ISSN 1813-1107, elSSN 2710-1185 MNe 1, 2026

Chemical Journal of Kazakhstan
Volume 1, Number 93(2026), 69-78 https://doi.org/10.51580/2026-1.2710-1185.07

VIIK 667.629

STUDY OF THE SURFACE-BULK PROPERTIES OF AN ACRYLIC DISPERSION IN THE
PRESENCE OF AN AMINE-CONTAINING ADDITIVE

A.N. Dyuryagina!, D.Yu. Ostrovnaya'", Yu.S. Byzoval, A.A. Lutsenko?

!Manash Kozybaev North Kazakhstan University, Petropavlovsk, Kazakhstan
2Abay Myrzakhmetov Kokshetau University, Kokshetau, Kazakhstan

*Corresponding author e-mail: darya_ostrovnaya@mail.ru

Abstract. Introduction. Waterborne coating materials based on polymer dispersions are regarded as
a priority direction in coating technology due to reduced environmental impact and increasingly stringent
requirements for production and application safety. However, aqueous acrylic dispersions retain
technological limitations associated with film formation, interfacial interactions, and resistance to
moisture exposure. One promising approach to improving performance is the incorporation of amine-
containing additives capable of regulating charge—associative processes and the structure of the interfacial
layer. The aim of this study was to determine the effect of an amine-containing additive on the surface—
bulk properties of an aqueous acrylic dispersion and to identify the factors governing changes in
interfacial activity and structural organization within the bulk phase. The research objectives included a
comparative analysis of the “water—additive” system and the “acrylic dispersion—water—additive” system,
as well as an examination of the mechanisms responsible for the redistribution of protonated and less
ionized forms of the additive between the bulk phase and the phase boundary. Methods. Interfacial
characteristics were evaluated using an ACAM series instrument equipped with video recording of the
droplet profile and calculation of interfacial parameters by drop shape analysis based on the Young-
Laplace equation. Bulk properties were monitored by conductometry (specific electrical conductivity) and
potentiometry with pH measurements while varying the content of the amine-containing additive
polyethylene polyamine. Results and discussion. It was shown that in an aqueous medium the additive
exhibits limited interfacial activity. In the presence of an acrylic dispersion, the interfacial effect is
enhanced, indicating the involvement of the additive in specific interactions with functional groups of the
film-forming polymer and a change in its distribution between the surface and the bulk phase.

Conclusion. The results obtained substantiate the use of polyethylene polyamine as a tool for
controlling interfacial and bulk processes in aqueous acrylic dispersions and may be applied in the
development of waterborne coating systems.
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1. Introduction

In recent years, a steady global trend toward replacing solvent-borne coatings
with water-dispersible systems has been observed [1]. This transition is primarily
driven by increasingly stringent environmental regulations on volatile organic
compound (VOC) emissions, corresponding changes in technical standards, and
advances in polymer synthesis technologies that enable the design of materials
with tailored properties [2].

According to Coherent Market Insights, in 2025 waterborne coatings
accounted for approximately 40.5% of the total global paint and coatings
production volume, reflecting a systematic shift in market demand toward
environmentally safer systems with reduced emissions of hazardous substances
[3]. Furthermore, estimates by Precedence Research indicate that the global
market volume of waterborne coatings reached USD 96.15 billion in 2025, with a
compound annual growth rate (CAGR) of 5.5% [3,4].

However, replacing organic solvents with water presents several
technological challenges, as water exhibits fundamentally different
physicochemical properties compared with organic solvents [5]. In addition, most
conventional film-forming agents are insoluble in water, and only a limited
number of water-soluble film formers are capable of producing transparent (true
or molecular) solutions in agueous media [6]. For this reason, aqueous dispersions
of polymers and oligomers have become the most widely used systems, among
which acrylic dispersions occupy a leading position [7].

Coatings based on acrylic film-forming agents are characterized by high
weather resistance, including light, thermal, and chemical stability, as well as
resistance to contamination and to acidic and alkaline environments [8,9]. At the
same time, such coatings typically do not allow the production of high-solids
formulations and may exhibit insufficient mechanical strength, limited water
resistance, and relatively low corrosion resistance [10-12].

One of the main approaches to the targeted modification of the properties of
polymer composite materials and their coatings is the use of additives exhibiting
surfactant activity [13]. The selection of polyethylene polyamine as an additive in
the present study was determined by two factors. First, the amphiphilic nature of
its macromolecules, resulting from the presence of polar amine groups within a
mixture of high-molecular-weight amines (characterized by the amine number)
and hydrocarbon fragments, provides pronounced interfacial activity and the
ability to participate in specific interactions within aqueous dispersion systems.
Second, the additive (M = 5000) is water-soluble, which facilitates its
incorporation into the aqueous phase [14-16].

From a physicochemical standpoint, modification induced by differences in
the thermodynamic characteristics of the film-forming polymer and the additive is
accompanied by concentration fluctuations of the introduced substance between
the bulk phase of the agueous polymer system and its interfacial surface energy at
the air interface, primarily due to the development of adsorption processes. The
variety of processes occurring in the bulk and interfacial phases differs only
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slightly in terms of the energy required for their initiation [17]. The narrow
energy range within which various states of the initial and modified forms are
realized implies the necessity for precise and selective control of these processes
in order to achieve the desired effects while preventing undesirable outcomes
[18].

At the same time, understanding the physicochemical processes occurring in
aqueous polymer dispersions is also important from a practical perspective.
Changes in surface tension and electrokinetic characteristics of such systems can
influence pigment wetting, dispersion stability, and film formation processes,
which ultimately affect the performance properties of coatings, including
adhesion, mechanical strength, and protective efficiency [19]. Therefore, the
study of the influence of surface-active additives on the interfacial and bulk
properties of aqueous polymer systems is relevant not only for fundamental
research but also for the rational design of waterborne coating formulations.

In this context, it was considered appropriate to determine the effect of the
additive concentration on the regularities of processes occurring both in the bulk
of the aqueous acrylic dispersion (dissociation processes, hydrogen ion
concentration, pH) and at its interface with air (surface tension).

2. Experimental Section

The objects of investigation were an aqueous acrylic dispersion based on the
glossy acrylic varnish “Solax” and an amine-containing additive, polyethylene
polyamine (PEPA), TU 2413-357-00203447-99. The studies were carried out
using model compositions of the “water—PEPA” type and ternary systems of the
“film former—water—PEPA” type, with the additive concentration varied within
the range of 0-1.2 % in increments of 0.2 %. All solutions and compositions were
prepared immediately prior to measurement and examined at a temperature of 295
K.

PEPA solutions of the required concentration were prepared individually: a
weighed portion of the additive was measured on an analytical balance and
dissolved in a specified volume of distilled water under stirring until complete
homogenization. The ternary compositions were obtained by introducing PEPA
into a calculated volume of the acrylic varnish “Solax” under stirring until a
visually homogeneous state without observable aggregates was achieved.
According to preliminary Kinetic experiments, equilibrium in the investigated
systems was established within 30 min; therefore, all subsequent measurements
were performed after a standardized equilibration period of this duration.

The surface tension of the investigated systems was determined using an
automated ACAM instrument by the pendant drop method (Figure 1). A droplet
was formed at the tip of a dosing needle, its profile was recorded using a video
system, and the surface tension was calculated by drop shape approximation in
the instrument software based on the Young-Laplace equation. Measurements
were carried out in parallel, and the results were averaged.
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Figure 1 — Image of a water droplet dispensed for surface tension determination.

The specific electrical conductivity was measured using a “Multitest”
conductometer. Prior to measurements, the instrument was calibrated with a
standard solution. The measuring cell was rinsed with distilled water and with the
test sample, after which conductivity was recorded once the readings stabilized at
295 K. The final value was taken as the average of three measurements.

The hydrogen ion concentration (pH) was determined using a “Multitest”
potentiometer equipped with a combined glass electrode. Before measurements,
calibration was performed using buffer solutions. The electrode was rinsed with
distilled water and the test sample, and the pH value was recorded after
stabilization of the readings at 295 K.

3. Results and Discussion

The results of the study are presented sequentially.

3.1. Surface Properties of Binary “Water—PEPA” Systems at the Air
Interface

The surface tension isotherm (T = 295 K) of aqueous polyethylene
polyamine solutions at the air interface demonstrates only minor changes in the
liquid-gas surface tension (oc_l-g) (Figure 2). The maximum surface tension
depression (Ac = 1.49 mN/m) was observed at a PEPA concentration of 0.6 %.
Beyond this concentration range (C > 0.6 %), the surface tension remains
essentially constant (¢ = 71.28 mN/m).

The weak surface activity of polyethylene polyamine compared with
classical additives is due to the peculiarities of its chemical composition and
structure, characterized by a large number of amine groups of different types (-
NHz— and —NH-) and short hydrophobic fragments (-CH.—CH:-) [20,21]. The
shift of the hydrophilic-lipophilic balance (HLB) toward polar groups reduces the
tendency of PEPA to accumulate at the water—air interface. The quantitative
dissociation characteristic of polyethylene polyamine, resulting from protonation
of amine groups by water (accompanied by the formation of hydroxide ions),
promotes hydrophilization and, consequently, the preferential localization of
hydrated species within the bulk phase. The increase in the fraction of ionized
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forms is clearly reflected in the observed changes in electrical conductivity

(Figure 3a) and hydrogen ion concentration (Figure 3b) of aqueous polyethylene
polyamine solutions.
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Figure 2 — Surface tension isotherms (T = 295 K) for the “water—PEPA” (1)
and “film former-water-PEPA” (2) systems.
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Figure 3 — Effect of polyethylene polyamine concentration in the binary “water-PEPA” system on:
(a) specific electrical conductivity; (b) hydrogen ion concentration (pH).

As the polyethylene polyamine content increases up to 1.00-1.20 %, a
continuous rise in solution conductivity (from 4.90 to 368.00 uS/cm) and pH
(from 6.38 to 10.36) is observed. The pH shifts from near-neutral conditions (pH
= 6.38) to an alkaline medium (pH > 10) as hydroxide groups accumulate in the
aqueous phase, indicating a substantial increase in the fraction of ionized species.

3.2. Surface Properties of Ternary “Film Former—Water—Additive” Systems
at the Air Interface

Upon introduction of PEPA into the film-forming solution, a different
behavior is observed (Figure 4a and b).
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Figure 4 — Effect of polyethylene polyamine concentration in the ternary “film former-water-PEPA”
system on: (a) specific electrical conductivity; (b) hydrogen ion concentration (pH).

In contrast to the behavior observed in the “water-PEPA” system, the
increase in hydrogen ion concentration (pH) in the “film former-water-PEPA”
system was accompanied by the opposite effect — a decrease in electrical
conductivity as the additive concentration increased (Fig. 4a and b).

Moreover, the absolute values of conductivity (y) in the ternary system were
tens of times lower than those recorded for the binary system. This is confirmed
by the relative conductivity values o (1):

o=y1/y2 @)

where y: is the electrical conductivity of the binary “water—additive” system,

and y2 is the electrical conductivity of the ternary “film former-water-
additive” system.

Table 1 — Effect of additive concentration on the ratio of conductivity values o

Crera, % 0.2 0.4 0.6 0.8 1.0 1.2
@ 30.54 43.63 56.76 64.52 74.05 81.06

The resulting effect of acrylic binder macromolecules in the “film former—
water-PEPA” system, in which the water content is 69 %, on the surface activity
of polyethylene polyamine is clearly illustrated by the surface tension isotherm
(Fig. 1, curve 2). In the region of low additive concentrations (Ceepa < 0.4 %), the
polymer present in the composition induces the migration of non-ionized forms of
the polyelectrolyte to the air interface. This is evidenced by the observed decrease
in specific surface energy. The maximum reduction in surface tension (Ac =
14.56 mN/m) was recorded at Cpepa = 0.4 %. This decrease in specific surface
energy was observed in a weakly alkaline medium (pH = 8.91) at a specific
electrical conductivity of 5.57 mS/cm (Fig. 3a and b).

Further addition of polyethylene polyamine (above 0.4 %) promoted its
preferential localization in the bulk liquid phase rather than at the air interface:
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instead of a continued decrease, the surface tension remained constant at 34.03 +
0.07 mN/m (plateau on curve 2, Fig. 1). The appearance of a plateau at higher
PEPA concentrations indicates the development of association processes,
accompanied by a decrease in conductivity values (Fig. 3a) and an increase in pH
(Fig. 3b).

Spontaneous association of the acrylic film-forming macromolecules and the
polyelectrolyte upon reaching a critical association concentration (onset of the
plateau on curve 2, Fig. 1) is likely driven by electrostatic interactions between
ionized species, hydrogen bonding, and van der Waals forces. As the additive
concentration increases further, the degree of association rises and the mobility of
larger associates decreases, which accounts not only for the absence of surface
activity (o1 = const) but also for the observed reduction in specific electrical
conductivity (Fig. 3a).

4. Conclusion

In the binary “water—PEPA” system, polyethylene polyamine exhibits weak
interfacial activity due to its quantitative dissociation resulting from protonation
of amine groups by water, accompanied by hydroxide ion formation. As the
PEPA concentration increases to 1.00-1.20 %, a steady rise in conductivity from
4.90 to 368.00 uS/cm and a simultaneous increase in pH from 6.38 to 10.36 are
observed.

In the ternary “film former-water-PEPA” system, the reduced extent of
PEPA dissociation due to the lower solvent content (69 %) enhances its surface
activity at the air interface. The maximum reduction in surface tension (Ac =
14.56 mN/m) was recorded at a PEPA concentration of 0.4 %. The highest
surface activity effect was achieved in the weakly alkaline region (pH = 8.91) at a
specific electrical conductivity of 5.57 mS/m.

Conflict of interest: The authors declare that there is no conflict of interest between the authors
that requires disclosure in this article.
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Tyiiingeme. Kipicne. Tlomumepiik AucHiepcusiap HETI3IiHAET Cy apKbUIbI CYHBUITBUIATHIH JIaK-00sy
MaTepHalgapbl SKOJOTMSUIBIK JKYKTEMEHI TOMEHAETY JKOHE OHIIpy MEH KOJJaHy Kayilci3airine
KOUBUIATBIH TaJANTapABIH apTyblHA OaiIaHBICTBI KaOBIHAApIBI NAMBITYIbIH OackM OaFbITBI peTiHJE
KapacTeipbitanbl. COHBIMEH Karap Cy HETi3iHAeri akpuil JHCIepcHsuapbl IUIEHKA Ty3ilyi, ¢asanap
apaiblK e3apa OPEKETTECYJep JKOHE BUIFANABIH OCEpiHE TO3IMIUTIKKE OalIaHBICTHI TEXHOJIOTHSIIBIK
mIeKTeyJepin cakraiapl. KacuerTrepai skakcapTylIblH NEpCIEKTUBANbI OaFrbITTAPBIHBIH Oipi — 3apsATHIK-
aCCOLMAIMSIIBIK TIPOLIeCTepAl JkoHe (hasanap apajiblK KaOaTThIH KYPBUIBIMBIH peTTeyre KaOineTTi
aMHUHKYpaMIIpl OeTki-OenceHai 3arrapAbl eHrisy. JKymeicmouly Makcamel Cy HETI3IHAETT aKpHi
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JUCTIEPCHSICBIHBIH OCTKI )KOHE KOJEeMJIIK KaCHEeTTepiHe aMHUHKYpPaM/Ibl KOCIIAHBIH dCEpPiH aHBIKTAy >KOHE
(dazanap apanblk OeJNCEHIUTIK MNEH KOMIOHEHTTEPIIH KeJIeMIe KYpbUIBIMIAHYBIHBIH ©3repyiH
afKBIHOANTBIH (pakTOpiapasl Oenriney Oommsl. 3epTIey MiHAETTEpiHE «CYy—KOCIa» MKOHE «aKpHII
JHMCTIEPCHACHI—CY—KOCIIay JKYHeNnepiHiH MiHe3-KYJIKbIH CalbICTBIPY, COHIAi-aK NPOTOHAAIIFAaH JKOHE a3
HOHJAJFaH Kocma QopMmaiapbelHbIH KeieM MeH (azanap apaiblk LIeKapa apacblHIa KadTa OeliHy
cebentepin Taympay Kipai. Odicmepi. Dazanap apanblk cunarramaiap ACAM cepusiibl acnanrappa
Tammbl npoduiiH  OeiiHeripkey koHe IOHr-Jlammac TeHACyiHe HETi3AENTeH TaMINbl IMIiHIH
annpoKcUMalusuiay ofici apkpuibl ecenTengi. Kenmemumik KacuerTep KOHIYKTOMETpHs (MEHIIIKTI
3JIEKTPOTKI3TIIITIK) JKOHE MMOTEHIIMOMETPHS saicTepimeH, aMHHKYPaM/Ibl Kocma -
MOJIMATHIICHIIONMAMUHHIH MOJILIEPiH e3repTe OTbIPbIN, CYTEKTIK KepcerkiwuTi (pH) esmmey apKbuibl
Oakputayra anblHIbl. Homuowenep men mankviiay. Cy opTachlHAa KOCHAaHBIH (azamap apaibiK
OesiceHaiNiri MIeKTeyJal eKeHi KepceTunai. AKpui IUCIEpCHACHIHBIH KaThICYbIHAA (a3zamap apaibik
ocepaiH Kkymetoi Oalikamajbl, Oyl KOCHAHBIH IUIEHKA TY3YIIiHIH (QYHKIMOHAIABIK TONTApbIMEH
crenu(UKAIBIK 63apa 9peKeTTeCyIepre TapThLUIYbIH XKOHE OHBIH OCT IEH KeJIeM apachlHIa TapalybIHbIH
o3repyiH kepceteai. KopbimuinOvl. ANBIHFAH HOTHIKEEP MONUATHICHIIONMAMUHAL Cy HETi3iHIeri akpui
JUcriepcHsiIapbiHaarsl  (asanap apajiblK JKOHE KOJEeMIIK MpoLecTepai OacKapyablH THIMII Kypasbl
peTiHAe KONAAHYIbl HETi3NEHAi KOHE Cy apKbUIbl CYHMBUITBUIATBIH OKaObIHAApAbl d3ipieyne
naiaanaHbUTy bl MYMKIH.

Tyiiin ce3mep: cy-muCnepCHsUIbI JIaK-00sly MaTepHaIAaphl; aKpUI AUCIEPCHUsICh; aMUHKYPaMIbl KOCIA;
(azanap apasbIK e3apa speKeTTecynep; OeTKi-KeIeMIiK KaCHeTTep.

[opsazuna Anmonuna Hukonaeena Xumust 2b1161MOaPbIHBIY KAHOUOAMbL
Ocmpoenasn /lapes IOpvesna Jlokmopanm

Boi306a IOnus Cepzeesna PhD

Jlyuenko Auda Anexcandposna PhD

UCCJEJOBAHUE NOBEPXHOCTHO-OFBEMHBIX CBOVCTB AKPUJIOBOM
JUCIHEPCHUHU B TPUCYTCTBUU AMUHOCOJEPKALIIEI'O AJAUTUBA

A.H. Tiopsazuna®, /1.10. Ocmposnas', I0.C. Bvizoea', A.A. Iyyenxo®

1Cesepo-Kaszaxcmanckuii ynusepcumem umenu M.Koszvibaesa, Illemponaenosck, Kazaxcman
2Koxuwemayckuii ynueepcumem umenu A. Moipzaxvemosa, Koxwemay, Kazaxcman

Pe3tome. Bseoenue. BonopazbaBiseMble TaKOKPACOUHBIC MATEPHAIIBI HA OCHOBE IIOJIUMEPHBIX IUCIICPCHI
paccMaTpUBAIOTCS KaK MPHOPUTCTHOE HANpPABICHHE pAa3BUTHS MOKPHITHI BCICACTBHE CHIDKCHHUS
9KOJIOTHYECKON HArpy3KH M TMOBBIIICHHsS TPeOOBaHHH K GE30MAaCHOCTH MPOHM3BOACTBA M MPHUMCHEHHS.
BMecte ¢ TeM BOJHbBIE aKPHIIOBBIC HUCIICPCHH COXPAHSIOT TEXHOJIOTHUECKHE OTPAHHYCHHSI, CBSI3aHHbIC C
(bopMHpoBaHHEM IUIEHKH, MEXK(a3HbIMH B3aUMOJCHCTBHAMH U YCTOHYMBOCTBIO K BO3JCHCTBHIO BJIAru.
OmHUM W3 TEPCIeKTHBHBIX IMyTEH YITydIICHHsS CBOWCTB SBISIETCS BBEICHHE aMHUHOCOACPIKAIIHX
MMOBEPXHOCTHO-aKTUBHBIX BEIIECTB, CIIOCOOHBIX PEryIHPOBATh 3apsI0BO-aCCOIMATHBHBIC MPOLECCH U
CTPYKTYpy MexdasHoro cios. [envio pabomer SBISIOCH yCTAaHOBICHUE BIMSHUS aMHHOCOJEpIKallei
I0GaBKI Ha MTOBEPXHOCTHO-00BEMHBIE CBOMCTBA BOJHOM aKPIJIOBOH IHCIIEPCHH U BBISIBICHHE (HaKTOPOB,
OMPEICTSIOINX H3MEHEHHE MeX(ba3HOW aKTHBHOCTH M CTPYKTypPUPOBAaHHS KOMIIOHGHTOB B 0OOBEME.
3adauu uccredosanusi BKIIOYATIH CONOCTABICHHC IOBEICHUS CHCTEMBI «BOIA—aJIUTHB» M CHCTEMBI
«aKpuiioBas  JUCHEpPCUS—BOJIa—  aJQUTHB», a Takke aHalW3 [PUYHH  [epepacrpeeieHus
MPOTOHM3UPOBAHHBIX M MEHEC MOHM3UPOBAHHBIX (hOPM J00ABKH MEKIY 00BEMOM W TpaHHICH pasiena
ba3. Memoowl: MexdasHble XapaKTEpPUCTUKU OICHUBAIM Ha ycTaHOBKe cepuu mnpubopos ACAM c
BUjIcOperkcTpanieil npoduias Kaluld W pacdéToM MapaMeTpoB MeK(a3HOro COCTOSHHS METOAOM
anmpokcuMaimu  GopMbBl  Karuid Ha OcHOBe ypaBHeHus IOwra-Jlammaca. OObEMHBIE CBoOifcTBa
KOHTPOJIMPOBATIH METOAAMH KOHIYKTOMETPUH (yIENbHAs 3JIEKTPOIPOBOJHOCTB) M MOTCHIMOMETPHH C
U3MEpEeHHeM BOAOPOAHOro Tokasatens (pH) mpu BapbHpOBaHHH COJCPIKAHHS aMHHOCOJAEpPIKAIIEeH
I00aBKY MONMSTUICHIIONUAMUHA. Pe3ynomamer u 06cysrcoenue: TIOKa3aHO, 9YTO B BOTHOH cpene nobaBKka
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MIPOSIBIISICT OIPAHUYCHHYIO MEXK(a3HYI0 aKTUBHOCTb. B MPUCYTCTBHM akpHIOBOH AuCTiepcuH MexdazHbIi
3¢ GeKT ycuiaMBaeTcs, YTO yKas3hbIBA€T HA BOBIICUCHHE 00ABKH B CrelH(HUISCKHE B3aUMOJCUCTBUS C
(YHKUMOHANBHBIMU TPYNIIAMU  IUIEHKOOOpA3yIoIero M Ha HM3MEHEHHEe €€ paclpeleNieHus MEeXay
MOBEPXHOCTBI0 M 00BEMOM. 3axnwouenue. IlomydeHHbIe pe3ylabTaThl OOOCHOBBIBAIOT HCIIONB30BAHUE
MOJIMATHIICHIIONHAMUHA KaK HHCTPYMEHTA YIpaBJICHUS Mex(a3HbIMH M OOBEMHBIMU IIpOIECCaMU B
BOJIHBIX AaKPWJIOBBIX JAUCIHEPCUSIX M MOTYT OBbITh NPUMEHEHBI INPU pa3paboTKe BOJIOPa30aBISIEMBIX
TIOKPBITHHA.

KiiroueBble cJI0OBa: BOJHO-AWCIICPCHOHHBIC JAKOKPACOYHBIC MAaTEpHAbl; aKPWIOBAs HCICPCHUS;
aMHUHOCO/ICPIKAILUI aITUTHB; MeK(a3HbIe B3aUMO/ICHCTBISI, TOBEPXHOCTHO-00bEMHBIE CBOICTBA.
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Bui1306a IOnus Cepzeesna PhD, accoyuuposannuiii npogeccop

Jlyuenko Auda Anexcanoposna PhD, accoyuuposannuiii npogpeccop
References

1. Pieters K., Mekonnen T.H. Progress in waterborne polymer dispersions for coating
applications: commercialized systems and new trends. RSC Sustainability, 2024, 2, 3704-3729.
DOI1:10.1039/d4su00267a

2. Wen Y., Ang D.T.C. Progress of bio-based coatings in waterborne system: Synthesis routes and
monomers from renewable resources. Progress in Organic Coatings, 2024, 188, 108190.
DOI:10.1016/j.porgcoat.2023.108190

3. Coherent Market Insights. Waterborne Coatings Market (report page, market
size/share/forecast). 2025. (Accessed: 22.01.2026).

4. Precedence Research. Waterborne Coatings Market (report page, market size/forecast/CAGR).
2025. (Accessed: 22.01.2026).

5. Jiao C,, Sun L., Shao Q., Song J. Advances in Waterborne Acrylic Resins: Synthesis Principle,
Modification Strategies, and Their Applications. ACS Omega, 2021, Vol. 6, No. 5, P. 3183-3197.
DOI:10.1021/acsomega.0c05593

6. Jones F.N., Nichols M.E., Pappas S.P. Organic Coatings: Science and Technology, 4thed.,
Wiley, Hoboken, NJ, USA, 2017, 512 p. (ISBN 978-1-119-02689-1).

7. Solera-Sendra, J. et al. Recent Advances in Combining Waterborne Acrylic Dispersions with
Biopolymers. Polymers (MDPI), 2025, 17(8): 1027. DOI:10.3390/polym17081027

8. Hochmanska-Kaniewska P., Janiszewska D., Oleszek T.
Enhancement of the properties of acrylic wood coatings with the use of biopolymers.
Progress in Organic Coatings, 2022, Vol. 162, Article 106522. DOI:10.1016/j.porgcoat.2021.106522

9. Steinberger F., Hense D., Rossler A., Strube O.1. Feasible estimation of weathering stability for
free film acrylic coatings via dynamic mechanical analysis as the sole characterization method. Journal of
Coatings Technology and Research, 2025, 22, 839-848. DOI:10.1007/s11998-024-01013-3

10. Ladosz L., Sudot E., Kozikowska E., Choinska E. Artificial Weathering Test Methods of
Waterborne Acrylic Coatings for Steel Structure Corrosion Protection. Materials, 2024, 17, 1857.
DOI:10.3390/mal7081857

11. Nguyen T.C,, Dao P.H., Vu Q.T., Nguyen A.H., Nguyen X.T., Ly T.N.L., Tran T.K.N,,
Hoang T. Assessment of characteristics and weather stability of acrylic coating containing surface
modified zirconia nanoparticles. Progress in Organic Coatings, 2022, Vol. 163, Article 106675.
DOI:10.1016/j.porgcoat.2021.106675

12. Tvan Stojanovi¢, Ivan Cindri¢, Lovro Turkalj, Marin Kurtela, Danicla Rakela-Ristevski.
Durability and Corrosion Properties of Waterborne Coating Systems on Mild Steel Dried under
Atmospheric Conditions and by Infrared Radiation.
Materials (Basel), 2022, 15(22):8001. DOI:10.3390/ma15228001

13. Bilgin S., Bahraeian S, Liew M.L., Tomovska R, Asua J.M.
Surfactant-free latexes as binders in paint applications.
Progress in Organic Coatings, 2022, 162, 106591. DOI:10.1016/j.porgcoat.2021.106591

77


https://doi.org/10.1039/d4su00267a
https://doi.org/10.1016/j.porgcoat.2023.108190
https://doi.org/10.1021/acsomega.0c05593
https://doi.org/10.3390/polym17081027
https://doi.org/10.1016/j.porgcoat.2021.106522
https://doi.org/10.1007/s11998-024-01013-3
https://doi.org/10.3390/ma17081857
https://doi.org/10.1016/j.porgcoat.2021.106675
https://doi.org/10.3390/ma15228001
https://doi.org/10.1016/j.porgcoat.2021.106591

KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

14. Chandra A., Singh A.A., Prasad S., Andersson M.R., Gedefaw D. Crosslinking approaches for
polyethylene imine (PEI) and its uses in adsorption of heavy metals, dyes, and carbon dioxide. Applied
Sciences, 2025, Vol. 15, No. 9, Article 4767. DOI:10.3390/app15094767

15. Wang X., Zeng W., Hu P. et al. Effect of additives on CO. adsorption of polyethylene
polyamine-loaded MCM-41. Molecules, 2024, Vol. 29, No. 5, 1006. DOI:10.3390/molecules29051006

16. Ming H., Jiang H., Zheng R., Wu M., Li H., Li Z., Zhang X. Yuan Z., Wang Z.
Polyethylene Polyamine-Modified Chitosan Aerogels: Enhanced CO2 Adsorbents with Lamellar Porous
Structures. Polymers 2025, 17, 414. DOI:10.3390/polym17030414

17. Liu C., Zhu C.-Y., Zhang C., Yang H.-C., Xu Z.-K. Thermodynamic and kinetic understanding
for managing the controllability of interfacial polymerization.
Prog. Polym. Sci. 2024, 152, 101815. DOI:10.1016/j.progpolymsci.2024.101815

18. XinJ., FanH., Guo B., Yang H., Zhu C., Zhang C., Xu Z.-K. Interfacial polymerization at
unconventional interfaces: an emerging strategy to tailor thin-film composite membranes. Chem.
Commun. 2023, 59, 13258-13271. DOI:10.1039/D3CC04171A

19. Wicks Z.W., Jones F.N., Pappas S.P., Wicks D.A. Organic Coatings: Science and Technology.
4th ed. Hoboken: John Wiley & Sons; 2017, 680.

20. Tyukanko V.; Demyanenko A.; Dyuryagina A.; Ostrovnoy K.; Aubakirova G. Optimizing the
Composition of Silicone Enamel to Ensure Maximum Aggregative Stability of Its Suspensions Using
Surfactant Obtained from Oil Refining Waste. Polymers. 2022. Vol. 14, No. 18. Article 3819. DOI:
10.3390/polym14183819

21. Bellettini I.C., Nandi L.G., Eising R., Domingos J.B., Machado V.G., Minatti E. Properties of
aqueous solutions of hydrophobically modified polyethylene imines in the absence and presence of
sodium dodecylsulfate. J. Colloid Interface Sci. 2012; 370(1): 94-101. DOI:10.1016/j.jcis.2011.12.049

78


https://doi.org/10.3390/app15094767
https://doi.org/10.3390/molecules29051006
https://doi.org/10.3390/polym17030414
https://doi.org/10.1016/j.progpolymsci.2024.101815
https://doi.org/10.1039/D3CC04171A
https://doi.org/10.3390/polym14183819
https://doi.org/10.1016/j.jcis.2011.12.049

