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Abstract. Friedel-Crafts alkylation reaction of vinyl-
trimethoxysilane with styrene was performed in the pres-
ence of anhydrous AlCl;. Alkoxy(4-vinylphenethyl)silane
has been obtained. The synthesized products were identi-
fied by IH, 13 C, COSY NMR, and FTIR spectroscopy.
Calculations using the quantum-chemical non-empirical
density functional theory (DFT) method for the reaction
between vinyltrimethoxysilane and styrene performed for
ortho-, meta- and para-positions were discussed. For the
theoretical modeling an online prediction program ‘Pri-
roda-04: A quantum-chemical program suite” was used.
Composite materials based on wood sawdust with various
dispersion qualities and synthesized trimethoxysilylated
styrene as a binding and reinforcing agent with degrees of
silylation (5 %), in the presence of various organic/ino-
rganic additives, fire retardants, and antioxidants, have been
developed at different temperatures and pressures via hot
press method or extrusion. The physico-mechanical proper-
ties of composites have been investigated.

Keywords: trimethoxy(4-vinylphenethyl)silane, alkyla-
tion reaction, FTIR and NMR spectroscopy, DFT.

1. Introduction

Polymeric binders are one of the most vital compo-
nents of organic coatings because they serve as a material
that integrates with the other components. In this context,
the molecular structure of polymeric binders should be
designed to benefit the specific purposes of the coatings
(i.e., protection against corrosion, abrasion, and microbial
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fouling)."™ A broad range of polymers, including polyes-
ters, epoxides, polyurethanes, polyureas, acrylics, vinyl
acetates, silicones, silicates, polyvinyl chlorides, pheno-
lics, and vinylidene fluorides, are used as binders for or-
ganic coating materials °. These polymers are primarily
produced from petrochemical raw materials. Due to envi-
ronmental and economic problems caused by the detri-
mental influence of fossil fuel resources, renewable re-
sources have recently gained considerable importance for
their benefits, such as low cost, availability, and biode-
gradability."

Vinyltrimethoxysilane is a kind of vinyl-based si-
lane, which is widely used in crosslinked polyethylene
production, glass fiber processing, and inorganic filler
surface modification as a coupling and linking agent si-
multaneously."

Natural fibers have been found to be excellent rein-
forcing materials for preparing polymer matrix-based
composites. In the present study, both raw and surface
modified Agave fiber reinforced polystyrene matrix-based
composites were prepared in order to explore the effect of
reinforcement on the mechanical properties of the ma-
trix.'*

Due to increased environmental concerns natural
fibers have recently attracted great attention for the syn-
thesis of fiber-reinforced polymer matrix-based compos-
ites.””"” These composites have additional advantages
such as low cost’, availability, high specific strength,'®
and biodegradability;'® they are nonabrasive and easy to be
processed. Among various polymer matrices, thermoplas-
tics are mostly used in the manufacture of plastic/wood
composites.”’ Styrene is one of the most important ther-
moplastics which is in great demand due to its transpar-
ency, fluidity, and good electrical insulation proper-
ties.”"*

Composite materials obtained from natural fibers
are intensively studied due to their ecological nature and
specific properties. The advantages of natural fibers are
their continuous supply, easy and safe processing, and
biodegradable nature.
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Great interest has been directed to the development
of new composites obtained from thermoplastic polymer
matrices, which are based on renewable plant materials.
This interest is caused not only by their environmental and
economic benefits, but also by such interesting properties
as renewability, biodegradabilit;/, low density, high
strength, and relatively low price.” ™

Trimethoxysilylated styrene was synthesized to be
used as a binder and reinforcement material in a wood
polymer composite, which is safe for the human organ-
ism. Investigation of the Friedel-Crafts alkylation reaction
of vinyltrimethoxysilane with styrene in the mixture of
ortho-, meta-, and para-styrene and predicting the direc-
tion of this reaction using the non-empirical density func-
tional theory (DFT) have been carried out.”*?! Density
functional theory is widely applied to both molecules and
materials, but well-known energetic delocalization and
static correlation errors in practical exchange-correlation
approximations limit quantitative accuracy.’>°

This study aims at using the non-empirical density
functional theory regarding the Friedel-Crafts alkylation
reaction of vinyltrimethoxysilane with styrene to produce
trimethoxy(4-vinylphenethyl)silane as well as forming
and characterizing composite materials based on dry saw-
dust of pine and trimethoxy(4-vinylphenethyl)silane and
styrene as a binder and reinforcement agent.

2. Experimental

2.1. Materials

Synthetic manipulations were carried out under an
atmosphere of dry nitrogen gas. All solvents were de-
gassed and purified before using according to standard li-
terature methods: toluene, hexane, and tetrahydrofuran
were distilled from sodium/benzophenone ketyl. Styrene,
vinyltrimethoxysilane and AICl; were purchased from
Aldrich and used as received or distilled prior to use.

Composites based on dry sawdust of pine used
trimethoxy(4-vinylphenethyl)silane and styrene as a
binder and reinforcement agent, which was obtained via
an alkylation reaction of vinyltrimethoxysilane with sty-
rene according to the literature data.”’

2.2. Characterization

Fourier transform infrared spectroscopy (FTIR) stud-
ies were conducted on a NicoletTM iS50 FTIR Spec-
trometer-Thermo Fisher Scientific in the infrared region
of 4000-400 cm ' (scan 32, resolution 4 cm ' ); band
intensities were denominated in transmittance. Analytical
sample was finely dispersed powder (1-2 mg). 'H, "°C
NMR and COSY NMR spectra were recorded on a Bruker
ARX400 NMR spectrometer at a 400 MHz operating
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frequency with C¢Dg as the solvent and an internal stan-
dard.

Thermogravimetric investigations were carried out
on a “Paulic-Paulic-Erday” derivatograph (model MOM-
102). The rate of temperature increase during tests was
~10 deg/min in an open area.

2.3. Alkylation Reaction of Vinyltrie-
methoxysilane with Styrene

74.0 g (0.5 mol) of styrene and 2.0 g (0.0150 mol)
of aluminum chloride were placed in a three-necked flask
connected with a backflow condenser and dropping fun-
nel. 74.12 g (0.5 mol) of vinyltrimethoxysilane was added
from the dropping funnel under constant stirring. The
mixture was heated for 3 hours and then 5.130 mL of
triethylamine (3.724 g, 0.0368 mol) were added dropwise,
cooled in an ice bath and stirred for 30 minutes. After that,
the reaction mixture was heated for 2 hours under stir-
ring.* During cooling, a precipitate appeared on the walls,
which was filtered and vacuumed. After distillation of
92 g the viscous product in vacuum, 51 g (55 %) of a
transparent viscous product was obtained.

2.4. Processing

The composites were prepared by hot pressing of
highly dispersed (20-30 pm) dry pine sawdust with
trimethoxysilylated styrene (with 1% dicumyl peroxide)
as a binder and reinforcement agent. The samples were
created under pressures up to 15 MPa at the temperatures
of 433, 453, and 463 K for 5 min. Two types of samples
have been created: cylindrical (for investigation of water
absorption) and rectangular (for mechanical testing).

After cooling, the samples were weighed, and the
density of the composites was calculated. After that, the
samples were placed in water for 3 hours to determine the
water absorption index. The same manipulation was car-
ried out after 24 hours.

2.5. Testing Methods

Water absorption X (in percent) was calculated
by the formula:
x="2"" 10,
m
where m; and m; are the weights of the sample before and
after water absorption.

Bending testing. Bending testing (also known as
flexural testing) was performed on parallelepipeds with a
length of 10 cm and a vertical square cross-section of
1 cm’. Each specimen was placed on two prisms, with a
distance of 8.0 cm between the prisms. The indenter was a
metal cylinder with a diameter of 10 mm applied from
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above to the midpoint of the specimen. Bending strength
(or flexural strength) is defined as the stress needed to
create a breaking goint (a crack) on the outer surface of
the test specimen.

Impact viscosity determination, also called shock
Viscosity determination, is a technique applied to soft
041 and is essentially a drop impact test. The drop
height (h) is the vertical distance between the upper sur-
face of the tested material (h;) and the bottom surface of
the drop hammer at the end of the impact event (hy). With
the sample mass m and the acceleration g, the work per-
formed by the falling hammer is mg (h; — hy), normalized
with resyect to the horizontal cross-section of the speci-
men FF.

Vicat softening depth, also known as Vicat hard-
ness, is the determination of the depth of the indentation
with respect to the top surface caused by a flat-ended
indenter with a cross-section of 1 mm” Several loads
defined below were applied; the cross-section of the in-
denter end was circular.

3. Results and Discussion

The first information about the functionalization of
styrene with vinyl-containing silicon-organic compounds

in the presence of Lewis acid (FeCl; and AICl;) in solu-
tion was reported by Titvinidze et al.** It was shown that
the yields of the alkylation reaction of vinyltriethoxysilane
with styrene in the presence of AlICI; are higher than in
the presence of FeCls.

Trialkoxy(4-vinylphenethyl)silane (StSi(OR);) type
monomers were synthesized via two-step reactions: hy-
drosilylation reaction of 1.4-divinylbenzene with trichlo-
rosilane, followed by esterification reactions with primary
alcohols. ™ The yield of the trialkoxy group-containing
compounds is about 50 %.

The alkylation reaction of vinyltrimethoxysilane
with styrene (1:1, w/v) in the presence of anhydrous AICl;
as the catalyst was carried out. The reaction proceeds
according to the following scheme 2.**

The synthesized trimethoxy(vinylphenethyl) silane
is a viscous liquid. The structure of trimethoxy(vinylphe-
nethyl) silane was confirmed by FTIR-, 'H, "C, hetero
COSY, and *’Si NMR spectra. Moreover, experimentally
determined values of the molecular mass and molecular
refraction were in good agreement with the calculated val-
ues. This confirms the structure of trimethoxy(vinylphe-
nethyl) silane as shown in Scheme 2.

Some physicochemical characteristics of trimeth-
oxy(vinylphenethyl)silane are presented in Table 1.

1) (i-C3Ho)sN OCH;

< > / HSiCly < > SiCly - Cycoxexane C Si\—OCH3

4 PdCly(PPh;), 4 2) Anhydrous EtOH 2 OCH,
40 45°C

20°C,4h

Scheme 1. The reaction scheme of the trimethoxy(4-vinylphenethyl)silane synthesis

//—Q + CH,=CH-Si(OCH,),

Alc13

OCH;
OCH,
OCH,4

/__<:\//C2H4Sl

Scheme 2. Alkylation reaction of vinyltrimethoxysilane with styrene

Table 1. Some physicochemical properties of trimethoxy(vinylphenethyl)silane

Yield,

Thoiling (K) 20 20 * -
# Compound P=10mmHg % np d, M MR
OCI,
B / 252 73.85
1 CHfCH-C6H4-C2H4—Sl\—OCH3 354-358 55 1.4650 0.9433 = 72 80
OCH,4 '

* Molecular masses were determined via ebullioscopy method.
** Molecular refraction: calculated values are in the numerator, found values — in the denominator
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In the IR spectra of trimethoxy(vinylphenethyl) si-
lane (Fig. 1), the absorption bands at 3081-3059, 1630,
1598, 1494 and 698 cm ' are characteristic of stretching
and deformation vibrations of asymmetric and symmetric
C-H stretching of the aromatic ring. The stretching and
deformation vibrations of aliphatic C-H bonds (-CH,-) are
observed at 2942 and 2840 cmﬁl, respectively. The ab-
sorption bonds observed at 1275 cm™' corresponds to the
C-O (-C-O-CHj) stretching vibration. At 1190, 1076,
1009 and 968 cm ' the absorption bands are characteristic
for the Si—-O-CHj3;, and also Si-C stretching are observed at
809 cm '. The absorption bands at 767 cm ' are character-
istic of methylene =CH, group.®
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In the '"H NMR spectra of the synthesized com-
pound, we can see the aliphatic group signals (2H, m,
CH;) as multiple signals with chemical shifts at
6=1.1 ppm; also CH, group signals appear at 3.2 ppm
(2H, m C¢H4-CH, ) as a multiple signal. The signals of
CH; group protons appears as a singlet signal at 3.3—
3.5 ppm (9H, m, Si- O—C Hj ). The signals of aromatic
group can be seen as multiple signals at the region of
5.59-6.0 and 7.2, 7.3-7.6 ppm (4H,m, CH ) (Fig. 2).

The chemical shifts of these signals are close to the
values, determined by Swanson.” Supposedly, alkylation
occurs with the formation of isomeric compounds of or-
tho- and para-addition and chemical overlap takes place.
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Fig. 1. IR spectra of trimethoxy(vinylphenethyl)silane
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Fig. 2. "H NMR spectra of trimethoxy(vinylphenethyl)silane
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In C NMR spectra of the synthesized compound,
the carbon atom signals of the aliphatic CH, group appear
in the 14.60 ppm and 30.2 ppm upfield region. CH; group
signals appear at the region of 51.9 ppm, which corre-
sponds to three carbon atom signals, and C=C vinyl group
signals and aromatic group signals of phenyl ring appear
in the region of 112.4-139.8 ppm. “C NMR spectrum
(Fig. 3) is in accordance with '"H NMR spectrum.

Fig. 4 presented the hetero COSY NMR spectra of
trimethoxy(vinylphenethyl)silane, where the “C NMR
and "H NMR spectra correlate with each other.

1847
1839
12764
12742
12619

According to the 'H and °C NMR spectra, it is
evident that the alkylation reaction was performed. How-
ever, it is difficult to detect the direction (para- or ortho-
position) in which alkylation proceeds, since the signals
overlap, which is confirmed by studying the simulated
NMR™*" spectra by the online prediction program
(ChemBioDraw Ultra 14.0"® and MestreNova®). How-
ever, based on quantum-chemical modeling of the alkyla-
tion reaction of vinyltrimethoxysilane with styrene we
assume that the alkylation reaction probably proceeds
mainly in the ortho-position.
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Fig. 3. "C NMR spectra of trimethoxy(vinylphenethyl)silane
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Fig. 4. COSY NMR spectra of trimethoxy(vinylphenethyl)silane
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For a detailed study of alkylation reaction direc- -2682500
tion, quantum-chemical calculations were carried out r
using the non-empirical density functional theory (DFT).5 0 ~2682330
For the theoretical calculation online prediction pro- 2682600
gram “Priroda-04: A quantum-chemical program suite” 3

.. . . S -2682650

was used. Addition reactions in ortho-, meta- and para- g
states were discussed. 2 -2682700

The distances between the carbon atoms (C;-Ci7, ui
C,-Cy7, C3-Cy7) and between the carbon and hydrogen -2682750
atoms (Hg-clg, Hlo-clg, H11-C18) were taken to be IOA 22682800
longer than the bond distance in the final product. The
distances between the atoms varied at intervals of 0.05 A. -2682850

The initial states of the systems are given in 2682900

Figs. 5, 8 and 11, and the final states — in Figs. 6, 9 and
12. The dependence of the energy change (AFE) of the
systems on the distances between the atoms is given in
Figs. 7, 10 and 13.

2,504 2,304 2,104 1,904 1,704 1,504
RC-C,A

Fig. 7. Dependence of energy change (AE) between

alkylation reaction of vinyltrimethoxysilane with styrene
(ortho-addition)

Fig. 5. Initial state of monomers involved
in the Friedel-Crafts alkylation reaction
of vinyltrimethoxysilane with styrene (ortho-addition)

Fig. 8. Initial state of monomers involved
in the Friedel-Crafts alkylation reaction
of vinyltrimethoxysilane with styrene (meta-addition)

Fig. 6. Final state of monomers involved
in the Friedel-Crafts alkylation reaction _ . .
of vinyltrimethoxysilane with styrene (ortho addition) RCrCn =1.704 A the system energy increases. Simulta-

carbon atoms C;-C;; on distance (R¢.c) in model Friedel-Crafts

One can see from Fig. 7, during approaches of the
C, carbon atom to the C,; carbon atom at the distance of
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neously the bond order between C; and C, atoms in the
styrene molecule decreases from 1.36 up to 1.00, and
between C; and Cg atoms — from 1.47 up to 1.23. The
bond order between C; carbon atom and Hy hydrogen
atom also decreases (0.92—0.52) and new bonds are ob-

served (P _c =072 and P =041). The double

bond moves to a single C-C bond. The hydrogen atom is
completely turn off from the C; carbon atom
(PCrH9=O.OO) and joined to the carbon C;g3 atom

(P, =0.93).

The activation energy AE™ is 315.61 kJ/mol, and
heat effect of the reaction AE is 237.02 kJ/mol. As we can
see, the reaction is endothermic. Given that there are four
reaction centers in the system [broken bonds (2): C;-Ho,
Cy; = Cg; generated bonds (2): C;-Cy7, Cis-Ho], the
mentioned activation energy must be divided by four. In
this case, the activation energy calculated for one reaction
center is AE'=315.61 kJ/mol/4 = 78.90 kJ/mol, which
means that the obtained value corresponds to the energy
characteristic of the chemical reactions.

Fig. 9. Final state of monomers involved
in the Friedel-Crafts reaction of vinyltrimethoxysilane
with styrene (meta-addition)

It is obvious from Fig. 10, that during approaches
of the C, carbon atom to the C;; carbon atom at the dis-

tance of RczfC17 =1.714 A the system energy increases.

Simultaneously the bond order between C, and C; atoms
in the styrene molecule decreases from 1.36 up to 1.13,
and between C, and C, atoms — from 1.38 up to 1.14. The
bond order between C, carbon atom and Hiy hydrogen

atom also decreases (0.93-0.50) and new bonds are ob-
served (P, =073 and P =043). The double

bond moves to a single C-C bond. The hydrogen atom is
completely turn off from the C, carbon atom

(P, _, =0.00) and joined to the carbon C;3 atom

Cy-Hyo

P =0.94).
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-2682500
2682530
2682600
2682650

i

3

= -2682700

z

-

ur  -2682730
-2682800
2682850
2682500

2114 15914 1,714 1514
RC-C, A

2,314

Fig. 10. Dependence of energy change (AE) between
carbon atoms C,-Cy; on distance (R¢.c) in model Friedel-Crafts
alkylation reaction of vinylytiethoxysilane with styrene
(meta-addition)

The activation energy AE" is 338.90 kJ/ mol, and
heat effect of reaction AE is 215.91 kJ/mol. As we can
see, the reaction is endothermic.

Given that there are 4 reaction centers in the system
[broken bonds (2): C,-Hyg, C17 = Cy3; generated bonds (2):
C,-Cy7, Ci13-Hyg], the mentioned activation energy must be
divided by 4. In this case, the activation energy calculated
for one reaction center is AE=338.90 kl/mol/4 =
= 84.73 kJ/ mol, which means that the value obtained cor-
responds to the energy characteristic of the chemical
reactions.

One can see from Fig. 13, that during approaches
of the C; carbon atom to the C;; carbon atom at the dis-

tance of Rc37cl7 =1.719 A the system energy increases.

Simultaneously the bond order between C; and C, atoms
in the styrene molecule decreases from 1.39 up to 1.12,
and between C; and C, atoms — from 1.38 up to 1.10. The
bond order between C; carbon atom and H;; hydrogen
atom also decreases (0.94-0.53) and new bonds are ob-

served (P, =072 and P, _; =0.40). The double

bond moves to a single C-C bond. The hydrogen atom is
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completely turned off from the C; carbon atom

(P
(P

3-Hy

=0.93).

18~ H11

Fig. 11. Initial state of monomers involved
in the Friedel-Crafts alkylation reaction
of vinyltrimethoxysilane with styrene (para-addition)

Fig. 12. Final state of monomers involved
in the Friedel-Crafts reaction of vinyltrimethoxysilane
with styrene (para-addition)

=0.00) and joined to the carbon C;3 atom

E, kJ*mole=1

2519 2319 2,119 1,519 1,718
RC-C, A

==
LA
=
=l

Fig. 13. Dependence of energy change (AE) between carbon
atoms C;3-Cy7 on distance (Rc.c) in modal Friedel-Crafts
alkylation reaction of vinylytimethoxysilane with styrene
(para-addition)

The activation energy AE" is 329.18 kJ/ mol, and
heat effect of reaction AE is 246.11 kJ/mol. As we can
see, the reaction is endothermic.

Given that there are 4 reaction centers in the system
[broken bonds (2): Cs-Hy;, Ci7 = Cys; generated bonds (2):
C;-Cy7, Ci1g-Hy1], the mentioned activation energy must be
divided by 4. In this case, the activation energy calculated
for one reaction center is AE'=329.18 kJ/ mol/4 =
= 82.30 kJ/ mol, which means that the value obtained cor-
responds to the energy characteristic of the chemical
reactions.

According to the values of the activation energy, it
is energetically most convenient to join in the ortho-state.

However, the quantum-chemical approach uses the
three-dimensional molecular structure, while the predic-
tion method does not take stereochemistry into account.
Also, the latter method works satisfactorily only if a simi-
lar structure is found in the database.”’ So, during this
alkylation reaction, the mixture of ortho- and para-
addition isomers is obtained.

There composites on the base of dry sawdust of
pine with trimethoxysilylated styrene as a binder and
reinforcement agent were prepared according to the tech-
nique described in Subsection 2.4. The weight ratio of
trimethoxysilylated styrene and sawdust was 5:95.

During hot pressing at 473 K, the binder in the
composites burned and small particles of filler throw out
from the press mould. Therefore, the composites were
obtained at a temperature of 433—463 K.

As for the obtaining of composites under a pressure
of 15 MPa, this condition was established on the basis of
studies conducted by our group.

FTIR investigations for composites have been car-
ried out (Fig. 14).
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Fig. 14. FTIR spectra of composites II (a) and IV (b) based
on the trimethoxy(vinylphenethyl)silane and sawdust

In the FTIR spectra, one can observe the character-
istic asymmetric stretching vibrations of the siloxane Si—
O-C up to a maximum at 1021 and 1022 cm . Absorp-
tion bands at 1263 and 1264 cm ' correspond to the
asymmetric absorption bands characteristic of O—C bonds.
Absorption bands at 1419 cm™' are characteristic of C-H
bend.

At 1507, 1603 and 1653 cm ' we can see the C=C-
C aromatic ring vibrations. Absorption bands at 2883 and
2924 cm ' are characteristic of aliphatic C—H bonds and
bands at 3343 and 3363 cm ' correspond to the OH bond.

Water absorption was studied for the composites.
The experimental results are presented in Table 2, from

which one can see, that by increasing obtaining temperature
of composites from 433 to 463 K, the water absorption
value decreases from 18.6 % to 3.97 %. The depth of the
etherification reaction was found to be increased with in-
creasing temperature. The reaction results in the creation of
new covalent bonds between the filler and the binder — the
reaction proceeds according to Scheme 3.

It is possible, that the filler crosslinking and rein-
forcement processes take place. It is not excluded, that in
this case, the binder is associated with the filler matrix and
will undergo polymerization relative to the vinyl group
according to Scheme 4.
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Scheme 3. Interaction and etherification reactions
of trimethoxysilylated styrene and cellulose
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Scheme 4. In situ polymerization reaction
of trimethoxysilylated styrene with fillers
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Scheme 5. In situ polymerization
of trimethoxysilylated styrene in a matrix
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Further, perhaps, a polymer formed on the surface
during in-situ polymerization, interacts with the cellulose
surface according to Scheme 5.

This polymer chain reacts with the cellulose hy-
droxyl group in the filler in the same way as monomeric
trimethoxysilylated styrene, which forms donor-acceptor
bonds and initiates the esterification reaction, which forms
a Si-O-C covalent bond between the filler and the binder.

Thermal stability of wood polymer composites was
studied by the Vicat method. The temperature reflects the
point of softening to be expected when a material is used
in an elevated temperature application. These results are
shown in Fig. 15, according to which the softening tem-
perature of composites increases with increasing tempera-
ture.

An increase in the softening temperature in com-
posites is due to an increase in the degree of esterification
reactions, which also increases the frequency of crosslink-
ing, i.e., the filler and the crosslinking agent form a uni-
fied system. Moreover, during in-situ polymerization a
composite reinforcement takes place. This increases the
softening temperature of the composite.

Physical-mechanical investigations were performed
for the composites.”> As can be seen from the data of
Table 3, the increase in temperature increase the values of
the bending strength. The value of impact viscosity also
increases, which is caused by the intermolecular chemical
interaction between the binder and the filler. Thus, the role
of trimethoxy(vinylphenethyl) silane as a binder and the
stabilizing agent is well demonstrated.

Table 2.Water absorption of the composites (obtained) based on sawdust (pine) and trimethoxisilylated styrene

" Composite P, T K Weight, | Volume, | Density, ;N}f ight after 2Y§lght after Z\AVEter abspmthn after
(Wt%) MPa 5 (2) (cm3) g/cm3 . exposure : exposure exposmon 1n water
in water (g) in water (g) in wt.%
I | 5% Silyl. 15 433 3.728 2.58 1.44 3.824 4.424 18.6
Styrene+95 %
sawdust
I | 5% Silyl. 15 453 3.630 2.54 1.43 3.699 3.921 8
Styrene+95 %
sawdust
IV | 5% Silyl. 15 463 3.600 2.53 1.42 3.677 3.743 3.97
Styrene+95 %
sawdust
0,26+ A
0241 ad
0,22 Ko
0,20 o
0,18 w1l
0,16
= 0,141 d f
g 0,12 ;
= 010 [
0,08 .
0,06 = : -
Fig. 15. Dependence of the depth of the sample 0,04 st e
on the composites temperature (Vicat method). Curve 1 corre- ‘{;:;(3' & oottt

sponds to composite II (5 % Silyl. Styrene, 433 K), curve 2 —
composite III (5 % Silyl Styrene., 453 K),
curve 3 — composite IV (5 % Silyl. Styrene, 463 K)

203 313 333 353 373 393 413 433 453 473
I.K

Table 3. Physical-mechanical properties of composites based on sawdust and trimethoxy(vinylphenethyl) silane (De-
pendence of bending strength and impact viscosity values of composites on the preparation conditions)

# Composite T,K Pressure, 5 R D
P ? MPa (ecm?) Bending strength (kg/cm?) Impact viscosity (kJ/m?)
I 5% Sllyl Styrene+95 % sawdust 433 15 1.089 45.08 16.07
I | 5% Silyl. Styrene+95 % sawdust 453 15 1.074 53,19 16,29
IV | 5% Silyl. Styrene+95 % sawdust 463 15 1.0584 56,94 17,47

Note: rate of temperature increase ~10 deg/min in an open area
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TG curves of the investigated composites are pre-
sented in Fig. 16. It is evident, that with an increase in
temperature the mass losses of composites are increased.
Presented figure shows mass losses at 373 K temperature,
which are connected with chemical reactions of functional
groups of sawdust with functional groups of binders.

About 10 % of mass losses can be observed in the
temperature range of 493-503 K. Obviously, this mass
loss is due to moisture in the composites or the release of
methyl alcohol. In this temperature interval condensation
processes may proceed with unreacted hydroxyl groups as
well as with hydroxyl and methoxyl groups. The main
destruction process runs intensively from 503—623 K and
up to 773 K till the full destruction of composites.

20 o

40 o

60 <
o DN

T | T T T
273 373 473 573 673 773 873

T, K

mass losses, %

Fig. 16. TGA curves of composites, in the open area, rate
of temperature increase is 10 °C/min. Curve 1 —composite 11
(5 % Silyl. Styrene, 433 K), curve 2 —composite 111
(5 %Silyl. Styrene., 453 K), curve 3 —composite IV
(5 %Silyl. Styrene, 463 K)

Differential scanning calorimetry (DSC) investiga-
tions were also performed for composites. The figure with
the results is not included for brevity. In some composites
the so-called glass transition temperature 7g =~ 190 K. As
discussed by I. Kalogeras and H. Lobland,™ representing
a glass transition region, for instance, 30 K wide, by a
single number is not only an uphill battle. Still, it provides
a confusing image of the situation. The softening tempera-
tures are in the range of 243 to 313 K.

4, Conclusions

Based on the results and analysis of this study, it
is concluded that the alkylation product trimethoxy (vi-
nylphenethyl)silane has been obtained by the Friedel-
Crafts alkylation reaction of vinyltrimethoxysilane with
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styrene. The structure and composition of the product was
proved by FTIR, 'H, °C and Cozy NMR spectroscopy.
For a more detailed study of the direction of the alkylation
reaction, quantum-chemical calculations were performed
using the non-empirical density functional theory (DFT).
According to the values of the activation energy, it is
energetically most convenient to join in the ortho-state.

However, it’s known that this method does not
consider the steric factors of the molecule caused by the
ortho-addition of vinyltrimethoxysilane to styrene. So,
referring to the NMR spectra data, it was concluded, that
the alkylation reaction proceeds with the formation of a
mixture of ortho- and para-addition.

For polymer composites, thermal properties have
been studied, in particular, the dependence of the sof-
tening temperature on the temperature of obtained com-
posites. It was concluded that the softening temperature
increases with the increase in pressing temperature. It was
determined that when the pressing temperature increases,
the water absorption decreases, and it is 4 times lower
than the water absorption of the conventional wood bub-
ble board produced today, which is within 20-30 %.

Physical-mechanical properties of composites were
studied. It was established that with the increase in the
pressing temperature of the composite, the flexural stre-
ngth and the value of the impact viscosity increase.
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PEAKIIA ®PIIEJA-KPA®TCA
BIHIITPUMETOKCUCHIAHY 31 CTHPEHOM TA
KOMITO3UTHI MATEPIAJIA HA IXHIA OCHOBI

Anomauin. 30iticheno aiKinyeants CMupery GiHLImMpUMeno-
Keucunanom 3a peaxyito @pioensi—Kpagpmea 6 npucymmocmi 6e3-
600H020 AICL;. Ompumano anxoxcu(4-eininghenemun)cunan. Curnme-
306ami npodykmu idenmugikysanu 3a donomoeoio 'H, *C, COSY
AMP ma FTIR cnekmpockonii. O62080peHo po3paxyHku 3 GUKOPUC-
MAHHAM MEeMOody K8AHMOBO-XIMIUHOI HeeMNipuyHoi meopii (pyHKyio-
nany eyemunu (DFT) Onst peaxyii midic 8IHIIMPUMEMOKCUCWIAHOM |
cmuperHoMm, 30LCHEHOT 3a Opmo-, Mema- i napa-noodjceHHsmu. Jls
MeopemuyHo20 MOOETIO8AHHS BUKOPUCIIOBYBAIU NPOSPAMY OHIIALIH-
npoenoszyeannst “‘Priroda-04: A quantum-chemical program suite”.
3a pisHux memnepamyp i mucKie MEMOOOM 2apsa4020 NpecyBaHHs adbo
exempy3ii 6y ooepaicani KOMRO3UYITIHI Mamepian Ha OCHO8I depe-
6HOI mupcu pizHOL OUCNEPCHOCIE Ma CUHME308AHO20 MPUMEMOKCU-
CUNNIOBAN020 CMUPEHY AK GSIHCYH020 U apMYBAIbHO20 a2eHma 3i
cmynenamu cuninysanns (5 %) y npucymuocmi pisHomanimuux opea-
HIYHUX/HEOPeaHIYHUX 000a60K, AHMUNIPEHI8 MA AHMUOKCUOAHMIG.
Jlocniosiceno @hizuko-mexaniuni 1acmueocmi KOMRO3UMIG.

Knrouosi cnosa: mpumemoxcu(4-giningpenemun)cunan, pe-
axyis anxinyeanus, FTIR i AMP cnexmpockonis, DFT.



