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Hocaidceno ocHO6HI peomexHo02iMHi 8]1ACMUBOC-
mi anoMocuniKamnux aoze3usis 0nsl CKIAEH06aHHI MACU-
6i6 Oepesunu. Bidznaveno, wo 0na adeezusie na ocHo-
61 JYHCHO20 ATHOMOCUTIKAMHO20 38°S3Y101020 CKAA0Y
Nay0-Al,034,55i05-17,5H,0 ounamiuna 6’asxicmo 6 dia-
nasoni weuoxocmeii 6i0 0 do 200 RPM 3mintoemocs 6i0
6933 cIl do 368,4 cll, a cepedns naacmuuna 6’s3Kicmo
cmanosumo eeququny 86,27 cIl. Ilpu oonaxoeomy 3na-
YeHHI N0BePXHEB020 Hamszy i pobomu Kozesii, Haiimen-
wum Kymom 3mouyeannsa (cos©=0,7973) i naibirvuu-
Mu xoegpiyienmamu 3mouyeanns (s=0,8986) i maunnocmi
(f=-6,5mH/m), a maxosxc pobomamu cun adeesii (Wa=
=58,23 MmH/m), 3mouyeanns (Ww=25,83 mH/m) xapax-
mepusyemvcs niokaaoka oyxa, Hadau — 6iIbXU, ACEHIO,
cocnu, bepesu i 0yoy.

s adze3usie Ha 0CHOBI YIHCHOZ0 ATIOMOCUTIIKAMHOZ0
36’a3y10u020 cxnady Nay0-Al,03-65i02-20H,0 ounaminna
8’a3xicmo 6 dianazoni weuoxocmei 6i0 0 do 200 RPM 3mi-
Hroemocs 610 5340 cll 0o 374,4 cIl, a cepedns naacmuuna
8’asxicmv cmanosums eenununy 85,72 cll. Ilpu oonaxoso-
MY 3HaueHHI N0BePXHEe8020 Hamszy i pobomu Koze3ii, nai-
MeHwuM Kymom 3mouyeanns (cos©=0,5876) i naiidinvuu-
Mu koeiuicnmamu 3mouyeanns (s=0,7938) i pozmiurocmi
((=—19,34 mH/m), a maxosc pobomamu cun aozesii (Wa=
=74,46 mH/m), 3mouyeanns (Ww=27,56 mH/m) xapak-
mepusyemvcs nioknaoka 6inbxu, Hadan — cochu, dyoy,
Oepesu, 6yxa i sacenio.

s aozesusy cxnady Nay0-Al,03-4,55i05-17,5H,0 npu
Manux 3naueHHsx weuoxocmi 3cyey 6id 0,0378 do 1,05 1/cex
sycunna 3cyey 36invuyemoca 6i0 26,21 dyne/cm? 0o
48,64 dyne/cm®. Ompumani oani 3nauno nepesunyronv
Ui M€ NOKAZHUKU PIOUHHOZ20 CKAQ NPU GEUKUX WEUO-
Kocmsax 3cyey 6i0 14 do 39 1/cex./na adee3usy cxnady
Na,0-Al,03-6Si0,-20H,0 na manux weudxocmsx 3cyey
cnocmepizacmovcs piskuil cnieck 3ycuans 3cyey 6io 40
0o 110 dyne cm?. Ile noe’sazano 3 npouecamu oucnepea-
uii kpemmezemucmoi cknadosoi. Ilpu 36invuenni snauens
weudxocmi 3cysy 6i0 5 0o 42 1/cex 3ycunns 3cyey 36ino-
wyemoca 6id 110 do 158 dyne/cm?. Ile noe’asano 3i cma-
oOiizayielo 3navens 6’43K0CMi 3 YMEOPEHHAM 00HOPIOHOI
cmpyxmypu adze3usy

Kmouoei cnosa: anromocunixamnuil aoze3ue, ounamiv-
Ha i RAACMUYHA 8’A3KICMb, N0GEPXHEBUL HaMm 2, KYM 3MO-
UYGaAHHSL, 3YCULNS 3CY8Y, Depes’aHa nioKkaaoka

] =,
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1. Introduction

Glued wooden structures are widely used in construction,
primarily due to their high strength characteristics, mois-
ture resistance, and a relatively low cost of installation [1, 2].
Another advantage of glued structures is the utilization of
substandard wood [3]. Wood gluing mainly involve organic
adhesives based on polyvinyl acetate emulsions that has water
resistance indicators of D2..D4 [4], as well as phenol-formal-
dehyde [5], acrylic [6], epoxy [7], polyurethane [8], and others.

The share of mineral adhesives is insignificant and they
are mainly used for gluing cellulose-containing materials. It is
promising in order to glue wood arrays to use mineral alumino-
silicate-based adhesives [9]. They should ensure, at the level of
organic ones, that the adhesive joint strength is not lower than
strength of wood for chipping along the fibers and stretching
across the fibers. They also should demonstrate the required
weatherability and the capability to withstand sufficient loads.
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Mineral adhesives represent heterogeneous physical-che-
mical systems (suspensions). They consist of three or more
phases, separated by an interface. The liquid phase is a dis-
persed medium with the suspended solids (dispersed phases)
distributed in it, whose sizes vary from 0.5 to 100 um. Phases
may differ from each other in composition and properties, com-
ponent content, thermodynamic character and in the degrees
freedom. Typically, solid components in a dispersed environ-
ment are bound by a phase rule [10].

For the case where a dispersed medium is an alkaline alu-
minosilicate binder, highly-filled with functional additives, it
manifests its heterogeneity and predisposition to sedimenta-
tion with a change in the dynamic viscosity over time.

Therefore, it is a relevant task in terms of colloidal
chemistry to regulate aggregate stability and processes of
structure formation in alkaline aluminosilicate suspensions
that serve as a base for mineral adhesives from a technological
point of view.



To control the processes of structure formation and the
rheological properties of aluminosilicate adhesives, thinning
and stabilizing chemical additives are used. These additives
make it possible to purposefully change both their elec-
tric-surface and rheological characteristics aimed at modify-
ing the phase interface «solid body — solution».

2. Literature review and problem statement

We did not find any papers reporting studies into the
rheotechnological properties of adhesives for wood arrays.
Given the fact that an aluminosilicate adhesive contains in
its composition metakaolin, micro silica, and liquid glass, it is
advisable to analyze scientific works on the rheology of the
components specified above.

Paper [11] reports results of the gelation of a composite
colloidal-silica system. It is shown that it occurs due to the
hydroxylation of silica particles with the formation of pri-
mary aggregates that are chemically bonded by a gel-like
siliceous phase. The influence of Cl-, NH**, OH™ ions from
a liquid phase on the formation of a silica skeleton has re-
mained unclarified from the rheokinetic point of view.

In[12], a rotary viscosimetry method was applied to
study the dynamics of the destruction of dispersed structures
in aerosil A-175 in water and aqueous solutions of non-
iogenic polyethylene oxide. It was found that the presence of
gas (air) inclusions causes the structural and hydrodynamic
instability of dispersions. The aerosil dispersions, modified by
polyethylene oxide, belong to the thixotropically structured
systems. Increasing the concentration of polyethylene oxide
leads to a substantial increase in the structure arrangement
of the system and changes the rheological behavior of the
dispersion. At the concentrations of polyethylene oxide
SPEO<1.25-10"* mol/1, dispersions demonstrate the quasi-
Newtonian current character. At SPEO>2.5-10"3 mol/l, the
dispersion current demonstrates attributes typical of highly
structured solid-state (Rebinder) systems.

Paper [13] investigated the electrokinetic and rheological
properties of kaolin dispersions with a volumetric share of
solid phase particles at 9=0.20 and ¢=0.47 in the presence of
a sodium silicate dispersant (Xs=0.075 mg dispersant/m? and
Xs=0.225 mg dispersant/m?). Dispersions with Xs<0.075 mg
dispersant/m? demonstrated plastic behavior (when tested
for shear) and the characteristics of a gel (at vibrational tests)
due to the large aggregation of kaolinite particles. Dispersions
with a dispersant in the amount Xs>0.105 mg/m? demon-
strated rarefaction characteristics at shear and behaved as vis-
coelastic fluids at vibrational tests. Such a behavior is typical
of dense dispersions with lamellar colloidal particles, which
are well stabilized by electrostatic repulsion, which is charac-
teristic of the stabilized highly concentrated dispersions.

Works [14, 15] report results from regulating the rheo-
logical properties of kaolin and kaolin-hydrolysaceous clay
suspensions and ceramic slurries. It is shown that control
becomes possible due to effective organo-mineral diluents.
The effect of diluents is associated with a change in the elec-
trokinetic potential of the system due to the parallel progress
of two processes — cation exchange and physical adsorption
of anions. The authors did not study the influence of diluents
on the reokinetics of dispersions over time. It was noted
n[16] that the nonaqueous layered silicate suspensions
exhibit a complex rheology behavior due to the sensitivity
of the structure to the flow. The nature of nonequilibrium

and metastable structures, caused by the flow in the inves-
tigated layered silicate suspensions with their linear and
non-linear viscous elastic properties, is based on a fractal
scaling theory, whereby the space of percolation networks,
consisting of clusters with a mass fractal dimensionality of
DfA2, makes it possible to identify the formation of aggre-
gates in the flow of a dispersed environment. It was noted
that the suspension shear speed is associated with a reversible
aggregation process. After stopping the flow, the authors ob-
served the thixotropic properties in the suspension, associa-
ted with local restructuring at the nanolevel.

Since the main phases in the process of polycondensation
of aluminosilicate structures are zeolite-like new forma-
tions [17, 18], work [19] carried out a research of the rheolo-
gical characteristics of natural zeolite aqueous suspensions. It
is shown that at pH7 at the concentration of particulate matter
to 20 % the suspensions demonstrated a Newtonian behavior
and withstood higher loads at shear. With a solid phase content
exceeding 35 %, the suspensions showed hysteresis and had
a limit of fluidity, which increased exponentially at an increase
in solid substance. The emergence of the yield strength and
its rapid growth at a relatively low concentration of solids,
compared with other concentrations of particulate matter in
suspensions, were explained by intra-particle interaction.

From a technological point of view, the dilution and
increased fluidity of aluminosilicate suspensions is possible
under conditions of cavitation treatment [20—23], following
which the dynamic viscosity of the compositions was charac-
terized by pseudoplasticity and homogeneity.

3. The aim and objectives of the study

The aim of this study is to determine the effect of the
composition of an alkaline aluminosilicate binding agent on
the rheotechnological properties of aluminosilicate adhesives
for wood, which would make it possible, under industrial
conditions, to control the time it takes for both causing and
gluing the arrays of wood.

To achieve the set aim, the following tasks have been
solved:

—to define the rheotechnological characteristics of so-
dium soluble glass as the dispersed phase of an aluminosili-
cate adhesive;

—to determine the rheotechnological characteris-
tics of an aluminosilicate adhesive based on the alka-
line aluminosilicate binding agent with a composition of
NaQO'A1203'4.SSiOQ'17.5H20;

—to determine the rheotechnological characteris-
tics of an aluminosilicate adhesive based on the alka-
line aluminosilicate binding agent with a composition of
Na20A12036510220H20

4. Materials for obtaining rheotechnological
aluminosilicate adhesives and methods to study them

In order to obtain the alkaline aluminosilicate binding agent
with a composition of NayO-Al;03:(4.5-6)Si04:(17.5-20)H,0
to serve as a model system, we used metakaolin, micro silica,
and sodium liquid glass. Calculation of the optimum ratio of
oxides was carried out taking into consideration recommenda-
tions from [24—26]. We adjusted the composition of the bind-
ing agent for alkaline oxides by using their aqueous solutions.



According to work [9], it is expedient to use adhesives
with a ratio of basic structure forming oxides SiOy/AlyO3=
=4.5 and SiO,/H,0=17.5 for gluing wood arrays. The ad-
hesives at ratio SiO,/Al,03=6 and SiO,/H,0=20, repre-
senting a more elastic system [27-31], should be use to glue
plywood and structural elements with an enhanced flame
resistant of the adhesive joint.

To obtain an aluminosilicate adhesive for gluing wood
arrays, a series of functional organo-mineral additives were
expediently introduced into the composition [32]. The ad-
ditives would contribute to the regulation of rheological
characteristics — viscosity, spreadability, wetting angle, etc.
The set of the organo-mineral additives is the «<know-how»
and is not disclosed in this work.

We prepared the alkaline aluminosilicate binder and the
adhesive based on it at a laboratory dissolver.

Conditional viscosity of suspensions was determined
using the viscometer VZ 246 with a hole diameter of 4—6 mm
at a temperature of 202 °C.

The rheological characteristics were acquired using the
Brookfield viscometer LV D2T in the speed range from 0 to
200 RPM applying the spindles LV-2C(66) and LV-3C(67).

We determined a surface tension coefficient for the alu-
minosilicate adhesives by a drop separation method [5, 33]:

mg
=—=, mN/m,
Y=_p mN/m

where: m is the mass of a suspension, g; g is the acceleration
of gravity force, m/cm? n is the number of drops, n=25;
D is the capillary diameter, mm (D=5 mm).

We determined the work of adhesion (Wa), cohesion (Wk),
wetting (Ww) forces, as well as wetting (8) and spreadabili-
ty (f) coefficients, according to data from paper [34].

Wetting angle was determined by digital photography
followed by image processing using the software paint.net
and COMPASS.

The wood backings used were alder, birch, pine, ash, oak,
and beech wood. The samples of wood were characterized
by an equilibrium humidity of 12 % and a surface roughness
of 80 um. The criteria that were chosen for estimating the
rheotechnological characteristics of aluminosilicate adhesive
suspensions included: dynamic viscosity, plastic viscosity, the
cosine of the wetting angle, surface tension, and shear force.

The object selected for comparing the rheotechnological
characteristics was sodium liquid glass with silicate module
Ms=2.84 and density 1.383 g/cm?.

3. Results from studying the rheotechnological properties
of aluminosilicate adhesives

The main dispersive environment both for the alkaline
aluminosilicate binder and the adhesive on its base is sodium
liquid glass. Determining its rheotechnological characteris-
tics is important to understand changes in the rheotechno-
logical characteristics of aluminosilicate adhesives when they
are used to wet the surface of wooden backings made from
different types of wood in the process of coating and gluing.

Fig. 1-3 show results of change in the dynamic and
plastic viscosity of sodium liquid glass, as well as adhe-
sives obtained based on the binding agents with a compo-
sition of NayO-Aly03-4.5S105:17.5H,O and NayO-Al,O3x
x6S10,-20H,0, depending on spindle rotation velocity and
the momentum; Fig. 4 — shear efforts on shear rate.
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Fig. 1. Change in viscosity depending on spindle rotation
velocity and the momentum: @ — dynamic; b — plastic
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Fig. 2. Change of viscosity in the aluminosilicate binder with
a composition of Na,0-Al,03-4.5Si0,-17.5H,0 depending on
spindle rotation velocity and time and the momentum:
a, b — dynamic; ¢ — plastic
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Fig. 4. Dependence of shear efforts on the shear rate of adhesive suspensions, obtained based on:
a — pure liquid glass; b — binder with a composition of Nay;0-Al,03-4.5Si0,-17.5H,0; ¢ — binder with a composition
of Na20~AI203-68102~20H20

Fig. 5-7 show results from wetting the surface of back-
ings made from wood of different breeds with sodium liquid
glass and the adhesives that were obtained based on binders
with a composition of NayO-Aly03-4.5S104-17.5H,O and
NHQOA12036SIOQ2OHQO

The colloidal-chemical characteristics of sodium liquid
glass and the suspension of adhesives based on the alka-
line aluminosilicate binder with compositions NayO-Al,O3x
x4.5S109-17.5H,0 and NayO-Aly,03-6Si09-20H,0 are given
in Tables 1-3.



Fig. 5. Wetting angle of liquid glass on wooden backings: a — Alder, ©,,=65°92"; b — Birch, ©,,=68°82";
¢ — Pine, ©,,=31°08"; d— Ash, ©,,=67°28’; e — Qak, ©,,=63°59"; f— Beech, 0,,=59°64’
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Fig. 6. Wetting angle of the adhesive suspension based on the alkaline aluminosilicate binder with a composition of
Na,0-Al,03-4.5Si0,-17.5H,0 on wooden backings: a — Alder, ©,,=44°17"; b — Birch, ©,,=50°74"; ¢ — Pine, ©,,=48°09;
d— Ash, ©,,=47°3"; e — Oak, ©,,=64°31"; f— Beech, ©,,=37°13"

Fig. 7. Wetting angle of the adhesive suspension based on the alkaline aluminosilicate binder with a composition of
Na,0-Al,03-6Si0,-20H,0 on wooden backings: a — Alder, ©,,=54°01’; b — Birch, ©,,=66°72’; ¢ — Pine, ©,,=58°78’;
d— Ash, ©,,=71°78"; e — Oak, ©,,=58°09"; f— Beech, ©,,=64°52’




Table 1

Colloidal-chemical properties of liquid glass

Indi- Backing from wood breeds

UM

cators alder | birch | pine | ash | oak |beech

Ms=2.84, density 1.383 g/cm?, surface tension y=54.3 mN/m,
conditional viscosity v=14 s

cos® - 0.408 | 0.3613 | 0.8564 | 0.3862 | 0.4448 | 0.5054
Wa |mN/m| 7646 | 7392 | 100.81 | 75.27 | 78.45 | 81.74
Wk | mN/m | 1086 | 1086 | 108.6 | 108.6 | 108.6 | 108.6
Ww |mN/m| 2215 | 19.62 | 46.5 2097 | 24.15 | 27.44

s - 0.7041 | 0.6807 | 0.9283 | 0.69.31 | 0.7228 | 0.7527
mN/m | -32.14 | -34.68 | —-7.79 | —33.33 | -30.15 | —26.86
Table 2

Colloidal-chemical properties of aluminosilicate binder with
a composition of Na,0-Al,05-4.5Si0,-17.5H,0

Indi- UM Backing from wood breeds
cators alder | birch | pine | ash | oak | beech
density 1.427 g/cm?, surface tension y=32.4 mN/m,
conditional viscosity =65 s
cos® - 0.7173 | 0.6328 | 0.66796 | 0.6782 | 0.4335 | 0.7973
Wa |mN/m| 5564 | 529 | 54.04 | 54.37 | 46.45 | 58.23
Wk | mN/m | 64.8 64.8 64.8 64.8 64.8 64.8
Ww |mN/m | 2324 | 20.5 | 21.64 | 21.97 | 14.05 | 25.83
s - 0.8586 | 0.8164 | 0.834 | 0.839 | 0.717 | 0.8986
mN/m | -9.16 | —-11.9 | -10.76 | -10.43 | -19.35| —6.5
Table 3

Colloidal-chemical properties of aluminosilicate binder with
a composition of Na,0-Al,03-6Si0,-20H,0

Indi- UM Backing from wood breeds
cators alder | birch | pine | ash | oak |beech
density 1.463 g/cm?, surface tension y=46.9 mN/m,
conditional viscosity v=32 s
cos© - 0.5876 | 0.3952 | 0.5183 | 0.3127 | 0.5286 | 0.4302
Wa |mN/m| 74.46 | 65.43 | 71.21 | 61.56 | 71.69 | 67.08

Wk |mN/m| 93.8 93.8 93.8 93.8 | 938 93.8

Ww | mN/m| 27.56 | 18.53 | 24.31 | 14.67 | 24.79 | 20.18
s — 0.7938 1 0.6975 | 0.7592 | 0.6563 | 0.7643 | 0.7151
mN/m | —19.34 | -28.37 | -22.59 | -32.34 | —22.11 | -26.72

6. Discussing the experimental results from studying the
rheotechnological properties of aluminosilicate adhesives

Fig. 1, a shows that in the speed range from 70 to
200 RPM the dynamic viscosity of sodium liquid glass varies
nonlinearly at a magnitude of 45+0.4 Pas.

The plastic viscosity of the liquid glass, which is deter-
mined from the cotangent of the inclination angle of the
straight line in the dependence v=f(M), amounts to the mag-
nitude of 84.43 sP in the velocity range from 70 to 200 RPM.
Difference in the values for dynamic and plastic viscosity can
be explained by the structure arrangement of the structural
components of glass, namely colloidal particles of ortho-, di-
and trisilicates of sodium in the dispersed environment [35].

One can see from Fig. 2, a that in the speed range from
0 to 200 RPM the dynamic viscosity of the adhesive sus-
pension based on the alkaline aluminosilicate binder with
a composition of NayO-Aly034.5S5i05-17.5H,0O changes in

line with an exponential dependence characterizing the
pseudoplastic type of a liquid. The same dependence is
observed for a change in the values of dynamic viscosity
(v=200 RPM=const) d depending on the time of spindle
rotation (Fig. 2, b).

Plastic viscosity of the adhesive with a composition of
Nay0-Al,03-4.5S104-17.5H,0 was determined based on the
cotangent of the inclination angle of the straight line in the
dependence v=f(M). In the speed range from 0 to 200 RPM,
its magnitude is 86.27 sP (Fig. 2, ¢). The increase in the
values for plastic viscosity, in comparison with the same in-
dicator for the liquid glass, is explained by the larger filling
of the dispersed environment with the dispersive phase, as
evidenced by the increase in spindle torque.

One can see from Fig.3,a that in the speed range
from 0 to 200 RPM, the dynamic viscosity of the adhesive
suspension based on the alkaline aluminosilicate binder
with a composition of Nay,O-Al;03-6Si0,-20H,0 varies in
line with an exponential dependence, which characterizes
the pseudoplastic type of a liquid. The same dependence
is observed for a change in the dynamic viscosity values
(v=200 RPM=const) d depending on the time of spindle
rotation (Fig. 3, b).

Plastic viscosity of the adhesive suspension based on
the alkaline aluminosilicate binder with a composition of
Nay0-Aly03-4.5S104-17.5H,0, which was determined based
on the cotangent of the inclination angle of the straight line in
the dependence v=/f(M), amounts to a magnitude of 85.72 sP.
Alder in the speed range from 0 to 200 RPM. The increase in
the values of plastic viscosity, in comparison with the same
indicator for the liquid glass, is explained by the larger filling
of the dispersed environment with the dispersive phase, as
evidenced by the increase in spindle torque.

Changes in the deformation characteristics of liquid glass
and adhesion suspensions are shown in Fig. 4. It follows
from the obtained experimental data that for liquid glass
the shear effort is proportional to the shear rate and is linear
in character (Fig. 4, a). For the adhesive of composition
Nay0-Aly034.5Si04-17.5H,0 (Fig. 4, b) the character of
change in dependence is similar to the liquid glass. There is
an abnormal effect at small values of shear rate from 0.0378
to 1.05 1/s. The shear effort increases from 26.21 dyne/cm?
to 48.64 dyne/cm?, exceeding the same indicators for liquid
glass at larger shear speeds from 14 to 39 1/s. For the adhe-
sive of composition Na,O-Aly03-6Si04.-20H,0 (Fig. 4, ¢),
one observes at low shear speeds a sharp surge in shear effort
from 40 to 110 dyne/cm?. With an increase in the shear rate
values from 5 to 42 1/s the shear effort increases from 110 to
158 dyne/cm?.

The derived rheotechnological characteristics of the ex-
amined compositions contribute to understanding the chan-
ges in their colloidal-chemical characteristics when wetting
a wood surface.

When applying liquid glass drops on wooden backings
from different breeds, one can see that at the same parame-
ters for surface roughness the wetting angle does differ; most
likely it depends on the viscosity, surface charge, and density
of the wood breed (Fig. 5).

The smallest value of wetting angle ©,,=31°08" is cha-
racteristic of pine, which is explained by the lower value of
its density, porosity characteristics, etc.

For birch, the wetting angle value is the largest
0,,=68°82" and it is dense enough compared to other
backings. The lowest value for wetting angle ©,,=37°13" is



characteristic of beech wood, the largest, ©,,=64°31’, of oak
wood, which is explained by the lower value of its density,
porosity characteristics, etc.

As seen from data in Table 1, at the same value of su-
perficial tension and cohesive work, the smallest wetting
angle (cos®=0.8564) and the largest coefficients of wetting
(5s=0.9283) and spreading (f=-7.79 mN/m), as well as the
work of adhesion forces (Wz=100.81 mN/m), wetting for-
ces (Ww=46.5 mN/m), for liquid glass are demonstrated by
a pine backing.

When applying droplets of the adhesive based on the
alkaline aluminosilicate binder with a composition of
NayO-Al;05-4.5S10,-17.5H,0 onto backings made from dif-
ferent types of wood, one can see that at the same parameters
for surface roughness, the wetting angle does differ and,
most likely, it depends on the surface charge and density of
the wood breed (Fig. 6). The smallest wetting angle value
0©,,=54°01" is characteristic for alder wood, the largest
©,,=71°78’ for ash wood, due to the greater value of its den-
sity, the characteristics of porosity, etc.

It was noted that at the same value of surface ten-
sion and cohesive work (Table 2), the smallest wetting
angle (cos®=0.7973) and the largest coefficients of wetting
(s=0.8986) and spreading (f=—6.5mN/m), as well as the
work of adhesion forces (Wa=58.23 mN/m), wetting forces
(Ww=25.83 mN/m), are demonstrated by backings made of
beech, followed by alder, ash, pine, birch, and oak.

When applying droplets of the adhesive based on the
alkaline aluminosilicate binder with a composition of
Na,O-Aly03-4.5Si104:17.5H,0 onto backings made from dif-
ferent types of wood, one can see that at the same parameters
for surface roughness the wetting angle does differ; most like-
ly, it depends on the surface charge and density of the wood
breed (Fig. 7). The smallest wetting angle value ©,,=54°01"
is characteristic of alder wood, the largest ©,,=71°78" —
of ash wood, due to the greater value of its density, the cha-
racteristics of porosity, etc.

It was shown that at the same value of surface tension
and cohesive work (Table3) the smallest wetting angle
(cos®=0.5876) characterizes the alder backing, followed by
pine, oak, birch, beech, and ash.

Such a behavior of suspensions clearly manifests thixo-
tropy, it is consistent with data from papers [36, 37] and
makes it possible to control the gluing of arrays of different
types of wood with a certain time of survivability, which
makes it possible to develop the mechanisms to feed alumi-
nosilicate adhesives to gluing sites, to predict the conditions
for thermal treatment of glued arrays, etc. Special features
of this study relate, first, to that an aluminosilicate adhesive
has a mineral nature and exhibits resistance to fire, and other
factors; second, to that, by controlling its rheotechnological
properties, it is possible to use it at automated lines for the
production of wooden pallets.

Our studies in the future will be aimed at studying the
yield strength of aluminosilicate adhesives by reducing the
size of dispersed particles, providing for uniformity with the
increased adhesive capacity under conditions of cavitation
treatment of aluminosilicate suspensions.

6. Conclusions

1. It has been established that in the speed range from
70 to 200 RPM the dynamic and plastic viscosity of sodium
liquid glass changes linearly and amounts to a magnitude of
45+0.4 sP and 84.43 sP, respectively. It was noted that at the
same value of surface tension and cohesive work, the smallest
wetting angle (cosQ=0.8564) characterizes the pine backing.

2. For the adhesive based on the alkaline aluminosilicate
binder with a composition of Na,O-Al,03-4.5S10,-17.5H,0,
the dynamic viscosity in the range of speeds from 0 to
200 RPM varies from 6,933 sP to 368.4 sP, and the mean
plastic one amounts to a magnitude of 86.27 sP. At small
values of shear rate from 0.0378 to 1.05 1/s, the shear effort
increases from 26.21 dyne/cm? to 48.64 dyne/cm?, exceed-
ing the same indicators for liquid glass at large shear speeds
from 14 to 39 1/s. It was noted that at the same value for
surface tension and cohesive work, the smallest wetting
angle (cos®=0.7973) is demonstrated by the beech backing,
followed by alder, ash, pine, birch, and oak.

3. For the adhesive based on the alkaline aluminosilicate
binder with a composition of NayO-Al,03-6Si09-20H,0 the
dynamic viscosity in the speed range from 0 to 200 RPM
varies from 5,340 sP to 374.4 sP, and the mean plastic one
amounts to a magnitude of 85.72 sP. It was discovered that
at low shear rates there is a sharp surge in shear effort from
40 to 110 dyne/cm?, which is associated with the dispersing
processes of silica component; and with an increase in the
shear rate values from 5 to 42 1/s the shear effort increases
from 110 to 158 dyne/cm?, which is due to the stabilization
of values for viscosity and the homogeneity of the adhesive
structure. It was noted that at the same value for surface
tension and cohesive work, the smallest angle of wetting
(cos®=0.5876) characterizes the alder backing, followed by
pine, oak, birch, beech. and ash.
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0 0

IToxazano, wo 3naune 3HUNCEHNA <BY21eUeEB020 CIOY> Y MEXHO-
710211 GY0ieenvH020 BUPOGHUIMEA 00CAZACMbCSA 3A PAXYHOK 6U20MOB-
JlenHa KainKep-epexmuetux Gemonie na 0cHo6i nopmaanoyemenmio
xomnosuyitinux. Ilposedenumu 0ocaioyicenHAMU 6CMAHOBAEHO, WO
HepiBHOMIPHUIL PO3N00ia 3epHOBUX (PpaKyiil cymiui 3anoéHI06aie ma
ix nideuwena 3azanvia nuMomMa NOGEPXHA NPU3600ans 00 36inbeH-
HA 8000nompedu, poswapyeanis, 60006i00ineHHs 0emonnoi cymi-
wi ma 3nuscenns miynocmi 6emony. /nsa docsenenns it 6UCOKOL
WITGHOCMI YNaKoeKu 3epeH peanizoeano nioxio, AKuil epYyHmyemvcs
HA onmuMI3auii 2panyioMemputozo CKkAady KOMnoHeHmie Gemon-
Hoi cymiwi. Bcmanosneno, wo niosuwieni nokasnuxu pannooi miy-
Hocmi Gemonie Ha 0CHOGI HUSLKOEMICIHUX KOMNOUUIIHUX UeMeH-
mie 00Csa2a0OMbCA 34 PAXYHOK 66edeHHs cynepnaacmuixamopis
Ha ocnosi eipy nonixapooxcuramy (PCE) ma aycrno-cynopamuoi
axmusauii. /[na 6cmanosnenns 36’°a3Ky Midc eKON0IMHUMU MA mex-
HIMHUMU 8ACMUBOCMAMU 0eMONY BUHAMEHO epeKxmuUsHicmb K-
xepy 6 oemoni. Ilpu 30invuwenti miynocmi moougirxosanozo Gemony
Ha 0cHo8i nopmaanouemenmy xomnozuyiunozo CEM I1/B-M 32,5 R
(xninkep-gpaxmop 0,65) cmeoproemvcs MONCAUBICMb CYMMEBO-
20 3HUIICEHHA NUMOMOT eumpamu KainKepy HaA O00UHUUIO MIUHOC-
mi 0o 4,5...3,0 e/ (M MIla); 6idnoeiono COs-inmencuenicmo cxna-
dae 3,9...2,6xe COs/(M-Mlla). 3uauna inmencupixauis npouecie
PAaHHBL020 CMPYKMYPOYMEOpeHHs HAHOMOOUDIKOBAHUX KAiHKep-
epexmusnux Gemonie 3abe3neuyemvcs 3a PAXYHOK KOMNIEKCHOZ0
nioxo0y: onmumizauii cymiuii KoMnoHenmis, 66e0eHHs CYNEPNIACHU-
¢ixamopa PCE ma nanomooudixamopis. 3 suKopucmannam memo-
0y naszepnoi oupaxuii doeedeno, wo 0CHOBHULL 6KNAOD Y PO3BUMOK
numomoi noeepxHi HaHoMoouQiKoeanoi uemenmyouoi mampuui 6Ho-
camo yavmpamonii wacmunxu (Kisq=761,2 mxm "vol. %) nano-Si0,.
Bcmanoeneno, wo cunepzemuune noeoHanHs MinepanvHux o0oda-
60K 6 nopmaanouemeHmi KOMROIUUIHHOMY MaA KOMNIEKCHO20 HAHO-
Mmooupixamopa <«PCE+nano-Si0y+C-S-H> 3a6e3neuye niosuuieni
noxasnuxu ocooauso pannvoi miyocmi (Re12,09=6,4 MIla) ma odep-
scanns 6emonie xaacy C50/60 i3 weudxum napocmannsam miyHoc-
mi (fomz/fem2s=0,51). Taxum wunom, € nidcmasu cmeepoxcysamu npo
doyinvricmov po3pobiena Hanomooudikosanux Kiuinkep-edexmus-
Hux Oemomnie 3 Memoro 3abesneueHHs WGUOKUX MmeMnié OYoieHUY-
mea ma eupiuenns npob.em, noe’a3anux 3 neobxionicmio peanizauii
cmpameeii HU3bK08Y2J1€Ue8020 POICUMKY

Kntouosi cnosa: xainxep-eexmuenuii Gemon, nopmaanoue-
Menm Komnozuyitinuil, cynepniacmudixamop nouikapooKcuiammozo
muny, IYHCHULL AKMUBAMOpP, HAHOCUIKA, PAHHA MIYHICMb, NOKASHUK
emicii CO»
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1. Introduction

Concrete as a composite building material is widely used
in construction due to its relatively low cost, variety of appli-

cations, high durability and environmental friendliness [1, 2].
It is the second most used material on the planet after water.
Current trends lean towards increasing the cement content
in concrete. Between 2004 and 2019 cement consumption



