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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 Ni²+, Co²+, Zn²+, and Cu²+ 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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Аннотация. Өзектілігі. «Қазақстан – 2050» стратегиясында қалдықсыз және 
ресурстарды үнемдейтін технологияларды енгізу, сондай-ақ табиғи ресурстарды 
ұтымды пайдалану тұрақты экономикалық және экологиялық дамудың негізгі 
басымдықтары ретінде айқындалған. Осыған байланысты өндірістік ағынды 
суларды ауыр металдардың улы иондарынан тазарту су ресурстарын қорғау және 
экологиялық тепе-теңдікті сақтау үшін аса маңызды міндет болып табылады. 
Бұл бағытта су ерітінділерінде жақсы еритін жоғары молекулалық қосылыстар 
– флокулянттарды қолдану перспективалы әдістердің бірі саналады. Зерттеу
мақсаты. 2-акриламидо-2-метилпропансульфон қышқылы тұздары негізіндегі 
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жаңа синтетикалық сополимерлердің (Н-АМС-и-ПАА, ВЭМЭА-Na-АМС және 
ВЭМЭА-К-АМС) су ерітінділерінен Ni²+, Co²+, Zn²+ және Cu²+ ауыр металл 
иондарын сорбциялау қабілеттерін зерттеу. Зерттеу әдістері. Жұмыста әртүрлі 
pH мәндерінде сорбциялық сынақтар, полимерлердің ауыр металл иондарымен 
әрекеттесу кинетикасын анықтау, сорбцияның тепе-теңдік сипаттамаларын талдау 
және алынған материалдардың тиімділігін салыстыру сияқты эксперименттік 
әдістер қолданылды. Нәтижелері. Синтезделген сополимерлердің сорбциялық 
белсенділігі ортаның pH мәніне айтарлықтай тәуелді екені анықталды. Қышқыл 
ортада (pH ≈ 2) функционалдық топтардың протондануына байланысты сорбция 
төмен болды. pH 4–7 аралығында сорбциялық сыйымдылықтың айтарлықтай 
артқаны байқалды. Ең жоғары тиімділікті ВЭМЭА-К-АМС сополимері көрсетіп, 
ауыр металл иондарын іс жүзінде толық жойды. Кинетикалық зерттеулер сорбент 
пен иондардың өзара әрекеттесу жылдамдығы жоғары екенін және тепе-теңдікке 
аз уақыт ішінде қол жеткізілетінін көрсетті. Практикалық маңызы. Алынған 
нәтижелер жаңа синтетикалық сополимерлердің өндірістік ағынды суларды 
ауыр металдардан тазартуға арналған экологиялық қауіпсіз әрі жоғары тиімді 
флокулянттар ретінде перспективалы екенін дәлелдейді. Бұл материалдарды 
су дайындау және өнеркәсіптік кәсіпорындардың экологиялық қауіпсіздігін 
қамтамасыз ету технологияларына енгізуге болады.

Түйін сөздер: сополимерлер, сорбция, ауыр металдар, ағынды суларды тазарту, 
флокулянттар, рН тәуелділігі
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Аннотация. Актуальность. В Стратегии развития Казахстана до 2050 года 
внедрение безотходных и ресурсосберегающих технологий, а также рациональное 
использование природных ресурсов определены ключевыми приоритетами 
устойчивого экономического и экологического развития. В этом контексте очистка 
промышленных сточных вод от токсичных ионов тяжёлых металлов представляет 
собой особо важную задачу, связанную с защитой водных ресурсов и сохранением 
экологического баланса. Одним из перспективных подходов является применение 
водорастворимых высокомолекулярных соединений — флокулянтов. Цель 
исследования. Изучить сорбционные свойства новых синтетических сополимеров 
на основе солей 2-акриламидо-2-метилпропансульфоновой кислоты (Н-АМС-и-
ПАА, ВЭМЭА-Na-АМС и ВЭМЭА-К-АМС) в процессе удаления ионов тяжёлых 
металлов Ni²+, Co²+, Zn²+ и Cu²+ из водных растворов. Методы исследования. В 
работе использованы экспериментальные методы: сорбционные испытания при 
различных значениях pH, определение кинетики взаимодействия полимеров с 
ионами тяжёлых металлов, анализ равновесных характеристик сорбции и 
сравнение эффективности полученных материалов. Результаты. Установлено, 
что сорбционная активность синтезированных сополимеров существенно 
зависит от pH среды. В кислой области (pH ≈ 2) сорбция минимальна из-за 
протонирования функциональных групп. В диапазоне pH 4–7 наблюдается 
значительное повышение сорбционной ёмкости. Наибольшую эффективность 
продемонстрировал сополимер ВЭМЭА-К-АМС, обеспечивший почти полное 
удаление ионов тяжёлых металлов. Кинетические исследования показали, что 
равновесие достигается в короткие сроки, что свидетельствует о высокой 
скорости взаимодействия между сорбентом и ионами металлов. Практическое 
значение. Полученные результаты подтверждают перспективность новых синте-
тических сополимеров как экологически безопасных и высокоэффективных 
флокулянтов для очистки промышленных сточных вод от тяжёлых металлов. 
Материалы могут быть рекомендованы для внедрения в технологии водоподго-
товки и обеспечения экологической безопасности промышленных предприятий.

Ключевые слова: сополимеры, сорбция, тяжёлые металлы, очистка сточных 
вод, флокулянты, зависимость от 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 (Ni²+, Co²+, Zn²+, Cu²+) 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 (Ni²+, Co²+, Zn²+, Cu²+). 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, kinetic 
curves describing the sorption of Ni²+, Co²+, Zn²+, and Cu²+ ions by N-AMPS-and-
PAA, VEMA-K-AMPS, and VEMA-Na-AMPS sorbents were constructed (Figure 1).
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a b

c                                                                                d
Figure 1 - pH dependence of the degree of sorption of Ni2+(a), Co2+(b), Zn2+(c), Cu2+(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=O, -СООН 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 artifi cial 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 modifi ed sorbent VEMEA-K-AMC can 
completely sorb heavy metals at high concentrations. Figure 2 shows the sorption 
isotherms of Co2+, Zn2+, Cu2+ and Ni2+ ions.
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a b 

   c                                                                           d
Figure 2 - pH dependence of the sorption capacity of Co2+ (a), Zn2+ (b), Cu2+ (c) VEMEA-Na-AMC (1), 
VEMEA-K-AMC (2) and Ni2+ (d) Н-AMC-and-PAA (1), VEMEA-Na-AMC (2), VEMEA-K-AMC (3) 

ions

The kinetics of ion complex formation processes remain an insuffi ciently explored 
fi eld, despite their clear practical signifi cance. 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 Ni²+ (a), Co²+ (b), Zn²+ (c), and Cu²+ (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, Ni2+(a), Co2+(B), Zn2+(B), Cu2+(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 Ni2+, Co2+, Zn2+, Cu2+ 
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 Ni²+, 
Co²+, Zn²+, and Cu²+ 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, confi rming the high reactivity of the synthesized 
copolymers. The presence of functional groups such as –COOH, –OH, and –R=O 
contributes signifi cantly to the coordination and complexation of metal ions.

Overall, the synthesized copolymers can be considered promising materials for 
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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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