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Abstract
This study aimed to develop photo-crosslinkable hydrogel compositions based on polyvinyl alcohol (PVA), the
photoinitiator benzophenone (BP) and functional acrylic monomers, namely acrylic acid (AA), 2-hydroxyethyl
methacrylate (HEMA), methylene-bis-acrylamide (MBA). A gradual increase in the content of gel fraction with UV
irradiation time was observed for all composite films, indicating progressive crosslinking. PVA compositions with BP
and AA, demonstrated the lowest content and the slowest increase in the gel fraction. The addition of MBA resulted
in rapid crosslinking and the highest gel fraction content, whereas HEMA-containing compositions required longer
irradiation times to achieve comparable levels of crosslinking. Water absorbability depended on both film
composition and gel fraction. Films containing BP, AA, and HEMA exhibited the highest water absorbability.
Compositions containing BP, AA, and MBA demonstrated the best water resistance, the highest tensile strength and
hardness, and the lowest elongation at break, indicating the formation of highly crosslinked hydrogel networks.
Keywords: polyvinyl alcohol; benzophenone; functional acrylic monomer; photo-crosslinking; polymer hydrogel composition;
swelling kinetics.

IHIL[IHOBAHE BEH30®EHOHOM ®OTO-3IIIMBAHHA KOMIIO3UIIIN MBA TA
BJIACTUBOCTI OTPUMAHUX I'IlIPOT'EJIIB

Bacuip O. Bacekis, [lmutpo 1. Carok, Biktop C. Tokapes

HayioHaavHuli yHisepcumem “Jlbgiecbka nosimexuika”, ey.. C. bandepu, 12, /lvsis, 79012, YkpaiHna
AHoTaliga
MeTo10 ILOro JOC/iAXKEHHsI 6y/I0 PO3p06JIeHHA KOMMNO3UIil rigporesis, 3JaTHUX 40 ¢OTO3MIMBAHHSA, HA OCHOBI
noJiBiHisioBoro cnupty (IIBA), poToininiaTopa 6eH3zodpenony (BP) Ta ¢pyHKIiiHNX aKpUIIOBUX MOHOMEPIB, a came
akpuiaoBoi kucaotu (AK), 2-rigpokcuetwimerakpunarty (FEMA), metuieH-Gic-akpuaamigy (MBA). [lasa Bcix
KOMMNO3UTHHUX IUIIBOK CIIOCTEPIraaocs NoCTynoBe 36i/iblIeHHA BMicTy ¢ppakuii resaio 3 yacom YP-onpomiHeHHs, L0
CcBifYuTh npo ix mporpecuBHe 3muBaHHA. Komnosunii IIBA 3 B® Ta AK nokasaau HaliMeHIMii BMicT Ta
HalinoBi/IbHiIIe 3pocTaHHA reseBoi ¢pakuii. logaBanHa MBA npu3BeJio A0 WIBUAKOrO 3MIMBAaHHSA TAa HAalBUILOro
BMicTy resieBoi ¢pakuii, Toai sk komnosunisa 3 TEMA Bumarajia JOBLIOr0 4acy ONPOMiHEHHs AJif JOCATHEHHS
NOPiBHAHHOIO PiBHA 31IMBaHHA. [lorIMHaHHA BOAM 3a/1€2KaJI0 SIK Bij CK/Iajy IUIiBKH, TaK i Big, BMicTy resb ¢ppaxuii.
Iniesku 3 B®, AK ta TEMA Maiu HaiiBuiie BojaomnorjauHaHHsA. Kommosunii, mo mictmim BP, AA ta MBA,
JAeMOHCTPYBa/IM HaWKpally BOJOCTiHKicTb, HaWBMILy MiIHICT Ha pO3pHMB i TBepAiCcTb, a TaKOX HaiiMeHIIe
BHM/IOB)KeHHA MiJ yac po3puUBY, 110 CBiYUTh PO YTBOPEHHA CUJIbHO 3MIUTHX riporeis.
Knaruosi caosea: noniBiHinoBUil cnupT; 6eH30peHOH; PYHKLiOHATbHUI aKpUIOBUHA MOHOMep; GOTO3MMUBAHHS; MOJiMepHa
rizporesieBa KOMIO3U1lis; KiIHETHUKA HAOyXaHHS.
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Introduction

Polyvinyl alcohol (PVA) is one of the most
widely produced and applied synthetic water-
soluble polymers, with global production
exceeding millions of tons annually for nearly a
century [1]. Despite its long industrial history,
PVA continues to attract sustained scientific
interest, which is reflected in a growing number of
recent original papers, reviews and books devoted
to its structure, modification, and applications [2-
7]. This persistent relevance is explained by a
unique combination of properties, including
excellent film-forming ability, high enough
chemical and thermal stability, pronounced
hydrophilicity, non-toxicity, good
biocompatibility, and versatility in forming
hydrogels under diverse conditions. As a result,
PVA is extensively used in engineering materials,
medicine and pharmacy, cosmetics,
biotechnology, membrane separation processes,
water treatment technologies, and the food
industry [4-8]. Recently, PVA has also sparked the
interest of researchers as a matrix for
nanocomposite production [7; 9-12].

PVA is a hydrophilic linear copolymer
primarily composed of vinyl alcohol and residual
vinyl acetate units, since it is produced by partial
or complete hydrolysis of poly(vinyl acetate). The
physicochemical properties of PVA, such as
solubility, crystallinity, mechanical strength, and
swelling behaviour, are mainly governed by two
key parameters: the degree of polymerization and
the degree of hydrolysis. Owing to the presence of
hydroxyl groups along the macromolecular
backbone, PVA is capable of forming extensive
intermolecular and intramolecular hydrogen
bonding networks. This feature makes PVA
particularly suitable for the preparation of
hydrogel materials - three-dimensional polymer
networks capable of absorbing and retaining large
amounts of water. However, linear PVA chains
alone lack structural integrity in aqueous
environments, and PVA solutions remain viscous
sols prone to dissolution.

For the formation of stable PVA hydrogels,
crosslinking of polymer chains is required.
Various physical and chemical crosslinking
approaches have been developed and extensively
studied [2;8;13-18]. Physical crosslinking
methods, such as freeze-thaw cycling and
crystallization technique are attractive owing to
the absence of potentially toxic reagents.
However, physically crosslinked PVA hydrogels
are generally characterized by limited stability
and may undergo structural degradation or
dissolution under changes in temperature,

mechanical stress, or prolonged swelling. This
significantly restricts their use in applications
requiring long-term stability and reproducible
properties.

Chemical crosslinking provides a more reliable
route to obtain stable PVA hydrogels. Various
chemical agents, including aldehydes, acids, and
multifunctional crosslinkers, have been employed
to form covalent interchain bridges. Among
chemically crosslinked systems, hydrogels formed
via radical mechanisms are of especial interest,
since the resulting carbon-carbon crosslinks are
resistant to hydrolysis and ensure enhanced
mechanical and chemical stability. In this context,
the use of polymer peroxides for crosslinking
water-soluble polymers, including PVA, has been
demonstrated to be an effective strategy for
achieving high crosslinking densities and robust
network structures [18]. The disadvantages of the
peroxide-initiated thermal crosslinking are
necessity applying quite high temperatures for
quite long time, which increases energy
consumption and limits the compatibility of the
process with thermally sensitive additives or
biological components.

An attractive alternative to thermal radical
crosslinking is photo-induced crosslinking
initiated by ultraviolet (UV) irradiation. Photo-
crosslinking processes offer several important
advantages, such as spatial and temporal control
of network formation, relatively mild reaction
conditions, and reduced energy input [13; 19-21].
These features make UV-initiated crosslinking to
be perspective technique for the fabrication of

hydrogels intended for biomedical,
pharmaceutical, and advanced technological
applications. To enable efficient photo-

crosslinking, suitable photoinitiators must be
incorporated into the PVA compositions. Among
them, benzophenone and its derivatives are well-
known type II photoinitiators capable of
generating reactive radicals upon UV exposure
through hydrogen abstraction reactions [22]. Due
to their commercial availability, relatively low
cost, and established photochemical behaviour,
benzophenone-based systems represent a
promising platform for the development of photo-
crosslinked PVA hydrogels.

In addition to performance characteristics,
modern materials science puts increasing
emphasis on the simplicity, cost-effectiveness, and
environmental sustainability of production
technologies. The availability of starting materials,
low energy consumption, and the possibility of
avoiding harsh reaction conditions are critical
factors for the large-scale implementation of



367

Journal of Chemistry and Technologies, 2026, 34(2), 365-374

hydrogel materials. In this regard, photo-
crosslinking of PVA appears to be a highly relevant
approach that combines technological simplicity
with the ability to tailor hydrogel properties by
adjusting composition and irradiation
parameters. Therefore, the development and
investigation of PVA hydrogels obtained via UV-
initiated photo-crosslinking remains an urgent
and practically significant task.

The aim of this research was the development
of photo-crosslinkable polymeric hydrogel
compositions based on polyvinyl alcohol, a
photoinitiator, and functional monomers; the
study of their crosslinking under UV irradiation.
Special attention was paid to the influence of the

characteristics, and overall stability of the formed
polymer networks, which are crucial for their
potential application in advanced functional
materials.

Materials and Methods

Polyvinyl alcohol (PVA) supplied by "JAPAN
VAM&POVAL Co" brand JP-18 with the following
characteristics: degree of hydrolysis x = 87.0-
89.0 %, molecular weight - 80 kDa.

Acrylic monomers: acrylic acid (AA),
2-hydroxyethyl methacrylate (HEMA),
methylene-bis-acrylamide (MBA), and the
photoinitiator - benzophenone (BP) were

obtained from Merck & Co. AA was vacuum
distilled prior to use, other reagents were used as

composition formulations and crosslinking X
conditions on the swelling behaviour, mechanical received.
i
O
—(CHQ—cl:H-)x—(-CHQ—cT‘H—)y— HC=CH  H,C=C HQC=(|3H C\)H:CHQ 1
OH o_ O c? c” ¢z 9
~c? N | N /
| OH CH,~CH,~OH HN—CH,-NH
CH3
PYA AA HEMA MBA Benzophenone
X = 88+1% x =12+1%
Photo-crosslinkable compositions  were UV lamp at a distance of 10 cm. Experiments were

prepared by mixing a 10 % aqueous solution of
PVA with a solution of BP in AA. The ratio of these
components PVA:BP: AAwas preferably
100:1:5, respectively. The compositions
exhibited the necessary rheological properties
that ensure the formation of uniform films. The
compositions were coated onto glass substrates,
dried, placed in a PE bag under an inert
atmosphere, and then irradiated with a DRT-400

DRT-400 UV lamp

conducted at room temperature; to prevent the
samples from being heated by a UV lamp, they
were cooled with a fan (see Fig. 1). After
irradiation for a certain time, the samples were
removed from the PE bags and subjected to tests
for sol-gel fraction content, swelling ability,
surface hardness, tensile strength, and maximum
elongation.

Aluminium sheet

PE bag with
potocomposition

Fig. 1. Setup for photo-crosslinking of PVA film

To determine the sol-gel fraction, the samples
were extracted using a Soxhlet extractor for 8
hours using distilled water as the extraction
solvent. Subsequently, the samples were dried in
an oven at 333 K until a constant weight was

achieved. The gel fraction (G) was determined
using the following equation:

_ws
G =L x100% 1)

where: G - gel fraction content in the
crosslinked polymer film, %; W; - initial weight of
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the polymer film before extraction, g; Wy - the
weight of dried film after extraction, g.

The swelling of polymer hydrogels in distilled
water was studied over a certain period of time.
The swelling degree (S) was calculated using the
following equation:

§ =

Ts — T » 100%, (2)
mq

where S is the swelling degree, %; m; - weight of
a hydrogel polymer film soaked with water, g;
mgq - weight of a dry polymer film, g.

To determine the swelling rate constant (K)
and the equilibrium (maximum) swelling degree
(Sw) of hydrogels, the equation (3) derived from
the Schott's second-order diffusion model, which
demonstrated good agreement with experimental
results, obtained for many diverse polymer

hydrogels [23, 24], was used:
L =K (50— 52 (3)

Its integration with the limits of So = 0 at time
to =0 (at the beginning) and S; at time ¢ gives the
following equation:

S&K't
Se = Seo'K-t+1 (4)
After rearrangement, equation (4) can be

written in the linear form:
t t 1

St S | SHK ()

It was used for estimation of two main
parameters characterizing the swelling
behaviour of the hydrogel materials obtained,
namely K and S.

The relative surface hardness of the films (T,
RU) of the samples was measured on an M-3
pendulum device in line with the EN ISO
1522:2022 standard [25]; the calculation was
carried out according to the following equation:

T= 2L 4)
tgp.
where t,; and t4, are the oscillation periods of
the pendulum on the crosslinked polymer film
and glass plate (as reference) in seconds,
respectively.

The breaking strength (P, MPa) and the
relative elongation during stretching (g, %) of
the crosslinked polymer films were measured
exploiting a TIRA test 2200 tensile machine at a
constant speed of 5 mm-min-!, in accordance with
the guidelines specified in [SO 527-1:2022
standard [26], and calculated using Equations (5)
and (6):

P== (5 e =52-100%, (6)
where F is a breaking force, N; A - cross-
sectional area of the film, m?2; [, - initial length of
the film, mm; I - length of the film at break, mm.

Results and Discussion

Study of photo-crosslinking of the PVA
compositions with benzophenone and functional
acrylic monomers

To obtain photo-crosslinkable compositions
based on PVA, a system consisting of
photoinitiator BP dissolved in monomer AA was
used. The choice of such a system for PVA
crosslinking is explained by the following
considerations:

- firstly, BP is well soluble in organic
solvents, but almost insoluble in water; therefore,
it was pre-dissolved in AA, which is well soluble in
water; thus, AA serves as a co-solvent for BP
allowing it to be introduced into an aqueous PVA
solution;

- secondly, as shown by B. Ranby et al. [27]
and by other researchers [28, 29], a combination
of BP and acrylic monomers, especially AA, is an
effective system for polymer crosslinking and
polymer surface modification via the photo-
grafting mechanism.

Photo-crosslinkable composite films were
irradiated with a UV lamp, as described in the
'2. Materials and Methods' section. The influence of
the film compositions of on the gel fraction content
in films after their UV crosslinking was
investigated (table 1).

Table 1

Gel fraction content in the photo-crosslinked polymer films

Composition of photo-crosslinkable compositions, weight parts

Gel fraction, %

PVA BP AA

100 5 14.9
100 10 19.7
100 5 7.5

Based on these experimental data, it can be
concluded that doubling the weight parts of the
photoinitiating mixture of BP and AA (from 1 w.p.
and 5 w.p. to 2 w.p. and 10 w.p. per 100 w.p. of
PVA, respectively) did not significantly affect the
content of the crosslinked polymer, while an

increase in the amount of BP alone had a negative
impact on this parameter. This phenomenon can
be explained if we suppose that AA promoted the
running of the grafting reactions as the
predominant process, rather than crosslinking of
the composition. As a result, mainly graft
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copolymers PVA-gr-PAA, well soluble in water,
were formed, and a minor fraction of crosslinked
PVA constituents. Whereas, an enhanced amount
of BP brought about predominantly photo-
degradation of PVA matrix via [-scission
reactions. Therefore, in subsequent studies, the
photo-crosslinking system consisting of BP and AA
was used in amounts of 1w.p. and 5 w.p,
respectively, relative to the PVA weight.

The effect of UV irradiation time on the gel
fraction content in composition films was
investigated; the results are presented in Fig. 2. As
can be seen, the content of the crosslinked fraction
exhibited a clear trend of increasing with exposure
time. However, when using the photo-crosslinking
system consisting only of BP and AA, even after
45 minutes of irradiation, the content of
crosslinked fraction remains low, reaching values
of approximately 15 %.

To form films with highly crosslinked polymer
structures, an additional functional monomer
acting as a crosslinking agent, namely MBA or
HEMA, was added to the compositions in the

amount of 3 w.p. per 100 w.p. of the matrix
polymer. The results of photo-crosslinking of
these compositions are shown in Fig. 2.

Based on the experimental results, the photo-
crosslinkable composition composed of PVA, BP
and AC, with 3 w.p. of MBA added, exhibited the
most favourable properties in terms of
crosslinking rate and gel fraction content. The data
revealed that this composition formed a
significant amount of crosslinked polymer even
after relatively short irradiation times. It should
also be noted that the introduction of HEMA in an
amount of 3 w.p. also has a positive effect on
increasing the gel fraction content in polymer
films; however, its growth with the irradiation
time was much slower compared to the photo-
crosslinkable composition with the addition of
MBA. The latter demonstrated a rapid initial
increase in crosslinked polymer content, reaching
79.5 % within the first 5 minutes; a longer
exposure time caused only its slight increase,
reaching 86.9 % after 45 minutes of irradiation.
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Fig. 2. Dependence of gel fraction content on UV irradiation time of photo-crosslinkable compositions

A comprehensive study of the swelling ability
of photo-crosslinkable compositions in water, as
well as their physico-mechanical properties,
focusing on hardness and tensile strength, was
carried out. These properties are crucial for
assessing the suitability of the developed
materials for potential biomedical applications.

Study of swelling of the photo-crosslinked PVA
composition films

The water-absorbability of the films was
estimated in terms of the swelling degree and the
swelling rate. The swelling ability of PVA-based
photo-crosslinkable films in water was found to be
significantly influenced by the type of acrylic
monomer used and the crosslinking degree.

Swelling behaviour of the crosslinked PVA films is
illustrated in Fig. 3.

As can be seen from the obtained curves of the
swelling kinetics of PVA films, their behaviour was
very different when immersed in water and
depended on their formulations, as well as on their
irradiation time. However, some similarities in
their behaviour were also observed. First, all the
films readily absorbed water, sharply increasing
their weight several times during the first thirty
minutes of immersion in water. Then, the swelling
degree reached its maximum, and afterwards it
began to subside.

The intensity of weight loss by the swollen
films was affected by both their composition and
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irradiation time. Some basic conclusions can be
drawn when analysing the swelling Kkinetics
(Fig. 3)

The highest values of the swelling degree were
achieved when photo-crosslinking was performed
using a mixture of BP and AA with the addition of
HEMA (Fig. 3). Indeed, for these films, the
maximum value of almost 2000 % of swelling
degree was achieved when this composition was
exposed to UV-irradiation for 45 minutes, and a

20 minutes, the degree of their swelling in water
was almost twice as low, and at shorter UV-
exposures (10 and 5 minutes), it essentially
decreased. Such a decrease in swelling degree can
be explained by diffusion of the non-crosslinked
PVA macromolecules (sol-fraction) into the
surrounding aqueous media, i. e. a part of PVA was
apparently washed out of the film. Rapid swelling
of the crosslinked PVA films and further washing
up sol-fraction were the main reasons for the
observed maxima at the swelling curves.

slightly lower value after 30 minutes of
irradiation. When films were crosslinked for
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Fig. 3. Swelling kinetics of the photo-crosslinked PVA films

The observed increase in swelling degree over
the UV-exposure time suggested that at short
exposure time, the polymer network was
insufficiently crosslinked and contained a large
partition of sol-fraction. That resulted, on the one
hand, in low swellability of weakly crosslinked
films and, on the other hand, in losing a sol-
fraction via its diffusion into the aqueous phase
during longer immersion time of films in water.
Thus, a significant UV-exposure time is necessary
for the formation of a sustainable crosslinked
polymer network for this formulation.

A similar situation was observed for the PVA
composition, which was crosslinked by the
photoinitiating mixture comprised of only BP and

AA (Fig. 3). These films demonstrated an even
lower swelling degree and a significant weightloss
of the swollen films upon prolonged contact with
water, indicating their insufficient crosslinking. As
a result, such films were unable to maintain their
shape and resist dissolution.

Regarding the PVA composition crosslinked by
the system comprised of BP and AK with adding
MBA (Fig. 3), these films exhibited the highest
swelling degree at short exposure time, among all
the studied samples, owing to the extremely high
crosslinking degree achieved even at relatively
short exposure time - 5 minutes (Fig. 2). On the
contrary to other formulations, for this
composition, a decrease in the swelling degree of
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the films was observed with increasing UV
exposure time. This phenomenon can be
explained by increase in the crosslinking degree,
which, in turn, reduced the internodal distance in
the polymer network, making it more rigid and
less prone to deformation and volume increase,
thereby reducing the ability to absorb large
amounts of water. It's worth noting that this
photo-crosslinkable composition demonstrated
remarkable stability, maintaining its shape even
after 24 hours of immersion in water, although the
dimensions changed owing to water uptake.

The swelling rate constant (K) and the
equilibrium (i. e. maximum achievable) swelling
degree (So) of hydrogel films were estimated
from the graphical dependencies of t/W=f{t) and
the results were summarized in Table 2.

The estimations were performed for the initial,
rising stage of swelling in the interval time ranging
from 0 to 30 minutes. It should be noted, that S« is
a theoretical value, which did not take into an
account dissolution of sol fraction. That
happened because swelling of polymer films is

more rapid process as compared to dissolution
of sol-fraction. Indeed, swelling occurred via
diffusion of water molecules, which have a low
size, into polymer network; while dissolving of
sol-fraction was connected with diffusion of
large polymer macromolecules from polymer
network into aqueous phase. As can be seen from
Table 2, the values of both the swelling rate
constants and the equilibrium swelling degrees
gradually increased with increasing irradiation
time in the case of a crosslinking system consisting
of BP and AA, as well as BP and AA with HEMA
added. This increase in the both swelling
parameters well correlated with accumulation of
gel-fraction in polymer films crosslinked with
these systems over irradiation time (see Fig. 2).

On the contrary, an opposite tend was
observed in the case of films crosslinked in the
presence of the system comprised of BP, AA and
MBA. For this formulation, the equilibrium
swelling degree and the maximum value of the
swelling rate constant were reached at the
shortest exposure time (5 min.).

Effect of the composition and crosslinking time of polymer films on their swelling ability rable2
No Crosslinking system UV exposure Gel fraction  Swelling degree after 24 K, S,
time (min) (%) hours' soaking (%) (%emin-1) (%)
1. BP + AA 5 1.20 154 9.73-10-4 401
10 2.33 214 9.80-10-3 432
20 6.10 313 1.27-10-3 484
30 8.74 342 1.56-10-3 584
45 11.09 479 2.45-103 682
2. BP + AA + HEMA 5 9.79 115 1.37-103 675
10 15.13 229 1.77-103 789
20 23.10 1015 1.87-10-3 1046
30 54.34 1629 5.14-10-3 1733
45 71.97 1774 8.63-10-3 1920
3. BP + AA + MBA 5 79.51 730 3.41-10-2 776
10 80.06 556 2.29-102 655
20 83.40 528 2.21-102 568
30 83.65 506 1.86-10-2 527
45 86.91 492 1.40-102 512
Increased irradiation time resulted in a and conclusions were reflected in papers [30,

gradual decrease in both these parameters.
This phenomenon can be explained by an
increase in the crosslink density of the
polymer matrix, as previously mentioned; at
the same time, only a slight increase in gel-
fraction were achieved (see Fig. 2) at
increased irradiation time. The similar results

31], where authors observed a decrease in the
swelling degree of polymers with increasing
crosslinking content.

The effect of both the crosslinking formulation
and crosslinking degree (in term of gel-fraction)
on the maximal swelling degree of the crosslinked
PVA films is clearly seen in Fig. 4.
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Fig. 4. Effect of the gel-fraction content on the maximum swelling degree (Smax) of PVA films crosslinked by the
systems: 1 - BP + AA; 2 - BP + AA + HEMA; 3 - BP + AA + MBA

Compositions with BP + AA and BP + AA + MBA
systems provided low intervals of variation in the
swelling degrees of crosslinked PVA films (Fig. 4,
curves 1 and 3). In the first case, the obtained films
were not completely crosslinked at any irradiation
time; this was the reason for their low swellability
and significant weight loss when immersed in
water. On the contrary, in the latter case, films
were over-crosslinked; this resulted in the
formation of a rigid polymer network structure,
characterized by less free volume, as well as
reduced water absorbed by the PVA film, and
finally lower swellability.

In the case of BP + AA + HEMA (Fig. 4, curves 2),
both the crosslinking degree and the swelling
degree can be varied in wide ranges. The swelling
degree rose by an order of magnitude when the
gel-fraction content increased from 10 to 80%.
This composition demonstrated the highest values
of swelling degrees. The reason for such behaviour

was probably the formation of a polymer network
with quite large, elastic, hydrophilic cells and an
optimal crosslinking density. An enhanced
hydrophilicity of this polymer network was
achieved due to the presence of —-OH functionality
in the HEMA molecules involved in building
interchain bridges.

Study of physico-mechanical properties of the
photo-crosslinked PVA films

Besides the swelling properties of photo-
crosslinked PVA films, their physico-mechanical
properties are of high importance for evaluating
the possibilities of their use in certain
applications, such as coatings, packaging
materials, medical uses, and optoelectronics, etc.
In this connection, a study of the effect of the film
composition and photo-crosslinking time on the
physico-mechanical properties of crosslinked PVA
films was carried out, the results of which were
summarized in Table 3.

Table 3
Dependence of the physicomechanical properties of polymer films on composition and crosslinking time
No Crosslinking Photo-crosslinking Breaking Elongation at Relative
system duration, min. strength, MPa break, % hardness*, RU

1. - 0 18.5 176 0.11
2. BP + AA 5 21.5 162 0.15

10 26.1 119 0.21

20 26.9 8.3 0.26

30 31.6 7.1 0.27

45 37.3 8.4 0.32
3. BP + AA + HEMA 5 31.6 31 0.26

10 445 11 0.41

20 50.6 9.1 0.49

30 55.5 8.4 0.56

45 60.4 9.8 0.58
4, BP + AA + MBA 5 48.4 6.4 0.59

10 51.3 5.7 0.64

20 52.1 5.9 0.64

30 53.0 5.0 0.64

45 59.4 4.0 0.69

* — the hardness of the polymer film relative to the hardness of the glass plate, which was taken as 1.00 RU



As follows from the analysis of the data
presented in Table 3, both breaking strength and
surface hardness were increased, while
elongation at break was decreased for all of the
PVA films crosslinked at any photo-crosslinking
time, compared with the virgin PVA film. The
longer photo-crosslinking time, the higher
strength and hardness, and the lower elongation
of films, indicating that they became stiffer as the
gel-fraction increased.

The composition with BP + AA exhibited a
higher relative elongation and the lowest strength
and hardness among all other crosslinked PVA
films, indicating a small number of crosslinks in
the polymer structure. Conversely, the second and
third compositions (with added HEMA or MBA)
exhibited lower elongation values with higher
breaking strength owing to a more extensively
crosslinked structure. In all cases, a consistent
trend was observed toward increasing tensile
strength and decreasing elongation with longer
photo-crosslinking times, obviously caused by
enhanced stiffness of the polymer film owing to an
increase in the number of crosslinks in the
polymer matrix.

Comparing the last two compositions, it can be
concluded that the addition of MBA increased the
film’s hardness and made it more rigid. Indeed,
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