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The article gives an analysis of the requiremeatsraditional heat-insulating materials. In
connection with the introduction of new norms oargg saving, including in the residential sector,
as well as increasing the requirements for the hemtection of buildings, the issue of the
development of essentially new thermal insulatiatennals that meet the requirements of the time
has become most urgent. One of these materialguillcomposite systems filled with glass and
aluminosilicate microspheres based on polymer bismde
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Y emammi naoano amnaniz eumoe, wo eucysaromeci 00 MpaouyiiHux menioi30AaYyitiHux
mamepianie. Y 36’ 43Ky 3 6Mpo6a0*CEHHAM HOBUX HOPM 3 €Hep2030epedCeHHs, y Momy Yucii i y
HCUMTIOBOMY CEKMOpI, A MAKONC NIOBUWEHHAM BUMO2 00 mennos3axucmy 0ydieenb NUMAaHHA
PO3pOOIeHHs came NPUHYUNOBO HOBUX MENIOIZ30IAYIUHUX MAMepIanie, uwo 8i0nosioaoms eUMo2am
yacy, cmano Hauodinbw akmyairbHum. OOHUM 3 MAKUX mMamepianie € pioKi KOMRO3UYIUHI cucmemu,
HANOBHEHi CKIAHUMU MA ATIOMOCUTIKAMHUMU MIKpOCGepamu Ha OCHOBI NOJIMEPHUX 38’ A3YI0YUX.
Oouiero 3 npuduH 8UCOK020 iHmepecy 00 piOKoi mennoizonayii € mpyooMiCmMKICIb MOHMANCY
BEHMUNBLOBAHUX (hacadie, a maxodc npobrema ymenienwHs ¢hacadie cmapux 0YOUHKIE, WO
nompebyrome pecmaepayii. Ane cxknaou Ha NOAIMEPHIll OCHOBI 3 YACOM NOmpedyIomv 3MIHU,
OCKIIbKU  6CI  NOJiMepu  «Cmapiromov», a CKIAOU HA 2INCOBOMY 8 ANCYUOMY HEe MOINCHA
3acmocogysamu 306Hi. Tomy akmyanbHum 3a1ULIAEMbCA NUMAHHA 68 O0CHIONHCEHHI CKAadis, e 8
SAKOCMI OCHOBHO20 MENN0I30AYIUHO20 KOMNOHEHMAa 3acmoco8yloms MIiKpocgepu, wo HanoeHeHi
nosimpam, a 8 AKocmi 8’ Axcyuo2o — yemenm. Taki ckiaou MO#CHA epeKmuUeHo 3aCmoco8y8amu K
V BHYMPIWHIL, MaK i 308HIWHIT MENI0I30AYIT 020POOHCYBANLHUX KOHCIPYKYILL.

Kniouogi cnoea. mennoizonayilini mamepianu, enepeo3depedicents, meniozaxucm 0yoigenn,
KOMNO3UYIUHI cucmemu, CKISIHL ma anttoMOCUNIKAMHL MiKpocghepu.
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B cmamve Oam  ananuz  mpebosanuil,  NPeOvAGIAEMbIX K MPAOUYUOHHBIM
MENOU30NIAYUOHHBIM MAMEPUATAM. B c853U ¢ 6HeOpeHUeM HOBbIX HOPM NO IHEP2OCOEPENCEHUIO, 8
MOM HUCTIe U 8 HCUTIOM CeKmope, a MmaKdice NovlueHueM mpedo8anHull K meniozauwjume 30anull
BONPOCHL  PA3PAOOMKU  UMEHHO NPUHYUNUATILHO HOBbIX  MENIOU30JIAYUOHHBIX MAMepualos,
omeeuarwux mpebosaHusM epemMenu, cmano Haubonee axmyanvhvimM. OOHUM U3  MAKUX
MaAMepuanos SGNAIOMCs HCUOKUEe KOMHOZUYUOHHbIE CUCMEMbl, HANOJIHEHHble CMEKISIHHbIMU U
ANFOMOCUTUKAMHBIMU  MUKPOCPEpamMu HA OCHO8e NOAUMEPHLIX ceazyiowux. OOHOU U3 NpuyuH
BbLICOKO20 —UHmMepeca K JHCUOKOU — MENIou30IAYUY  A6NIAeMcs.  mpyoOOeMKOCmb — MOHMANCA
geHmunupyemvlx ¢acados, a makxce npoodiema ymenienus Gacadog cmapvix O00MO8,
Hyacoarowuxcs 6 pecmaspayuu. Ho cocmaswl na nonumepnoii ochoge co epemernem nompedyem
U3MeHeHUsl, NOCKOIbKY 6ce noaumepwvl "cmapeiom”, a coCmasbl HA SUNCOBOM BNHCYULeM Helb3sl
npumensimo chapyicu. [1osmomy akmyanbHbim 0CIMAaemcst 60NPoOC 6 UCCLe008aHUU COCMABO8, 20€ 8
Kauecmee 0OCHOBHO20 MENIOUZONAYUOHHO2O0 KOMNOHEHMA NPUMEHSIIOM MUKPOChepbl, HANOTHEHHbLE
B030VYXOM, 4 8 KAHECMEe ANCYUIE20 - YEMEHM.

Kniwouesvle cnosa:. mennouzonayuonnvie Mamepuavl, dHepeocoepedcenus, menio3auumad

S’OCZHMIZ, KOMNO3UYUOHHbLE cucmemyvl, CMEKIAHHbIE U AIIOMOCUTUKAIMHbLE MquOC(ﬁepbl.

Introduction. Characteristic signs of
modern construction are new constructive and
technological solutions and new structural,
finishing,  waterproofing,  heat-insulating
materials. The introduction of new energy
efficiency standards, including in the
residential sector, as well as increasing the
requirements for heat protection of buildings
gave point to the issue of the development
fundamentally new heat-insulating materials
that meet the requirements of the time.

Analysis of recent research and
publications. The main general requirements
for heat-insulating materials (HIM) and
structures, depending on the field of
application are: low average density, and for
enclosing structures of buildings - not highg
than 500 kg/my a low coefficient of thermal
conductivity, which should not exceed fo
high-efficiency heat-insulating materials and
structures 0.09 W / m° C, high temperature
stability - the material and the construction qgf
heat insulation should not burn and sustajn
combustion, smolder after removing the opgn
flame and must withstand the temperatufe
limits of their use. In addition, the materia
must have a constant volume, which is
determined by the resistance of self-
compression during shrinkage and vibration
during operation, a low water absorption when
immersed in water and low hygroscopicity,

1~

=

frost resistance, biostability, anti-corrosion
properties, harmlessness. Materials should not
evolve a specific smell, substances harmful to
human health and animals, as well as sub-
stances that reduce the strength of structural
elements, should be harmless both during
installation and operation, economic [1-5].

Modern insulation materials are mainly
made of foam polymers and mineral fibers [1-
4, 19, 20]. Along with undoubted merits, they
also possess many of the drawbacks mentioned
above. In the authors opinion, composition
materials, especially inorganic ones, don't have
these drawbacks[5, 21]. Appearance of glass
and aluminosilicate microspheres in the
market brings new ways for their improvement
[6, 22, 23]. The improvement should be based
on the knowledge of colloid chemistry and the
physico-chemical mechanics of disperse
systems and materials [7, 8], especially taking
into account the electro-surface properties of
the components of composites [7, 9, 10], and
also on modern methods of formulation
development [11, 12]. This will allow to
provide the required thermal characteristics of
the composites, as well as sufficient strength
and high durability (especially compared to
polymers) [13-16].

Materials and structures from them must
allow processing with cutting tools, applying
to the surface with light techniques (a sticker,
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applying in the form of stucco mixes or with
help of brushes), applying finishing layers on
them. HIM and structures from them should be
manufactured in an industrial way and meegt
the requirements of existing state standar
and technical conditions.

All existing heat-insulating materials to &
greater or lesser extent do not meet in full &ll
indicated requirements. However, many
requirements can be met by building a rationgal
insulating structure. For example, to take
precautions against moisture, increase its
mechanical strength. The choice of material
and design of heat insulation should take into
account the positive and negative qualities,
well as the real possibilities of obtaining
materials and their cost. It should be borne
mind that the high quality of the insulating
fencing is determined by three conditions: ja
properly chosen material, a rationally designed
structure and a quality performance df
installation work. Therefore, the choice of
insulation material regardless of design and,
conversely, the choice of design without
taking into account the thermal insulation
material are fundamentally irrational.

Depending on the main heat-insulating
material, heat insulating structures are divided
according to its name. Depending on the
composition of the main heat-insulating layer,
the heat-insulating structures are divided into
simple ones consisting of one basic heat-
insulating material and composite one
consisting of several heat-insulating material
Depending on the geometric shape ar
configuration of isolated objects, heat}
insulating  structures are divided intg
structures: for flat and curved surfaces.

The introduction of new energy
efficiency standards, including in the
residential sector, as well as increasing the
requirements for heat protection of buildings,
the development of fundamentally new heat-

n

SR

of the reasons for the high interest in liquid
heat insulation is due to the laborious
installation of ventilated facades, as well as the
problem of the insulation of the facades of old

s houses in need of restoration.

The most effective use of thin heat
insulation of liquid type is advisable to apply
for internal and external insulation of walls,
roof and floor of residential and industrial
buildings, as well as structures that are easily
installed (garages, pavilions, kiosks, etc.); for
the fire treatment of walls and ceilings on the
evacuation routes of people (elevators, common
corridors, staircases, etc.); for the protection of

as the outer walls from heating by solar radiation.

Task set. Since at the present time,
including in the construction industry,
materials  consisting of the  hollow
microspheres (aluminosilicate and glass) as
their main heat-insulating component, are
gaining popularity. Such compositions can be
easily applied to any curvature of the surface
and consist of a single heat insulating material
- microspheres filled with air. The
compositions are also known based on gypsum
binder, or acrylic water-soluble polymers filled
with microspheres, used in construction for the

purpose of haet insulation of external
enclosing structures. But polymer-based
compositions  will  eventually  require

replacement, since all polymers "age,” and
compositions on a gypsum binder can not be
used externally. Therefore, the issue remains
in the study of compositions where

microspheres filled with air are used as the
main heat insulation component, and cement is
used as binding element. Such compositions
can be effectively used, both in internal and
external insulation of enclosing structures.

The main material and results. For the
studies, a composite heat-insulating material
was used, where the main components were
white  portland cement, glass and

insulating materials that meet the requirements aluminosilicate microspheres filled with air

of the time has become the most urgent. O
of such materials is liquid composite system
filed with glass and aluminosilicate
microspheres based on polymeric binders. O

ne from 5 um to 30 um in diameter, chemical

additives to
rheological

regulate hydration processes,
properties and strength, vapor

ne permeability (fig. 1, 2).
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a

Fig. 2. Aluminosilicate microspheres: a — in thede state; b — with an increase of %10

The task was set in the work, namely, to applied. The second part of the outer surface
determine the heat conductivity of the of the container remained uncoated (fig. 3, a).
composite material, the main component of The temperature on the surface was
which are microspheres filled with air. To set determined using a thermal imager (fig. 3, b).
up the experiment, a plastic container wags The container, in which the water, was poured
used, on the part of the outer surface of whi¢ch was heated to a certain temperature.

a composite heat-insulating material was

b

a

Fig. 3. A test container with a heat-insulatingdaga), thermal imager, general view (b)
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Let us consider the process of heat
transfer through bodies of different structurgs

Accordingly, their thermal conductivity
coefficientsi; andX,. Since the temperatures

under steady-state conditions. With a constgnt of the outer surfaces of the plastic wall of the
or stationary thermal regime, the temperatufe container £ and the coating tare known, and

of the body in time remains constant. Under
given conditions, the temperature will change
only in a direction perpendicular to the plang
of the wall (fig. 4) [17, 18].

(]

Fig. 4. Two-layered flat wall

The protective wall of the container with
hot water consists of two layers that fit tightly
to each other. The thickness of the first laye
(plastic container) -6,, the thickness of the
second layer (composite coating materiady.—

124

r

b

a

the thermal contact between the surfaces is
assumed to be ideal, then the temperatures at
the points of contact are indicated thyandts.
Under steady-state conditions, the heat flux
density is constant and for all layers is the
same, therefore, one can record the heat flux
density for each layer:

1)

(2)

whered; andd, are the thickness of the plastic
layer and the coating respectively, and A,

are the thermal conductivity of the plastic and
the coating respectivelyt; and t, are the
temperature on the plastic and coating surface,
respectively.

The temperature of the water poured into
the container was 78, the temperature on the
surface of the plastic container was’@3the
temperature on the surface of the heat-
insulating layer 1 mm thick was %1, and on
a layer 2 mm thick — 2& (fig. 5).

c

Fig. 5. Measurement of the surface temperature tivélthermal imager: a — on the surface of
the plastic container (78); b — on the surface of the coating with a theggiof 1 mm (5°C);
¢ — on the surface of the heat-insulating coatirth & thickness of 2 mm (28)
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The coefficient of thermal conductivity
of the plastic, from which the container is madjg
is known and is equal tol = 0.15 W/m -°C,
and also the wall thickness of the container
known, it is possible to calculate the density ¢
the heat flux, which was 750 W/mlIf a

Ay =86 /t2—

-

4
Mo

The results obtained of calculating thg
thermal conductivity coefficient from the
surface temperature readings with the therm
imager show a slight discrepancy in the thir
sign, which confirms the reliability of the
results obtained.

Results. Thus, the heat-insulating
composite obtained on the basis of glass a
aluminosilicate spheres, cement binde
chemical additives has a coefficient of thermg
conductivity of 0,0340-0,0333 W/m °C,

known value of the density of the heat flux,
which is the same for all layers, it is possible
to calculate the thermal conductivity of the
is heat-insulating coating for thickness of 1 mm
pf and thickness of 2 mm, respectively:

D

ol

ty/=750-0,001/22 = 0,0340Bt/m-? C;
g8, /t,— t,/=750-0,002/45 = 0,0333BT/M° C;

D

”

thermal conductivity of the foam plastic

0,037 W/m -°C up to 0,043 W/m °C. The

al thermal conductivity of the air is

d 0,026 W/m -°C. That is, the resulting heat-
insulating material based on aluminosilicate
and glass microspheres filled with air and
connected to each other in a composite heat-

ndinsulating material with a modified cement

I binder is promising from the point of view of

Al thermophysical characteristics and requires

further research.
f

which corresponds to the coefficient o
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