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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 1ons [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%): 4% - 25.8; 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
arca) 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 3% acid solution.

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

+ -
2HN03 = N02 + NO3 + HZO

or in the interaction of sulfuric and nitric acid:
+ + -

HN03 + HZSO4 = N02 + H3O + 2HSO4

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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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

No
o . S Py & A A
Denomination "% A% V5, % i wo, | by water, pH i s
m/g g /em 3 mg/g mg/g
cm’/g
1 Humic acids 1332 | 2573 | 6225 0.42 0.95 - 409 | 280 -
o | Niohumicacids | 555 | 5787 | 6793 | 5637 | 0882 0.43 6,60 - -
3 | Aminohumate 341 | 7413 | 5677 | 3940 | 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 ecm™ 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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TOTBIKKAH KOMIPAEH I'VMHWHAI 3AT TYBIHJABICBIH AJIY
ZKOHE OMBUKA-XUMUAJBIK, ATICOPBIIUAJIBIK KACUETTEPIH 3EPTTEY

AHHoTAIHSA. >K¥MBICTa Maiikebe Oaccelimi (KazaxcraH) TOTHIKKAH KoMIp HeTi3iHJE albIHFAaH TyMAH]I 3aTTapra
XUMIPSUTBIK Taljiay sKyprisunal. ['VMuH KBIMKBUTIAphl Kadni ryMaTbial 20% KeIMKLUT epiTiggiciMen pH = 3-4.5 nettin
KBITIKBUTIAH/BIPY  APKBUIBL AJIBIH/IBL. ToThIKKaH KeMipJieH HUTPOTYMPH KBIMKBUIJIAPBIH alyAbIH OHTalIbl MmapTTaphl:
VAEpICTIH Y3aKTHIFEl — 3 carar, KaThHACH K:c=1:5, a30T KBIMKBUILIHEIH KOHIEHTPaNusIchl 64%, KYKIPT KBIMKBLTH 96%
’KoHe HHUTpaTKa apHalFaH KoclaHblH KypaMmbl 1:1 (1/r). HurpaT kocmachlH KOJJlaHy apKbUIBl KOMIpjl HHATparTay djici
THIM1 OOJBII caHalazbl. KYKipr KBITIKBUTHL KAaTaJUTUKAIBIK dcepre He SKoHe a30T KBIMKBUIBIHBIH TOTBHIFY oCepiH
azaltitagpl. KeMipiH HUTpICHY1 apOMaTHAKAIBIK KeMlpcyTeKTep CHSIKTEI KeMlpZ[lH MaKpOMOJIEKY JIa-ChIHBIH apOMaTHUKAJBIK,
SpOCcHl OOMBIHITA 3TeKTPOQIIILAI alMacThlpy MeXaHH3MiHe caiikec xcype;u KOHE HHMTPOTYMHH KBIIIKBLIIaPEI maiizga
Gomaapl. HurpaT Kocmacht KapKBIH/bI apanaCTLIpy KoHE CANKBIHJATY Ke3iHJe BUIFaIfaHFaH keMipre KochULIBL [lporece
TOTBIFY peakIsiIapbi Oacy yimH 40-50 °C acmaMTHIH TeMIlepaTypajia KYpPrisuiil, TOKIpUOSHIH Y3aKTHIFBI 3 caraTThl
kypaasl. TyHOa Quibtpartan OGemiHim, OipHeme peT CyMeH SKYBUIIBI KoHE KeNTipiral. Hurpokemip IMBFBIMEL 85%
Kypaapl. HUTpOTYMUH KBIMKLUIHIH HUTPOKOMIPJEH CLITUTK oHjey apKbUIbl (3% KOH, MEUKpOTONKLIH/B HemTe 6-7 MUH
Goltet oHzey, Kyatsl 1000 Br) sxone oman kettin 5% KBINIKBUT epITIHAICIMEH TYHBIPY apKbUIBI allJIbL.

AMMI/IHOI‘YMI/IH Ty BIHIBUTAPE! MEXaHOAKTHBAII KOHE YIABTPaIBIOBICTHIK TYPFBIZA eHJiefl OTBHIPHI, aMMHAKTHIH 3%
CyTBI ePITIH/IICIHIH KATHICYHl HeT131H/e albHIbl. AMMIHOTYMHHL 3aTTap/Ibl army VIIH TOTHIKKaH KeMip 2,95-452 MxM
neitin ycaktanapl. OpmaH opi poTOPIH-IyJbcamsiblk ammaparta (PITA) xemip OGemmexTepi aya OTTeri KaThICHIHJA
KapKbIHIBl TOTHIFYFa JKoHE UcIieprupieyre Ymblpaisl, Kocma 50°C fefiH KeBABPHULAB koHe 20 MUHYT IMTiHJe
aMMHUaxkThIH 3% CyJIb epiTiHZ[iCiHiH KaTBICY Bl aPKBLTEI yIAbTpagucIlepeTi KyHre xoHe TOMOTEHJEITeH Maccara JeiiH
xetkizingl. PITA-man keifin maiibln macca epiTiHmiHI | caraT ycray VIIH SKCTPakIus BIABICHIHA Oepirmi. YcTalraH
epITIH/I VIBTPaJBIOLICTHK AUCIICpranisira apHallFaH CHHTe3 MOJyJIiHe KiOepuiai, oHma ox Oeirim 61p KHALTIKTE
VIABTPaABIOBICTHIK JUCIIEPTHPIeyTe YIIBIpagbl. YIBTPaAbIOBICTEIK OHJEY VaKBITHl 25 MHUHYTTH KepceTTi. [ yMuHmi
3aTTap/pl KOJIJaHa OTBIPHIL, ayblp MeTalaH TazapTy OoMbIHINA 3epTTeyyiep XKYprizy YIIH MeMIECKETTIK CTaHIapTThHI
yirinepaer (I'CO) aybip MeTafapAbIH MOJSTBAIK epITIHICT (MBIC, MBIPBIIL, KOPFACHIH, KaaMuil) naitbragaaasl. KoHyCThIK
rxombana (250 mim) copbert (0,5 1) Mojenpaik epitimgiMer (50 min, pH=3.26) aparacThIpbULIBI KoHE Ielikepiae Commve
temmeparypacsiaga (25°C), apatacTsipy ssULaMasEbl 200 alie/MuH, 3 caraT Golfbl apalacTHIPBUIABL IIPOIECTi Kypris-
TeHHeH KelfiH epiTiHAIeH ayblp MeTallapMeH TYMUH/L 3aTTap CY3y apKbUIBl albIHAB. AJIcOpOeHTTEH CY3UITeH epiTiHjl
Ta-lab BompbTaMIEpOMETPIIIK aHATN3ATOPHIHIATHL ayBIp MeTaIIapAbIH KYPaMbIH A Tl aH bl

CopOmuist  HOTIWXKeCIH/Ae alblHFAaH TYMHHAI 3aTTap epiTiHAiIeH ayblp MeTalJapJblH Kol OelriH alblll TacTall,
TasapTy AbIH SKOFapBl JOpEeKeCciH KOpCeTTi. | YMHUH KHIMKBUIIAphl MEH aMHHOTyMaT MbIppimTal (99,0-100,0 % ) xoHe
xagmuitner (80,0-96,7%) TazapTy ObIH eH XKOFaphl JopekeciH KOpCceTTi, all HUTPOIyMHH KBITKBUIHL MbIic — 100,0% sxoHe
KoprachiH 82,9% CHIKTHL ayblp MeTaljapra JOFaphl ajcopONMSUIBIK KaOUIeTiH KepceeTTi. Aybp MeTaljapMeH
dpeKeTTeCKeH Ke3jle TYMUH KBINTKBUIIAPHI XKaHe OJNap/blH TYBIHAB (GopManaphl (aMUAH oHe HATPO) KapOOKCHI, (heHOT,
HUTPO KOHE aMWH TONTAPHIHLIH SCepiHEH XelaT KeleHIH KYPaTBIHJBIFB TYCIHAIpLIe i. 3epTTey HOTIKECIHAe OTapbl
CYJIBI OpPTaHbIH aybIp METalIapbIH Ta3apTy Ke3iHJe YHITTH eMec KODKETIMJI copOeHTTep peTiHje Haianany MyMKIH/IIT
KOpCeTUITeH.

Tyiiin ce3gep: TOTHIKKAH KoMip, TYMHH KBHITNKBUIBL, HUTPOTYMHH KBHIMIKBUIBL, aMHHOTYMAT, ajcopOeHT, aybIp
MeTanap.
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IIOJIYHEHUE ITPOU3BOJHBIX 'YMUHOBBIX BEHIECTB H3 OKHCJIEHHOI'O YTJIA
N U3YYEHHUE OPHU3NKO-XUMHYECKHUX U1 AACOPBIIHMOHHBIX CBOUCTB

Annoranus. B paboTe IpejcTaBIeHBl pe3yNbTaTHl XUMHIECKOTO aHANHM3a TYMHHOBBIX BeIlleCTB Ha OCHOBE
okmcIeHHOTO yIIa MaiikyGerckoro Gacceifna (Kasaxcran). ' yMHHOBBIE KHCTIOTH OBUTH IOJYYCHEI Ha OCHOBE I'YMAaTOB
Kayms mmyteM nojgxucierns: 20%-HpIM pacTBOpOoM KUCIOTH 10 pH = 3-4,5. OnTuManbHBIMEA yCIOBHAMH JUISI TTOTY YSHUS
HUTPOTYMHHOBEIX KHUCIIOT W3 OKHCICHHBIX YIVIeM SBISIOTCA: IPOJO/DKUTEIBHOCTh IIporlecca 3 daca, COOTHOIICHHE
T:JK=1:5, xoHneHTparys a3oTHON KUCIOTH 64%, cepHON KHCIOTH 96% W cocTaB HUTpyomel cmecu 1:1 (1/r). Meton
HUTPOBaHUS VITI C WCIIONB30BaHHEM HUTpYIOMeH cMecH sBiseTcs HanbOomee sddekTuBHOM. CepHas KHuCIOTa OKasEBAET
KaTalUTHYeckoe BIMSHHE W YMEHbBIIaeT OKHCJIUTelIbHoe AeiicTBHe asoTHOM kmcnoTel HurpopaHme yrieit mpomcxomuT
MOJ00HO apOMaTHIECKUM VIVIEBOJOPOAaM IO MEXaHH3MY 53ICeKTPO(IIFHOTO 3aMeIeHNs IO apoMaTHIeCKOMY SApY
MaKpoMOJIeKyI YTJISI W NPHBOIUT K oOpa3oBaHMIO HHUTPOTYMHHOBBIX KHCIOT. HuTpyromyio cMech NpuOaBISIH K
VBIaXXHCHHOMY VTIIO HeOOIBINMH IOPIMSIMH IIPH MHTEHCUBHOM IIepeMelTBaHnl 1 oXnaxaeHun. 1Ipomece mpoBoauics
upu Temieparype He Bbimme 40-50 °C B T0(aBICHUS OKHCIHTEIBHBIX PEaKIuif, IPOJOIDKHTEIBHOCTh OIBITA COCTABII
3 gaca. Ocafok OT/ENISUIN OT (HIBTpaTa, MIPOMBIBAIN MHOTOKPATHO BoJoHM M cymmmi. BeIXox HUTpoyIIIS cocTaBHI 85%.
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HurporyMHUHOBYIO KHCIOTY HOIYYald M3 HATPOYIJI mieixodHoit obpaboTkoit (3 % KOH, oOpaboTka B MUKPOBOIHOBOM
rieun Tedenue 6-7 MuH, MoiHocTh 1000 BT) 1 mocieaytomumM ocax ieaneM 5 % pacTBOPOM KHCIIOTHL

AMMIHOTYMHHOBEIE TIPOM3BOJHBEIC OBUIM IONY4eHBl B IPHCYTCTBHH 3 % BOJHOTO pacTBOpa aMMHaka ©
IpIMEHCHHEM MEXaHOAKTHUBAIMA W YIbTpa3BykoBoit oOpaboTkm. J[md NolydueHHMS aMMHHOTYMHHOBBIX BEIECTB
OKHCICHHBI! YTOJIh OBUT M3MenbueH 10 2,95-452 mxwM. [lanee B poTopHO-IyIhcarmuonHoM ammapate (PIIA) moasepraics
HHTCHCUBHOMY OKHCJICHHIO W AUCIEPTHPOBAHHIO HaCTHI[ YIIII KHCIOPOJOM BO3IyXa, cMech Harpe-paics g0 50°C u
JIOBOJMICS. /IO YIIBTPAaJUCIIEPCHOTO COCTOSHMS M TOMOTCHM3HpPOBAHHOM MacCHl B NPHUCYTCTBHH 3 % BOJHOTO pPacTBOpa
ammMuaxa B Tegerne 20 MuHYT. [locie PITA roToBas Macca HojaBaiics B eMKOCTH SKCTPAKITHH ISl BELICPKKH PacTBOpa
B TeueHHe | waca. BEIJepkaHHBIM pacTBop MojaBalicd B MOAYJIh CHHTe3a UL VIIBTPa3BY-KOBOH AucIieprarium, Tae
HoJBeprajics Bo3AcHCTBHIO VIBTPa3BYKOBOMY MUCIEPTHPOBAHMIO, OIpejeleHHoM "acToTol. Bpems yipTpasBykoBoit
00paboTkn cocTaBmMI 25 MHHYT. I IpoBejeHHs HCCIeJOBAHUM IO OYMCTKE OT TSDKEIBIX MeTaUIoB ¢ IpPHMEHCHHEM
TYMHUHOBBIX BeIEeCTB, TOTOBIUICS MOJENBHBIM pacTBOp TOKENBIX MeTalloB (Mefb, IWMHK, CBHHeI, KajMmit) u3
TOCY JapCTBEHHBIX cTaHAapTHX obpasnos (I'CO). B konnueckoit xonbde (250 M) pazmermuBany HaBecKy copbenta (0,5 Tp)
¢ MOJeIBHBIM pacTBopoM (50 i, pH=3.26) u mepeMemusany B Iieifkepe mpy KoMHaTHOH Temmepatype (25°C), mpu
ckopocTu mepememuBanusg 200 o6/MuH B TeueHne 3 gacoB. llocire mpoBejeHHs HpoIiecca, U3 PacTBOpPa T'YMHUHOBEIC
BemecTBa C TKENBIMH MeTalllaMi W3BIeKalnu IyTeM ¢uiusTpamun. OTGWIBTpoBaHHEI OT ajcopOeHTa pacTBOP
aHAJIM3UPOBAIH Ha COJeprkaHIe TSDKeIBIX MeTa/lIoB Ha BOJIBTaMIIepo-MeTpuaeckoM aHanmzatope Ta-lab.

B pesymbprarte copOrum, IOIyUeHHBIE T'YMHHOBHIE BeIlecTBa BBIBEIH H3 pacTBOpa OONBIIYIO HYACTh TSKENBIX
MeTaJUIOB W IOKa3alH BEICOKYIO CTeIleHb OYMCTKH. | YMHHOBBIE KHMCIOTH M aMHHOTYMAT ITOKa3alll HamboJee BBICOKHE
crerieH: ouncTKy 1o nuHKy (99,0-100,0 % ) u xaamust (80,0-96,7 %), a HUTPOTYMUHOBas KHUCIIOTa II0Ka3aja BBICOKYIO
a7copOITMOHHYIO CHIOCOOHOCTH K TSKENIBIM MeTasliaM kak Meab — 100,0 % u ceunen 82,9 %. OTo o0bICHIETCS TeM, UTO
IpH B3aMMOJCHCTBAN ¢ TSKEIBIMH MeTalIaMH I'YMHHOBBIE KHCJIOTH M HX IHPOM3BOJAHBIC (OPMEI (aMHHO- W HHUTPO-)
00pasyioT XeJaTHBIE KOMIUIEKCHI 3a CYeT KapOOKCHIBHBIX, (PEHONBHBIX, HHTPO- M aMHHO- Tpyml B pesyibsrare
HCCIeIOBAaHUS II0Ka3aHa BO3MOXHOCTD HCIIONB30BaTh UX B KaUeCTBE HETOKCHIHBIX JOCTYIHBIX COPOGHTOB IPH OYHCTKH
TSDKEIUIBIX MeTaJUIOB BOJHEIX Cpe.

KnroueBnle cioBa: OKUCICHHBIM YIolb, [YMHHOBas KHCIOTa, HUTPOTYMHHOBas KHCIIOTa, aMHHOTYMAT, afcopOeHT,
TSDKETIbIe MeTalLIbL
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