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Abstract. Relevance. Kazakhstan's Development Strategy until 2050 identifies
waste-free and resource-saving technologies, as well as the rational use of natural
resources as key priorities for sustainable economic and environmental development.
In this context, purification of industrial wastewater from toxic heavy metal ions is an
important task for protecting water resources and maintaining ecological balance. One
promising approach is the use of water-soluble high-molecular compounds — flocculants.
Research objective. To study the sorption properties of new synthetic copolymers based
on 2-acrylamido-2-methylpropanesulfonic acid salts (H-AMS-i-PAA, VEMEA-Na-
AMS, VEMEA-K-AMS) in process of removing Ni**, Co*", Zn**, and Cu?®" ions from
aqueous solutions. Research methods. The study used experimental methods: sorption
tests at different pH values, kinetic studies of polymer-metal ion interaction, analysis
of equilibrium sorption characteristics, and effectiveness comparison of the materials
obtained. Results. It was found that the sorption activity of the synthesized
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copolymers significantly depends on the pH of the medium. In the acidic range (pH = 2),
sorption is minimal due to the protonation of functional groups. In the pH range of 4—7,
sorption capacity significantly increases. VEMEA-K-AMS copolymer demonstrated
greatest efficiency, ensuring almost complete removal of heavy metal ions. Kinetic
studies showed that equilibrium is reached rapidly, indicating a high rate of interaction
between the sorbent and ions. Practical significance. The results confirm the promise
of new synthetic copolymers as environmentally safe and effective flocculants for
removing heavy metals from industrial wastewater. The materials can be recommended
for implementation in water treatment and environmental safety technologies at
industrial enterprises.

Keywords: copolymers, sorption, heavy metals, wastewater treatment, flocculants,
pH dependence
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AnHoTamus. O3exrimiri. «Kazakcran — 2050» cTpareruschbiHIa KaaJbIKChI3 KOHE
pecypcTapabl YHEMICHTIH TEXHOJIOTHSIIAP/IbI SHT13Y, COHIal-aK TaOUFU pecypcTapibl
YTBIMIIBI MalAallaHy TYPaKThl SKOHOMHUKAJIBIK JKOHE DKOJIOTUSIIBIK JaMyIblH HETi3Ti
0achIMJIBIKTapbl peTiHje aWkbiHaanFaH. OchklFaH OailJIaHBICTBI OHJIPICTIK AFBIHJIBI
CYJIapJIbl ayblp METAIJApAbIH YIIbI HOHIAPbIHAH Ta3apTy CY PECYpCTapblH KOpFay JKoHE
SKOJIOTHSUIBIK, TETEe-TEHIIKTI CakTay YIIiH aca MaHbI3Ibl MIHAET OOJIBIIN TaOBLIAJIBI.
By GarpiTTa Cy epiTiHIIepiHae jKAaKChl EPUTIH JKOFaphl MOJEKYIANbIK KOCBUIBICTAp
— (QIMOKYNSHTTApAbl KOJAaHy IMEPCHeKTHBANbI 9MIiCTepHiH Oipi caHamamgsl. 3eprTey
MakcaThl. 2-aKpWIaMU0-2-METHIPONaHCYIb(OH KBIIIKBLUIBI TY3/1apbl HETi3iHAeT]
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KaHa CUHTeTHKaJbIK conoiumMepiepain (H-AMC-u-ITIAA, BOMDA-Na-AMC xone
BOMDA-K-AMC) cy epitinainepinen Ni**, Co*', Zn*+ xone Cu?*' ayblp MeTasl
HOHJApBIH copOIMsiay KaOineTTepiH 3eprrey. 3eprrey onictepi. Kymbicta oprypmi
pH MoHzaepinae copOIUSIIBIK ChIHAKTAP, TOJIUMEPIIEPiH ayblp METaJUl HOHAAPhIMEH
OpEKeTTeCY KHHETUKACKIH aHBIKTAY, COPOIUSHBIH TEIe-TESH/IIK CUITaTTaMallapbIH TaJIIay
JKOHE aJIblHFaH MaTepHaliapAblH THIMJUITIH CAIBICTBIPY CHSKTBI KCIIEPUMEHTTIK
omicrep KoimaHeuiabl. Hotmxkenepi. CHHTE3ICITEH COMOIUMEPICPAIH COPOIMSUTBIK
Oencenniniri opranbiH pH MoHiHe aliTapibIKTall TOyenai eKeHl aHBIKTaI bl KhIIIKbLT
oprana (pH = 2) pyHKIMOHANIBIK TONTApPBIH MPOTOHAAHYbIHA OAJIAHBICTBI COPOIIHS
TemeH Oonapl. pH 4—7 apanbiFblHIa COPOLMSIBIK CHIMBIMIBUIBIKTBIH adTapIbIKTal
apTKaHbl O0aiikanael. Ex sxorapsl TriMainikti BOM3A-K-AMC cononumepi kepceTin,
aybIp METaJ1 HOHAAPBIH iC KY31H/I€ TONBIK JKOH 1bl. KHHETHKAIBIK 3epTTeyaep COPOSHT
TICH MOHJIAP/IbIH 63apa dPEKETTECY KbLIIAM/IBIFbI XKOFAPBI €KCHIH KOHE TEIe-TCHIIKKE
a3 yakpIT INIIHJE KOJ JKETKI3UIETiHIH KepcerTi. lIpakThkanblk MaHbI3bl. AJIBIHFAH
HOTHKEJIEp KaHA CHHTETHKAJIBIK COMOJIUMEPICPIH OHIIPICTIK aFbIHJbI Cyaapibl
ayplp MeTalJapAaH Ta3apTyFa apHaJFaH SKOJOTHSUIBIK KAyillCi3 9pi »KOFapbl THUIMJIL
(IIOKyJISIHTTAp PETiHIlEe MEePCIEeKTUBANIbl SKeHIH Janennueiai. bysn wmarepuammapiabl
Cy JHadbIHIAy MKOHE OHEPKACINTIK KOCIMOPBIHIAPIBIH JKOJOTHSUIBIK KayilCi3miriH
KaMTaMachI3 €Ty TEXHOJIOTHSUIAPbIHA CHTI3yTe O0JaIbl.

Tyiiin ce3aep: cononumepiiep, COpOIHs, aybIp METaNJAP, AFBIH/IBI CYJIAP/Ibl TA3aPTY,
¢noxynsuTTap, pH Toyenminiri
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AnHoTamusa. AxtyansHocTh. B Crparerun passutus Kazaxcrana no 2050 rona
BHe/IpeHUE 0E30TXOJHBIX U PECYPCOCOEpETaroIuX TEXHOIOTHH, a TAK)Ke PallMOHAIBHOE
WCTIOJIb30BAHUE MPUPOIHBIX PECYPCOB ONpENeseHbl KIIOUEBBIMU PUOPUTETAMH
YCTOHUNBOTO 3KOHOMHUYECKOTO 1 SKOJIOIMUYECKOT0 pa3BUTH. B 3TOM KOHTEKCTe ouncTKa
ITPOMBIIIUICHHBIX CTOYHBIX BOJ OT TOKCHYHBIX HOHOB TSIKEIIBIX METAJUIOB MTPEICTABIISCT
co00# 0c000 BasKHYIO 3a1a4y, CBSI3aHHYIO C 3aIIUTON BOIHBIX PECYPCOB U COXpaHEHHEM
9KOJIOTHUECKOTo Oananca. OMHUM U3 IEPCIIEKTUBHBIX MOAXO/0B SBIISETCS IPUMEHEHHE
BOJIOPACTBOPUMBIX BBICOKOMOJICKYJIIPHBIX COCAUHEHUNH — (QuokyisHToB. llens
uccnenoBanus. M3yunTsh cOpOIIOHHBIE CBOMCTBA HOBBIX CHHTETHUECKUX COTIOJIMMEPOB
Ha OCHOBE COJIeH 2-aKpHiIaMUuI0-2-MeTHINPOnancyinbPoHoBoi kuciaotel (H-AMC-u-
I[MTAA, BOMDA-Na-AMC u BOMDBA-K-AMC) B nporiecce yaaaeHusi HOHOB TSXKETbIX
metaiioB Ni**, Co**, Zn*" u Cu*" u3 BOJHBIX pacTBOpoB. MeTozpl uccienoBanus. B
paboTe UCMONB30BaHbl SKCIEPUMEHTABHBIE METOIbl: COPOLIMOHHBIC UCTIBITAHUS TIPU
pa3nMuHBIX 3HA4YeHUsX pH, ompeneneHWe KUHETHKU B3aWMOJCHCTBUS TOIMMEPOB C
MOHAMHU TSKEIBIX METAJUIOB, aHAlM3 PaBHOBECHBIX XapaKTEPUCTHK COpPOLHMU U
cpaBHeHHE 3()()EKTUBHOCTH MOIYYCHHBIX MarepuanoB. Pe3ynbTaTbl. YCTaHOBJIEHO,
YTO COpOLMOHHAS AaKTUBHOCTh CHHTE3MPOBAHHBIX COIMOJIMMEPOB CYIIECTBEHHO
3aBucuT oT pH cpenpl. B kucnoit obnmactu (pH = 2) copOumsi MUHMMaibHa H3-3a
MIPOTOHUPOBaHUs (DYHKIMOHAIBHBIX rpynn. B awmamazone pH 4-7 wHabnromaercs
3HAYUTENIFHOE TOBBINIEHHE cOpOLMOHHON EMKocTH. HambGonbiryro shdexTHBHOCTD
npojeMoHcTpupoBai comonumep BOMDA-K-AMC, obecrneyuBni MOYTH TOTHOE
yIaJeHUEe MOHOB TSDKENBIX MeTauioB. KMHETHYeCcKHe HCCIIeIOBaHHs IOKA3alH, YTO
paBHOBECHE JIOCTUTAETCS B KOPOTKHE CPOKH, YTO CBMJIETENBCTBYET O BBICOKOH
CKOPOCTH B3aWMOJCHCTBUSI MEXIy COPOSHTOM M MOHaMHU MeTayuioB. [IpakTuueckoe
3HaueHue. [lomyyeHHbIe pe3ynbTaThl HOATBEPKAAIOT MEPCIEKTUBHOCTh HOBBIX CHHTE-
TUYECKUX COIOJUMEPOB KaK JKOJOTMYECKH O€30MaCHBIX M BBICOKOI(PPEKTHBHBIX
(bIOKYISIHTOB JJII OYMCTKU MPOMBIIUICHHBIX CTOYHBIX BOJ OT TSDKEIBIX METaJUIOB.
Matepuanbl MOTYT OBITH PEKOMEHIOBAHBI JIJIsi BHEIPCHHS B TEXHOJIOTUU BOJIOIIO/TO-
TOBKH U 00€cIIeueHHsI SKOJIOTHYECKON 0€30MacHOCTH MPOMBIIUICHHBIX TPEANPHUATHIH.

KiiioueBble cjioBa: cononmumepsl, COpOLUs, THKENbIE METAIIBI, OYMCTKA CTOUHBIX
BOJI, (MJIOKYJISIHTBI, 3aBUCUMOCTB 0T pH

Introduction. The main directions of the economic and social development of the
Republic of Kazakhstan until 2050 envisage the development and implementation of new
technological processes for the processing of natural resources, as well as the utilization
of raw materials and substances containing environmentally hazardous components.
These objectives are to be achieved through the application of economically justified,
waste-free, and resource-saving technologies (Klimenko, 2013; Krishnan, 2018; Moody,
2007; Vajihinejad et.al., 2019).

Environmental protection from pollution represents one of the most pressing
challenges of modern times. The purification of natural and industrial wastewater is
of particular importance, as it is directly related to the preservation and sustainable
management of water resources (Xiao, 2021; Proskurina, 2016). In recent years, water-
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soluble high-molecular-weight compounds — flocculants - have been increasingly
employed in wastewater treatment (Myagchenkov, 2014; Li et.al., 2019). Their
application significantly improves purification efficiency and enhances the performance
of treatment facilities. This trend, in turn, has stimulated extensive research into the
synthesis of novel synthetic polymer reagents. Polyacrylamide remains the most widely
used flocculant at the industrial scale (Abramova et.al., 2016). However, to improve
its efficiency and broaden its application range, various derivatives of polyacrylamide
have been developed (Liu et.al., 2003; Nesic et.al., 2016; Novakov et.al., 2018). These
derivatives incorporate diverse functional groups or structural units of other monomers.
Among the promising chemical structures for the synthesis of new polyacrylamide
derivatives are copolymers based on the salts of 2-acrylamido-2-methylpropanesulfonic
acid (AMPS). The presence of multifunctional groups within the copolymer chain is
expected to impart high flocculating activity and enhanced sorption capability (Novakov
et.al., 2015; Hao et.al., 2024).

In this context, the synthesis and investigation of the flocculating properties of novel
copolymers based on the salts of 2-acrylamido-2-methylpropanesulfonic acid represent
a highly relevant and significant research direction. At present, the removal of heavy
metal ions from industrial wastewater through the use of efficient flocculants has
become one of the key environmental and technological challenges (Daifa et.al., 2019;
Loukili et.al., 2024).

Materials and methods. The present study investigates the sorption of selected
heavy metal ions (Ni**, Co*", Zn**, Cu®*") by N-AMPS-and-PAA, VEMA-K-AMPS,
and VEMA-Na-AMPS copolymers. The sorbents were synthesized through radical
copolymerization of acrylamide (AA) with salts of 2-acrylamido-2-
methylpropanesulfonic acid (AMPS) in aqueous medium, using potassium persulfate
as an initiator. After polymerization, the obtained copolymers were washed, dried, and
ground to a uniform particle size.

Sorption experiments were conducted in aqueous solutions containing heavy metal
ions (Ni**, Co*", Zn**, Cu**). The acidity of the medium plays a crucial role in working
with sorbents containing acidic functional groups, as it determines the state and
reactivity of these groups. Furthermore, the chemical state of the metal ions in solution
also depends on the pH of the medium, allowing control over the sorption process by
adjusting this parameter.

Accordingly, to determine the sorption performance of N-AMPS-and-PAA, VEMA-
K-AMPS, and VEMA-Na-AMPS sorbents, a series of experiments were conducted to
study the influence of solution pH on the degree of sorption.

Results and discussion. Based on these experimental results, Kkinetic
curves describing the sorption of Ni**, Co**, Zn**, and Cu*" ions by N-AMPS-and-
PAA, VEMA-K-AMPS, and VEMA-Na-AMPS sorbents were constructed (Figure 1).
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Figure 1 - pH dependence of the degree of sorption of Ni**(a), Co*'(b), Zn*(c), Cu*'(d) ions on H-AMC-
and-PAA (1), VEMEA-Na-AMC (2), VEMEA-K-AMC (3)

As can be seen from Figure 1, the dependence of the degree of sorption of nickel,
cobalt, zinc and copper ions on the pH value of the solution is extreme. The relatively
low degree of sorption of the studied metal ions in an acidic medium is explained by the
protonated state of the sorbents at pH-2 and the fact that sorption occurs as a result of
coordination interactions with the -R=0, -COOH and -OH groups. In the low pH region,
the sorption capacity of the synthesized sorbents for heavy metals is approximately at
the same level. In the solution pH range of 4-7, a sharp increase in the sorption activity of
the sorbents is observed. In this case, the sorption capacity of the sorbent H-AMC-and-
PAA increases, and the highest sorption capacity is observed in the sorbent VEMEA-K-
AMC. This sorbent demonstrates the ability to effectively sorb heavy metals at pH-5,
reaching values that are characteristic of even expensive artificial sorbents.

In addition, during the study of the effect of pH on the sorption capacity of various
non-ferrous metal ions, it was found that the modified sorbent VEMEA-K-AMC can
completely sorb heavy metals at high concentrations. Figure 2 shows the sorption
isotherms of Co?**, Zn?**, Cu®* and Ni** ions.
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The kinetics of ion complex formation processes remain an insufficiently explored
field, despite their clear practical significance. This has increased researchers’ interest
in studying the sorption kinetics of metals on synthesized sorbents. In this regard,
we investigated the change in the sorption concentration of ions as a function of the
interaction time between the solution and the sorbent, up to the point of reaching kinetic
equilibrium.

Figure 3 presents the sorption kinetics of Ni*+ (a), Co*+ (b), Zn*+ (c), and Cu*+ (d)
ions on H-AMC-i-PAA, VEMA-Na-AMC, and VEMA-K-AMC sorbents, which
allows determining the rate of equilibrium establishment in the solution—sorbent
system.
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Figure 3 - Sorption kinetics of ions in the process, Ni**(a), Co*'(B), Zn*(B), Cu*(G) C H-AMC-and-PAA
(1), VEMEA-Na-AMC (2), VEMEA-K-AMC (3)

As can be seen from Figure 3, the kinetic sorption curves of Ni**, Co?!, Zn*", Cu?*'
ions characterize the degree of saturation of ionites over the duration of the process at
the optimal concentration of the initial solution and the acidity of the medium.

Conclusion. The conducted studies demonstrate that the synthesized copolymers
based on the salts of 2-acrylamido-2-methylpropanesulfonic acid (H-AMC-i-PAA,
VEMEA-Na-AMC, and VEMEA-K-AMC) exhibit high sorption activity toward Ni*",
Co?*, Zn**, and Cu*" ions from aqueous solutions. The degree of sorption was found to
depend strongly on the pH of the medium, with the highest effi ciency observed in the
range of pH 4-7. Among the studied sorbents, VEMEA-K-AMC demonstrated the
greatest sorption capacity, effectively binding heavy metal ions even at relatively high
concentrations.

The obtained kinetic data indicate that equilibrium in the solution—sorbent system
is established relatively rapidly, confirming the high reactivity of the synthesized
copolymers. The presence of functional groups such as -COOH, —OH, and —R=0
contributes significantly to the coordination and complexation of metal ions.

Overall, the synthesized copolymers can be considered promising materials for

157



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

wastewater treatment and environmental protection, particularly for the removal of toxic
heavy metal ions. Further research should focus on optimizing synthesis parameters and
evaluating the regeneration and reuse potential of these sorbents under real industrial
conditions.
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