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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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UDC 661.183
B.T. Yermagambet'?, M.K. Kazankapova'*, Zh.M. Kassenova'>

'LLP Institute of Coal Chemistry and Technology, Kazakhstan, Astana;
2LLP KazTechCoal Scientific and Production Association, Kazakhstan, Astana.
E-mail: coaltech@bk.ru

OBTAINING COMPOSITE MATERIAL BASED ON HUMIC
ACID AND MICROSPHERE AND APPLICATION FOR WATER
TREATMENT FROM HEAVY METALS

Abstract. A chemical analysis of humic acids based on brown coal from
the Maikuben basin (Kazakhstan) and their modified form was carried out.
Humic acids (HA) were obtained on the basis of potassium humate. To obtain
a composite, the initial HA was modified with a microsphere in the ratio 1/1
and then heat-treated in a tube furnace at 600 °C in an inert atmosphere. The
elemental composition of the initial sample based on HA/microsphere=1:1 was
(Wt.%): C 29.15, 0 38.43, Na 0.27, Mg 0.29, Al 14.14, Si 13.72, S 0.22, C1 0.16,
K 1.86,Ca0.42,Ti0.36, Fe 0.97; activated form of the composite sample (w, %):
C52.50,0 23.53,Na0.51, Mg 0.25, Al 6.11, Si 10.81, K 3.78, Ca 0.76, Ti 0.43,
Fe 1.33, S 0.36. The physicochemical characteristics and surface morphology
of the samples under study have been studied. It has been established by the
BET method that thermal and vapor-gas activation of a composite material based
on humic acid and microspheres leads to a significant increase in the specific
surface area from 1.14 to 46.74 m2/g, respectively. The results of the analysis
of micrographs showed that after thermal treatment of the composite based on
humic acid and microspheres, the surface structure of the spherical shape changes
and becomes more developed, where pores with particle sizes from ~343.4 nm
to ~16.41 pm can be observed, and small particles are also observed. with a size
from 49.5 nm to 158.1 nm. The obtained samples were tested as an adsorbent for
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water purification from heavy metals and showed a high degree of purification
(%): Zn 100.00, Cd 97.10, Pb 90.00 and Cu 93.5.

Key words: humic acid, microsphere, composite, carbonization, activation,
adsorbent, heavy metals.

B.T. Epmaramoer'?, M.K. Kazankanosa'*, 7K.M. KacenoBa'*

PDKIIIC KeMip XMMHSCHI )KoHE TEXHOIOTHs HHCTUTYThI, Kazakcran, AcTaHa;
KUIC Kaszrexnokemip FrutbiMu enaipictik Oipnecriri, Kazakcran, ActaHa.
E-mail: coaltech@bk.ru

I'VMHUH KbIIIKbIJIBI MEH MUKPOC®EPA HEI'I3IHAEI'T
KOMITO3UTTIK MATEPUAJLIBI AJTY KOHE CY/Ibl AYBIP
METAJIJAPJAAH TABAPTYIA KOJJAHY

AnHoTtanusi. Maiike6en O6accelininiz (KazakcraHn) KOHBIp KOMipi HET131HeT1
FYMUH KBILIKBUIZAPbIHA JKOHE OJIapJblH  MOJU(UKALMATIAHFAH TypiHe
XUMUSUIBIK Tanjay skyprizingi. Kanuii rymarsl Heri3iHjae TyMUH KbIIIKbUIAAPhI
(I'K) anbnel. Komnosutti any ymia I'K-s1 Mukpocdepa Gemmexrepmen 1/1
KaTbIHAachIHAa Monudukanusuianbin 600°C-ta nHepTTi arMocdepanaa KyObIpibl
nemre TepMusUIbIK enaeyaeH oTti. I'K/mukpocdepa=1:1 Herizinaeri 6acTanksl
VITiHIH 3JeMEeHTTIK Kypambl (Macc.%): C 29.15, O 38.43, Na 0.27, Mg
0.29, Al 14.14, Si 13.72, S 0.22, Cl 0.16, K 1.84, Ca 0.42, Ti 0,36, Fe 0.97,
KOMIO3ULMSIBIK YJTIHIH aKTUBTEHIIpUIreH ¢opmacelH yumiH (macc.%): C
52.50,023.53,Na0.51,Mg0.25,Al 6.11, S110.81,K 3.78, Ca 0,.76, T1 0.43, Fe
1.33, S 0.36 kypanpl. Aranrad yaruiepaiH GU3NKa-XUMUSUIBIK CHITaTTaMalIapbl
MeH OeTki Mopdomorusicel 3eprrenii. BET onmiciMeH ryMHH KbILIKBLIBI MEH
MUKpoc(epa HETI31HJerT KOMIO3UIMUIBIK MaTepUalJIblH TEPMUSUIBIK KOHE
Oy-ra3apl aKTMBTEHYI MEHIIKTI OeTiHiH colikecinmie 1,14-ten 46,74 m*/r-ra
NeiiH alTapiablKTall ecyiHe 9KeJeTiHl aHbIKTalbl. MUKpOCypeTTepal Tajjaay
HOTIKENIepl TYMUH KBIIIKBUIBI MEH MHUKpocdepanap Heri3iHAeri KOMIO3MUTTI
TEPMUSUIBIK OHACYACH KeHiH cdepasblK MimiHHIH OSTKi KYpPBUIBIMBI ©3Tepill,
enmmemaepi ~343,4 um-aeH ~16,41 MKM-Te JeH1HT1 KeyeKTepIiH naiaa 00nFaHbiH
xkoHe 49,5 am-nen 158,1 HM-re nelinri ycak OemeKTepAiHTY31ITeHiH OaiikayFa
Oostazibl. ANBIHFAH YITUIEp ayblp MeTajaplaH Cybl Ta3apTy YIIIH aJcOpOEHT
PETiHE ChIHAABI )KOHE JKOFaphl Tazaptry nopexecit (%): Zn 100,00, Cd 97,10,
Pb 90,00 >xone Cu 93,5 xepcerTi.

Tyiiin ce3mep: ryMuH KbIIIKBUIBI, MUKpOC(epa, KapOOHU3aLUs, aKTHBALIN,
ajicopOeHT, aybIp MeTasap.
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HOJYYEHUE KOMIIO3UTHOI'O MATEPHUAJIA HA OCHOBE
T'YMHUHOBOM KACJIOTHI © MUKPOC®EPHI U TIPUMEHEHUE
JJI51 OYUCTKHU BO/bI OT TAKEJIBIX METAJIJIOB

AnHoTauus. [IpoBeneH XuMUYECKUI aHaIM3 TYMUHOBBIX KUCJIOT HAa OCHOBE
Oyporo yris Maiiky6eHckoro Oacceitna (Kazaxcran) u ux MoauuIMpoBaHHOM
¢dopmbl. I'ymunoBbie kucnotsl (I'K) ObuTH nmoTy4eHbl HA OCHOBE TyMaTa KaJiusl.
Jlst momyuenus komno3uta, ucxoausiii 'K mogudukanuposan ¢ mukpocdepoit
B cooTHomeHusx 1/1 u mamee TepMuveckuii o0padoTaH B TpyOUaToil meuu npu
600°C B mHEPTHO# cpene. DIEMEHTHBIH COCTaB UCXOMHOTO 00pa3siia Ha OCHOBE
I'K/mukpocdepsi=1:1 cocraBun (macc.%): C 29.15, O 38.43, Na 0.27, Mg
0.29, Al 14.14, Si 13.72, S 0.22, C1 0.16, K 1.86, Ca 0.42, Ti 0.36, Fe 0.97,
aKTUBHPOBAHHOW (hOPMBI KOMITO3UTHOTO 0Opa3ma (mMacc.%): C 52.50, O 23.53,
Na 0.51, Mg 0.25, Al 6.11, S110.81, K 3.78, Ca 0.76, Ti 0.43, Fe 1.33, S 0.36.
N3ydensl (HU3NKO-XUMUYECKUE XAPAKTEPUCTUKU U MOPQOJIOTHUSl TOBEPXHOCTH
uccienyeMbix obpasuoB. Meronom BOT ycraHoBieHO, 4TO TepMuUUecKas H
naporazoBasl aKTHUBAaIMsl KOMIIO3UTHOTO MaTepHaja Ha OCHOBE T'YMHMHOBOMH
KHUCJIOTBl U MUKpPOC(Ephl IPUBOJUT K CYIIECTBEHHOMY YBEIUYEHHUIO YIACIbHON
noBepxHocTH OT 1.14 10 46.74 M?/r cooTBeTCTBeHHO. Pesynbrarhl aHaimza
MHUKPOCHHUMKOB TIOKa3aJH, YTO TIOCJI€ TEPMHYECKOW OOpaOdOTKH KOMIIO3WTA
Ha OCHOBE T'YMHHOBOW KHCIIOTBI U MHKpOC(epbl MOBEPXHOCTHAs CTPYKTypa
chepuueckoil GopmMbl U3MEHSETCS U CTAHOBUTCS OoJiee pa3BUTOM, IJIe MOXKHO
HaOII0aTh MOPHI ¢ pazMepamu yacTull oT ~343,4 um 10 ~16,41 MKM, TaKke
HaOTIOAI0TCS MEJIKHE YacTUIIBI pa3MepoM oT 49,5 uMm 10 158, 1 M. [TonydenHbie
00pa3iiel anpoOUPOBaHKI B KAYECTBE aICOPOSHTA ISl OUMCTKU BOJBI OT TSIKEITBIX
METAJIJIOB U TTOKA3aJId BBICOKYIO cTeneHb ouncTku (%): Zn 100.00, Cd 97.10, Pb
90.00 u Cu 93.5.

KiroueBble cjioBa: TyMUHOBAsI KUCJIOTa, MUKpocdepa, KOMIO3UT, KapOOHH-
3a1us, aKTUBAIUS, aJICOPOCHT, TSKEIbIe METAIIIbI.

Introduction. Humic substances (HS) obtained from oxidized coals and

peat are complex polymer complexes that effectively bind pollutants of organic
and inorganic nature and remove them from the biological cycle, prevent the
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degradation of natural biocenoses. Humic acids (HA) have a significant ability to
form complex and intra-complex (chelate) compounds with iron and aluminum,
as well as copper and other polyvalent cations, which, depending on the pH of
the medium, acquire greater mobility or form strong water-insoluble compounds.
At the same time, HAs form complex compounds with metals mainly in the
region of low pH values. Due to the presence of oxygen-containing functional
groups, such as carboxyl -COOH, phenolic and alcohol -OH, as well as carbonyl
>C=0, humic substances can form stable complexes with metal ions. Amine
(-NH,)-, amide (CO-NH,)- and imine (> C= NH)-groups also participate in the
formation of organometallic complexes (Popov et al., 2004). Humic substances
as a natural polymeric material can be used as a matrix in the synthesis of
composite nanomaterials due to their structural features and the presence of
opposite charges.

Humic acids are considered as a promising and inexpensive source of
valuable products and new materials due to the “green” chemistry approach (Xu
et al., 2019; Brezoiu et al., 2019). The chemical heterogeneity and metastable
conformation of humic substances, as well as their various reactive functional
groups, determine a wide range of useful properties, including adsorption
capacity with respect to metals and organic pollutants (Pota et al., 2020; Afzal
et al., 2019; Pukalchik et al., 2019). Moreover, they show a strong effect in
reducing reactive oxygen species due to their inherent paramagnetic properties,
which leads them to be effective antioxidant agents.

The progressive explosive growth of the population, industrialization
and urbanization lead to the release of various harmful pollutants into the
environment (Xu et al., 2012). Water pollution is a growing environmental
problem faced worldwide due to the displacement of environmental pollution
and the deterioration of water resources (Sahbaz et al., 2018).

To remove and purify harmful impurities contained in wastewater, various
advanced methods are used in industrial wastewater treatment, such as
ultrafiltration, biological treatment, chemical oxidation, chemical precipitation,
reverse osmosis, electrochemical treatment, photocatalytic oxidation,
bioremediation and adsorption (Mahdavinia et al., 2016).

Recently, nanocomposite materials have been used in various wastewater
treatment processes, such as adsorption, catalytic oxidation, membrane process,
probing, and disinfection (Ganesan et al., 2019).

Most of the nanomaterials used in the wastewater treatment process are in
the form of nanoparticles (NPs). These nanoparticles, when in contact with
wastewater, experience some practical difficulties such as difficult separation,
settling, cross-reaction, unhealthy disturbances, etc. To overcome the above
problems, one of the successful strategies applied in wastewater treatment is the
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introduction of nanocomposites. Nanocomposites come in various forms such as
gels, colloids, porous structures, and copolymers (Yanyang et al., 2016).

It is known (Joseph et al., 2014, Bashar et al., 2013) that nanodispersed
systems, including oxides and hydroxides of metals stabilized by various
polymer matrices, expand the range of new promising functional materials, in
particular, selective sorbents, magnetic and photosensitive coatings, and broad-
spectrum composites. It should be noted that new composite materials obtained
as a result of the stabilization of nanoparticles and the introduction of the latter
into the structure of the natural polymer matrix are characterized by a qualitative
expansion of the physicochemical properties of the latter (Yang et al., 2015).

In this regard, the issue of searching for natural polymeric stabilizers of
nanoparticles is of particular relevance, since in their synthesis it is very difficult
to stabilize nanoparticles, an increase in the surface energy of which leads to their
rapid aggregation, which, in turn, may be accompanied by an uneven distribution
of the latter in the structure of the polymer carrier (Mambetzhanova et al., 2019).

The use of humic acids as a natural polymeric stabilizer of nanoparticles
seems to be very relevant, since the macromolecular nature and multifunctional
nature of this carrier, as well as varying the conditions of in situ synthesis, make
it possible to obtain commercial materials characterized by good selective,
sorption, and magnetic properties (Pourmortazavi et al., 2017).

Aluminosilicate hollow microspheres - glass-ceramic balls formed during
high-temperature flaring of coal and are hollow, almost ideally shaped silicate
balls with a smooth surface, with a diameter of 10 to several hundred micrometers,
on average, about 100 microns. The walls are solid non-porous with a thickness
of 2 to 10 microns, melting point 1400-1500 °C, density 580-690 kg/m?. The
internal cavity of the particles is filled mainly with nitrogen and carbon dioxide.
They are the most valuable components of waste ash from thermal power plants.

The purpose of this work is to study the physicochemical properties of a
modified composite material based on humic acids from the oxidized coal of the
Maikuben pool and microspheres obtained on the basis of ash and slag waste, as
well as its application for water purification from heavy metals.

Research material and methods. The raw material used was oxidized brown
coal from the Maikuben deposit, preliminarily crushed to a particle size of less
than 0.5 mm and having the following characteristics (wt %): Ad 66.09; Wr
5.73; Vd 17.78; Std 0.71; Std 21.01; Htd 1.68; Ntd 2.09; Na 0.61; Al 0.89; K
0.58; Ca 0.31; Ti 0.22; Fe 1.11; Zr 0.08. The yield of free humic acids was (per
analytical state) 56%. The particle size of the coal is: 2.95 microns - 10%, 63.8
microns - 50%, 452 microns - 90%. The X-ray phase composition of the sample
contains: halloysite (ALSi,O (OH),), silicon oxide (SiO,), albite Na(AlSi,0,)
(Yermagambet et al., 2021).
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Humic substances are obtained from oxidized brown coal, purified and
determined in accordance with the recommendations of the International
Society for Humic Substances (INSS). Humic acids were obtained on the basis
of potassium humate by acidifying them with a 20% acid solution; as a result
of the reaction, humic acids precipitated in the form of amorphous brown
precipitates (pH=4.59). The resulting gel is dried at 80°C in a muffle furnace.
Aluminosilicate microspheres were obtained on the basis of ash and slag waste
from the combustion of coal from the Bogatyr open-pit mine of the Ekibastuz
basin (Kazakhstan).

To obtain the HA/microsphere modification and its activated form, the dried
HA sample is crushed to a powder state and mixed with the microsphere in
an ultrasonic bath at a ratio of 1/1 (HA/microsphere), then dried in a muffie
furnace. Further, the resulting composite material is briquetted with starch on a
laboratory press «TP-1000». The maximum pressing force was 0.7 kN (700 kg/
cm?), the briquette diameter was 0.8 cm.

Samples of the activated composite based on humic acid/microspheres (1/1)
were obtained by carbonization at 600°C in argon and steam activation for 1
hour at this temperature.

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, and methyl
orange adsorption activity were determined in accordance with the procedures
(Yermagambet et al., 2021). The adsorption characteristics of sorbents (specific
surface area) were studied by the Brunauer-Emmett-Teller (BET) method, the
measurements were performed on a KATAKON Sorbtometer M instrument.
Chemical analysis and surface morphology were studied by energy-dispersive
X-ray spectroscopy on an SEM instrument (Quanta 3D 2001) with an attachment
for energy-dispersive analysis from EDAX.

To conduct research on the removal of heavy metals using humic acids and
their modified form, a model solution of heavy metals was prepared from state
standard samples (SSS). SSS 7256 of the composition of a solution of zinc ions
is a solution of zinc sulfate 7-water, SSS 7012 of lead ions is an aqueous solution
of lead (II) nitrate, SSS 7998 of copper ions is an aqueous solution of copper (II)
sulfate, SSS 6690 cadmium ions - an aqueous solution of cadmium nitrate. A
weighed portion of the sorbent (0.5 g) was mixed in a conical flask (250 ml) 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 h. process, the adsorbent with heavy
metals was removed 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.
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Results and discussions. The results of the elemental analysis of the samples
presented in Table 1 show that after the thermal treatment of the composite
material based on humic acid and microspheres, most of the volatile components
are removed in the form of gaseous products, respectively, the concentration of
mineral components increases. The carbon content increases almost 2 times.

Table 1 - Chemical composition of samples

The content of elements, wt. %
C 0] Na |Al Si K |Fe |Mg |[Ti |S Ca |CI

Nomination

Composite
based on
humic acid/ 29.15(38.4310.27|14.14|13.72|1.86 [0.97 |0.29 [ 0.36 | 0.22 | 0.42 | 0.16
microspheres
(1/1)

Activated
composite based
on humic acid/ |52.50|23.53 [0.51|6.11 |10.81{3.78|1.33{0.25|0.43|0.36(0.76 |-
microspheres
(1/1)

The physicochemical characteristics of the samples are presented in Table 2.
Table 2 - Physical and chemical characteristics of the samples

. . Wr’ o Vd, V): pH Amcthyl Amcthylcnc A S s

Nomination %‘ AL % o on water, | p water orange® | blue? odine® nfz?g
cm’/g exwctImg/g |mg/g | %

Composite based
on humic acid/
microspheres 3.29 |67.59(36.58 | - 0451562 |[145 |- - 1.14
(1/1)
Activated
composite based
on humic acid/  |0.75 {91.02[8.90 |0.77 0.3310.25 [30.5 |102.5 |17.78 |46.74
microspheres
(1/1)

Micrographs of the original samples and their activated form are shown in
Figs. 1 and 2. When analyzing the surface morphology of the initial composite
material, it was found that the cleavage surface is represented by a heterogeneity
of the structure; in Figure 1.1, spherical particles with a diameter of 50-200
microns are observed.

The wall thickness of the spherical shape of the aluminosilicate microsphere
is from 2 to 10 microns. Figures 1.1 and 1.2 show pores ranging in size from 300
nm to 500 um on the particle surface. As shown in Figure 1.3, the remains of

92



Volume 3, Number 452 (2022)

microorganisms are visible, on the surface of which cavities with a diameter of
111 to 272 nm are evenly distributed.

The results of the analysis of micrographs after thermal treatment of the
composite based on humic acids and microspheres show that the surface
structure of the spherical shape changes and becomes more developed, where
pores with particle sizes from ~343.4 nm to ~16.41 um can be observed, and
small particles with a size of 49.5 nm to 158.1 nm. The elemental composition
of these nanoparticles is (w, %): C — 6.92; O —43.23; Na - 0.86; Mg — 0.93; Al
—9.69; Si—20.39; K—4.20; Ca—2.34; Fe—11.43, and the values of the specific
surface area of the activated composite based on humic acid/microspheres (1/1)
increases in comparison with the initial sample - from 1.14 to 46.74 m?/g. An
increase in the adsorption activity for methyl orange by a factor of 2 from 14.5
mg/g to 30.5 mg/g is also observed.

%250 %2000 x20000

Figure 1.1 Figure 1.2 Figure 1.3

Figure 1. Electron microscopic images of the composite based on humic acid/microspheres:
(1.1) x250 (1.2) x2000 and (1.3) x20000

%250 x1000 x20000

Figure 2.1 Figure 2.2 Figure 2.3

Figure 2. Electron microscopic images of the activated composite based on humic acid/
microspheres: x250 (1.1), x1000 (1.2) and x20000 (1.3)
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The samples obtained were tested for the purification of heavy metals under
dynamic conditions. Analysis of the data obtained showed that after water

purification, the values of all heavy metals decrease (Table 3).

Table 3 - Results of water purification from heavy metals

Heavy Humic acids Actiyateq corpposite based on
metals, CO(M/;:), . - humic amd/mwrospl;eres (1/ 1f)
m
mg/l ¢ Cesiana (Me), Mg/l puri?i%;li?o(r)l, % Coesiaua (Me), Mg/l puri?i%;ifo(r)l, %
Zinc 0.10+0.01 | 0.0010+0.0004 99.00 Not detected 100.00
Cadmium | 0.10£0.01| 0.0033+0.0003 96.70 0.0029+0.0005 97.10
Lead |0.10£0.01| 0.0216+0.0005 78.40 0.010+0.002 90.00
Copper |0.10+0.01 | 0.0171+0.0003 82.90 0.0065+0.0029 93.50

As a result of sorption, the resulting carbon materials adsorbed most of the
heavy metals from the solution and showed a high degree of purification: 99.00-
100.00% zinc, 96.70-97.1% cadmium, 78.40-90.00% lead and 82.90-93.50%
copper. This is explained by the fact that when interacting with heavy metals,
humic acids and their activated modified form form a chelate complex due to
carboxyl, phenolic and amine groups. When interacting with heavy metals at pH
=4-5, the initial HAs form coordination bonds with carboxyl groups, since at pH
below 6 strongly acidic carboxyl functional groups, as well as medium-strength
carboxyl groups, will be completely dissociated. The activated form of humic
acids with the microsphere binds copper cations to a large extent (the excess is
~ 10%) compared to the initial humic acids. This is due to additional physical
adsorption of the porous material and complexation with phenolic groups at
pH=7-8, at which the activated form of the composite material was adsorbed
with heavy metals. As is known, under alkaline conditions, metals are bound
by phenolic and alcohol groups. As a result of sorption, the resulting composite
showed the highest degree of purification with respect to all heavy metals in
comparison with analogues, which may be due to additional adsorption with
microsphere nanoparticles.

Conclusion. Thus, as a result of the high-temperature process of carbonization
and activation (in an inert medium) and modification (microsphere) of HA based
on the coal of the Maikuben basin (Kazakhstan), an activated composite form
of humic acids was obtained, which has a more developed and ordered surface
structure and high adsorption properties. In this regard, the obtained samples
based on HA from the coal of the Maikuben basin can be considered as an
adsorbent for water purification from heavy metal ions, such as zinc, cadmium,
lead, and copper. Further research on the resulting composite material may lead
to improved performance and applications of this material in various other areas
such as medicine, engineering, agriculture, and materials science.
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