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The article reports two methods of preparation of block thermal insulation materials based

on liquid glass; a comparative assessment of them is performed. These methods are

implemented via volume and contact grouting of the liquid glass granules by the microwave-

assisted swelling of a binder. In order to determine the effectiveness of a certain grouting

method, the samples were swollen at different power capacities of a microwave oven and

the basic operational characteristics of blocks were determined. The obtained results showed

that the materials fabricated by volume grouting are characterized by higher strength and

lower moisture sorption and water absorption properties than that prepared by contact

grouting due to a closer packing of granules and more uniform distribution of the binder

in the intergranular space. This is achieved through the use of microwave irradiation in the

production of block materials, which ensures uniform heating of all layers of the material

and simultaneously allows swelling both the granules and the binder. Therefore, a strongly

grouted material is obtained, which can be used as a structural thermal insulation.
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Introduction

The use of effective thermal insulation materials
(TIMs) reduces heat loss into the atmosphere and
solves the problem of energy efficiency to some
extent. The development of the energy-efficient
technologies for the production of thermal insulation
foamed materials by means of microwave irradiation,
such as granules based on liquid glass, and materials
made of them (blocks, slabs, etc.) used in civil
engineering to provide thermal insulation of buildings
is a topical issue.

Currently, there are four main ways to
manufacture porous materials: (i) the production of
artificial porous granular materials to fabricate highly
porous products [1]; (ii) the use of natural porous
materials to make products by additional porization
during the production process [2]; (iii) the production
of highly porous products from dense artificial and
natural fibrous and powdery materials [3]; and (iv)
the production of layers of loose and bulk materials
[4].

There are six basic ways of porization: removal
of the pore-forming agent, non-close packing,

contact grouting, volume grouting, creation of
combined structures and bloating.

Contact grouting is based on grouting of
granular and fibrous elements of the structure in the
places of their mutual contact with the help of thin
adhesive layers of the binder. Volume grouting differs
from the contact one as the binder fills all the voids
in the frame-forming material. Creation of combined
structures enables to receive highly porous products
with two and more types of porosity: fibrous-cellular,
granular-cellular, fibrous-cellular-capillary, etc. [5].

The aim of this work was to prepare block
thermal insulation materials with a monolithic high-
porous structure and satisfactory strength properties.
In this paper, we compared the properties of the
TIMs obtained through the volume and contact
grouting of the granular filler by the liquid glass binder
and selected the most appropriate grouting method.

Experimental

Contact and volume grouting of the TIMs were
investigated. During contact grouting, the bloated
granular filler based on liquid glass and a mineral
additive were used. The voids between them were
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subsequently filled with the bloated liquid glass binder
hardened under the influence of microwave
irradiation. During volume grouting, crude (not
bloated) granules were used. They were mixed with
the liquid glass binder. Under the influence of
microwave irradiation in the microwave oven, there
was simultaneous bloating of both granules and the
binder.

In order to determine the effectiveness of a
specific grouting method, the effect of power
capacities of a microwave oven on the bloating
samples was investigated. We determined the bloating
coefficient, density, water absorption and moisture
sorption and durability, which are important
characteristics of the thermal insulation materials.

The bloating coefficient shows an increase in
the volume of the bloated composition with respect
to its primary volume and is calculated by the
following formula:
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where V1 is the composition volume before bloating
and V2 is the bloated sample volume.

The density of the TIMs shows the ratio of the
sample mass to the volume occupied by it, including
the volume of the gas phase, and is calculated by
the following equation:
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where m is the sample mass and V is the sample
volume.

Moisture sorption and water absorption were
determined according to the Ukrainian state standard
DSTU B V.2.7-38-95 using samples of rectangular
shape with the dimensions of 10010035 mm. The
samples were dried to achieve a constant mass at
the temperature of 50–600C, then weighed with the
accuracy up to ±0.01 g. When determining moisture
sorption, the samples were placed over water poured
into a desiccator placed in a thermostat with a
temperature of 20±30C. After 72 h, the sample was
removed from the desiccator and weighed. The
moisture sorption was calculated by the following
formula:
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where m1 is the sample mass dried to constant mass
and m2 is the sample mass after water vapor

saturation.
When determining water absorption, the sample

was immersed in water. During the first 3 hours, the
samples were immersed in water up to half, and
they were fully immersed in water during the rest of
the test. After 24 h, the sample was removed from
water; the excess of water was removed from its
surface and they were weighed. The mass of water
poured onto the weighing cup from the sample voids
during weighing was included in the mass of the
water-saturated sample. Water absorption was
calculated by the following formula:
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where m3 is the sample mass after saturation with
water.

The strength characteristics of the materials
were determined in accordance with the Ukrainian
state standard DSTU B V.2.7-38-95 using P-5 test
machine which allows determining the breaking load
with an accuracy of not less than 0.5 kgf. For
materials that do not demonstrate brittle fracture,
the tensile strength is determined at 10% compression
deformation. In order to determine it, the sample
must have the shape of a cube with an edge length
equal to the product thickness. The sample was placed
on the press base plate so that the compression force
was directed parallel to the vertical axis of the sample,
and the axis of the sample passed through the center of
the base plate press. The load on the sample should increase
evenly without shocks at a speed of 10 mm/min. The
sensors on the press measure the sample strength
characteristics during the test. The tensile strength
at 10% compression deformation was calculated by
the following expression:
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where P is the load at 10% linear deformation; l is
the sample length and b is the sample width.

When determining the flexural strength, the
sample should be in the form of a parallelepiped
with the dimensions of 2501010 mm. The sample
was placed on two pillars with rounding points in
the joints. The distance between the axes of the pillars
should be 200 mm. The load on the sample was
transmitted through a roller with a diameter of 10 mm,
laid across the width of the sample at an equal
distance from the pillars. Destructive load was
considered as the load at which the sample was
destroyed. The flexural strength was calculated by
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the following formula:

i 2

3Pl
,

2bh
   kgf/cm2                 (6)

where P is the destructive load at flexion; l is the
distance between the axes of the pillars; b is the
sample width and h is the sample thickness.

Results and discussion

Figure 1 shows the dependence of the bloating
coefficient and density on the microwave oven
irradiation power for contact (granular filler to binder
ratio is 1:1.5) and volume grouting (granular filler to
binder ratio is 1:1). The ratios of the mixture
components were selected based on the previously
obtained data for the lowest density.

As can be seen from Fig. 1,a, the highest
bloating coefficient (2.5) is archived at the maximum
microwave irradiation power in the case of volume
grouting of the block material as compared with
contact grouting where the highest bloating
coefficient is only 2.26. During simultaneous bloating

of the granular filler and the binder, a uniform porous
structure is formed, the granules are sintered with
each other during porization and the intergranular
space is uniformly filled with the porous binder.

During contact grouting, a uniform filling of
the intergranular space is complicated by the spherical
shape of granules and their practically smooth surface,
which results in low adhesion of the binder to the
granular filler, disordered distribution of granules in
the binder layer and collapse of the bloated foam.

The data in Fig. 1,b indicate that it is possible
to achieve lower density (230 kg/m3 at the microwave
irradiation power of 650 W) when block materials
are bloated by volume grouting due to the uniform
release of molecularly bound water from the structure
and granules and the binder during bloating.
Consequently, a finely porous structure of the
predominantly closed type was obtained.

Contact grouting results in poor adhesion
between the binder and the expanded granular
material, which leads not only to foam collapse and
increased density, but also to the sample brittleness

a                                                                       b

Fig. 2. Dependence of water absorption (a) and moisture sorption (b) of the thermal insulation material on the microwave

irradiation power: 1 – volume grouting; 2 – contact grouting

a                                                                       b

Fig. 1. Dependence of the bloating coefficient (a) and density (b) of the thermal insulation material on the microwave irradiation

power: 1 – volume grouting; 2 – contact grouting
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and its lower strength. In addition, it is necessary to
use a greater amount of the binder than during volume
grouting to get the monolithic structure leading to
block overloading. At the microwave irradiation
power of 650 W, the density of the contact grouted
material is 280 kg/m3.

Fig. 2 shows the characteristics of water
absorption and moisture sorption when producing
block materials at different microwave irradiation
capacities. The ability of the liquid glass composition
to porosity during bloating increases with increasing
the microwave irradiation power. Therefore, water
absorption and moisture sorption values also increase
both for volume and contact methods of grouting.
When the microwave irradiation power changes from
300 W to 650 W, water absorption increases from
137% to 241%, and hygroscopicity increases from
22.2% to 33.3% for materials manufactured via
contact grouting. During simultaneous bloating of
granules and the binder (i.e., volume grouting), the
growth of the microwave irradiation power from 300 W
to 650 W leads to an increase in water absorption
from 33.5% to 51.2% and an increase in moisture
sorption from 3.98% to 4.51%. These values are by
an order less than in the case of contact grouting.
An uneven distribution of granules in the binder layer
and the formation of large imploding voids and pores
during contact grouting result in a low resistance of
the material towards liquid water and its vapor, which
negatively affects the thermal insulation properties.
Therefore, it would be better to fabricate block
materials by means of volume grouting to maintain
high performance characteristics.

The results of physical and mechanical tests of
block materials obtained by volume and contact
grouting at different microwave irradiation capacities
are shown in Fig. 3. The bloating of block materials
by volume grouting results in their higher strength

than by the contact one in case of almost similar
densities at the microwave irradiation power of
650 W, the values of density being 230 kg/m3 and
280 kg/m3 for volume and contact grouting,
respectively. After simultaneous bloating of crude
granules and the binder, the flexural strength is
0.85 MPa. At the same time, the flexural strength of
the finished sample is 0.7 MPa when producing
materials by mixing the binder with the bloated
granular filler. An uneven structure of the material,
depressed properties, formation of large pores and
collapse of the sample cause a decrease in the strength
during contact grouting.

The strength limit at 10% compression
deformation was also higher for the samples
manufactured by volume grouting, it was 0.642 MPa
at the microwave irradiation power of 650 W.
Simultaneous bloating of granules with the binder
allowed obtaining the material with a monolithic
and uniformly porous structure showing improved
physical and mechanical properties. After the contact
grouting at the microwave irradiation power of
650 W, the material with the compression strength
of 0.414 MPa was prepared. This means a decrease
in the strength characteristics as compared with the
material, for the production of which the pre-bloated
granular filler was used.

Figure 4 gives photographs of the samples
prepared by volume and contact grouting. As can be
seen, the obtained samples are characterized by an
uneven distribution of expanded granules in the
binder layer in case of contact grouting. Thus, large
voids and sections of the solid binder without granular
filler are formed, that results in a reduced strength.
On the contrary, the samples obtained by volume
grouting are characterized by a closer packing of
granules and uniform distribution of the binder in
the intergranular space.

a                                                                                     b

Fig. 3. Dependence of flexural strength (a) and 10% compression deformation (b) of the thermal insulation material on the

microwave irradiation power: 1 – volume grouting; 2 – contact grouting
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Conclusions

Preparation of block TIMs by contact grouting
implies an increase in the binder to granular material
ratio (1.5:1 respectively) as compared with volume
grouting (1:1), because it is necessary to achieve a
monolithic structure of the block and a uniform
coating of the granular layer. An increased amount
of the binder overloads the material. When comparing
materials with the same density, those prepared via
volume grouting are characterized by higher strength
properties due to a closer packing of granules and a
uniform distribution of the binder. The exposure to
the microwave irradiation (the most optimal value
of the power seems to be 650 W) in the production
of block TIMs provides a uniform heating of all layers
of the material, ensures bloating both granules and
the binder, and results in the formation of a strong
grouted material, which can be utilized as a structure
thermal insulation.
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ÏÎÐ²ÂÍßÍÍß ÂËÀÑÒÈÂÎÑÒÅÉ
ÒÅÏËÎ²ÇÎËßÖ²ÉÍÈÕ ÌÀÒÅÐ²ÀË²Â ÍÀ ÎÑÍÎÂ²
Ð²ÄÊÎÃÎ ÑÊËÀ, ÎÄÅÐÆÀÍÈÕ ØËßÕÎÌ ÎÁ’ªÌÍÎÃÎ
² ÊÎÍÒÀÊÒÍÎÃÎ ÎÌÎÍÎË²×ÓÂÀÍÍß

Ò.Å. Ðèìàð, Î.Â. Ñóâîð³í

Ó ñòàòò³ çàïðîïîíîâàíî äâà ìåòîäè îäåðæàííÿ áëîêî-
âèõ òåïëî³çîëÿö³éíèõ ìàòåð³àë³â íà îñíîâ³ ð³äêîãî ñêëà òà
çä³éñíåíå ïîð³âíÿëüíå ¿õ îö³íþâííÿ. Ö³ ìåòîäè ðåàë³çîâàí³ øëÿ-
õîì îá’ºìíîãî ³ êîíòàêòíîãî îìîíîë³÷óâàííÿ ð³äêîñêëÿíèõ ãðà-
íóë çâ’ÿçóþ÷èì, ùî ñïó÷óºòüñÿ çà äîïîìîãîþ ÍÂ×-âèïðîì³íþ-
âàííÿ. Äëÿ âèçíà÷åííÿ åôåêòèâíîñò³ òîãî ÷è ³íøîãî ñïîñîáó
îìîíîëi÷óâàííÿ áëîêîâîãî ìàòåð³àëó áóëè çä³éñíåí³ äîñë³äæåí-
íÿ ³ç ñïó÷óâàííÿ çðàçê³â ïðè ð³çíèõ ïîòóæíîñòÿõ ÍÂ×-ïå÷³ òà
âèçíà÷åí³ îñíîâí³ åêñïëóàòàö³éí³ õàðàêòåðèñòèêè áëîê³â. Ó õîä³
çä³éñíåíîãî äîñë³äæåííÿ ïîêàçàíî, ùî ìàòåð³àëè, îäåðæàí³
îá’ºìíèì îìîíîë³÷óâàííÿì, õàðàêòåðèçóþòüñÿ á³ëüø âèñîêèìè
ïîêàçíèêàìè ì³öíîñò³ òà á³ëüø íèçüêèìè ïîêàçíèêàìè ñîðá-
ö³éíî¿ âîëîãîñò³ òà âîäîïîãëèíàííÿ çàâäÿêè ù³ëüí³é óïàêîâö³
ãðàíóë ³ ð³âíîì³ðíîìó ðîçïîä³ëó çâ’ÿçóþ÷îãî ó ì³æãðàíóëüíîìó
ïðîñòîð³. Äîñÿãàºòüñÿ öå çàâäÿêè âèêîðèñòàííþ ÍÂ×-âèïðî-
ì³íþâàííÿ ïðè âèãîòîâëåíí³ áëîêîâèõ ìàòåð³àë³â, ùî äîçâîëÿº
çä³éñíèòè ð³âíîì³ðíèé ïðîãð³â âñ³õ øàð³â ìàòåð³àëó òà îäíî-
÷àñíî ñïó÷èòè ³ ãðàíóëè, ³ çâ’ÿçóþ÷å òà îòðèìàòè ì³öíèé îìî-
íîë³÷åíèé ìàòåð³àë, ÿêèé ìîæíà âèêîðèñòîâóâàòè ÿê êîíñ-
òðóêö³éíó òåïëî³çîëÿö³þ.

Êëþ÷îâ³ ñëîâà: áëîêîâèé òåïëî³çîëÿö³éíèé ìàòåð³àë,
ð³äêå ñêëî, ñïó÷óâàííÿ, ÍÂ×-âèïðîì³íþâàííÿ, îá’ºìíå
îìîíîë³÷óâàííÿ, êîíòàêòíå îìîíîë³÷óâàííÿ.

a                                                                        b

Fig. 4. Photos of the block thermal insulation materials obtained by volume (a) and contact (b) grouting
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The article reports two methods of preparation of block thermal
insulation materials based on liquid glass; a comparative assessment
of them is performed. These methods are implemented via volume
and contact grouting of the liquid glass granules by the microwave-
assisted swelling of a binder. In order to determine the effectiveness
of a certain grouting method, the samples were swollen at different
power capacities of a microwave oven and the basic operational
characteristics of blocks were determined. The obtained results showed
that the materials fabricated by volume grouting are characterized
by higher strength and lower moisture sorption and water absorption
properties than that prepared by contact grouting due to a closer
packing of granules and more uniform distribution of the binder in
the intergranular space. This is achieved through the use of microwave
irradiation in the production of block materials, which ensures uniform
heating of all layers of the material and simultaneously allows swelling
both the granules and the binder. Therefore, a strongly grouted
material is obtained, which can be used as a structural thermal
insulation.

Keywords: block thermal insulation material; liquid glass;
swelling; microwave irradiation; volume grouting; contact grouting.
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