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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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of Kazakhstan”, Kazakhstan, Karaganda.
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SYNTHESIS AND STUDY OF THE STRUCTURE OF THE
N-DERIVATIVE OF HUMIC ACIDS BASED ON COAL MINING
WASTE

Abstract. The article presents the results of a study of directed chemical
structural modification of humic acids. Considering the multifunctionality
of humic acids, it seemed interesting to study the method of their chemical
structural modification with an amine-containing compound. Research in this
direction opens the way for the synthesis of new N-derivatives of humic acids
with desired properties and expands the boundaries of their further application.
Humic acids isolated from the coal waste of the Shubarkol deposit and
hexamethylenetetramine were used as raw materials. The synthesis was carried
out by the interaction of humic acid with hexamethylenetetramine in an aqueous
solution in the presence of a catalyst at various ratios of the initial reagents,
temperature and pH. The optimal parameters of the amination reaction have been
found. The main factor influencing the yield and degree of addition of the amine
is the pH. The highest yield of the product was 76% at pH=5. The reaction was
controlled by the added amine and the content of acid groups, using an elemental
analyzer and a conductometer. The structure of the N-derivatives of humic acids
was confirmed by the data of IR-spectroscopy, elemental and conductometric
analysis. Acetic acid was found to be the most active as a catalyst, maintaining
the pH of the medium in the range of 5-6. The resulting product can be widely
used in industry and agriculture.
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3.M. MoagaxmetoB, A.M. Fazaauen, A.X. Kakuna*, E.Il. Bacuuen,
O.B. ApHT

«Kazakcran PecnyOnuKkachIHBIH OpraHUKAJIBIK CHHTE3 jKOHE KOMIP XUMHUACHI
HNucturytey XKIIC, Kazakcran, Kaparansi.
E-mail: alzhakina@mail.ru

KOMIP OHJIIPY KAJJIBIKTAPBI HETI3IHAETT TYMUH
KBIIIKBIJIIAPBIHBIH N-TYBIHIBICBIHBIH CUHTE3I JKOHE
KYPBLJIBLIMBIH 3EPTTEY

AHHOTaUMs. Makanana ryMUH KbIIIKbULIAPBIHBIH OaFrbITTaIFaH XHUMHUSITBIK
KYPBUIBIMIBIK MOIU(DUKAIMACHIH 3epTTey HOTHXKeNIepi kentipinreH. ['ymun
KBIIIKBUIAAPBIHBIH KOl  (DyHKIMOHANABUIBIFBIHA  OallIaHBICTBI  OJIApAbIH
XUMHUSIIBIK  KYPBUIBIMIBIK MOAM(DUKALMACBIHBIH QMICIH KypaMmbIHIa aMHH
0ap KOCBUIBICTIEH 3€pTTey KbI3BIKTBI O0nabl. OChbl OaFbITTarbl 3epTTEysep
Oepinren Kacuertepi Oap >kaHa N-TyBIHIBI TYMUH KBIIIKBUITAPBIH CHHTE3IICY
KOJIJJAPBIH aliaibl JKOHE OJapAbl OJaH dpi KOJJaHy HIEKapachlH KEHEWTE.
bacranke! mukizat perinae lllyGapken keH OpHBIHBIH KeMip KaJIbIKTapbIHAH
O6JIIHI'eH T'YMUH KbIIIKbUIJAPhl )KOHE F'eKCaMEeTHJICHTETPAMUH Maii1adaHbUIbl.
Cunte3 Oacrtamkbl peareHTTepAiH, Temmeparypa MeH pH-HBIH opTypii
apakaThlHACTAPBIHAA KaTaJU3aTOPAbIH KaTBICYBIMEH Cy €pITIHJIICIHIE T'yMUH
KBIIIKBUIBIHBIH ~TeKCAMETHJICHTETPAMUHMEH OpEKEeTTeCyl apKbUIbl JKy3ere
achIpbUIIBL. AMHHJIEY pEaKIUsICHIHBIH OHTAWIbl HapamMeTpiepl TaObUIIBI.
AMUHHIH LIBIFYbl MEH KOCBULYy JOpeXeciHe acep eTeTiH Herisri ¢gaxrtop pH
00BN TaObLIaABI. OHIMHIH €H JKoFapbl IIbIFbIMBI pH=5 ke3inne 76% Kypasbl.
PeakuusHbl Gakbliay 3JIEMEHTTIK aHAJIM3aTOp MEH KOHJYKTOMETpPIl KOoJJaHa
OTBIPBIN, AMHH KOCBUIFaH JKOHE KBIIIKbUI TONTAPbIHBIH KypaMbl OOMbIHIIA
Kyprizuai. ['YMUH KbIIKbUIZAPBIHBIH N-TyBIHABUIAPBIHBIH KypbulbiMbl VK-
CTHEKTPOCKOMHS, SJIEMEHTTIK JKOHE KOHIYKTOMETPUSJIBIK Talaay JepeKTepiMeH
pactannel. Karamusatop periHme Kopmaran optaHblH pH 5-6 apanbiFbiHIa
CaKTaNTBIH CIpKE KBIIIKBUIBI €H OCJICEH Il €KEHIIT1 aHBIKTAbI. AJIBIHFAH OHIM
OHEPKACIITE JKOHE ayblI IIAPyalIbLIbIFbIH/IA KEHIHEH KOJIIaHblIa ajabl.

Tyiiin ce3mep: KeMip KalJIbIKTapbl, I'YMHH KbIIIKbIIAAPbI, I'€KCAMETH-
JEHTeTpaMUH, MOJU(PUKALINS, AMUHJIEY.
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3.M. MyagaxmertoB, A.M. I'azaaues, A.X. Kakuna*, E.Il. Bacuien,
O.B. ApuT

TOO «MHCTUTYT OpraHUYECKOTO CHHTE3a U yIiexuMuu PecryOonuku
Kazaxcran», Kazaxcran, Kaparanaa.
E-mail: alzhakina@mail.ru

CUHTE3 U U3YUEHUE CTPYKTYPbI N-ITPOU3BOJHOI'O
I'YMHUHOBBIX KUCJIOT HA OCHOBE OTXOAOB YINIEAOBbBIYHN

AHHOTanusi. B crarbe mnpencTaBieHbl  pe3yNbTaThl  UCCIEAOBAHUS
HaANpPaBIEHHOW XUMHUYECKON CTPYKTYpPHOU MOAM(DHUKAIMKA TYMHHOBBIX KHCIIOT.
B cBs3M ¢ MHOTOQYHKIIMOHAIBHOCTBIO TYMHHOBBIX KHCIIOT IPEICTABISIOCH
MHTEPECHBIM H3YyYUTh METOI HMX XUMHUYECKOH CTPYKTYPHOH MOIM(HUKAINN
C aMUHOCOJEpKalllMM coeauHeHneM. lccimenoBaHuss B OTOM HallpaBICHUHU
OTKpPBIBAIOT IIyTH CHHTE3a HOBBIX N-IIPOM3BOJHBIX T'YMUHOBBIX KHCIIOT C
3a/IaHHBIMU CBOMCTBAMU U PACHIMPSIIOT IPAHULIBI JATbHEHIIET0 UX TPUMEHEHUSI.
B xauecTBe HCXOHOTO ChIPbS UCIIOIB30BaHbl TYMUHOBBIE KUCIIOTBI, BBIJICJICHHbIE
u3 yrieorxooB LIy0apKoIbCKOro MECTOpOXKIEHUS, U TeKCAMETHIICHTETPaMHH.
CuHTEe3 OCYyIIECTBICH MyTeM B3aUMOJEUCTBUS TYMHHOBOWM KHUCJIOTHI C
FeKCaMETHUJICHTETPAMUHOM B BOJHOM pPacTBOpPE B NPUCYTCTBUU KaTaau3aropa
IIPM Pa3JIUYHBIX COOTHOIICHMSX HMCXOJHBIX pEareHToB, Temmeparype u pH.
Haiinenpl onTuManbHblE MapaMeTpbl peakUud aMUHUPOBAaHMS. (OCHOBHBIM
(bakTopoM, BIHSAIOIIMM Ha BBIXOJ U CTENEHb MPUCOCIUHEHUS aMUHA, SIBISETCS
pH. Haubosnee Beicokuii BbIX0/ poaykTa coctaBui 76% npu pH=5. KonTposs
PEeaKIUu OCYILECTBIISIIN 10 IPUCOECAUHEHHOMY AaMUHY U COIEPKAHUIO KUCIIOTHBIX
IpyII, C HCIOJB30BAHUEM HIIEMEHTHOIO AaHAJIN3aropa M KOHIYKTOMETpa.
Crpykrypa N-npon3BOIHBIX TYMUHOBBIX KHCIIOT MOATBEP:K1eHO JaHHbIMU WK-
CIIEKTPOCKOIIMH, 3JEMEHTHOIO M KOHJYKTOMETpHueckoro aHaiusza. Haineno,
YTO HanboJiee aKTUBHA KaK KaTalu3aTop yKCYCHasl KMCIOTa, MOJACPKUBAIOIIAs
pH cpenbr B npenenax 5-6. [lomyuyeHHBI MPOIYKT MOXKET HANTH LIMPOKOE
IIPUMEHEHHUE B IIPOMBILIIEHHOCTH U B CEJILCKOM XO3MCTBE.

KiroueBble ¢J10Ba: yIIEOTXOHAbl, T'YMHUHOBBIE KHUCIIOTBI, I'€KCaMETHUIICH-
TeTpaMuH, MOJU(HKAIINS, AMUHUPOBAHHE.

Introduction. Currently, coal mining waste should be attributed to promising
natural resources that can be used as raw materials for processing into various
products (Panishev et al., 2015:8; Zhakina et al., 2015:3; Zhakina et al., 2017).
Utilization of carbon waste containing natural compounds makes their value
increase one of the most promising approaches to the development of important
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products based on them (Chugh et al., 2014:14; Feng et al., 2021:9; Kuzmina et
al., 2016:5; Li et al., 2019:8). Their use allows not only to solve environmental
problems, but also to increase the raw material base of the Republic. In
connection with intensive research in the field of carbon chemistry, the chemical
modification of humic substances is an urgent direction.

One of the main and most reactive components of humic substances is
humic acids (HA). Extraction of humic acids does not present great economic
and technological difficulties (Fatima et al., 2021:15; Huculak-Maczka et al.,
2018:13; Khalikov et al., 2017:7; Sarlaki et al., 2019:12; Sarlaki et al., 2021:18;
Yan et.al., 2021:10). However, the problem of studying the structure and
properties of modified humic acids is still very difficult. This is facilitated by the
complex structure of humic acids, the variability of composition, the presence of
a large number of different functional groups, the tendency to form difficult to
separate complexes with various mineral and organic compounds.

It is known that the number of functional groups in the structure of humic acid
macromolecules is an important characteristic that determines their reactivity and
physicochemical properties. As for the multifunctionality of humic acids, in this
regard, it is promising to develop methods for structural modification of humic
acids as products of coal mining waste processing and, consequently, affordable
and cheap natural substances by introducing new functional fragments into their
macromolecules, studying their composition and physio-chemical properties.
Research in this direction opens the way for the synthesis of new humic acid
derivatives and expands the boundaries of knowledge about their structure,
properties and applications.

There are many works devoted to the methods of isolation and modification
of humic acids, as well as their application (Dzhusipbekov et al., 2018:5; Fatima
et al., 2021:15; Huang et al., 2021:13; Jindo et al., 2020:32; Klucakova et al.,
2017:5; Sarlaki et al., 2019:12; Sarlaki et al., 2021:18; Wang et al., 2013:9; Zhao
etal., 2022:14). However, the synthesis of amino-containing humic acids and the
study of their structure is a little-studied area.

The purpose of this work is the synthesis of N-derivatives of humic acids, the
study of their structures and the determination of the possibility of their further
application.

Research materials and methods. Humic acids were isolated from samples
of oxidized coals of the Shubarkol deposit (Central Kazakhstan) during alkaline
impregnation caused by intercalation of sodium hydroxide into it. The method
of alkaline impregnation included the following stages: mixing of dried coal
with an aqueous solution of alkali with a concentration providing a given ratio
of NaOH / substrate; heating (100°C, 2 h) with stirring and holding at room
temperature; separation of the liquid phase from the residual coal with further
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bringing to pH = 1-2 with mineral acid. The precipitate was filtered out, washed
to a neutral medium, dried to an air-dry state. The product yield was 75%. Humic
acids from oxidized Shubarkol coals have the following average characteristics,
%: humidity (W?*) — 12.1, ash content (A?) — 22.0, carbon (C?) — 36.3, hydrogen
(H#) — 3.73, nitrogen (N2) — 0.70, sulfur (S¢) — 1.02, oxygen (0%) — 58.9, the
total content of acid groups (Z(COOH+OH)) is 5.0+0.2 mmol-eq/g. Elemental
analysis for the content of carbon, hydrogen, nitrogen, sulfur and oxygen are
determined on the Elementar Unicube elemental analyzer.

Hexamethylenetetramine (urotropine, Ur) was used as an aminating agent for
the study.

The synthesis of the N-derivative of humic acid was carried out by reacting
humic acid with hexamethylenetetramine in an aqueous solvent at different
ratios of the initial reagents in the presence of a catalyst, temperatures and pH
of the medium. The product yield was 76%. The reaction was controlled by the
attached amine, which was determined using the Elementar Unicube elemental
analyzer, as well as direct and reverse conductometric titration of samples with
sulfuric acid, and by the content of acid groups. The structure of the obtained
N-derivatives of humic acids is confirmed by the data of IR spectroscopy,
elemental and conductometric analysis. It was found that acetic acid, which
maintains the pH of the medium within 5-6, is the most active as a catalyst.

The morphology of the surface of the synthesized substance was studied using
a MIRA 3 scanning electron microscope (TESCAN). The scanning electron
microscope (SEM) is equipped with a system of detectors that register various
signals formed as a result of the interaction of an electron beam with the sample
surface. The secondary electron detector allows you to obtain images with
topographic contrast. And the X-ray energy-dispersive microanalysis system
X-Act (Oxford Instruments) allows you to locally determine the elemental
composition on the sample surface.

Results. One of the rational methods of using coal industry waste is the
extraction of humic substances from their composition. Extraction of humic
acids from oxidized coals of the Shubarkol deposit by alkaline extraction
with further precipitation with mineral acid does not present great economic
and technological difficulties. HA are allocated according to the methodology
previously developed by us. The main disadvantage of alkaline activation of coal
during the release of humic acids, which hinders its industrial implementation,
is the use of significant amounts of activator, which entails large volumes of
wastewater during the release of activated material. Therefore, taking into account
the applied orientation of alkaline activation to the production of technical
products, the process was transferred from reagent quantities to those close to
catalytic ones, which made it possible to dramatically enhance the technological
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and environmental attractiveness of the process. It should be noted that the range
of small activator/substrate ratios in terms of the development of the porous
structure is practically not studied, although it is important to understand the
mechanisms of alkaline activation, to search for conditions of catalytic influence
on the processes that cause the pore formation of the surface of the reaction
product and to develop approaches to control the characteristics of the porous
structure.

Humic acids of coals contain a sufficient number of donor oxygen atoms
of alcohol, carboxyl, ketone, phenolic and quinoid groups capable of forming
donor-acceptor bonds. The introduction of nitrogen atoms into the composition
of humic acids, which are more prone to the formation of donor-acceptor bonds,
will increase both the complexing properties of HA and at the same time give
them polyampholytic properties.

To obtain N-derivatives of humic acids and replenish our knowledge in the
field of the structure, composition and properties of humic acid isolated from
oxidized coals of the Shubarkol deposit, we investigated the reaction of humic
acid with a nitrogen-containing compound (hexamethylenetetramine). The
simplest method of introducing nitrogen into humic acid is the method of direct
interaction of humic acid with hexamethylenetetramine. The ongoing reaction
will explain the mechanism of interaction of the nitrogen-containing compound
with individual structural elements of humic acid and will expand knowledge
about its chemical properties.

The results of chemical studies of the reaction of the interaction of humic
acid with hexamethylenetetramine are confirmed by IR spectroscopy data.
Figure 1 shows the IR spectrum of the synthesized sample and the humic acid
used as a raw material. The spectra were taken on an IR Fourier spectrometer
FSM-1201 in KBr tablets. The spectrum of the initial humic acid (spectrum line
1, Figure 1) is characterized by the presence of a number of absorption bands
corresponding to certain atomic groupings. Condensed aromatic systems are
characterized in the spectra by the presence of an absorption band at 1628 cm!
(planar vibrations of the skeleton C=C), as well as absorption bands in the region
of 750-900 cm™ (deformation vibrations of OH aromatic groups). Absorption
bands of hydrocarbon groupings are observed in the spectra. Thus, the absorption
bands at 2924, 2910, 2850 cm! (valence vibrations C—H) and at 1380-1470 cm!
(deformation vibrations) indicate the content of aliphatic and alicyclic CH, and
CH, groups. The absorption band at 1709 cm™ can be attributed to fluctuations
of C=0 in carbonyl, carboxyl and other groups. A relatively wide band with
a maximum at 1200 cm™ includes the absorption of C-O valence and OH
deformation vibrations in carboxyl groups and phenolic hydroxyls. Absorption
bands in the regions of 1020, 1081, 1160 cm™ and 1200-1300 cm™! can be caused

128



Volume 3, Number 452 (2022)

by C—-O valence and OH deformation vibrations in alcohol groupings. The wide
absorption band with a maximum at 3400 cm™' is due to the presence of hydroxyl
groups bound by hydrogen bonds.

In the IR spectrum of the N-derivative of humic acids (HA-Ur) (spectrum
line 2, Figure 1), the absorption bands caused by fluctuations of urotropine
molecules are little shifted during the formation of AHA. The methylene groups
of urotropine molecules remain virtually unchanged. At the same time, there is
a shift in the bands caused by valence fluctuations of C—N bonds from 1048 and
1007 cm™ in the spectrum of free urotropine to 1002 and 924 cm’!, respectively.
This may indicate the coordination of urotropine molecules. As a result of the
study of the reaction of the interaction of humic acids with a nitrogen-containing
compound by IR spectroscopy, it was shown that, basically, the reactions of
humic acid proceed along the carbonyl group, and the amount of the attached
amino compound to the HA depends on basicity, the presence of substituents in
the amine and stereochemical factors.

»\J EM 2
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1000 1500 o] 2500 ] 3500

Figure 1. IR-spectrum of humic acid (1), N-derivative of humic acid (2)

Table 1 shows some characteristics of the N-derivative of humic acid in
comparison with the initial humic acid. As can be seen from Table 1, with the
introduction of an aminating agent into the composition of humic acid, the carbon
content increases by 4.4% and nitrogen by 4.93%. The content of hydrogen and
sulfur remain within the same limits. Amination of HA is accompanied by a
decrease in the content of acidic groups and an increase in nitrogen content. The
content of carboxyl groups was carried out using the ANION 4100 conductometer.
The content of carboxyl groups in the amino derivative of HA is less than in
the HA itself, which is explained by the formation of Schiff bases between the
carboxyl groups of HA and the nitrogen atom of the aminating agent.
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Table 1 — Characteristics of the synthesized N-derivative of humic acid
Sample of | W%, % | A%, % | C& % | Hg, % | N&, | S& % | O¢,% | Yeild, | X(COOH+OH)
substance % % mmol-eq/g
HA 12.1 | 22.0 | 363 | 3.73 | 0.70 | 1.02 | 583 | 75.01 5.0+0.2
HA-Ur 7.0 13.2 | 40.7 | 4.13 | 563 | 0.88 | 48.6 | 76.50 4.8+0.4

The kinetics of the amination reaction was studied at different amine
concentrations and temperature for a certain period of time. The results of the
study are shown in Table 2. As can be seen from Table 2, the optimal synthesis
temperature is 60°C, since the highest yield of the product is achieved at this
temperature. An increase in temperature to 100°C leads to the decomposition of
humic acid and, consequently, to a decrease in the amount of attached amine and
the yield of the product. The concentration of the aminating agent (urotropine)
practically does not affect the sum of acidic groups, it remains unchanged with
an error of +£0.3 mmol-eq/g.

Table 2 — Influence of various factors on the process of obtaining an N-derivative of humic

acid
. Solution Temperature, °C and synthesis | Yield, | The total content of acidic
Amine . . .
concentration, % time, min % groups, mmol-eq/g

1 100°C 79.3 4.9+0.2
2,5 D 76.1 5.0£0.2

60 min
Urotroi 5 72.2 4.8+0.3
roropine 1 o 76.6 4.8+0.2
2,5 2 76.5 5.0£0.3

60 min
5 80.0 4.7+0.2

The morphology of the surface of the resulting product was studied using a
MIRA 3 scanning electron microscope (TESCAN), at an accelerating voltage of
20 kV. X-ray energy dispersion microanalysis was carried out by quartering in
various areas of the sample surface. When performing the determination, it was
taken into account that the study was conducted on carbon tape and the carbon
content was not taken into account. The average value of the conducted studies
was taken as the result.

One of the main methods of studying the structure of substances is electron
microscopy. The current level of development of this direction allows you
to increase objects by several thousand times and consider the particle sizes.
The results of the surface morphology study and topographic images of the
synthesized N-derivative of humic acid by direct amination are shown in Figure
2.
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Figure 2. Topographic images of the surface, the EDS-map and the total spectrum of the map of the
N-derivative of humic acid.

On the micrograph, you can see the loose surface of the sample, on which there
are both small and large particles. With an increase of 20300 times, it is possible
to examine in detail a separate HA particle — it is irregular in shape, has a rough
surface and rather pronounced chips on some faces. The surface of the particle
is uneven, the structure consists of various shapes of plates, some of which are
connected into aggregates. The elemental composition and the multilayer EDS-
map confirm the composition of the product, and the distribution of chemical
elements on the microstructure confirms the presence of elements that are part of
the HA (carbon, oxygen, also inclusions of aluminum, silicon), and the element
that is part of hexamethylenetetramine (carbon, nitrogen).

Discussion. The obtained results on the synthesis of the N-derivative of
humic acids can be interpreted based on the general laws of acid catalysis of
the nucleophilic addition reaction to the carbonyl group of nitrogen-containing
compounds. Under the conditions of acid catalysis, simultaneously with the acid
activation of the carbonyl compound, the nucleophilic reagent is protonated,
resulting in the formation of a non-reactive NH -form of the amino compound, in
which the free electron pair is blocked by the attached proton. Therefore, with an
increase in the acidity of solutions, the concentration of acid-activated carbonyl
compound molecules and the proportion of protonated amine simultaneously
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increases. This may explain the fact that the interaction of carbonyl compounds
with nucleophilic reagents with an increase in the acidity of solutions initially
increases (due to acid catalysis), reaches a maximum at some optimal pH value
and then decreases (due to prisonization of amine). The optimal pH value is in
the region in which the concentration of the protonated form of the carbonyl
compound is sufficiently high, and the attacking nucleophile has an unshared
pair of electrons capable of attacking the carbonyl group. The conducted studies
on the reaction of the interaction of humic acid with amines show that, basically,
the reaction of humic acid proceeds by oxo groups, with the formation of Schiff
bases.

Conclusion. Thus, a new functionalized N-derivative of humic acids
was obtained by direct amination based on the product of processing of
hydrocarbon raw materials — humic acid with a nitrogen-containing compound
(hexamethylenetetramine). The influence of various factors on the process of its
production has been established. The structure, composition, physio-chemical
properties of the resulting substance have been proven by modern physio-
chemical methods. The resulting functionalized N-derivative of humic acids
is a representative of one of the most extensive classes of compounds with a
variety of chemical properties, capable of entering into donor-acceptor and ionic
interactions, participating in redox processes, which in the future allows them to
be used in the creation of cheap and effective sorbents, fertilizers, bases for the
production of drugs and other areas of application.
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