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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 Pecnybrnukacbl YnmmbiK abliibiM akademusicbl «KP ¥FA Xabapnapbl. Xumusi
JKOHEe MEeXHO02Usl cepusichbl» fbifibIMU XypHarsbiHbiH Web of Science-miH xaHanaHraH HycKacbl
Emerging Sources Citation Index-me uHdekcmenyze kKabbindaHraHbiH xabapnaldbl. by
uHdekcmery bapbicbiHOa Clarivate Analytics komnaHusickl XypHanobl o0aH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday mecerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawsinap
MeH MeKkemeriepee KoHmMeHm mepeHOiai MeH carnacklH ycbiHaobl. KP ¥FA Xabapnapbl. Xumus
XoHe mexHonoaus cepusickl Emerging Sources Citation Index-ke eHyi 6i30iH KozamOacmabIK yWiH
€H 63eKmi xoHe 6ederdi XumMusisibIK fbiribiMOap 6olbiHWa KOHMeHmMkKe adanobifbiMbi30bi 6irndipedi.

HAH PK coobwaem, 4ymo Hay4HbIl XypHarn «M3secmusi HAH PK. Cepusi xumuu u mexHorio2uii»
6611 npuHam 0ns uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHOU eepcuu
Web of Science CodepxaHue 8 amomMm UHOeKcuposaHUU Haxodumcs 8 cmaduu paccMompeHus
komnaHuel Clarivate Analytics 0nsa OdanbHeluwez0o npuHamMus xypHana e the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npednazaem kayecmeo 8 arybuHy KoHmeHma 015 uccriedosameriell, agmopos,
u3damernel u yupexoeHul. BknoueHue Nssecmus HAH PK e Emerging Sources Citation Index
deMoHCcmpupyem Hawly npueepxeHHOCmb K Haubornee akmyarnbHOMY U 811UsimeribHOMY KOHMeHmy
M0 XUMUYECKUM HaykaMm Ot Haweao coobujecmea.
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CHEMICAL ACTIVATION OF THE SURFACE OF THE BURNT ROCK
BY VARIOUS MODIFIERS

Abstract. This article presents the results of experimental studies of the process of grafting humic acids
and their functional derivatives on modified and unmodified surfaces of burnt rock. It is shown that the
inoculation of humic acids on inorganic carriers is more successful with the preliminary activation of the
surface of burnt rocks.

The acidic and sorption properties of grafted surfaces of humic sorbents with respect to heavy metal ions
have been studied. It is shown that many of the modifying additives on the surface of the inorganic carrier can
increase these properties by 1.2-2.0 times in comparison with the original rock.

Surface modification was carried out by means of impregnation with water solutions of the modifier
and subsequent heat treatment; heating at boiling point in water solutions with subsequent heat treatment of
precipitation.

The interaction of modifiers with the surface occurs by the type of ion exchange for silanol or aluminol
groups with weak acidity. It is also possible to connect via hydrogen bonds or dipole-dipole and induction
interactions. It was found that the degree of grafting of humic compounds is significantly higher on the
activated surfaces of the burnt rock.

The content of the modifier on the surface of the carrier is 10-40%, depending on the experimental
conditions and the nature of the modifier. The most active modifiers are sodium phosphate and potassium
carbonate.

The kinetics of the interaction of the surface of the burnt rock with potassium carbonate of different
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concentrations to reduce the specific electrical conductivity of the reaction mixture over time is studied.
A comparative study of the sorption properties of grafted surfaces was carried out, depending on the
nature of the functional groups of the humic component of the sorbent, the nature and concentration of the

metal ion.

The degree of sorption of metal ions with mineral carriers increases from 12-15% to 20-90%, depending

on various factors.

The highest sorbability of new huminomineral sorbents was noted for lead ions.
Key words: oxidized coals, humic acids, inorganic surfaces, burnt rock, host rock, modifiers

Introduction. One of the promising directions
for improving the quality of humic sorbents is the
introduction of inorganic compounds into their
composition [1-10]. This method will increase their
sorption properties, while giving them mechanical
strength, resistance to acid and alkaline hydrolysis.

The reactivity of burnt rocks and other silicate
sorbents can be significantly increased by treating
their surface with various inorganic and organic
compounds. Modification of the BR was carried
out by treating its surface with various substances
- modifiers, which were used as sodium hydroxide,
alkali metal salts — sodium phosphate and potassium
carbonate.

The aim of the article is to develop and search
for effective modifiers, optimal conditions for the
activation of the surface of inorganic waste from the
coal industry, methods for inoculating various humic
acid derivatives on them, and to study the acid and
sorption characteristics of new sorbents in relation
to heavy metal ions.

Materials and methods. The surface was
modified by impregnation with water solutions of
the modifier and subsequent heat treatment. The
interaction of modifiers with the surface occurs by
the type of ion exchange for silanol or aluminol
groups with weak acidity. It is also possible to
connect via hydrogen bonds or dipole-dipole and
induction interactions.

The surface activation reactions were monitored
by changing the electrical conductivity of the reaction
mixtures over time.

Acidic and sorption properties were investigated for
the obtained compositions.The sorption of copper,
nickel and lead ions on natural and modified sorbents
was studied under static conditions from solutions of
their salts with a concentration of (5-10) 10-2 g-eq/l
at a temperature of 20°C. The initial and equilibrium
concentrations of metal ions were determined by
complexometric titration with a solution of trilon
B. The amount of sorbed ions was calculated from
the difference between the initial and equilibrium
concentrations. The degree of sorption of metals from
aqueous solutions was determined as the ratio of the
amount of sorbed metal to its initial concentration in
the solution. The kinetic dependences of the sorption
of metal ions (copper, nickel, lead) on the time and
isotherm of metal ions for a number of samples of
modified burnt rock in comparison with pure burnt
rock are obtained.

Below are the results of studies of the activation
of burnt rock by various modifiers and the grafting of
humic derivatives on them.

The influence of the concentration of copper and
nickel salts, as well as the processing time, on the
sorption characteristics of the burnt rock modified
with sodium hydroxide in comparison with the
original rock was studied. The results of the study
on the activation of the surface of the burnt rock by
sodium hydroxide are presented in table 1 and in
figures 1-2.

Table 1-Sorption of copper ions by burnt rock modified with sodium hydroxide over time
and at different concentrations of alkali

[Me?+], 1 | 10 min 20 min 30 min 60 min
SVC, mg- | Sorp-tion, | SVC, mg- | Sorp-tion, | SVC, mg- | Sorp-tion, | SVC, mg- | Sorp-tion,
eq/g % eq/g % eq/g % eq/g %

0,06 0,35 55,9 0,35 55,9 0,38 57,6 0,35 55,9

0,07 0,38 45,4 0,39 45,7 0,39 45,7 0,39 45,7

0,08 0,44 35,0 0,46 37,8 0,46 37,8 0,46 37,8

0,09 0,35 244 0,40 33,3 0,40 33,3 0,40 33,3

0,10 0,26 13,3 0,35 16,3 0,35 16,3 0,33 15,2
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Figure 1-Isotherms of sorption of copper (a) and
nickel (b) ions by burnt rock modified with sodium
hydroxide at different holding times

Results and discussion. It follows from Table
1 that the limit values of SVC for any ions are
set already in the first 20 minutes of the reaction.
The sorption capacity of the alkali-modified
sorbents is 1.5-3.0 times higher compared to the
unmodified surface. The sorption isotherms of
nickel and copper ions are extreme with a maximum
for 0.08 n of the metal salt concentration. The
sorption value of metal ions decreases with
increasing metal salt concentration (Figure 2). It
is assumed that the extraction of heavy metals by
modified BR surfaces occurs with the predominant
participation of donor groups of the modifier fixed
on the surface of the sorbent and silanol groups of

¢ burnt rock according to the following scheme
?;081 +2NaOH — %SlONa modification
1

|| SiOH + Mex+— || SiOMe
|| SiONa + Mex+— || SiOMe Sorption

&0 4 o II
o

T

o.06 o.or
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Figure 2-Dependence of the sorption value of metal

ions by burnt rock modified with sodium hydroxide
on the concentration of metals

An increase in the surface activity during
treatment with an alkali solution is associated with
the partial dissolution of the burnt rock in it and
the formation of aluminate and silicate ions, which
polycondensate and form colloidal aluminosilicate
structures. These structures form on the surface a
layer of aluminosilicate ions of a certain composition
and structure with increased sorption properties.

Salts of alkali metals and weak acids are capable
of hydrolysis in aqueous solutions with the release of
potassium hydroxide, which interacts with the burnt
rock according to the scheme described above (1).
This releases carbonic acid, which breaks down into
carbon dioxide and water.

The kinetics of the interaction of the surface of
the burnt rock with potassium carbonate of various
concentrations to reduce the specific electrical
conductivity of the reaction mixture over time is
studied. As can be seen from Table 2, the activation
process depends on the concentration of the modifier
and is completed within 20-30 minutes (Figure 3).
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[K2COs], m: 0,025 (a); 0,05 (b); 0,10 (c)

Figure 3 - Kinetics of the interaction of burnt rock

with solutions of potassium carbonate of different

concentrations by changing the specific electrical
conductivity over time

The kinetic curves of the accumulation of
potassium carbonate on the surface of the burnt rock
(Figure 4) and the graph of the dependence of the
maximum degree of weight gain of carbonate on its
concentration (Figure 5) were constructed from the
calibration curve of the dependence of electrical
conductivity on the concentration of carbonate
(Figure 6).
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Figure 4 - Calibration graph of the dependence
of the specific electrical conductivity of aqueous
solutions of potassium carbonate on the
concentration

The content of carbonate on the surface is
inversely proportional to the concentration of its
solution (Figure 6) and is 15-40%.
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Figure 5-Kinetics of potassium carbonate
accumulation on burnt rock at different salt
concentrations over time
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Figure 6-The maximum degree of accumulation
of K2CO:s on the surface of the burnt rock from the
concentration of the solution

Table 2 shows the results of the study of the
sorption properties of the modified surfaces in
comparison with the original rock. As can be seen,
the sorption capacity of the rock increased by 1.1-1.2
times.

Table 2-Sorption properties of burnt rock modified

with K2COs
Ni (1), Cu (1ID), Pb (II), Co 0,086
Co00,104n Co0 0,096 n n
Cp, | SVC, | a, |Cp, | SVC, |a, |Cp, | SVC, |a,
% g- |mg- % |g- |mg- |[% |g- |mg |%
g eg/l | eq/g eg/l | eq/g eg/l | eq/g
)
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The study of the activation process over time

showed that the SVC of the modified surface

increases from 0.17 mg-eq/g to 0.29 mg-eq/g
(after a day).

Conclusion. Thus, modification of the carrier
surface with alkali solutions allows to increase
the sorption properties of the surface. It is
assumed that the extraction of copper and nickel
ions by the burnt rock occurs due to the process
of chemisorption on the surface. Burnt rocks
modified with alkali most effectively extract heavy
metal ions in the region of low concentrations.

Also, the possibility of increasing the sorption
properties of burnt rock by modifying it with
potassium carbonate is shown. The kinetics of
the accumulation of potassium carbonate on the
burnt rock was studied. The degree of weight gain
of the modifier to the surface is estimated by the
conductometric method.
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OP TYPJII MOJU®UKATOPTAPMEH KYHIIPLITEH TAY KbIHBICTAPBIHBIH,
BETIH XUMUSAJIBIK BEJICEHAIPY

AnHoTauus. Makanana T'yMUH KbIIIKBUIJAPBIH JKOHE OJapblH (YHKIMOHAJIABI TYBIHIBUIAPBIH €Ty
MPOILIECIH JKCIEPUMEHTTIK 3€pTTE€y HOTIKeNepi YCHIHBUIFaH. ['YMUH KBIIKBUIJAPBIH OCHOpPraHUKAIIbIK
TacsIMalliayIbUIApFa €Ty KbI3ABIPFBILI JKBIHBICTAPAbIH OCTiH anabIH-ana OeJICeHIIpreHie aHaFypIbIM COTTi
OONaTBIHBIFBI KOPCETUITEH.

AybIp MeTajap/iblH UOHJapbIHA KATBICTBI TYMHHJII COPOSHTTEP/IiH eriireH OeTTEepiHIH KbIIIKbIIIBIK
KOHE COPOIMAJIBIK KacuerTepi 3epTreiii. belopraHukanblk TachbIMaiaaylibl OCTIHIAETi KeINTereH
MOILHQ)HKauHﬂnaHFaH Kocrajap 0OacTankbl JKbIHBICIICH CallbICThIpFaHga Oy kacuerrepai 1,2-2,0 ece
apTTBIpyFa MYMKIHJIK OepeTiHi KepceTiIreH.

Berki Mozm(bnxaum{ OHBI MOILI/I(bI/IKaTOpILLIH CYJIBI epIiTIHAIEPIMEH CIHIIpY KoHE KEHiIHHEH TEPMOOH LY
ozicTepiMeH KYPri3ii, Cyabl epiTiHAiIepae KaiiHay TeMIepaTypacklHaa KbI3AbIPY, COAaH KeiiH TyHOanapabl
TEPMOOHIEY.

MonudukaropnapabliH OeTiMEH e3apa opeKeTTeCyi 9Jci3 KBILIKBULABIFEI 0ap CHIAHONIBIK HeMece
QIIOMUHOJIIIBIK TONTap OOMBIHIIA MOHJIBIK anMacy Tumi OolbiHIIa >xypeni. CoHnai-ak, cyTeri OaiaaHbIChl
HEeMece AUIOIb )KOHE MHIYKIMSIIBIK ©3apa OpEKeTTeCy apKbUIbl Oainanbic 001ybl MyMKiH. KyHTreH )KbIHBICTBIH
Oencen i OeTTEpiHJIe TYMUH/II KOCBUIBICTAP/IBIH €Ty JopekKeci aJieKania )Korapbl eKSHIITT aHBIKTaJJIbI.

Menua Oetingeri MoaM(UKATOPIBIH Ma3MYHBI DKCIIEPUMEHT JKarjaiiapeiHa, MOAM(UKATOPABIH
cunarbina OaitnansicTel 10-40% kypaiinsl. Monudukaropnap petinae eH Oenceni HaTpuit pocdatsl, kKanui
KapOOHAaTHI.

VYakpIT 6Te Kelle peaklMsIIbIK KOCTIaHbIH AJIEKTP OTKI3TIITITiH TOMEH/IETY YmiH YKaHFaH Tay KbIHBICHI
OCeTiHIH OpTYPJIi KOHLIEHTPAUSAJAFbl KaJIUH Kap6OHaTbIMeH opeKerTecy MPOLIECiHIH KHHETHUKACHI 3ePTTEI].

VYakpIT 6Te Kelle peakMsIIbIK KOCTIaHbIH AJIEKTP OTKI3TIITITiH TOMCHJICTY YIHIH YKaHFaH Tay >KbIHBICHI
OCTiHIH OpTYPJIi KOHLIEHTpAUSJAFbl KAJIMH KapOOHATHIMEH OpEKEeTTECY MPOLECiHIH KMHETHKACHI 3€PTTEIL.

CopOeHTTIH TYMUHJIK KOMIIOHGHTIHIH (DYHKUMOHAJIBIK TONTAPBIHBIH TaOWFaThIHA, METaJLI
HMOHBIHBIH Ta0WFaThl MEH KOHIICHTPAIUAChIHA OalIaHBICTBI €TiireH OCTTepPiH COPOIUSIIBIK KaCUETTepiHE
CaJIBICTBIPMAJIBI 3epPTTEY JKYPIi3iiAi.

Mertaiil MOHJAPBIHBIH MUHEPaJJIbl TaChIMaJJIAylIbUIAPMEH COpOIUs Jopexeci op Typii (akropriapra
OaitnanpicThl 12-15% - nan 20-90% - ¥a jeiiiH apTajbl.

KoprachklH MOHAAPHI YILiH )KaHa TYMHUHOMUHEPaIIIbl COPOCHTTEPMEH €H KOl CiHipiinyl OaiKaabl.

Tyiiin ce3mep: TOTHIKKAH KOMip, TYMUH KbIIKBULAAPHI, OCHOpraHUKalIbIK OeTTep, KYWIeH >KbIHBIC,
CBIABIM/IBI KBIHBIC, MOJTU(PHUKATOPIIAP.

K.B. Paxuméepaunnona', U.B. Kymakos?, A. K. Aiium:kaHoBa',
M.M. Mycpenos!, H.E. Hakbinoexona'

'Kaparanguackuil TexHU4YeCcKHid yHuBepcuTtet, Kaparanna, Kazaxcran;
*TIOMEHCKHIA TOCYIapCTBEHHBIN YHUBEpCHUTET, TromMeHb, Poccust.
E-mail: kargtu_tss@mail.ru

XUMHUYECKASI AKTUBAIIMS IOBEPXHOCTH I'OPEJIOM MOPO/IbI
PA3JIMMHBIMU MOJJUPUKATOPAMU

AnHoTtanus. B JaHHOW cTaThe NpENCTaBICHBI PE3yIbTaThl JKCIIEPHUMEHTAJIBHBIX HCCIEIOBAHUN
Mporecca MPUBUBKU TYMHHOBBIX KHCJIOT M HMX (DYHKIIMOHAJIBHBIX MPOU3BOIHBIX MOAH(DHUINPOBAHHBIE U
HEMOJM(HUIIMPOBAHHBIE ITOBEPXHOCTH TOpeloi mopossl. [loka3aHo, 4TO MpUBHBKA TYMHHOBBIX KHCIIOT Ha
HEOpraHW4YeCKHe HOCUTENH OoJiee YCIeITHA TIPY IPEABAPUTEIIbHOM aKTHBAIIH TOBEPXHOCTH TOPEIBIX TOPO/I.

N3ydeHbl KHCIOTHBIE W COPOIIMOHHBIE CBOWCTBA NMPUBUTHIX TOBEPXHOCTEH TYMHUHOBBIX COPOEHTOB
[0 OTHOIICHHIO K MOHAM TSDKENBIX MeTauioB. [loka3aHo, 4To MHOTHE W3 MOIU(MUITUPYIOMINX T00aBOK Ha
MTOBEPXHOCTH HEOPTAaHUYECKOTO HOCUTEIS TTO3BOJISIOT MTOBBICUTH 3TH CBOMCTBA B 1,2-2,0 paza B cpaBHEHHUH
C UCXOJHOU MOPOAOH.

Mopudukannio TOBEpXHOCTH POBOIMIN METOJIAMH IIPOITUTKH €€ BOJHBIMU PACTBOpPaMU MOJTU(UKATOPA
1 Tocienyromeid TepMooOpadoTKOif; HarpeBaHUEM IIPH TEMIIeparype KUIEHHS B BOJHBIX PacTBOpax C
MOCIIEAYIONIEH TepMOOOPaOOTKON OCAIKOB.
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B3anmopeiicTBre MOIU(PHUKATOPOB C IMOBEPXHOCTHIO MPOUCXOAUT IO THILy HOHHOIO OOMEHa II0
CHJIAaHOJIPHBIM WJIM aJIIOMMHOJIBHBIM TPyIIaM, O0O0JIaAalomMX CJIa00d KHUCIOTHOCTBIO. BO3MOXHO Tarke
COEAMHEHHE OCPEICTBOM BOJOPOIHBIX CBSA3EH MM AUTOIb-AUIIOIBHBIX M MHAYKLIUOHHBIX B3aUMOICHCTBHMA.
YCTaHOBIIEHO, YTO CTENEHb IPUBUBKH T'YMHHOBBIX COEIMHEHNN 3HAYUTENIBHO BBIIIE HA aKTUBU3UPOBAaHHBIX
MOBEPXHOCTSIX TOPENION TTOPOIBL.

Coneprkanue MOIU(HUKATOPa Ha TOBEPXHOCTH HOocHuTesis coctaiseT 10-40% B 3aBUCUMOCTH OT YCJIOBHH
9KCIIEPUMEHTa, IpUpPoabsl Moaudukaropa. Haubonee akruBHBI kKak Moaudukarops! pocdar HaTpus, KapOoHaT
KaJusl.

W3yyena KuHETHKa IMpolecca B3aUMOACHCTBHS MOBEPXHOCTH TOPEJIOH MOPOAbI ¢ KapOOHATOM Kajlust
Pa3IMYHON KOHIIEHTPALMK 110 CHUKEHHUIO YIEIBbHOM JIEKTPOIPOBOJHOCTH PEAKIIMOHHOM CMECH BO BPEMEHH.

[IpoBeneHO CpaBHUTENBHOE HCCIIEIOBAHUE COPOLMOHHBIX CBOMCTB NPUBUTHIX ITOBEPXHOCTEH B
3aBUCUMOCTH OT NPHUPOAbI (YHKIMOHAJIBHBIX T'PYNIl T'YMHHOBOM COCTaBIIsIOLIel cOpOeHTa, MpUpOIbl U
KOHLIEHTPALIMN MOHA METAJIA.

CreneHb copOLIMU MOHOB METAIJIOB C MUHEPAILHBIMU HOCUTEIAMH Bo3pacTtaeT oT 12-15% no 20-90% B
3aBUCHUMOCTH OT Pa3IMYHbIX (PaKTOPOB.

HauOonpmas copbupyeMoCcTb HOBBIMH T'YMHHOMMHEpPAJIbHBIMHA COPOCHTAMH OTMEYEeHa IJisi MOHOB
CBUHIIA.

KonroueBrble c10Ba: OKUCIIEHHBIE YITIM, TYMUHOBBIE KHCIIOTBI, HEOPraHUUECKHE TTOBEPXHOCTH, Topenast
Mopoza, BMEIIAoNIas HOpoia, MOAU(HUKATOPEI
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