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The basic technological parameters of the preparation of nickel-filled hydrogel materials

based on copolymers of polyvinylpyrrolidone with 2-hydroxyethyl methacrylate by the

method of polymerization with simultaneous recovery of metal ions were considered. It

was established by volumetric method that the process of chemical reduction of nickel

ions at pH 7.5–8 is characterized by a high rate and a small induction period at a temperature

of 60–700C. The presence of polyvinylpyrrolidone was found to reduce the duration of the

induction period and increase the rate of the reduction reaction. The duration of the

induction period is 14 minutes when the content of polyvinylpyrrolidone in solution is

200 g/L. The kinetics of heat release during copolymerization of 2-hydroxyethyl methacrylate

with polyvinylpyrrolidone initiated by benzoyl peroxide was investigated by a thermometric

method. It was established that the exothermic effect of the polymerization can be used to

ensure the required temperature conditions for Ni2+ reduction. The versatile effect of the

composition of the original polymer-monomer composition on the basic parameters of

the exothermic process of copolymerization has been experimentally shown. The diversified

effect of the composition of the initial polymer-monomer composition on the parameters

of the exothermicity of the copolymerization was experimentally determined. The simplex-

lattice planning method was used to optimize the formula of polymer-monomer composition.

The obtained regression equations allow establishing analytical dependences of the

parameters of exothermic processes on the technological conditions of the reduction of

Ni2+ ions and the formula of the polymer-monomer composition.
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Introduction
Nowadays, much attention is being paid to the

polymeric composites filled with particles of metal
nature [1,2]. Particular attention deserves composite
metal-filled hydrogel materials [3,4]. The first type
of hydrogels are formed on the basis of lightly cross-
linked hydrophilic matrices, which swell due to the
sorption of a limited volume of water and, as a rule,
undergo a physical transition from vitreous to a high-
elastic state. Because of these processes, they become
similar to biological tissues. This similarity determines
the use of such materials mainly in biomedical
practice [5,6]. Great interest to metal-filled hydrogels
is due to their specific properties, in particular,

controlled electrical conductivity, magnetic
susceptibility, antibacterial action, anti-
thrombogenicity, etc. These properties are achieved
via the filling hydrogels with dispersed metals of a
different nature [7,8]. The choice of the method to
obtain metal-filled hydrogels affects the formation
of their properties. The easiest way to prepare metal-
filled hydrogels is to mix the initial reaction
composition with a fine-dispersed powder of metal
before polymerizing [9].

The reactive polymer-monomeric compositions
(PMC) based on polyvinylpyrrolidone (PVP) with
2-hydroxyethylmethacrylate (HEMA/PVP) can be
used for the fabrication of a sorption-capable matrix
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[10]. They are interesting both in their
multifunctionality and in increased reactive ability
due to the physical interaction of PVP with the metal
surface. It should be noted that the preparation of a
metal-hydrogel with the use of metallic powders is
distinguished not only by the simplicity of the method
and a positive effect of providing specific properties,
but also by a number of disadvantages: the growth of
heterogeneity of filling, the anisotropy of properties,
the mass of the composite and the deterioration of
its strength and homogeneity.

The method of Ni2+ reduction in a polymer
matrix can be used to obtain nanocomposites through
the pre-sorption of recovery precursors from their
aqueous solutions [11]. However, this method is at
least two-stage and accompanied by considerable
consumption of oxidant and reducing agent solutions.
In view of this, the urgent problem in the production
of polymeric and composite materials is the
development of new uncomplicated, highly effective
techniques to synthesize metal-filled copolymers PVP
and hydrogel materials on their basis.

We were the first who proposed a new method
for the preparation of the metal-hydrogels based on
copolymers HEMA with PVP (pHEMA-gr-PVP),
which consists in the implementation of
polymerization with simultaneous reduction of metal
ions [7,8]. The choice of nickel as a filler is due to
the special interest of the researchers [12]. The
obtained nickel-hydrogel composites are promising
as new materials which are characterized by enhanced
magnetic, electrical conductive and catalytic
properties and can be used as implantable
electrochemical biosensors, electro-stimulated drug
release, in chemical catalysis (for example, in
reduction reaction of nitrophenols and in hydrogen
production reactions), etc.

The combination of two different in nature
chemical processes evidently makes difficulties in
preparing materials with predictable properties. The
structure and properties of any polymer are
determined by the technology of its fabrication. The
properties of metal-filled hydrogels will be determined
by the nature of the distribution of the metal-filler
particles in a polymer matrix and their characteristics.
At the same time, the technological conditions of
the reduction reaction, which, in this case, depend
on the parameters of the exothermic polymerization
reaction, affect the structure and the dispersity of
the metals particles. In view of this, the purpose of
this work was to investigate and substantiate the basic
technological parameters of the preparation of the
nickel-filled composites based on copolymers HEMA
with PVP (Ni/pHEMA-gr-PVP), which were

obtained by polymerization with simultaneous Ni2+

reduction.
Materials and methods
Lightly cross-linked polymers obtained by

radical polymerization of HEMA at the presence of
PVP were selected as a matrix for filling. The compo-
sitions with the ratio HEMA:PVP=(90–60):(10–40)
(in mass parts, m.p.) with 10–50 m.p. of solvent
(Í2Î) were studied.

The reduction of nickel ions was carried out
using nickel sulfate (NiSO47H2O) by sodium
hypophosphite (NaH2PO2H2O). The oxidation-
reduction system was obtained by the addition of
certain amounts of NiSO4 (0.011–1.1 mol/L),
sodium acetate (20 g/L) and NaH2PO2 (0.024–2.4
mol/L) to water. The pH of the solution was adjusted
by concentrated acetic acid and 25% solution of
ammonia. A reduction activator, in particular 2%
solution of AgNO3, was introduced into the
oxidation-reduction system in order to increase the
activity of the reducing agent.

Polymerization was carried out with the initiator
of a radical type of benzoyl peroxide (BP).
2-hydroxyethylmethacrylate (Sigma Chemical Co)
and polyvinylpyrrolidone (AppliChem GmbH) of
high purity with MM=12000 were used for
copolymerization. HEMA was distilled off in vacuum
(with a residual pressure of 130 N/m2, Tb=351 K);
PVP was dried at 338 K in vacuum for 2–3 h; BP
was recrystallized from ethanol. Inorganic salts
(nickel sulfate, sodium hypophosphite, iron (II)
sulfate and silver nitrate) were reagent grade.

Preparation of the Ni/pHEMA-gr-PVP
composites was performed according to the method
described elsewhere [8]. The kinetics of the chemical
reduction of nickel ions was evaluated by volumetric
method (the measurement of the volume of hydrogen
evolved) [13]. The temperature changes of the
reaction medium during the polymerization reaction
were investigated by a thermometric method [8].

Results and discussion
The high react ivity of HEMA/PVP

compositions is a prerequisite for implementation of
the developed method for the preparation of metal-
filled pHEMA-gr-PVP copolymers, as well as the
possibility of the polymerization implementation in
the presence of a solvent (Í2Î) to achieve high
porosity of the polymer matrix and, consequently,
ensure the removal of the reduction reaction products
from the composites volume. In addition,
polymerization is accompanied by an exothermic
effect; hence, the heat of the reaction can be used
to provide the required temperature conditions for
the reduction of nickel ions.
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The polymerization method to form metal-filled
hydrogels with simultaneous chemical reduction of
metal ions involves substantiating and establishing
the optimal technological parameters for its
implementation. One of the important process stages
is the deposition of metal-filler particles. We choose
the method of nickel ions chemical reduction by
hypophosphite according to the following reaction:

4 2 2 2

2 3 2 4 2

NiSO 2NaH PO 2H O

Ni 2NaH PO H SO H .

  

     

This method is characterized by high
productivity, technological availability, and wide
range of possibilities to regulate the rate of the
process, compositions and properties of metallic
powders. In addition, it does not require complicated
equipment. Besides, the use of nickel-hypophosphite
solutions with organic ligands allows preparing a
metal with a high corrosion resistance [12].

The kinetic parameters, induction period
duration of the reduction reaction (i), reduction
time (r), and the maximum reduction rate (Vr

max),
were determined for Ni2+ reduction processes by using
the volumetric method. The induction period of the
reduction reaction is the initial stage, which is
characterized by kinetic inhibition. During this
reaction period, the stable particles of solid phase
are formed in the solution, which will show
autocatalytic effect in the future. Both the duration
of the formation of solid phase particles and the
induction period depends on various factors.

At the same time, the copolymerization of
HEMA with PVP and formation of a graft copolymer
pHEMA-gr-PVP occur through the stage that
involves the polymerization induction period. This
is characterized by a start time of gel formation (s.f.)
and the stage of the gel effect, as a results of which

the system being heated to the maximum exothermic
temperature (Tmax) in the reaction [7,8]. The stage
of the gel effect was characterized by the duration of
gel effect area (d.e.). In our case, it is important that
the duration of the Ni2+ reduction process approaches
the duration of gel effect area of the polymerization
reaction with a minimum start time of gel formation
and a maximum Tmax. For compositions containing
more than 10 m.p. Í2Î, the Òmax limit is 102–1050Ñ,
since at higher temperatures they boil.

The rate and the degree of conversion in the
Ni2+ reduction reaction depend on various factors:
pH, temperature and the presence of the activator
[12]. It is known that the reduction by hypophosphite
intensively proceeds at the temperature of 90–950Ñ
in acidic or alkaline medium [12]. However, at these
temperatures, the polymerization of HEMA/PVP
compositions occurs with a high rate. In addition,
this is an exothermic process. Therefore, it is
necessary to ensure favorable conditions to provide
the passage of the polymerization and reduction
reactions at significantly lower temperatures.

The introduction of activators into a system is
one of the conditions for the reaction of Ni2+

reduction with a high rate. A solution of AgNO3

(2%) was used as a reduction activator in this work.
In the absence of an activator, the reaction does not
practically occur or occurs at a very low rate [12]. It
was established that the use of the activator in the
amount of 0.25 g/L in an alkaline medium (pH 8)
allows performing the reduction of Ni2+ ions at 600Ñ
with high rate and minimal values of ³ and r. If the
temperature rises, the reduction rate increases
(Fig. 1,à).

Water-soluble polymers, including PVP, are
preferably used during the deposition of metals in
small quantities as a stabilizer of metals particles
[14]. In our case, PVP enters into the composition
of the reaction mixture and participates in the

a                                                                              b

Fig. 1. Effects of temperature (a) and PVP content (b) on the kinetic parameters of nickel reduction ([NiSO4]=0.55 mol/L;

[NaH2PO2]=1.2 mol/L; [AgNO3]=0.25 g/L, ðÍ 8): 1– the maximum reduction rate (Vr
max); 2 – the induction period duration

of the reduction reaction (i); and 3 – the reduction time (r)
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copolymerization reaction. PVP is used for co-
polymers synthesis in the amount of 150–200 g/L.
As can be seen (Fig. 1,b), the addition of PVP allows
accelerating significantly the reduction reaction at
low temperatures. In addition, the presence of PVP
affects the dispersion of metallic particles and their
distribution in the polymer matrix [7,8]. Due to the
complex formation, the attraction and concentration
of metal ions on the PVP chain occurs (Fig. 2),
which contributes to the formation of a greater
number of active centers and prevents their
integration.

Fig. 2. Triple complex with charge transfer HEMA/Ni2+/PVP

At the same time, the formation of a complex
with a charge transfer, which is accompanied by the
formation of intermolecular contacts between the
monomer, metal ion and carbamate groups of the
PVP chain [7,8], contributes to a uniform distribution
of the formed metallic particles in the polymer matrix
volume, even at the stage of mixing the initial
composition components. Such interaction resulted
in the coordination of Ni2+ ions (Fig. 2) followed by
the stabilization of the formed Ni(0) particles.

Considering the self-heating of the PMC during
polymerization, the kinetics of the reaction was
investigated by a thermometric method. The
characteristic kinetic parameters of the exothermic
process, s.f., d.e. and Tmax, are highlighted in the
received thermometric curves (Fig. 3,a). Depending
on the type of initiatial system, the process is
performed at an appropriate initial polymerization

temperature (Ò0) [7,8]. An increase in the
polymerization temperature evidently contributes to
increasing the rate of polymerization processes, the
maximum exothermic temperature, and therefore the
rate of Ni(0) deposition (Fig. 3,a). In the case of
PVP/HEMA, polymerization occurs at a high rate
in the presence of BP already at a temperature of
500C (the value Tmax=970C is reached after 34 min
with d.e.=27 min) (Fig. 3,à). Therefore, we accept
the initial temperature of polymerization Ò0=500Ñ.
At higher initial temperatures, Tmax increases to 110–
1300Ñ.

The concentration of BP was changed in the
range of 0.1 to 0.5 wt.%. At T0=50°C and the initiator
content of 0.1 wt.%, the process was characterized
by a long induction period with a followed gel-effect
that appeared after 67 min. In this case, the maximum
exothermic temperature (116.80Ñ) was reached after
86 min (Fig. 3,b). With an increase in the initiator
concentration, Tmax increased. Besides, the start time
of the gel-effect was significantly reduced. With an
increase in the BP content up to 0.3 wt.%, a
minimum time s.g. was reached (it changed slightly
with subsequent growth of [BP]). Therefore, we
further used the concentration [BP]=0.3 wt.%.

At the same time, it was determined that the
contents of solvent, HEMA and PVP in the initial
composition have a versatile effect on the parameters
of the exothermic process. With an increase in the
PVP content in the composition, its polymerization
ability increases too and the start time of gel formation
decreases accordingly (Fig. 4,à). An increase in the
PVP content in the PMC accelerates the onset of
exothermicity, however, leads to a decrease in the
value of Tmax. In this case, the Tmax decrease can be
explained by a decrease in the monomer content in
PMC, which causes an intense heat release.

a                                                                                   b

Fig. 3. (a) – Thermometric curves of polymerization recorded at different initial temperatures (Ò0,°Ñ): 1 – 50; 2 – 60;

3 – 70 (HÅÌÀ:PVP:Í2Î=80:20:25 m.p.); (b) – the effect of on the polymerization parameters at different BP content

(HÅÌÀ:PVP:Í2Î=80:20:10 m.p.)
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Reduction of the monomer concentration,
resulted from the dilution of the composition by a
solvent, naturally causes a decrease in the initial
polymerization rate. This indicates increasing the start
time of gel-effect and reaching the maximum
exothermic temperature (Fig. 4,b). An increase in
the water content from 10 m.p. up to 50 m.p. causes
a decrease in the Tmax value from 1210Ñ to 790Ñ and
an increase in s.g.. At the same time, it should be
noted that the gel-effect area changes only slightly.

As can be seen, the content of solvent, HEMA
and PVP has a diverse influence on the parameters
of the exothermic process. The optimal content of
the initial components, at which the required
parameters of the exothermic process are achieved,
cannot be found experimentally. Therefore, to
investigate the simultaneous influence of initial
composition on the exothermic process parameters,
we used the optimization of the experiment by means
of simplex-lattice planning Scheffe that allows
reducing the experimental expenses [15]. The result
of this research will be a multifactor mathematical
model in the form of a polynomial of a given degree.

The simplex method requires the fulfillment of
the following condition for each experimental point:

Õi=1,

where Õi0 is the concentration of the i-th
component in the composition.

The mixtures properties depend only on three
factors and the factor space is an equilateral triangle.
Then, the following equation should be valid for the
system under consideration [15]:

Õ1+Õ2+Õ3=1.

The vertices of the triangle correspond to the
pure substances, and the sides are related to the
double systems. In our case, we did not investigate
the whole concentration triangle, however, only its

local part was examined, which was a simplex with
vertices À1 (72% HEMA, 8% PVP and 20% Í2Î);
À2 (56% HEMA, 24% PVP and 20% Í2Î); and À3

(56% HEMA, 8% PVP and 36% Í2Î) (Fig. 5).

Fig. 5. Equal values lines of parameters of the exothermic

process

It should be noted that Õ1, Õ2 and Õ3 denote
HEMA (wt.%), PVP (wt.%) and Í2Î (wt.%),
respectively. The lower limit of the PVP content is
because the duration of the induction period
significantly increases with its lower content. The
upper limit is caused by the technological
complications. This means that an increase in the
content of PVP results in increasing both the duration
of its dissolution in acrylates and the viscosity of the
composition; however, d.e. and Tmax values
significantly decrease. The necessity of H2O presence
in the original composition is caused by the
dissolution of the oxidizer and reducing agent, that

a                                                                                     b

Fig. 4. Thermometric curves of polymerization recorded (a) at different compositions HÅÌÀ:PVP:Í2Î (m.p.): 1 – 90:10:25;

2 – 80:20:25; 3 – 70:30:25; and (b) at different content of the solvent (m.p.): 1 – 10; 2 – 25; 3 – 50 (HÅÌÀ:PVP=80:20 m.p.,

[BP]=0.3 wt.%)
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explains the minimum solvent content (20%). In
addition, with a lower content of H2O, d.e sharply
decreases and Tmax exceeds 1100C. The dilution of
the composition by the solvent in amount above
36% causes an increase of the induction period and
a decrease of Tmax value.

The optimization was carried out for the
following exothermic parameters: the start time of
the gel formation (s.f., min), gel-effect area (d.e.,
min) and the maximum exothermic temperature
(Tmax, 

0Ñ). Table shows the conditions and the results
of experiments in the form of pseudo-components
and in a natural scale. The average results, y1e (Tmax,
0Ñ), y2e (s.f., min) and y3e (d.e., min), were obtained
in two parallel experiments.

Conditions and results of experiments

Natural variables 
No. 

X1 X2 X3 
y1e y2e y3e 

1 0.72 0.08 0.20 103.5 23.00 37.00 

2 0.56 0.24 0.20 84.40 13.00 18.20 

3 0.56 0.08 0.36 79.00 24.20 36.50 

4 0.64 0.16 0.20 96.80 16.00 28.00 

5 0.64 0.08 0.28 92.00 23.70 36.90 

6 0.56 0.16 0.28 84.00 17.40 26.40 

 
Using the matrix of planning, adopted

conditions and the results of the experiment (Òable),
the coefficients of the polynomial were calculated
and the following regression equations were derived:

1 2 3

2 2

2 3 2 3

y 123.44 63.75X 71.25X

203.13X X 445.31X 117.19X ;

   

  

2 2 3

2 2

2 3 2 3

y 33.13 184.38X 7.5X

109.38X X 312.5X 15.63X ;

   

  

3 2 3

2 2

2 3 2 3

y 40.39 50.63X 28.75X

234.38X X 62.5X 23.44Х .

   

  

The obtained equations allow predicting the
change of the parameters for the exothermic
copolymerization of HEMA with PVP: the start time
of gel formation (y1), the gel-effect area (y2) and the
maximum exothermic temperature (y3) for any
composition of the initial composition.

According to the obtained regression equations,
the isolines of the exothermic parameters change
were plotted as functions of the content of each
component in the original composition (Fig. 5). The

obtained lines of equal values of parameters
significantly simplify the experimental search for the
contents of the components concentrations in the
reaction composition in order to obtain optimal
technological conditions for the nickel deposition
during the polymerization.

The established parameters of time and
temperature in the processes of Ni2+ reduction and
polymerization of PVP/HEMA compositions and
the main factors that affect these parameters will
provide the opportunity to substantiate the
technological conditions for the preparation of the
metal-filled copolymers Ni/pHEMA-gr-PVP.

Conclusions
The kinetic characteristics of the nickel

reduction reaction by hypophosphite were studied
by means of volumetric method. It was established
that the chemical precipitation of a metal in a weakly
alkaline medium was characterized by a high rate
and a low induction period already at the temperature
of 60–700C. It was determined that the presence of
PVP reduced both the duration of the induction
period and the reaction rate.

The kinetics of heat release during
polymerization of HEMA/PVP compositions,
initiated by benzoyl peroxide, was investigated by a
thermometric method. The onset time of the gel
effect and the maximum exothermic temperature
mainly depend on the composition of the initial
mixture, solvent content and initial temperature of
polymerization.

Using the Scheffe’s simplex-lattice planning
method, the parameters of the polymerization of
HEMA/PVP compositions were determined. The
plotted lines of equal values of parameters will
significantly simplify the experimental search for the
composite formula with given parameters of the
exothermicity of the polymerization process,
depending on the nature of a co-deposited metal.
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ÎÏÒÈÌ²ÇÀÖ²ß ÒÅÕÍÎËÎÃ²×ÍÈÕ ÏÀÐÀÌÅÒÐ²Â
ÏÐÎÖÅÑÓ ÏÐÈÙÅÏËÅÍÎ¯ ÊÎÏÎË²ÌÅÐÈÇÀÖ²¯ 2-
Ã²ÄÐÎÊÑ²ÅÒÈËÌÅÒÀÊÐÈËÀÒÓ Ç
ÏÎË²Â²Í²ËÏ²ÐÎË²ÄÎÍÎÌ ÄËß ÎÑÀÄÆÅÍÍß
Í²ÊÅËÞ Ç ÑÎËÅÉ
Î.Ì. Ãðèöåíêî, Î.Ï. Íàóìåíêî, Î.Â. Ñóáåðëÿê, Ë. Äóëåáîâà,
Á.Â. Áåðåæíèé

Äîñë³äæåíî îñíîâí³ òåõíîëîã³÷í³ ïàðàìåòðè ïðîöåñó îäåð-
æàííÿ í³êåëüíàïîâíåíèõ ã³äðîãåëüíèõ ìàòåð³àë³â íà îñíîâ³ êî-
ïîë³ìåð³â ïîë³â³í³ëï³ðîë³äîíó ç 2-ã³äðîêñ³åòèëìåòàêðèëàòîì
ìåòîäîì ïîë³ìåðèçàö³¿ ç îäíî÷àñíèì â³äíîâëåííÿì ³îí³â ìåòàëó.
Çà äîïîìîãîþ âîëþìîìåòðè÷íîãî ìåòîäó âñòàíîâëåíî, ùî çà
pH 7,5–8,0 ïðîöåñ õ³ì³÷íîãî â³äíîâëåííÿ ³îí³â í³êåëþ õàðàêòå-
ðèçóºòüñÿ âèñîêîþ øâèäê³ñòþ òà ìàëèì ³íäóêö³éíèì ïåð³îäîì
âæå çà òåìïåðàòóðè 60–700Ñ. Âèÿâëåíî, ùî ïðèñóòí³ñòü ïîë³-
â³í³ëï³ðîë³äîíó çìåíøóº òðèâàë³ñòü ³íäóêö³éíîãî ïåð³îäó òà
ï³äâèùóº øâèäê³ñòü ðåàêö³¿ â³äíîâëåííÿ. Òåðìîìåòðè÷íèì ìå-
òîäîì äîñë³äæåíî ê³íåòèêó âèä³ëåííÿ òåïëà ï³ä ÷àñ êîïîë³ìå-
ðèçàö³¿ 2-ã³äðîêñ³åòèëìåòàêðèëàòó ç ïîë³â³í³ëï³ðîë³äîíîì,
³í³ö³éîâàíî¿ ïåðîêñèäîì áåíçî¿ëó. Âñòàíîâëåíî, ùî åêçîòåðì³-
÷íèé åôåêò ïîë³ìåðèçàö³¿ ìîæíà âèêîðèñòàòè äëÿ ñòâîðåííÿ
íåîáõ³äíèõ òåìïåðàòóðíèõ óìîâ äëÿ â³äíîâëåííÿ Ni2+. Åêñïå-
ðèìåíòàëüíî äîâåäåíî ð³çíîñòîðîíí³é âïëèâ ñêëàäó âèõ³äíî¿
ïîë³ìåð-ìîíîìåðíî¿ êîìïîçèö³¿ íà îñíîâí³ ïàðàìåòðè ïðîöåñó
åêçîòåðì³¿ êîïîë³ìåðèçàö³¿. Çàëåæíî â³ä âì³ñòó ïîë³â³í³ëï³ðîë³-
äîíó, ³í³ö³àòîðà, ðîç÷èííèêà òà ïî÷àòêîâî¿ òåìïåðàòóðè ïîë³-
ìåðèçàö³¿ ìàêñèìàëüíà òåìïåðàòóðà åêçîòåðì³¿ çì³íþºòüñÿ â³ä
80 äî 1300Ñ, à ÷àñ ¿¿ íàñòàííÿ – â³ä 11 äî 86 õâ. Ç ìåòîþ
çìåíøåííÿ ÷àñòêè åêñïåðèìåíòàëüíèõ çàòðàò, äîâåäåíà ìîæ-
ëèâ³ñòü âèêîðèñòàííÿ ìåòîäó ñèìïëåêñ-ãðàäêîâîãî ïëàíóâàí-
íÿ äëÿ îïòèì³çàö³¿ ñêëàäó ïîë³ìåð-ìîíîìåðíî¿ êîìïîçèö³¿. Îäåð-
æàí³ ð³âíÿííÿ ðåãðåñ³¿ äîçâîëÿþòü àíàë³òè÷íî âñòàíîâèòè âçà-
ºìîçâ’ÿçîê ïàðàìåòð³â åêçîòåðì³÷íèõ ïðîöåñ³â ç òåõíîëîã³÷íè-
ìè óìîâàìè â³äíîâëåííÿ ³îí³â Ni2+, à òàêîæ ç³ ñêëàäîì ïîë³-
ìåð-ìîíîìåðíî¿ êîìïîçèö³¿.

Êëþ÷îâ³ ñëîâà: ïîë³â³í³ëï³ðîë³äîí, 2-ã³äðîêñ³åòèë-
ìåòàêðèëàò, ìåòàëîíàïîâíåí³ ã³äðîãåë³, åêçîòåðì³÷íà
ïîë³ìåðèçàö³ÿ, õ³ì³÷íå â³äíîâëåííÿ, îïòèì³çàö³ÿ, ñèìïëåêñ-
ãðàäêîâå ïëàíóâàííÿ.
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OPTIMIZATION OF THE TECHNOLOGICAL
PARAMETERS OF THE GRAFT COPOLYMERIZATION
OF 2-HYDROXYETHYL METHACRYLATE WITH
POLYVINYLPYRROLIDONE FOR NICKEL DEPOSITION
FROM SALTS
O.M. Grytsenko a, *, O.P. Naumenko b, O.V. Suberlyak a,
L. Dulebova c, B.V. Berezhnyy a

a Lviv Polytechnic National University, Lviv, Ukraine
b Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

ñ Technical University of Košice, Košice, Slovakia
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The basic technological parameters of the preparation of
nickel-filled hydrogel materials based on copolymers of
polyvinylpyrrolidone with 2-hydroxyethyl methacrylate by the method
of polymerization with simultaneous recovery of metal ions were
considered. It was established by volumetric method that the process
of chemical reduction of nickel ions at pH 7.5–8 is characterized by
a high rate and a small induction period at a temperature of 60–
700C. The presence of polyvinylpyrrolidone was found to reduce the
duration of the induction period and increase the rate of the reduction
reaction. The duration of the induction period is 14 minutes when
the content of polyvinylpyrrolidone in solution is 200 g/L. The kinetics
of heat release during copolymerization of 2-hydroxyethyl methacrylate
with polyvinylpyrrolidone initiated by benzoyl peroxide was
investigated by a thermometric method. It was established that the
exothermic effect of the polymerization can be used to ensure the
required temperature conditions for Ni2+ reduction. The versatile
effect of the composition of the original polymer-monomer composition
on the basic parameters of the exotherm process of copolymerization
has been experimentally shown. The diversified effect of the
composition of the initial polymer-monomer composition on the
parameters of the exothermicity of the copolymerization was
experimentally determined. The simplex-lattice planning method was
used to optimize the formula of polymer-monomer composition. The
obtained regression equations allow establishing analytical
dependences of the parameters of exothermic processes on the
technological conditions of the reduction of Ni2+ ions and the formula
of the polymer-monomer composition.

Keywords: polyvinylpyrrolidone; 2-hydroxyethylmetha-
crylate; metal-filled hydrogels; exothermic polymerization;
chemical reduction; optimization; simplex-lattice planning.
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