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The foaming process of liquid glass composition during production of blocked heat-in-
sulating material based on liquid glass in the microwave equipment has been researched.
The optimum conditions for obtaining the heat-insulating materials using microwave
irradiation have been determined. It has been shown that usage of microwave irradiation
allows performing the bulk heating of all layers of the liquid glass composition, obtaining
the qualitative material and reducing the energy consumption during manufacturing of
these products.
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Hccnemopan mpollecc IIOPU3ANUN KUIKOCTEKOJbHOM KOMIIOSUIIMM IIPU WSTOTOBIEHUU
OJIOUHOTO TEILIOM3OJAIIMOHHOIO MaTepuasia Ha OCHOBe Xuakoro creksaa B CBY-ycranoske.
OnpemesieHbl OUTUMAJIbHBIE YCIOBUA IIOJYUEHUA TEIMOUIOAANNOHHEBIX MATEPUATIOB ¢ HCIOJb-
soBauueM CBY-uzayuenusi. Iloxkasano, uro mcmoabsoBanue CBU-usiayueHus II03BOJSET OCY-
IIECTBUTL OO'BEMHBIII IIPOIPEB BCEX CJI0EB MKUAKOCTEKOJbHON KOMIIO3UIIMH, [IOJYUYUTh Kade-
CTBEHHBIN MAaTePHaJ M COKPATHUTH 9HEPropacxXxoibl IPU MSTOTOBIEHUU JAHHBIX HM3IEIHUH.

BusHaueHHSI TEXHOJOTiYHOr0 pesKMMYy CIYYyYBAHHS OJIOKOBOI0 TEILIOi30JAIiilHOro mMa-
Tepiany Ha ocHoBi pigkoro ckaa y HBY-ycranosui. T.E.Pumap.

Hocaim:xeno nponec nmopusanii piAKoCKIAHOI KOMMIO3UILil IIPU BUIOTOBJEHHI GJIOKOBOrO
TeIIoi3oaAIliiHoro Marepiany Ha ocHosi pigroro ckia y HBU-ycramosii. Busnaueno omTu-
MaJIbHI YMOBM OTPMMAHHSA TEILIOIZonAIiliHnX mMarepianiB 3 Bukopucrtamaam HBY-sumpomi-
mHioBauud. Iloxkasamo, mio Buropucraumuda HBUY-BunpomiHiOBaHHSA [I03BOJIsE 3IiliCHUTU
00‘ceMHMI HporpiB Beix mapiB pigxkockasHol Komiosuiii, orpumaTu ArKicHuUP MarTepiaa Ta

CKOPOTUTH €HEeProBUTPATH I[IPK BUTOTOBJEHHI TaHUX BHUPOOiB.

1. Introduction

From the beginning of the 21st century,
the mankind faces a number of serious
problems, related to energy efficiency one
way or another, in particular, due to the
rise in price of natural gas. Large industrial
enterprises, factories, and various social ob-
jects have found themselves in such a diffi-
cult situation.

One of the methods of solving this prob-
lem is insulation of wvarious buildings,
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houses, accommodation facilities, various
types of constructions by insulating materi-
als. Usage of the insulating materials allows
to reduce thickness and mass of walls and
other enclosing structures, to decrease heat
loss of heated buildings and as a result to
reduce fuel consumption [1].

In this case, the most optimal in terms of
the polymer industry is foamed materials.
Work in this direction is carried out quite
intensively. Currently, there are developed
foamed materials based on almost all poly-
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mers produced by industry. However, oper-
ating temperatures range of such materials
does not exceed of 100-150°C. In this re-
gard, it is essential to develop a technology
for obtaining the foamed materials with high
thermal resistance. Insulating materials based
on inorganic polymer-liquid glass-occupy a
special place among the traditional methods
of heat insulation due to its almost absolute
incombustibility and high biostability [2].

This paper proposes to produce blocked
heat-insulating materials based on the lig-
uid glass granules and the binder on the
basis of liquid glass, and target additives.
They are produced by thermal foaming.
Currently, large-scale production of the
blocked heat-insulating materials based on
liquid glass is not established. It is caused
by difficulties of heating the inner layers of
the liquid glass composition, which makes it
impossible to obtain the qualitative materi-
als with homogeneous finely porous struc-
ture and high strength properties [3].
Therefore, the heat-insulating materials
based on liquid glass are produced mainly in
the form of granules [4-7]. Usage of the
microwave irradiation equipment allows the
performing bulk heating of all layers of the
liquid glass composition and obtaining the
qualitative material. In addition, usage of
the microwave equipment allows signifi-
cantly reduce energy and time consumption
during manufacturing of these products.

The purpose of the current research is to
determine the optimal conditions for obtain-
ing the blocked heat-insulating materials
with usage of microwave irradiation, as well
as to analyze the temperature change of the
sample layer during the process, which will
allow determining the process duration and
effectiveness of influence of one or other
power of microwave irradiation on the sam-
ple being foamed.

2. Experimental

The microwave equipment for foaming
uses the electromagnetic field to force water
molecules contained in liquid glass to ab-
sorb microwave energy, resulting in rapid
increase in the vapour temperature inside
the material. Since the rate of inner vapour
formation is higher than the rate of vapour
migration, and then there appears a pres-
sure gradient in the material that causes sig-
nificant structural changes in the liquid glass
composition. This leads to the foaming.

In order to determine optimum condi-
tions for the liquid glass composition foam-
ing of, the following properties of the
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blocked material were being controlled:
mass loss of the sample, foaming coeffi-
cient, density. Determination of these pa-
rameters was carried out on the samples of
the correct form with dimensions of
100x100x35 mm?3 using the following meth-
ods:
Mass loss is calculated by the formula:

W =(m - m;)-100/mq, (1)
where W — mass loss,% ; m — mass of the
sample before foaming, g; m; — mass of

the foamed sample, g.
The foaming coefficient is calculated by
the formula:

K=V,/V,, (2)

where K — foaming coefficient; V), — vol-
ume of the sample before foaming, g; Vp —
volume of the foamed sample, g.

Density of foamed materials is deter-
mined in accordance with GOST 17177-94 in
the state of natural moisture. The samples
are weighed using analytical scales with ac-
curacy up to 0.1 g, then their volume is
calculated. Density of the sample in the
state of natural moisture is calculated by
the formula:

p=M,/V-(1+0.01-W), (3)

where p — sample density, kg/m3; M, —
sample mass in the state of natural mois-
ture, kg; V — sample volume, m3; W —
sample moisture, % [8].

3. Results and discussion

Moisture which is a part of liquid glass,
is divided into the following types:

— free (it can be removed firstly with a
high rate; contained in cavities, pores and
on the surface),

— adsorption (firmly held by the forces of
intermolecular interaction on the surface of
pores in the form of a monolayer or several
layers; its removal is connected with its trans-
formation into vapour inside the material);

— connected (the hardest one to remove
only by evaporation at temperatures above
100-120°C, has the greatest binding energy
with the material) [9].

If the foaming process of the liquid glass
is carried out in forms with closed volume,
then one can get finished products with the
given shape and dimensions. During imple-
mentation of such a technology, there arise
the problems associated with the high rela-
tive moisture of liquid glass (50—-60 wt. %),
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which leads to formation of extremely inho-
mogeneous products with large-pore struc-
ture in the process of heating and removal
of this water. In order to eliminate these
undesirable phenomena, it is necessary to
remove practically all free moisture (re-
moved at temperature from 60 to 105°C)
from the liquid glass and leave firmly bound
moisture, removed at temperature above
110°C, which takes part in the foaming.

The conducted researches allow finding
the optimum conditions of liquid glass com-
position foaming with usage of microwave
irradiation to achieve the effective removal
of all types of moisture.

At the beginning, the research of the
block production process was carried out at
power of 500 W without rotation of the
sample in the medium of rarefied air (pres-
sure of the process at launch of the equip-
ment was about 10 kPa; this index was
achieved by air pumping out from the
equipment chamber). Air rarefaction was
carried out in order to exclude impact of
the condensed moisture in the chamber on
duration of the process and the properties
of the samples studied. To analyze whether
it is possible to foam only due to evaporated
structurally bound water, without addi-
tional gas formation, it is necessary that
the binder does not contain a gas-generating
agent.

At launch of the equipment, a sharp drop
in the temperature was observed in the mi-
crowave chamber, i.e., the beginning of po-
rosity and simultaneous condensation of
moisture on the surface of the resulting
sample was observed. The rarefied environ-
ment inside the equipment allowed eliminat-
ing this defect and provoking the intensive
increase in the process temperature. A sharp
jump in the temperature did not occur, its
gradual growth was observed throughout the
process and stopped only at the 10th min, as
curve I presents, shown in Fig. 1.

Despite the achieved high process tem-
perature at a low pressure index (no more
than 10 kPa) — above 100°C, no intense
foaming was observed, as indicated by the
low rate of the foaming coefficient — 1.42.

As a result, after the process was over,
mass of the sample was 26.7 %, density
was 0.48 g/cm3. This material density
index is high for the heat-insulating mate-
rial, so it is advisable to use the gas-gener-
ating agent. Decrease in mass of the sample
is determined by the mechanism of moisture
removal with the help of vacuum, which
leads to the higher rate of mass transfer
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Fig. 1. Dependences of the process tempera-
ture on its duration with different quantities
of gas-generating agent, power 500 W: I —
without gas-generating agent; 2 — 10 wt. pts.
of gas-generating agent.

without the stage of evaporation. In fact,
water from the liquid glass composition was
removed in the form of a liquid phase (fog),
and foaming of the composition occurred
only at the expense of small amount of con-
stitutional water.

Further research was carried out using
the gas-generating agent under conditions
similar to those of the previous research
(Fig. 1, curve 2). As a gas-forming agent, a
concentrated aqueous solution of hydrogen
peroxide was used, under decomposition of
which oxygen is released, and the gas is
absolutely non-toxic and non-flammable.
The presence of the connecting gas-forming
agent contributes to a more intense genera-
tion of pores (as seen from the photo struc-
ture of the material depicted in Fig. 2) and
as a result of the lower material density. As
it can be seen from the figure, the free
moisture contained in the liquid glass com-
position was practically completely removed
at the 3rd min and there was intense foam-
ing of the binder due to bound water and
gas evolution as a result of the gas forma-
tion reaction (temperature increase). Then
intensity of the process falls, the tempera-
ture rises slowly, as the temperature gradu-
ally increases from 95 to 108°C and drying
of the material begins. Apparently, in the
low pressure medium, the foaming process
runs smoothly, without sharp jumps of the
temperature.

Mass loss of the sample was 29.2 %, the
foaming coefficient was 2.46; density —
0,42 g/cm3. Comparing with the previous
research, application of the gas-generating
agent made it possible only to achieve in-
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a)

Fig. 2. The structure of the block heat-insulating materials: a) — without a gas-forming agent,

b) — 10 parts by weight of a gas-forming agent.

crease in the foaming coefficient and slight
decrease in material density, but it was not
enough to use the obtained material as heat
insulation. In addition, the surface of the
finished foamed sample had inhomogeneous,
"wavy" appearance due to influence of con-
densed moisture vapour on the sample sepa-
rate parts. Along with this, there was no
rotation of the sample during the foaming
process, which led to uneven heating of the
layer of the liquid glass composition and
granular filler.

Based on the results obtained, the next
research was carried out with rotation of
the sample (Fig. 3) in order to achieve
smooth heating and pore formation
throughout the volume.

As it can be seen from the figure, creat-
ing the rarefied medium in the chamber by
means of air pumping through the vacuum
path causes even growth and low tempera-
ture of the sample and smooth progress in
the process of block foaming. The constant
temperature inside the camera affects the
10th min and does not change further. For
the sample obtained, mass loss was 26.6 %,
the foaming coefficient was 2.88; density is
0.28 g/cm3. However, too intense foaming
of the binder and low pressure inside the
chamber lead to appearance of a large num-
ber of "craters” on the surface of the sam-
ple and large through pores in the macro-
structure. To eliminate this effect, the next
experiment was conducted at higher power
of 650 W (Fig. 3). The starting pressure
was 9.5 kPa and was maintained at this
level during the whole process with the help
of constant pumping of air through the vac-
uum path.

As it can be seen from Fig. 4 (curve 1), a
sharp jump of the temperature at the 3rd
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Fig. 3. Dependence of process temperature on

foaming duration with rotation of the sample
at power of 500 W.

minute of the process up to 80.7°C is deter-
mined by beginning of evaporation of free
and constitutional water from the structure
of the liquid glass composition. Since the
liquid glass composition contains large
amount of liquid phase, the resulting va-
pour induced decrease in the process tem-
perature to 58.9°C (at the 6th min). Fur-
ther, at the 7th mine, slight increase in the
temperature to 75°C indicated the most in-
tense process of evaporation of bound
water, then the drying process began, as the
temperature gradually decreased and
reached a constant value. Mass loss of the
sample was 59 %, the foaming coefficient
was 2.27; density — 0.24 g/cm3. Since the
foaming coefficient in this mode was lower
than in the previous research, which was
carried out at the lower power, and mass
loss, on the contrary, increased signifi-
cantly, it can be concluded that at 650 W
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Fig. 4. Dependence of process temperature on proc-
ess duration at 650 W: / — in the medium of rarefied
air; 2 — at atmospheric pressure.
and in the vacuum medium it was impracti-
cal to obtain the material, since in its strue-
ture there were competing processes of mass
transfer of water with its evaporation.
Therefore, the next research was conducted
at atmospheric pressure.

Launch pressure of the process was
100 kPa, and maintained further at 81 kPa
(closer to atmospheric), with power of
650 W. At the 6th min of the process there
was decrease in the temperature to 72°C
(Fig. 4, curve 2), since evaporation of free
water and a part of bound one begun, and
vapour of moisture caused decrease in the
temperature condensing on the walls of the
equipment and on the surface of the sample.
The seventh minute of the process was
marked by sharp increase in temperature to
117°C, and, consequently, the most intense
foaming process. The mass loss of the sam-
ple was 61 %, the foaming coefficient was
2.5; density — 0.28 g/cm3.

Based on the data given in Fig. 4, we can
make a general conclusion for the process of
foaming of the blocks at power of 650 W:
regardless of the process pressure, foaming
is characterized by two distinet periods —
the period of intense foaming of granules
and the binder, and the period of drying of
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the sample. Both the first and the second
periods are characterized, at first, by grad-
ual increase in the temperature (removal of
free water) and its fall (all free moisture is
removed), then again increase in the tem-
perature (intensive process of vaporization
of the bound water) and its gradual de-
crease and reaching the constant level.

4. Conclusions

While conducting these researches, de-
termining the optimum conditions for foam-
ing of the liquid glass composition with
usage of microwave irradiation has been
made to achieve the effective removal of all
types of moisture. Based on the experiments
carried out, the following conditions are op-
timal for obtaining the block heat-insulat-
ing materials on the basis of the liquid
glass granules and the binder, and achiev-
ing the high foaming coefficient and low
density ratio: power of the equipment is
650 W, the sample rotation, the starting
pressure is 100 kPa, pressure during the
process is 81 kPa. The obtained samples are
characterized by the high rates of fluctua-
tion, the high ductility, which makes it possi-
ble to use them as heat-insulating materials.
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