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Sorption properties of materials based on sodium liquid glass modified by polyvinyl alcohol and
polyvinylpyrrolidone on regarding to different acid-base indicators were investigated. The effect of the
nature of metal and polymer modifier (polyvinyl alcohol and polyvinylpyrrolidone) on the amount of
active center s and specific active surface area of such material was determined. M oistur e absor ption of
modified and not modified silicate materials was founded. The effect of Ni-containing polymer-silicate
materials on the speed of curing of compaositions based on unsaturated polyester resins was deter mined.
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A. C. Macwk, B. €. JIeBunbkuii, P. A. UnkoBuu
Harionansuuit yaiepcuter “ JIbBIBChbKa NOJITEXHIKA”
kadenpa XiMIYHOI TEXHOJOTIT IMepepoOKH MIaTMac

IHHOBEPXHEBI XAPAKTEPUCTUKHN MOAU®IKOBAHUX
HOJIBIHIJIOBUM CITMPTOM I HOJIIBIHUITITPOJIITOHOM
MATEPIAJIIB HA OCHOBI HATPI€EBOI'O PIIKOT'O CKJIA

Hocaigaxeno copOuiiini BaacTuBocTi Moau(iKoBaAaHMX NOJIBiHIIOBUM cnupToM i moJiBiniia-
nipoiioHoM MarepialiB Ha OCHOBI HATPi€BOro pigkoro ckJja OO0 Pi3HUX KHCIOTHO-OCHOBHUX
ingukaTopis. Bu3HaueHo BIUIMB mpupoau MeTady i mojiMepHoro Mmoaudikaropa (mosiBiHiI0BOrO
CHUPTY Ta NOJIBiHUIMIPONiZOHY) Ha KUJIBKICTH AKTHBHUX IEHTPIB Ta NMUTOMY IJIOINY AKTHBHOI
NMOBEPXHi TakUX MaTepiadiB. BcTaHOBJICeHO 3HAYEHHS BOJIOTONOIVIMHAHHA 1Sl MoAu(ikoBaHUX Ta He
MomudikoBaHUX CcUIiKaTHUX MaTtepiaiiB. BusiBjieHo BmimB monudikoBanux Ni-BMicHHX moJimep-
CHJIIKATHUX MaTepiajiB HA IIBUAKICTh TBePAHEHHS] KOMIIO3UIili HA OCHOBI HEHACHYEHMX MOJieCTEePHUX
cMoI.
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iHHHKaTOpI/I, BOJIOIONIOrJINMHAHHA, l'lOJ'lieCTepHa CMoJIa.

CMpPT, copouis,

I ntroduction silicon dioxide and layered clay [3, 4]. In

Of increasing importance for al sectors of
the economy are polymer composite materials for
which is typical filler with a set of properties: acid-
base balance of the surface, selective sorption
ability, nano-size, technological compatibility with
the matrix of polymer, etc [1, 2]. From a large
number of fillers that using to create polymer
composites well have shown themselves silicate
materials of various nature based on colloidal
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particular, it is expedient to use silicate fillers
obtained on the basis of sodium liquid glass and
metal salts, which allows obtaining metal-
containing silicate materials with a wide range of
possible applications. Creating of composites have
problem of ensuring sufficient technological
compatibility of the filler and polymer matrix,
which decrease leads to deterioration of physical
and mechanical properties [5]. Preferably, the



previous modification of the fillers of polymeric
composite materials by physical or chemical
methods by compounds of various nature [6, 7].
The development and research of modified fillers
for polymer composite materials is one of the
priority directions of the technology of polymer
and composite materials [8].

The primary problem that arises when
creating such materials is to ensure the
technological compatibility of the inorganic filler
to the polymer matrix, which allows not only to
provide special characteristics to such composites,
but also leads to improvement of their physico-
mechanical and thermophysical properties.

Obvioudly, an important characteristic of
such modified fillers is the properties of their
surface: the number of active centers g, and the
value of the area of the active surface S,, which are
directly related to the process of their obtaining
and modification, as well as the nature of the
modifier [9].

The purpose of this work is to establish the
laws of the influence of the method of obtaining
metal-containing polymer-silicate fillers and the
nature of the polymer modifier on their surface
properties.

Materials and methods of research

Due to physical-chemical regularities of the
process of obtaining metal-containing polymer-
silicate materials (MPSM) used two methods of
they obtain. According to the first method, a
solution of PVP was prepared in Na-LG, which
was acted with solutions of metal chlorides;
according to the second, were prepared solutions
of metal chlorides with dissolved PVA, which
acted on Na-LG [10, 11]. The resulting finely
divided filler was filtered, vacuumed and washed
thoroughly with distilled water, and then dried in a
vacuum dryer for 90 °C.

To determine the sorption characteristics of
these materials, a number of indicators were
selected (diamond green, bromophenol blue,
bromocryslovic  purple,  methylene  blue,
indigocarmin, methyl orange), which differ in
nature of functional groups, as well as the value of
pKa [12]. The sorption capacity of the materials
was determined photocolorimetrically on a
photocolorimeter of KFK-2. Concentration of
indicators in aqueous or water-alcohol solution
was (0,2-5.0)+10™ M, and the mass of the samples
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0.25 g. The material was stirred in an indicator
solution for 1 hour at (25+1)°C, after which the
solution was centrifuged and the optical density
was measured.

To determine the moisture absorption of
slicate fillers, steam was used for a saturated
solution of sodium hydroxide with a constant
value of relative humidity of 95 %.

To determine the moisture absorption of
silicate fillers, steam of sodium hydroxide for a
saturated solution with a constant value of relative
humidity of 95 % was used.

To study the influence of polymer-silicate
filler on the speed of curing of polyester resins,
unsaturated polyester resins of brands Estromal 11.
LM-02 and Estromal A023 were used.

Investigation of the influence of polymer-
slicate filler on the patterns of hardening of
unsaturated polyester resins was carried out by
changing the viscosity of polyester composites on
Rheomat-30 at a constant shear rate 28.5 s, The
dosage amount of the test composition was placed
in a measuring cell consisting of a system of
coaxial cylinders.

Resear ch results and their discussion

The influence of polymer modifiers on the
surface characteristics of metal-containing PSMs
was confirmed by studies of sorption of seven
acid-base indicators that differ in nature of
functional groups and values of pKa and are
capable of adsorption on the surface of the PSM
due to physical interaction with acid-base centers.

Based on patterns of sorption found that the
sorption capacity for the studied material has a
specific and selective nature and determined by the
nature of polymer modifier and metal (Table 1).

Table 1
The influence of the metal nature on the value
of the specific active surface area of the S,
and the number of active centersqg, of MPSM

Oa 106,

2
No lon metal mol/g S, mg
1 Ccu™ 94.0 73.59
2 B 77.8 60,94
3 A% 94.6 74.06
4 NiZ* 99.1 77.58
5 Zn* 96.4 75.46
6 Fe** 96.2 75.31
7 Co™ 85.4 66.85




It was established that the specific area of
the active surface (S,) and the number of active
centers (q.) on it decreases in the row: Ni%*> Zn?*>
>Fe*> Cu*> Co?"> Ba®. Such regularities are
reated with the peculiarities of the structure of
silicate materials. And in the case of Ba®* it is also
related with the formation of soluble Ba (OH), in
the reaction medium and steric interference due to
a large size of Ba®" cation. At the same time, the
influence of the valence of metal on the sorption
capacity of metal-containing silica fillers is not
observed, which confirms the physico-chemical
homogeneity of the surface of such materials.

It is established that the number of active
centers of sorption modified MPSM significantly
depends on the nature of the indicators (Table 2).

Table 2
Influence of the nature of the indicator and the
polymer modifier on the number of active centers
of the Cu-containing polymer-silicate filler

No |  Indicator pKa | Modifier Gar 10"

mol/g

- 8.64

1 | Diamond green 13 PVP 7.84

PVA 5.00

- 6.36

2 Bro”tjlphmo' 42 [ PVP | 663

ue PVA -

- 1.71

g | Bromocresdl g, —pmyp | 0ss
purple

PVA 1.17

- 94.00

4 | Methyleneblue | 9.7 PVP 80,75

PVA 87.10

- 2.28

5 | Indigocarmine | 12.8 PVP 0,55

PVA 1.58

As in the case of modified materials, as
well as unmodified, the greatest activity is shown
in relation to methylene blue and diamond green,
and the lowest — bromocresol purple. At the same
time, the sorption of methyl orange does not
occur at all.

The use of polymer modifiers — PVP and
PVA leads to a decrease in the number of active
centers, with the exception of bromophenol blue.
Thus feature of sorption is associated with the
blocking of active surface groups of silicate
formations (silanediol, silanol, siloxane) due to
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physico-chemical interaction with functional
groups of a polymer modifier. For indicators with
pKa of 4.2-12.8, the effect of PVP is more
pronounced than the effect of PVA. This diffe-
rence is associated with higher conformational
parameters of PVP macromolecules and enhanced
complexation ability.

It is established that the nature of the
modifier also affects the value of the specific
surface area of the active surface of metal-
containing polymer-silicatefillers (Fig. 1).

80 - 1

60 T {
Cu Ni

Fig. 1. Theinfluence of the polymer modifier on the
value of the relative area of the active surface:
1 —without the modifier; 2 —modifier PVP;
3 —modifier PVA

It was found that modification leads to a
decrease in the value of the area of active surface
relative to methylene blue not depending on the
nature of the metal and the modifying effect of
polyvinylpyrrolidone is more pronounced.

The influence of the concentration of
polymer modifiers in the reaction medium during
the production of PSM on the number of active
centers of Ni-containing PSM reative to the
indicator of methylene blue was established

(Fig. 2).

Fig. 2. Influence of nature and concentration
of polymer modifier on the number
of active centers of Ni-PSM



The largest decrease in the number of active
centersis observed in the case of concentrations of
a polymer modifier in the reaction medium in the
range of 0.1-0.2 basemol/l. It is a such
concentrations that the maximum efficiency of the
modification of silicate formations is achieved and
the blocking of the active acid-base centers of the
surface of the silicon-oxide carcass by active
groups of the polymeric modifier occurs [13].

The established regularities of the
influence of the nature of the polymer and the
method of its introduction on the morphology
and the properties of metal-containing polymer-
silicate materials are to some extent confirmed
by the results of the sorption studies of moisture
absorption, which are given in Table 3 and in
Fig. 3.

Table 3
Sor ption moistur e absor ption of metal-containing PSM
lon metal
Polymer modifier Method of modifier input cu** Ba® zZn* Co**
Moisture absorption, %
without modifier 52.4 20,2 375 39.5
. in a solution of metal chloride 27.1 6.8 23.6 26.7
in Na-LG 255 12.6 17.3 16.2
BVA in a solution of metal chloride 28.9 7.2 32.7 32.3
in Na-LG 29.0 16.9 34.7 19.9

Note that the nature of the metal in different
ways affects the values of moisture absorption.
The least value of moisture absorption is observed
for systems in which the barrier chloride was used
as the precipitant, which is due to the peculiarities
of the interaction of the metal with Na-LG during
the reaction of the formation of metal-containing
polymer-silicate materials.
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Fig. 3. Influence of the concentration of polymer and
the method of its introduction on moisture absorption of
Cu PSM: 1,2 —PVA,; 3, 4— PVP; method of introducing
apolymer: 1,4 —inNa-LG; 2, 3—in a solution of metal

chloride

Based on the carry out sorption studies on
moisture absorption, it can be concluded that the
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obtained materials are characterized by a highly
developed active surface. It should be noted that
modified silicate materials, regardiess of the nature
and introduction method of the polymer modifier
have markedly lower value of moisture absorption
than unmodified.

This is due to the blocking of superficial
groups of dlicate formations (silanol and
silanediol) by macromolecules of PVA and PVP,
which take an active part in sorption processes
Hzo.

In this case, the nature of the metal in
different ways affects the value of the sorption
moisture absorption of PSM, which is associated
with different acid-basic properties of metals in
silicon-oxygen frames.

It was established that even at low
concentration of polymer there is a significant
decrease in moisture absorption, which indicates
an increase in the surface hydrophobicity.

Due to the fact that the developed metal-
containing PSFs are marked by high values of the
hydrophobic active surface area and the number of
active centers on it, it was interesting to investigate
the effect on the specific properties of composite
materials based on thermosetting matrices.

The obtained PSMs can be used to create
composite materials based on unsaturated



polyester resins, which are widely used in various
fields of modern technology.

It was found that fine-dispersed metal-
containing polymer-silicate materials lead to
changes in the kinetic dependences of hardening of
polyester compasitions that were evaluated on the
basis of viscometric studies.

It was found that Zn- and Co-containing
PSFs slow down the hardening of unsaturated
polyester oligomers, while the Ni- and Cu-content
accelerates (Fig. 4).
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Fig. 4. Influence of the metal nature of PSM
at the time of achieving a viscosity of 40 Pa-s
polyester compositions during their hardening

Thisis dueto the different activity of metals
in terms of the impact on the individual stages of
the resin hardening process, especialy on the
activation stage, and the different nature of the
functional surface-active groups of fine-dispersed
metal-containing PSM.

The influence of the polymer modifier of
Ni-containing PSM on the patterns of hardening of
unsaturated polyester resins (Fig. 5) was
established.

Introduction to the reaction medium the Ni-
containing polymer-silicate materials leads to an
accelerated process of hardening of polyester
compositions.

Polymer modifier accelerates the process of
polyester matrix structure, which is due to
increased technological compatibility between the
components of the composite and the interactions
of active carbamate groups of PVP or hydroxyl
groups of PVS with components of polyester
compositions. At the same time, PVP to a gresater
extent accelerates the process of structuring
polyester compositions than polyvinyl alcohol.

It should be noted that with the decrease of
the area of the active surface of the PSM and the
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number of active centers on it, due to the blocking
of the functional groups of the silicon-oxygen
carcass by the active groups of the polymer
modifier, the acceleration of the hardening of the
polyester compasitions is accel erated.
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Fig. 5. Kinetic dependence of the viscosity of
compositions of polyester resin Estromal 11LM-02
(1-4) and Estromal 4023 (5-8) during their hardening
in the presence of Ni- PSM (2 % by weight):

1, 5—without PSM; 2, 6 —unmodified SM; 3, 7 — PSM
modified by PVA; 4, 8 — PSMl modified by PVP

The process of formation of a spatial
polymer is accompanied by significant shrinkage
and the emergence of structural inhomogeneities,
which, in turn, cause the appearance of residual
stresses in the matrix of the composite and affect
its strength. Introduction to the composition of
polyester  composition of  metal-containing
polymer-silicate materials can influence the
process of structuring coherent due to the
formation of a boundary layer with a lower degree
of structuring, as well as reduce the value of
technological shrinkage and directed to regulate
the complex of operational and technological
characteristics.

Conclusions
The influence of the polymer modifier and
the nature of the metal on the sorption

characteristics of metal-containing polymer-
silicate materials was established. It was found
that the specific surface area of the active surface
and the number of active centers on it depend on
the nature of the metal. The greatest values of
these parameters are observed for Ni*, and the
smallest for Ba?* and Co™.



The use of polymer modifiers, regardless of
the nature of the metal and the indicator, leads to a
decrease in the number of active centers and the
specific surface area of the active surface, whichis
due to the blocking of the active groups of the
surface of silicate formations due to interaction
with the functional groups of the polymer
modifier.

Modified silicate fillers are markedly less
moisture absorption than unmodified, due to the
growth of their hydrophobicity under the influence
of the macrochains of the modifier, which will
provide increased technological compatibility of
silicate fillers to the polymer matrix during the
creation of composite materials.

It was established that the introduction of
Ni-containing polymer-silicate filler into polyester
compositions leads to accelerating their hardening,
while polymer modifiers contribute to the growth
rate of this process.

References

1. BykovE.A.,, DehtyarevV.V. (2006).
Modern fillers Questions of chemistry and chemical
engineering an important factor in improving the com-
petitiveness of composites. Plastic masses, 1, 32-36.

2. Moumita Kotal, Anil K.Bhowmick (2015).
Polymer nanocomposites from modified clays: Recent
advances and challenges. Progress in Polymer Science.

51 (13), 1127-1187. https//doi. org/10.1016/].
progpolymsci.2015.10.001
3. GarciaM. (2004). Polymer — inorganic

nanocomposites, influence of colloidal slica. Thesis
university of Twente.

4. Yiu-Wing Mai, Zhong-Zhen Yu, (2006).
Polymer Nanocomposites, Cambridge: Woodhead
Publishing Limited.

132

5. Rakesh K. Gupta, Elliot Kennd, Kwang-Jea
Kim (2009) Polymer Nanocomposites Handbook.
Cambridge: CRC Press.

6. Mittal V. (2009) Polymer Nanocompostes:
Advances in Filler Surface Modification Technique. —
New Y ork: Nova Science Publ.

7. Dibyendu Mondal, Md. Masud R. Mallick,
Biplab Bhowmick, Dipanwita Maity, Mrinad K. Bain,
Dipak Rana, Asis Mukhopadhyay, Kausik Dana,
Dipankar Chattopadhyay (2013) Effect of poly
(vinylpyrrolidone) on the morphology and physica
properties of poly (vinyl acohol)/sodium montmo-
rillonite nanocomposite films, Progress in Natural
Science: Materials International, 23 (6), 579-587.

8. Kerber M. L., VinogradovV. M., Golov-
kinG. S, BelinaA. A.(Eds) (2008) Polimernyye
kompozitsionnyye materialy // SP.: Professiya.

9. VoroninE.F., NosachL.V., PahlovE. M.
(2007).

Peculiarities of adsorption interactions on the
surface of the aggregate nanosilica. Physical chemistry
of nanomaterials and supramolecular structures, 1,
264-285.

10. Masyuk A. S., Levytskyi V.Ye (2014).
Regularities of obtaining of polymer-silicate composites
from water-soluble silicates and polymers. Eastern-
European Journal of Enterprise Technologies, 6/6(72),
29-33.

11. Levytskyi, V.Ye, Masyuk, A. S., Suber-
lyak, O. V. (2017) Preparation and properties of
polymer-silicate composites based on hydrophilic

polymers //  Voprosy Khimii i Khimicheskoi
Tekhnologii. 6, 68—74.

12. BishopE. (1976). Indicators. Moskow
HMyrH.

13. Lewytskyi V., Masyuk A., Katruk D. and
Bratychak M. (2016) Regularities of obtaining, mor-
phology and properties of metal-containing polymer-
silicate materials and polyester composites on their
basis Chemistry & Chemical technology. 1, 35-40.



