chelated (wedge-shaped) complex
compounds — these are cyclic compounds in which the central atom in our case is two—charged metal ions
(Ca*, Mg*, ...) some nonmetals: Si, S, N ... and p-Al...., d-Ti, Fe-.... elements, and also containing several
organic functional groups is part of one or more cycles of covalent bonds according to the donor-acceptor or
exchange mechanism. Polydentant - ligands with a coordination capacity of 3, 4, 6 [25]. they are attached to
the complexing agent by means of several atoms and functional organic compounds. Based on the developed
chemical reactions, the type of hybridization, spatial orientation and geometric configuration of the obtained
complex compounds in the studied transformations were determined (Table 2).

Table 2 - Spatial configuration of the obtained complex compound

Size Orientation Type
Na,[Me(OH),]* — sp’, sd’
where Me(Ca*"; Mg?)
Na,[Na,(Si0,),(H,0) /> 4 tetrahedron
Na,[Na,(S0,),(H,0),"]*
Na,[Fe(OH),J* — sp®, d?
d?, sp® 6 octahedron
Na,[AI(OH)]*
3 072- 3 2
Naz[Tl(OH)s(Hzo)z - Z]z ,Sf)3 3 octahedron
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Conclusion. For the first time it was proposed that during the chemical interaction of coal mining waste
(Lenger deposit, Turkestan region) and 1% aqueous solution of sodium hydroxide at the first stage of the
formation of humates occurs by the mechanism of formation of an active complex, which in composition
and chemical structure is an internal complex organic compounds - complex chelates. In accordance with the
proposed mechanisms, the central atom - double-charged metal ions (Ca*", Mg**, et al.) enriched with additives
contained in the formed sodium humate form a cyclic (chelated) complex compound that is part of one or more
cycles of covalent bonds by donor-acceptor/exchange mechanisms Si, S, Al, Ti, Fe, organic functional groups
and are an integral part of the central atomic cyclic structure. The internal complex organic compound contains
polydentant ligands. In the cyclic (chelated) structure, metals and nonmetals form the main product, entering
into a chemical bond with the complexing agent by means of stable complex compounds with polydentate
ligands, several atoms with a coordination number of 3, 4, 6 and functional organic compounds.
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