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Abstract—New modifications of a polyampholyte sorbent based on carbamide (urea), formaldehyde, and
aminoacetic acid, differing in the reagents ratio during the synthesis, have been prepared. It has been shown
that the optimal synthesis temperature is 90°C. Thermal stability of the polyampholyte has been analyzed.
Sorption properties of the polyampholyte towards d-element ions have been investigated. The effect of the
synthesis temperature on specific volume and static exchange capacity of the polyampholyte has been con-
sidered. The influence of the medium pH on sorption of copper(II) ions with the polyampholyte has been
evaluated. It has been found that the sorption degree by the considered sorbents is the highest at pH from 5.5
to 6.5. The polyampholyte prepared at the urea, formaldehyde, and aminoacetic acid ratio 2 : 5 : 0.7 has
revealed the highest sorption capacity towards the d-element ions. The sorption rate has been maximum at
the solution temperature of 20°C. The adsorption has been shown to follow the Freundlich equation.
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INTRODUCTION

Many natural polymers and synthetic substances
exhibit ion-exchange properties [1]. The most import-
ant of them are ionites based on synthetic polymers
[2, 3], also known as polyampholytes or ion-exchange
resins.

Significant progress has been made in recent years
in the production of polyampholytes. However, many
of them, especially these of the polycondensation
type, still do not meet the requirements for availability,
efficiency, and sorption capacity and selectivity, which
leads to the need for synthesis of novel ion-exchange
polymers [4]. In this regard, the development of new
polyampholytes and improvement of their production
processes are given great attention worldwide [5].
Large-scale use of ion-exchange materials in various
areas of industrial production stimulates further
improvement of the processes for their production [6].
Moreover, the use of ionites increases the yield of
products in various processes, thus reducing the
energy and material costs and simplifying the techno-
logical schemes.

The ionite adsorbents have also proven to be sub-
stances used to reduce the environmental impact, for
instance, to purify wastewater from poisonous ions [7, 8].

Polymer sorbents exhibiting chelating properties
are widely used in modern wastewater treatment tech-
nologies [9]. The search for new ion exchangers with
increased thermal and chemical resistance as well as
selectivity to ions of technologically important rare
and non-ferrous metals (molybdenum, copper,
cobalt, nickel, and others) is among the urgent tasks of
modern science and industry [10]. In general, the
modification of ion-exchange materials is currently an
extremely intensively developing branch of modern
chemistry. However, despite the recent advances, the
issue of preparation of polyampholytes has remained
among the most relevant.

A chelate-forming sorbent based on urea, formal-
dehyde, and hydrazine hydrate has been earlier syn-
thesized, and the process of its complex formation
with Cu(II), Zn(II), and Cd(II) ions has been investi-
gated [11]. Furthermore, the process of covalent
attachment of these ions at the matrix of urea-formal-
dehyde resin with 2-aminopentanedioic (glutamic)
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acid (sorbent UFG) [12] and dithizone (sorbent
UFD) [13] has been studied. It has been found that
these polyfunctional anionites exhibit improved ion-
exchange properties towards ions of such salts as sul-
fates, nitrates, and chlorides [14].

Our ultimate goal is to obtain a wide range of differ-
ent polyampholytes capable of adsorbing metal ions
from solutions. In the future, it is planned to evaluate
the possibility to use these polyampholytes as adsor-
bents for microplastic particles that pollute the envi-
ronment, especially water [15]. It has been found in a
number of studies that the micro- and nanoplastic
particles are clearly detected in various natural objects
and food environments such as water [16] and vegeta-
ble oils (during storage) [17] and are even readily
released from pyramidal tea bags during brewing [18].
In this regard, the development of adsorbents capable
of removing both heavy metal ions and microplastics is
very important.

As a result of earlier studies [19], a polyampholyte
sorbent based on urea, formaldehyde, and aminoace-
tic acid (UFA) has been obtained. The effect of the
medium pH and temperature on its synthesis has been
elucidated, the IR spectra have been analyzed, elemen-
tal analysis of the synthesized complexes has been per-
formed, and their surface structure has been probed by
means of scanning electron microscopy. Polyam-
pholyte prepared via polycondensation of o-aminoben-
zoic acid and epoxy resin bearing the Bisphenol A moi-
eties has been recently studied by us [20].

In the present study, adsorption parameters of dif-
ferent modifications of polyampholyte sorbent syn-
thesized via polycondensation of urea-formaldehyde
resin with aminoacetic acid were determined. The
study aimed to investigate sorption properties of those
materials towards copper(II) ions. The mechanism of
Cu2+ sorption by the polyampholyte adsorbents was
also analyzed. It has been earlier found basing on the
isothermal, kinetic, and thermodynamic experiments
that the process of uranium sorption by chelating poly-
mers follows the Langmuir model with pseudo sec-
ond-order mechanism and exothermic nature [21].
In the present study, the sorption process was analyzed
using the Langmuir and Freundlich isotherms.

EXPERIMENTAL
The modifications of the considered sorbent were

obtained via polycondensation from carbamide (urea),
formaldehyde, and aminoacetic acid as described else-
where [19], at different ratios of the reagents.

Thermoanalytical experiments were performed
using a Netzsch STA 409 PG analyzer (Germany) with
a type K (Low RG Silver) thermocouple and aluminum
crucibles. The measurements were performed under
inert nitrogen atmosphere (flowrate 50 mL/mol).
The temperature range was 25–370°C, heating rate
being 5 deg/min. A specimen mass was 5–10 mg. The
POLYMER SCIENCE, SERIES A  Vol. 65  No. 6  2023
instrument was calibrated using a set of references:
KNO3, In, Bi, Sn, and Zn.

Specific volume of the swollen sorbents was deter-
mined according to GOST 10898.4–84, and static
exchange capacity was determined according to
GOST 20255.1–89 “Ionites. Methods to Determine
Static Exchange Capacity”, by analogy with [22]. The
chemicals of pure and chemical pure grades were used.
The solutions were prepared via dissolution of a
weighed portion of the chemical in a known volume of
the solvent.

For the synthesized complex-forming UFA sor-
bents, isotherms of adsorption of the metal ions (Cu2+,
Co2+, Cd2+, Zn2+, and Ni2+) were investigated. To do
so, aqueous solutions of salts of the said metals with
concentration of 0.1 eq/L (volume 10 mL) were pre-
pared. Then, 0.5 g of the granulated UFA sorbent was
added to each solution. The sorbent was kept in the
solutions during 4 h, for the metal sorption to occur.
The solution color and the sorbent were changed due
to the metal ions transition into the adsorbed state.
The sorbent complexes with the metals were then sep-
arated from the solutions. As a result, swollen multi-
colored granules were obtained, which were dried in
an oven at room temperature.

To determine the adsorption capacity (static
exchange capacity) towards the ions, the metal con-
centration in the solution was measured before (0.1 N
in each case) and after the adsorption by means of
spectrophotometry or complexometric titration.

Optical path length during the spectrophotometric
measurement was 5 cm. In the case of Cu2+ ion, form-
ing dark blue ammonia complexes with a dilute
ammonia solution, the absorbance was measured at
610 nm. In the case of Ni2+ ion, forming blue-violet
complexes with dilute ammonia solution, the mea-
surements were performed at 565 nm. Determination
of the Со2+ ions were performed upon formation of
yellow complex with murexide from the initially pink
solution (measurements at 460 nm). Concentration of
Cd2+ and Zn2+ was determined by complexometric
titration, as described in [23] and [24], respectively.
In that case, solutions of dithizone with complexon III
were used.

Static exchange capacity (SEC) was calculated via
the equation

with с0 being the ions concentration before adsorption
(0.1 N), с being the ions concentration upon adsorp-
tion, and m being bulk mass of the adsorbent. Accord-
ing to GOST 20255.1-89, the resulting SEC of the ion-
ite was determined as mean of two independent mea-
surements if the |SEC-1 – SEC-2| < 0.025(SEC-1 +
SEC-2)/2, condition was fulfilled, with SEC-1 and
SEC-2 being the results of independent measurements

= 0SEC – /100 ,( )с с m
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Fig. 1. TGA and DTA curves for the UFA-0.2 polyampholyte. Color figures are available in the online version.
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of static exchange capacity and 0.025 (2.5%) being the
repeatability limit at probability Р = 0.95.

RESULTS AND DISCUSSION

The suggested structure of the polyampholyte sor-
bent based on carbamide (urea), formaldehyde, and
aminoacetic acid is presented below.

Earlier [19], we obtained the UFA polyampholyte
at the molar ratio of the reactants (urea : formaldehyde :
aminoacetic acid) equal to 2 : 5 : 0.2 (UFA-0.2). In the
present study, in order to improve the adsorption
capacity of UFA, we prepared three new polymers of
the modified composition, at the reactants molar ratio
2 : 5 : 0.5 (UFA-0.5), 2 : 5 : 0.7 (UFA-0.7), and 2 : 5 :
1.0 (UFA-1).
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First, the thermal stability of the UFA-0.2 polyam-
pholyte was investigated. According to the TGA and
DTA data (Fig. 1), onset of the sorbent melting
occurred at 200°C. The endothermic peak was
observed at 246–335°C. The polyampholyte decom-
position started at 290°C. The mass loss at 220–340°C
equaled 84.6%. From the obtained data, it could be
concluded that the mass loss was due to elimination of
water and decomposition of various functional group.
A similar picture has been observed earlier in the ther-
mogravimetric analysis data of polyampholyte sorbent
based on urea, formaldehyde, and dithizone [13].

Further, in order to optimize the process of synthe-
sis of the polyampholyte, we investigated the influ-
ence of temperature on the process of polycondensa-
tion of urea, formaldehyde, and aminoacetic acid in
the case of the UFA-0.2 polymer. The polycondensa-
tion was performed at 75, 85, 90, 100°C. The comple-
tion of the reaction was judged by the transformation
of the liquid mixture into a resinous mass.

The dependence on the static exchange capacity
with respect to 0.1 N NaOH solution and specific vol-
ume of the water-swollen sorbent on the duration of
the reaction was also investigated. The results are given
in Table 1. It is to be seen that at low temperature
(75°C) the polycondensation reaction was complete in
3 h, exchange capacity of the copolymer being
2‒2.5 meq/g. The reason for long duration of the
reaction was low reactivity of the compounds at that
temperature. When the reaction temperature was
increased to 100°C, the crosslinking process was faster
LYMER SCIENCE, SERIES A  Vol. 65  No. 6  2023
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Table 1. Influence of the reaction temperature on the properties of the synthesized sorbent

Reaction temperature, °C Reaction duration, h Specific volume of water-
swollen sorbent, mL/g

SEC towards 0.1 N NaOH 
solution, meq/g

75 2.5‒3.0 1.76 2.5
85 2.0‒2.5 1.58 3.1
90 1.5‒2.0 1.35 4.1

100 1.0‒1.5 1.23 3.7
and the reaction duration was decreased to 1 h, but
exchange capacity and swelling ability of the copoly-
mer were decreased as well. Probably, structure of the
copolymer formed at higher temperature was denser,
and mobility of the ionic groups was hindered.

Therefore, the optimal temperature to conduct
polycondensation was 90°C: the reaction duration at
that temperature equaled 1.5‒2.0 h, the reaction
course was more uniform, and the exchange capacity
with respect to 0.1 N solution of NaOH was as high as
4.1 meq/g. The polyampholytes with different ratios of
the reactants (UFA-0.5, UFA-0.7, and UFA-1) were
further synthesized under the chosen conditions.

For the new modifications of the UFA polyam-
pholyte, the dependence of static sorption capacity
towards copper(II) ions on the medium pH was deter-
mined (Fig. 2). As follows from the data in Fig. 2,
sorption capacity of the adsorbents with respect to
Cu2+ ions was the highest at рН of 5–6. The sorption
capacity of UFA-0.5 at pH 5.6 equaled 4.3 meq/g,
being 4.6 meq/g for UFA-0.7 (рН 6.0) and 4.4 meq/g
for UFA-1 (рН 6.0). It was found that the UFA-0.7
exhibited higher sorption capacity towards copper(II)
ions than other sorbents (UFA-0.2 [19], UFA-0.5, and
UFA-1). In a weakly acidic medium (рН 5–6), Cu2+

ions were adsorbed due to the complex formation with
protonated functional groups. Deterioration of the
sorption properties of UFA-1.0 compared to UFA-0.7
could be explained by the fact that the increase in the
POLYMER SCIENCE, SERIES A  Vol. 65  No. 6  2023

Fig. 2. Static exchange capacity of the modified sorbents toward
UFA-0.7 (2), and UFA-1.0 (3).
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amount of the functional groups in the polyampholyte
was leveled by compaction of the sorbent structure and
decrease in the distance between the functional
groups, as well as the decrease in the sorption ability
due to hindered diffusion of the ions in the inner
sphere of the polymer.

Once the optimal pH for operation of the polyam-
pholyte adsorbents was found, it was possible to turn to
investigation of adsorption of ions of other d-elements:
Zn2+, Ni2+, Co2+, Cd2+. Its results (dependence of the
sorption properties of the ionite on the components
ratio during its synthesis) are given in Table 2.

In view of the repeatability limit of 2.5%, the differ-
ence in the SEC of certain ions (for example, Zn2+ and
Co2+) could be considered statistically insignificant,
and the adsorption capacity of different modifications
of UFA was the same. However, in the case of Cu2+

and Ni2+, the values of SEC of different modifications
of UFA were different by 5–10%. Based on the
obtained data, UFA-0.7 was the best adsorbent.

The data in Table 2 revealed that the increase in the
content of aminoacetic acid initially to the increase in
the exchange capacity, followed by its decrease. Such
behavior could be explained by the decrease in the
pore radius of the ion exchanger and the appearance of
geometrical obstacles for the ions diffusion as well as
decrease in the swelling degree. The performed exper-
iments revealed that the ion exchangers with the best
s copper(II) ions as function of the medium pH: UFA-0.5 (1),
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Table 2. Sorption properties of the UFA ionite depending on the reactants ratio

Urea : formaldehyde : 
aminoacetic acid molar 

ratio

Static exchange capacity towards 0.1 N solutions, meq/g

Cu2+ Zn2+ Ni2+ Co2+ Cd2+

2 : 5 : 0.5 4.3 4.1 3.9 4.0 1.5
2 : 5 : 0.7 4.6 4.3 4.5 4.1 1.8
2 : 5 : 1.0 4.4 3.9 4.2 3.8 1.6
characteristics were obtained at the urea, formalde-
hyde, and aminoacetic acid ratio of 2 : 5 : 0.7 (UFA-0.7).

Sorption of Cu2+ with the most efficient polyam-
pholyte UFA-0.7 at different temperatures was ana-
lyzed using Langmuir and Freundlich isotherms. The
change in the solution concentration due to sorption
of Cu2+ ions with the polyampholyte was monitored.
The sorption experiment was performed at 20, 40, 60,
and 80°C. Efficiency of sorption a (mol/g), i. e., the
amount of the component in the ionite phase was cal-
culated using the equation

with V being the solution volume, L; g being the ionite
mass, g; С0 being the initial component concentration,
mol/L; С being the component concentration upon
the sorption, mol/L.

Equations for the Langmuir and Freundlich
adsorption isotherms are as follows:

and

respectively. Here, KL and KF are the equilibrium con-
stants, Г∞ is the maximum capacity of the ionite,
mol/g; C is the equilibrium concentration of the com-

= 0 ,( – /)a С C V g

∞= +L L )/( ( )1a Г K C K C

( )= +Flog log 1/ log ,a K n C
PO

Fig. 3. Isotherms of Cu2+ ions sorption by UFA-0.7 in the
coordinates of the Langmuir model. Т = 20 (1), 40 (2), 60
(3), and 80°С (4). Here and in Fig. 4 the lines are linear
approximations of the experimental data.
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ponent in the solution, mol/L; n is the Freundlich iso-
therm parameter reflecting the sorption efficiency.
The parameters of those equations were determined
from the experimental data via the least squares
method implemented in Microsoft Excel 2013 soft-
ware.

From the isotherms in Figs. 3 and 4 it is to be seen
that sorption of Cu(II) by the UFA-0.7 ionite followed
the Freundlich model. The calculated parameters of
the isotherms of Cu(II) ions sorption are collected in
Table 3. From the data in Table 3 it is to be seen that
the equilibrium constant KF ranged between 2.5 and
1.6. Hence, it could be concluded that the ligands were
selective towards Cu(II). The increase in the calculated
maximum sorption capacity of the sorbent with the
decrease in temperature evidenced the stability of the
coordination bonds formed by the ion. At lower tem-
perature, the solubility of the sorbent was increased,
hence the adsorbed ions could penetrate deeper into the
ligand. According to the results, 20°C turned out to be
optimal temperature for sorption of Cu2+.

CONCLUSION

In the present study, new modification of polyam-
pholyte based on carbamide (urea), formaldehyde,
and aminoacetic acid were prepared for the first time
LYMER SCIENCE, SERIES A  Vol. 65  No. 6  2023

Fig. 4. Isotherms of Cu2+ ions sorption by UFA-0.7 in the
coordinates of the Freundlich model.
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Table 3. Parameters of the Freundlich equation for adsorp-
tion of copper ions by the UFA-0.7 polyampholyte

T, °C logKF 1/n

20 0.39 0.45
40 0.37 0.39
60 0.22 0.15
80 0.21 0.08
at different ratios of the reactants: UFA-0.5, UFA-0.7,
and UFA-1.0. Thermogravimetric investigation of the
UFA-0.2 polyampholyte was performed, and features
of its thermal decomposition were found. Adsorption
parameters of the UFA-0.2 polyampholyte were stud-
ied, and its static exchange capacity depending on the
synthesis conditions was determined. The optimal
conditions to prepare the UFA polyampholytes were
determined: polycondensation temperature 90°C and
the reaction duration 1.5–2 h. Static exchange capac-
ity of the UFA-0.5, UFA-0.7, and UFA-1.0 polyam-
pholytes was measured, and their sorption properties
with respect to heavy metal ions were characterized.
The best properties were observed for the polymer
obtained at the urea, formaldehyde, and aminoacetic
acid ratio of 2: 5: 0.7 (UFA-0.7). The process of sorp-
tion of Cu2+ ions by the UFA-0.7 polyampholyte was
analyzed using the Langmuir and Freundlich iso-
therms. The sorption of Cu2+ ions obeyed the Freun-
dlich model. Parameters of the sorption isotherms in
the scope of that model were calculated.
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