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Purpose. A mass transferring mechanism during liquid glass foaming in flat slot-type capillary under microwave radiation in-
fluence has been determined.

Methodology. Sodium soda silicate solute with silicate module of 2.8—3.0 and specific gravity of 1.43—1.46 g/cm? is used in the
studies. For sodium silicate solute coloring, red ink is added. Treatment of sodium silicate solute water solution with microwave
radiation is carried out in a furnace with a working chamber volume of 23 liters, with nominal magnetron power of 700 W and
radiation frequency of 2450 MHz. Investigation of the structure of foamed sodium silicate solute is done by the optical micros-
copy method with magnifications of 25 to 200 times. Microwave furnace internal temperature is measured using non-contact
electronic infrared thermometer Temperature AR 320. Mass determination is carried out on electronic balance with 0.01 g accu-
racy. Liquid glass foaming is organized in a flat slot-type capillary with thickness of 30 to 900 um formed by two glass plates paral-
lel to each other.

Findings. A mechanism of sodium silicate solute mass transferring during its foaming in a flat slot-type capillary when heated
by microwave radiation description is developed. It is established that sodium silicate solute transferring in a capillary proceeds in
stages according to a scheme similar to a chain reaction. The scheme includes: sodium silicate solute self-encapsulation due to
appearance of shell on free surface of partially dehydrated sodium silicate solute; vapor bubble in capsule formation; increasing
steam pressure in capsule; capsule shell destruction and ejection of part of unhardened sodium silicate solute out of the capsule;
complete removal of sodium silicate solute from the capsule and its destruction under high vapor pressure influence; movement
finalization of stream of sodium silicate solute ejected outside the capsule, its repeated self-encapsulation, and so on. This process
repeats until water removal from the treated sodium silicate solute will be completed. Sodium silicate solute foam structure forma-
tion staging and certain cyclical nature under microwave radiation effects is the main cause of substantial no uniformity of pore
dispersion and resulting foam permeability.

Originality. For the first time, description of a mechanism of mass transferring of sodium silicate solute foamed in a flat slot-
type capillary when heated by microwave radiation has been developed. For the first time it has been determined that sodium sili-
cate solute with silica modulus of 2.8 to 3.0 microwave radiation processing allows reducing water content in dried sodium silicate
solute to value less than 0.1 % (wt.).

Practical value. Sodium silicate solute foaming by microwave radiation is a perspective process from the point of view of devel-
oping new methods and approaches for solving the problem of optimization of granular material structuring and, in particular, for
manufacturing molds and cores. Understanding of sodium silicate solute foaming mechanism will allow increasing the accuracy
of predicting the structure of foams produced on sodium silicate solute basis and properties, optimizing the process parameters for
their pores formation, expanding the knowledge concerning technological possibilities of implementing sodium silicate solute in
porous environments structuring, dehydration by microwave radiation, and so on.
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Introduction. Foam is macro-structural state of liquid or
solid, unique properties of which allow using foam in:

- geology for conditioning and prevention of subsidence of
soil, dressing of ores and minerals;

- engineering — as industrial fluids, sealant, filters, and so on;

- construction — for aerated concrete, foam concrete, ex-
panded clay creation, when performing installation work, in
lightweight refractory and heat-insulating materials produc-
tion (foam-chamotte, expanded vermiculite, perlite, clay, and
others) [1, 2], porous aggregates [3];

- ecology — absorbers of oil and oil products [4];

- consumer products — foaming glasses [3, 6], glass-ce-
ramic foams [7], cement aggregates fillers [6], metal foams [8],
adiabatic foams [9], cinder glasses [10];

- foundries — casting molds, rods, ceramic foam filters
manufacturing, and so on.

Foam is usually characterized by its multiplicity, stability
and dispersion.
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Dispersion is one of the most important indicators of any
foam. It is present in the form of bubbles’ average diameter
value or bubble size distribution, or value of bubbles’ surface
area per foam unit volume.

The size (diameter) of foam bubbles will be identical if
their appearance takes place at fixed time conditions.

One of such cases, for example, is the process of foaming
with using a capillary immersed within the fluid at constant
depth. In this case, regardless of duration of gas purging
through the capillary, each foam bubble’s diameter will be de-
termined by the volume (and, therefore, bubble diameter) at
the time of its separation from the capillary

6-d, -c
d=3—*—_ 1
38'(92_91) )

where d, is capillary diameter; o is liquid tension; g is gravity
acceleration (9.81 m/s?); p,, p, are liquid and gas density, re-
spectively.

In other cases, the foam is formed, for example, under
condition of a “decaying” chemical reaction. As a result, such
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foam bubbles are characterized by extreme irregularity in size
and their diameters in the first approximation from relative
time of gas releasing can be calculated in particular according

to the formula
1
d:Z(f—l), )
T

where 7 is relative time of gas releasing in liquid (relative time
of chemical reaction duration); Z is the coefficient of propor-
tionality.

For cases described above, kinetics of relative diameter
changes of foam bubbles vs. duration of gas releasing in liquid
during foaming can be represented in the form of dependen-
cies in Fig. 1, where 7 is foam formed as a result of water blow-
ing with air through a capillary, 2 is foam formed as a result of
carbon dioxide releasing by chemical reaction.

Foam dispersion largely determines physical and techno-
logical properties of the foam itself and product properties in
which it is or in formation of which it has been involved [11].
That is, to predict materials properties in the process of forma-
tion of which foaming has been used, it is important to know
the mechanism of foam formation while for unbound capil-
lary-porous substance it is important to know the mechanism
of its transfer in such medium as well.

One of inorganic materials commonly used in foamed
condition, is aqueous sodium silicate (sodium silicate solute).
Foamed sodium silicate solute (SSS) has been used in variety
industries branches, including that as a binder material in
foundry production as environmentally safe and inexpensive
sand mixture component [12, 13]. However, SSS, as a material
which can be foamed and solidified upon microwave radiation
in fine-grained unbound substance, has been insufficiently
studied. As a result, SSS potential in this capacity is not fully
discovered and such materials’ technological, physical and
consumer possibilities have not been investigated, and so on.
One reason for this is lack of systematic research studies and,
consequently, information about technological possibilities
and technology of SSS foaming, fragmentation of such data
and lack of information concerning regularities and mass
transferring mechanism during SSS foaming in fine-grained
materials’ capillaries under influence of microwave radiation.

Literature review. According to modern concepts and re-
search results by Lazarev A. N. (1965), Brekhunetz A. G. with
colleagues (1969), Kazantsev L. K. and Paukshtis E. A. (2002),
SSS foaming process with external intensive heating involves
two stages. At the first stage, as a result of partial dehydration
(free water evaporation) or carbonization — on the surface of
heated SSS, respectively, gas-resistant, elastic-plastic SSS
layer (elastic shell) or silica-gel appears. At the second stage,
heating leads to the fact that SSS, being shut in such shell, is
foaming as a result of water vapor formation therein. In this
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Fig. 1. Dependences of formed foam bubbles’ relative diameter
on duration of gas releasing in liquid and foam formed by
water blown with air through the capillary (1) and carbon
dioxide releasing by chemical reaction (2)

case, in fact, the outer elastic shells of SSS drops fill with water
vapor bubbles emerging in sodium silicate solute. They in-
crease in volume and form closed type pores in hardened SSS.
According to various researchers, foaming takes place directly
before or after SSS transition in pyroplastic condition, and
shell elasticity, thus, has decisive influence on process and de-
gree (multiplicity) of SSS foaming. Grigoriev P. N. and Mat-
veev M.A. (1956), Ryzhkov 1.V. (1975), Toturbiev B.D.
(1988), Generalov B.V. (1999) and several other researchers
believe that the greatest number of pores during SSS foaming
by thermal influence are formed at 120—350 °C, i.e. at tem-
peratures when silicate alkaline solutions’ pyroplasticity is
most obvious and when free and adsorbed water deletes most
fully from them.

According to Ryzhkov 1.V. (1975) data, SSS heating to
100 °C leads to free water evaporation and its increasing viscos-
ity. When residual water content is 30—35 %, SSS is solidifying
according to coagulation mechanism and its further heating is
followed by bound water evaporation and SSS transition in py-
roplastic condition. SSS pyroplastic state is characterized by
occurring hydrated sodium silicate elasticity. Low steam per-
meability of pyroplastic SSS in combination with its elasticity
leads to the fact that at 200—300 °C, crystallization and consti-
tutional water evaporation are accompanied by SSS foaming.
Malyawski N.I. (2006) notes that any technological additive
previously entered into SSS definitely influence the character
of original SSS properties change and foamed material proper-
ties. In particular, Kutugin V.A. (2008), found that using
chemical substance solutions in quantity exceeding 4 % (wt.) of
sodium silicate solute leads to significant decrease in its poriza-
tion abilities. At the same time, solid insoluble finely dispersed
technological additives have no noticeable effect on sodium
silicate solute porization. At the same time, increasing crystal-
linity degree of inter-porous cuffs raises porous structure
strength and increases its water resistance. In SSS foaming pro-
cess, Kutugin V.A. (2008) distinguishes two stages. The first
one involves rupture of hydrogen bonds at 100—120 °C with
activation energy of £,= 15—30 kJ/mol. At the second stage,
according to Kutugin V.A. (2008), hydrated sodium silicate
viscous flowing is the dominant mechanism, which takes place
at 120—400 °C with activation energy of E,= 40—100 kJ/mol.
Chemically bound water, according to Korneev V.I. and
Danilov V. V. (1996), completely removes from SSS crystalline
hydrates and hydrates at temperatures close to 600 °C and also
is the reason ofits slight foaming. Leonovich S. N. with his col-
laborators (2012) pointed to two consistent actions in SSS with
additions pore formation process — emergence of bubbles mix-
ture in raw water vapor and pyroplastic compounds vitrifying
around these bubbles with inter-porous cuffs formation and
porous structure fixing. At the same time, slow heating of raw
mixture leads to appearance of small pores in it, quick hea-
ting — to large pores due to mixture boiling with lag.

The above descriptions of SSS foaming mechanisms are
acceptable for processes analysis of droplets in suspension
state located in SSS foaming or on open surface in the case of
heat from their free surface supplying. Conditions of mass
transferring in a capillary under the action of microwave radia-
tion differ significantly from the drop state described above,
which has not been studied yet and, accordingly, does not have
corresponding description.

Purpose. The purpose of this work was to study the mecha-
nism of mass transferring during sodium silicate solute foam-
ing in a flat slot-type capillary under the action of microwave
radiation.

Methods and materials. In these studies, sodium soda SSS
(GOST 13078-81) with silicate modulus of 2.8—3.0 and spe-
cific gravity of 1.43—1.46 g/cm?> was used. For SSS coloring red
ink has been given. Aqueous SSS solutions were treated with
MWR in furnace with a working chamber volume of 23 liters,
with rated magnetron power of 700 W and of 2450 M Hz radia-
tion frequency.
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The effect of SSS drying under microwave radiation influ-
ence on amount of residual moisture was evaluated by weigh-
ing of silicate blocks weights before and after drying in MWR
furnace. For this aim, a sample of ash-like silicate block
weighing 50—55 g was used. It had been previously weighed
with an accuracy of 0.01 g and placed in porcelain container of
known mass. Then 100—105 g of distilled water was added to
the weighed silicate block in the porcelain container. The sili-
cate block was completely dissolved in water at temperature of
70—80 °C. From prepared solution, a sample weighing 50—
70 g was taken. The obtained SSS was evaporated at 95—97 °C
to viscous-fluid state and treated (dried) with microwave ra-
diation during 20—25 min. Upon completion of drying, the
container with dry residue was re-weighed and relative residu-
al moisture content in the sample was calculated with a relative
error of +0.02 %.

Based on similarity conditions, the process of water evapo-
ration from capillary space of granular material wetted by wa-
ter and liquid transfer in it was investigated in an infinite flat
slot-type capillary. For this, two glass plates were used, be-
tween which an SSS drop was placed. The distance between
plates positioned in parallel (capillary channel thickness) was
ranged from 30 to 1000 um. For processing by microwave ra-
diation, the plates were placed in horizontal position in the
center of the rotating table of the MWR furnace. The process-
ing time of SSS treatment by microwave radiation was from 10
to 90 sec. At the end of the treatment, the plates were cooled in
air, thickness of flat capillary was determined and plates were
separated mechanically from each other. The structures of
solid substances formed in the slot capillary (silicate, metasili-
cate) were studied using a binocular microscope with magnifi-
cations of 25 to 200 times. To measure the objects’ tempera-
ture in the microwave furnace, an industrial non-contact elec-
tronic infrared thermometer Temperature AR 320 was used.

Results. Based on the visual assessment results of the struc-
ture of the SSS solidified in the flat slot-type capillary of 4 =
= 30 pm, it was found that in the initial period of microwave
radiation treatment on free surface of unsolidified SSS, due to
water evaporation from its surface layer (open surface), contin-
uous elastic shell 7 of partially dehydrated SSS appears. It fol-
lows from the SSS droplet structure analysis presented in Fig. 2.

Inside the shell /, there is an uncured SSS 2, in the center
of which from the side of glasses forming a flat capillary, there
is a colony of poly silicate crystals 3. Apparently, observed poly
silicate crystals (Fig. 2), in accordance with study results by
Ailer R. (1982) and Malyawski N.I. (1985, 2003) and several
other researchers, are presented by polymer structures of sili-
con-oxygen anions, of which, according to Krasovsky A.N.
and his team (1989), when heated to the temperature up to
157 °C, molecular water strongly bound by hydrogen bonds
with poly anions releases.

With relatively large droplet sizes of the initial SSS, incom-
pletely solidified SSS in flat capillaries with thickness h of 50 to

Fig. 2. Appearance of the SSS droplet free surface (x25) in a
fat slot-type capillary at the initial stage of MWR treat-
ment:

1 — film (outer surface) of SSS dehydrated shell; 2 — sodium sili-
cate aqueous solution; 3 — colony of solid silicate substances

350 um is a two-dimensional foam structure with flat open gas
bubbles. Such a structure in terms of the area in a plan exceeds
the area of the initial SSS drop by more than 40 times and con-
sists of alternating voids and volumes with unsolidified SSS,
which is shown schematically in Fig. 3.

In accordance with Fig. 3, in a capillary (on the glass
plate’s surface /) the solidified SSS forms continuous layers 2
and transverse jumpers 4 between them. The cuffs and layers
not only separate vapor channels 3 from each other, but also
hold the micro volumes 5 of residual non-solidified SSS dur-
ing drying process.

Analysis of the plane view of this structure (Fig. 4) shows
that cuffs (position 4 in Fig. 3) are extended chains of vertical
walls of a finite length. Presumably, they arose simultaneously
with vapor channels appearing in the capillary and are part of
capsules, in which another part of unsolidified SSS retains for
certain time.

Fig. 4 demonstrates the transparent walls / (cuffs) of par-
tially dehydrated SSS 1 capsules grown from each other. Inside
the capsules, there are unsolidified SSS 2 remains. The con-
tinuous chain of unsolidified SSS capsules differently oriented
in direction and elongation of the capsules suggests that with
microwave treatment water temperature increasing in encap-
sulated SSS leads to appearances of a vapor bubble (bubbles) 4
in the capsule and, accordingly, increasing gas pressure in the
capsule. Gas pressure increasing inside the capsule leads to de-
formation and its shell destruction; that is a reason, in some
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Fig. 3. Scheme of partially solidified SSS in a flat slot-type
capillary in side view:
1 — glass plate; 2 — horizontal layer of solidified SSS; 3 — vapor

channel (bubble); 4 — vertical sodium silicate cuffs; 5 — unsolidi-
fied SSS

Fig. 4. Black field appearance of SSS solidified in a flat slot-
type capillary (plane view) at magnification x14 (a) and
x100 (b):

1 — dehydrated sodium silicate; 2 — unsolidified SSS; 3 — vapor
channel; 4 — vapor bubble
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cases of forced continuous residual liquid jet outflow from the
capsule (Fig. 5, a), in other cases — an instant (“explosive”)
leftover liquid ejection beyond capsules (Fig. 5, b).

In any case, SSS movement beyond the initial capsule is
accompanied by its intense surface dehydration. As a result of
dehydration, on the free surface of a moving SSS flow, a con-
tinuous elastic shell of partially dehydrated SSS (pyroplastic
sodium silicate) is formed. Over time, growth of a vapor bub-
ble in the initial capsule is terminated because of increasing
strength of surrounding surface of the bubble shell. Along with
these, SSS extrusion from the capsule stops. That is, squeezed
SSS from the previous capsule boundaries into vapor channel
transforms into a new capsule, and from the old capsule only
its retained walls — “cuffs” from sodium silicate remain in the
structure.

This process repeats cyclically and continues until there
exists at least some free water supplying SSS fluid-moving and
its capability for self-encapsulation in the capillary. Moreover,
each subsequent emerging capsule of unsolidified SSS will be
smaller in volume than its previous capsule. From this it fol-
lows that each subsequent vapor bubble of the analyzed struc-
ture will have a smaller volume than the one emerging earlier.
This means that the SSS substance foamed under the action of
microwave radiation in the capillary will always be character-
ized by a certain gas permeability and unevenness of its bub-
bles’ sizes.

Subsequent heating by microwave radiation is character-
ized by the fact that the system considered reaches the tem-
perature of 100—103 °C and by free water complete removal. At
further heating (Fig. 6) the water remaining in capsule walls
(hydrate water) diffuses inside of pyroplastic cuffs 7, transfers
there in vapor state and destroying, but in some cases even
changing the pyroplastic cuffs configuration, emerges through
generated cracks 3 in vapor bubbles 2 or steam channels 5 re-
configuring them.

Further SSS processing with microwave radiation does not
change its previously formed structure, which, according to
Ailer R. (1982) and Nikonov N.S. (1992), is frame polymer
Na,Si;0;. That is, as a result of going through this multi-stage
process, finally dried SSS in a flat capillary (in plan) takes the
form shown in Fig. 7, a. In the case of SSS drying by MWR in

Fig. 5. Appearance of SSS solidified in a slot-type capillary
formed at jet outflow (a) and “explosive” (b) character of
unsolidified SSS releasing from capsules, x100

a capillary of a greater thickness (4 =400—900 um), SSS forms
spatial (three-dimensional) foam structures (Fig. 7, b).

Based on the features of the structures obtained, it can be
stated that the principle of SSS mass transfer in a flat slot-type
capillary and, accordingly, capillary-porous medium under
microwave radiation influence is similar to its rapid external
heating (thermal “shock”) action and is caused by foaming of
SSS. However, the foaming mechanisms, as well as properties
of formed SSS foam, are different under external thermal
shock and under MWR influence.

In particular, SSS mass transfer mechanism under micro-
wave radiation action is characterized by multi-staging and
proceeds according to the chain reaction principle. This regu-
larity, apparently, is due to selective microwave radiation heat-
ing rate of SSS components [14] and in general can be repre-
sented by scheme in Fig. 8.

At the first stage of heating (Fig. 8, a), thin viscous-plastic
continuous film (shell) of partially dehydrated (pyroplastic)
sodium silicate 2 appears on a SSS drop’s free surface 7 as a
result of free water evaporation. At the same time, residual un-
solidified SSS in a droplet appears to be closed (encapsulated)
inside this shell (Fig. 8, b).

Fig. 6. Structure of the SSS partially solidified in a flat slot-
type capillary (x200):

1 — pyroplastic sodium silicate cuff; 2 — vapor bubble; 3 — crack;
4 — unsolidified SSS; 5 — steam channel

Fig. 7. Section view of the SSS layer in a flat slot-type capillary
ath=40 um (a) and h =900 pm (b) after 90 sec processing
with microwave radiation (x75)
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Fig. 8. S8 droplet is formed in a flat slot-type capillary before
being exposed to microwave radiation (a), at the initial time
of microwave radiation exposure (b), at the time of steam
bubble occurring in a droplet (c), at the time of SSS neo-
plasms occurrence (d), at the time of completion of SSS
secondary capsule formation (e):

1 — SSS droplet; 2 — pyroplastic sodium silicate shell (SSS pri-
mary capsule); 3 — steam bubble; 4 — SSS neoplasm; 5 — SSS
secondary capsule; 6 — inter-capsules channel; 7 — steam channel

At the second stage of heating (Fig. 8, ¢), upon reaching
the boiling point of water, gas bubble 3 appears in a drop of
non-solidified SSS.

The third stage of heating (Fig. 8, d) results in increasing
mass of evaporated water in the initial SSS capsule and, ac-
cordingly, increasing pressure in both the vapor bubble and the
capsule. At certain point in time, when the rate of vapor pres-
sure increasing in the capsule exceeds ultimate deformation of
its shell’s ability, the shell ruptures and unsolidified SSS ex-
trudes beyond its boundaries. As a result of this release, SSS
neoplasm appears 4. The process of SSS displacing from the
initial capsule 4 will continue until increased pressure remains
in it (until pyroplastic shell breakthrough and steam outlet
from the capsule through the steam channel 6) or unsolidified
SSS supply runs out.

At the fourth stage of heating (Figs. 8, d, e), surface of an
SSS jet displaced from the initial capsule is covered with a
similar shell, a secondary capsule is formed, while an inter-
capsules channel 6 between the old and new capsules 5 solidi-
fies completing the process of new encapsulation of displaced
SSS. Subsequently, in a new capsule, as in the previous one, a
vapor bubble 3 appears. Again, vapor pressure in capsule rises
and unsolidified SSS extrudes by jets outside the capsule,
forming new capsules and inter-capsules 6 and steam 7 chan-
nels (Fig. 8, e).

The data on degrees of SSS drying show that using micro-
wave radiation for sodium silicate solute with a value of silicate
modulus of 2.8 to 3.0 drying, allows almost completely dehy-
drating it in a relatively small period of time (residual moisture
content is less than 0.1 % wt.) with increasing its temperature
up to 150 °C instead of 600 °C as per traditional technology of
foaming SSS heating.

Considering the foaming mechanism and SSS mass trans-
ferring in a flat slot-type capillary, we should note that vapor
pressure in capsules, apparently, can reach significant values.
Indirect evidence for this assumption could be results of the fol-
lowing experiments. A drop of water (water mass of about 0.1 g)
was placed between two flat glasses with dimensions of
120 x 80 mm and thickness of 2.2 mm. The glasses in horizontal
position were placed in the furnace and treated with microwave
radiation for 2 minutes. As a result of the microwave treatment
in the initial period of microwave exposure, the water between
glasses was heated and transformed into a vapor state and
moved to the edges of the glasses being in vapor condition. At a

certain distance from the original drop position between the
glasses vapor was condensed. Resulting condensate formed a
solid annular barrier impervious for the generated steam, which
not only fastened initially unfixed glasses together, but also con-
tributed to increasing steam pressure between them. As a result,
in the process of continuous microwave heating, the glasses
were destroyed. While glasses destruction was accompanied by
a sharp short sound that indicates explosive nature of their ruin-
ing under the action of the internal water, vapor pressure was
formed in the gap between them.

SSS porization and dehydration under microwave radia-
tion action are quickly passing processes taking place simulta-
neously in a flat slot-type capillary that last from 50 to 70 sec-
onds. In this case, formed sodium silicate is situated at the
distance by 5—10 times greater than SSS droplets’ diameter
used in original.

In case of SSS distribution in capillary-porous media, for
example quartz sand, sodium silicate extends to 1—2 diame-
ters’ distance of original drops of SSS used. Reason for this is
SSS bubble destruction during their moving across the capil-
lary channels. However, this SSS transfer in capillary-porous
media mechanism can be successfully used, for example, for
gluing of mold elements between each other, molds and rods,
complex configuration rods, molds and cores repairing. In
particular, putting certain amount of sodium silicate solute on
the rods’ surfaces, connecting them together and processing
by microwave radiation for 2—3 minutes, allows obtaining ad-
hesive seam between rod bonded parts, whose strength will
exceed the tensile strength of the rods’ structured material. It
is important that bonding material for gluing rods between
each other should be SSS as well. As practice implies, for
sand-sodium-silicate molds and cores bonding, it is advisable
to apply SSS with density of 1.42—1.52 g/cm? and silicate
modulus amount of 2.8—3.0. In these cases, molds and cores
gluing surfaces should be SSS covered by a dropper or soft
brush. To ensure gluing seam strength, microwave radiation
processing of adhesive joint is recommended to realize no later
than 1 minute after the application of SSS on the surfaces.

Practical value. Under microwave radiation influence, a
stable foam structure is formed with a certain gas permeability
and multiplicity of more than 40 in dried sodium SSS. This cir-
cumstance together with short duration and selective heating
inherent for microwave drying, allows considering this foaming
technology as most effective and promising from the point of
view of developing new methods and approaches in solving the
problem of reducing energy consumption when obtaining fine
dispersed dehydrated sodium silicates and structuring granular
materials, particularly, foundry molds and cores production.

Conclusions.

1. Description of mass transfer of a sodium silicate solute
mechanism in a flat slot-type capillary during microwave ra-
diation heating has been developed. According to this mecha-
nism, SSS mass transfer in the capillary occurs as a result of
repeating multiple stages. These stages include SSS encapsula-
tion; increasing vapor pressure in a capsule; ejection of unso-
lidified SSS out of the capsules; movement of SSS flow ejected
out of the capsule being stopped; its encapsulation and so on
until water removal from treated sodium silicate solute is com-
pleted.

2. Staging of foam structure formation in sodium silicate
solute under microwave radiation influence is the reason for
significant unevenness of its pores’ sizes and availability of cer-
tain gas permeability in SSS foam.

3. Sodium SSS drying with silicate modulus from 2.8 to 3.0
by microwave radiation allows reducing water content in dried
sodium silicate solute to 0.1 % (wt.) at its temperature increas-
ingto 150 °C.
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Meta. BcraHOBJIGHHS MexaHi3My MacoIlepeHoCy Tpu
CMiHIOBaHHI PiIKOro CKJja y MIOCKOMY KamniIsipi IITMHHOTO
TUITY ITiJ1 T1i€10 MiKPOXBUJILOBOI'O BUITPOMiHIOBAHHSI

Metonuka. Y IOCTIIKXKEHHSIX BUKOPUCTOBYBAJIM COIOBE
piiKe CKJIO 3 CWJTiIKaTHUM MozayJieM 2,8—3,0 i MUTOMOIO IIiJib-
Hictio 1,43—1,46 r/cM?. JIns DOJAHHS KOJBLOPY B PilKe CKIJIO
BBOJWJIM YOPHUJIO YEPBOHOIO KOJbOpY. OOPOOKY BOAHUX
PO3UMHIB PiIKOTO CKJIa MiKpPOXBWJIHLOBUM BUIIPOMiHIOBAHHSIM
MPOBOJAWJIU B Tevi 3 00’eMoM pobouoi KaMepu 23 JiTpa, npu
HOMiHaJIbHii1 ToTykHOCTi MarHeTpoHy 700 BT i yacToToo Bu-
npomiHtoBaHHs 2450 MTI'1. JlocmimkeHHsT CTPYKTYpH CITiHe-
HOTO PiIKOTO CKJIa TTPOBOJIMIIM HA ONTUYHOMY MiKpPOCKOITi 3i
30iabIeHHIM Bif 25 1o 200 kpat. TemnepaTypy B MiKpOXBH-
JIbOBIM TleUi BUMIpIOBAIM 3a JOTOMOIOI0 O€3KOHTAKTHOTO
€JIeKTPOHHOTO iH(bpauepBOHOrO TepMomeTpa Temperature
AR 320. BuzHaueHHsT Macy TIpOBOIWIIM Ha €JIEKTPOHHUX Ba-
rax i3 TouHictio 0,01 r. CriiHIOBaHHSI PiKOTo CKJIa 3AiACHIO-
BaJIM Y TIJIOCKOMY Kamiisipi IIJTMHHOTO THUIY TOBIIMHOIO Bil
30 mo 900 MKM, YTBOPEHUM JIBOMa TapajelibHO po3TallioBa-
HUMU OJIMH JI0 OJHOMY CKJISTHUMU TUTACTUHAMMU.

PesyabraTn. BusHaueHo MexaHi3M MacornepeHocy piliko-
ro cKJia MpU MOro CMiHIOBaHHI y MJIOCKOMY Kamiaspi WJTMH-
HOTO TUIly MPU HArpiBaHHi MiKpOXBWJIbOBUM BUIIPOMiHIO-
BaHHSIM. BcTaHOBIIEHO, 1110 IIEPEHOC PiKOro CKJIa B KaITiIsIpi
MPOXOIUTD MOETAIMHO 32 CXEMOIO, TTOIIOHOI0 TTPOXOIKEHHIO
JIAHLIIOroBOI peakiii. CxeMa BKJIIOYAE: caMOKAICY/IIOBaHHS
pinaKoro ckja, o0yMOBJeHE BUHUKHEHHSIM Ha ii BUIbHIH 1O-
BEpXHi OOOJIOHKM i3 YaCTKOBO JEripaToOBaHOIO pPiIKOro
CKJla, TIOsIBA B KarlCcyJli MapoBOi OyabOalllKu, IMiIABUILIEHHS
MapoBOro TUCKY B KarcCyJi, pyiiHyYBaHHs 0O00JOHKHU Karcyau
11 BUKI]I 32 MEXi Karcysiu 3Ae0i1bI10ro He3aTBepAiJIOro B Hilt
PiIKOro CKJia, TOBHE BUAAJIEHHS PiKOTO CKJla 3 KaIlCyJIu Ta ii
pYWHYBaHHS ITiI Ii€f0 MMiIBUILEHOTO MapoOBOrO TUCKY, MPH-
MMUHEHHS pyXy MOTOKY BUKMHYTOTO 3a MeXXi Karcyy pilkoro
CKJa, Ioro MOBTOpPHE caMOKAICyIoBaHHS i T.1. Lleit mpo-
LIEC TOBTOPIOETHCS A0 MOBHOTO BUIAJIEHHS BOIU 3 00pO0IIIO-
BaHOTO pinKoro ckja. ETanHicTh i meBHAa UUKIIYHICTh BU-
HUKHEHHS MIHHOI CTPYKTYPU B PiIKOMY CKJIi IiJI Ti€10 MiKpO-
XBUJIbOBOTO BUIIPOMIHIOBAHHSI € OCHOBHOIO ITPUYMHOIO CYT-
TEBOI HEPIBHOMIPHOCTI AMCIIEPCHOCTI 1i Mip i ra30nMpoHMK-
HOCTI MiHU, 1110 YTBOPUIIACS.

HaykoBa HoBM3HA. Y1iepiiie po3po0JIeHO ONKC MEXaHi3My
MacoIIepeHOCY PiIKOro CKJia MpH MOro CIiHIOBaHHI Y IJIOC-
KOMY KaIliJisIpi IITMHHOTO TUITY MPU HarpiBaHHI MiKpOXBU-
JIbOBUM BUITPOMiHIOBaHHSIM. YTieplille BU3HAUEHO, 1110 00-
pobKa HaTpiEBOTO PiIKOTo CKJa 3 CWJIIKATHUM MOJIYJIEM Bil
2,8 mo 3,0 MiKpOXBMJIBOBUM BHUIIPOMIHIOBAHHSIM IO3BOJISIE
3MEHIIUTU BMiCT BOAY Y BUCYLLICGHOMY PiIKOMY CKJIi 1O 3MiC-
Ty MeHiie 0,1 % 1o maci.

IIpakTiyna 3HauyumicTh. CIiHIOBaHHS PiIKOro CKJa Mi-
KPOXBUJILOBUM BUITPOMIHIOBAHHSIM € MEPCIEKTUBHUM TIPO-
LIECOM 3 TOYKH 30pY pO3pPOOKM HOBUX CITOCOOIB i MiIXOMIiB Y
BUPpiLLIEHHI TPO0JIeMU ONTUMI3allii CTPYKTYpyBaHHS 3€pHUC-
TUX MaTepialliB i, 30Kpema, Uisl BAPOOHULITBA MilIAHUX JTU-
BapHUX (OPM i CTPUXKHIB.

KurouoBi cioBa: maconeperic, nap, pioke ckao, 6oda, kani-
A8p, Kancyaa, CiH8aHHs, MIKPOXEUAbOBE BUNPOMIHIOGAHHS
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Heab. YcTaHoBneHne MexaHW3Ma MaccollepeHoca Mpu
BCTIECHUBAHUM XUIKOTO CTEKJIa B TUIOCKOM KaNMJUISIpe TIesie-
BOT'O TUIIA MOJ AEMCTBUEM MUKPOBOJHOBOTO U3TYYEHUS

Mertomuka. B uccnemoBaHUsSX WCTOTH30BAIA COMOBOE
HaTpUEBOE XXKMUJIKOE CTEKJIO C CMJIMKATHBIM MoayJieM 2,8—3,0
U yoenabHOR TiIoTHOCThIO 1,43—1,46 r/cM®. Ina npunaHus
LIBEeTa B XXUOKOE CTEKJIO BBOAWIN YEPHWIIA KPACHOTO IIBETA.
O06paboTKy BOTHBIX PACTBOPOB KUAKOTO CTEKJIAa MUKPOBOJI-
HOBBIM M3JTyYeHMEM MPOBOIUIIU B IeUr ¢ 00bEMOM paboueit
Kamepsl 23 TUTpa, TPU HOMUHATBHON MOIITHOCTU MarHETPO-
Ha 700 BT u yacrote uznyuenust 2450 MI'u. UccnenoBaHue
CTPYKTYpPbl BCIIEHEHHOTO XWIKOTO CTeKJa IMPOBOAMINA Ha
OINTUYECKOM MUKPOCKOTIE ¢ yBesrueHueM ot 25 1o 200 kpar.
Temmiepatypy B MUKPOBOJIHOBOI MeYU U3MEPSUIA C TTOMO-
IIbI0 OECKOHTAKTHOTO 3JIEKTPOHHOTO MH(MPaKpacHOTO Tep-
mometpa Temperature AR 320. OnpeneneHne Macchl MpoOBO-
JIMJIM Ha 3JIEKTPOHHBIX Becax ¢ TouHocThIo 0,01 r. BcrieHuBa-
HME XUIKOTO CTeKJIa OCYIIECTBIISUIU B TUIOCKOM KanuJUIsIpe
1eeBoro tumna roaiuHoi ot 30 1o 900 MxM, 06pa3oBaHHOM
IBYMsI TIapaJUIeJIbHO PACTOJIOXEHHBIMU OPYT K OPYTY CTe-
KJISTHHBIMY TUTACTUHAMMU.

Pesyabrarel. OrmnpenelieH MeXaHM3M MaccollepeHoca
SKUJIKOTO CTEKJIa TIPY €T0 BCIICHWBAHWU B TIJIOCKOM KaITUJUISI-
pe 111eJIeBOTO TUTIA [TPU HarpeBe MUKPOBOJIHOBBIM U3TYyUeHU -
eM. YCTaHOBJIEHO, UTO TTEPeHOC XUIKOTO CTeKJIa B KAITUJUISI-
pe MPOXOAUT MOATAMHO IO CXeMe, MONOOHO MTPOXOXKACHUIO
mermHoii peakuu. CxeMa BKIIOYAeT: CaMOKaIICYJIMPOBaHUE
KMIKOTO CTeKJia, OO0YCJIOBJICHHOE BO3HMKHOBEHMEM Ha eé
CBOOOMIHOI MOBEPXHOCTU OOOJIOYKM U3 YACTUYHO Jeruapa-
TUPOBAHHOTO XUIKOTO CTeKJIa, MOSIBIIEHUE B KarcyJe napo-
BOTO ITy3bIPbKa, TTOBBIIIIEHNE TTAPOBOTO NABJICHUS B KaTICyJie,
paspylieHre 000J0UKH Karcyabl U BHIOPOC 3a TIpeaesibl Kar-
CyJTbl YaCTH He 3aTBEPIEBIIIETO B HEll XUIKOTO CTeKIIa, MO~

HOE yIaJIeHUe KUIKOTO CTEKIIa U3 KaTICYJIbl ¥ ¢€ pa3pylIecHUe
O 1eMiCTBUEM MOBBILLIEHHOTO MAapOBOT0O AaBJIeHUS, MpeKpa-
IIeHNWE IBKEHUS TIOTOKA BEIOPOIIICHHOTO 3a TIpeIe/Ibl Kar-
CyJIbl XUMJIKOTO CTeKJa, ero MOBTOPHOE CaMOKAICyJIupoBa-
HHE U T.1. DTOT MPOLIeCC TTOBTOPSIETCS 10 TTOJHOTO YIaJeHUS
BOIIBI U3 00pabaThIBAEMOIO XUIKOTO CTEKJIa. DTAIHOCTh 1
ornpeneaéHHas [UKJIMYHOCTh 00pa30BaHUsS TEHHON CTPYK-
TYphl B XKMIKOM CTEKJIe TOJ IEUCTBMEM MUKPOBOJIHOBOTO
W3JTy4eHUST SBIISIETCSI OCHOBHOM TPUYMHON CYyIIeCTBEHHOM
HEePaBHOMEPHOCTH AUCTIEPCHOCTH €€ ITOp M Ta30IpOHMIIae-
MOCTH 00pa3yoIIeiics TIeHbI.

Hayunas HoBusHa. Briepsble pazpaboTaHo onucaHue Me-
XaHM3Ma MacCoIepeHOoca XXKUIKOTO CTeKJIa MPU ero BCIIeHU -
BaHUM B IJIOCKOM KaITWJIJISIpE ILIEJICBOTO THIIA TIPU HarpeBe
MMKPOBOJIHOBBIM M3Jy4eHUEeM. BriepBele ompenesieHo, 4To
00paboTKa HATPUEBOTO XUJAKOTO CTEKJIa C CUJIMKATHBIM MO-
nyaem ot 2,8 1o 3,0 MUKpOBOJIHOBBIM M3Ty4eHUEM TTO3BOJISI-
€T YMEHbIINUTh COJACPKAHUE BOIBI B BHICYIIEHHOM JKMIKOM
crekite 1o comepxkanus meHee 0,1 % mo macce.

IIpakTHyeckasgs 3HAYMMOCTb. BcCIIeHMBaHUE KUIKOTO
CTeKJIa MUKPOBOJHOBBIM HU3JIyYCHUEM SIBJISIETCSI TIEPCIIeK-
TUBHBIM TIPOIIECCOM C TOYKU 3PEHUS pa3pabOTKU HOBBIX
CITOCOOOB M MOIXOOB B PEIICHUM MTPOOIEMbl ONITUMU3ALUN
CTPYKTYPUPOBAHMS 36pPHUCTBIX MAaTepUajIoB U, B YaCTHOCTH,
JIJIS TIPOM3BOJCTBA JIMTEMHBIX (POPM U CTepxKHei. 3HaHue
MeXaHU3Ma BCIIEHUBAaHUS XXUIKOTO CTEKJIa TTO3BOJIUT TTOBbI-
CUTb TOYHOCTb IMTPOTHO3UPOBAHUS CTPYKTYPhI U CBOMCTB Te-
HOMAaTepHrajoB, U3rOTaBIMBaEMbIX HA OCHOBE JKMIKOT'O CTEK-
Jla, ONITUMU3UPOBATh MapaMeTphl Mpolecca UX Mopu3aluu,
PACIIUPUTD TIPEICTABICHNS O TEXHOJIOTUICCKIX BO3ZMOKHO-
CTSIX MCIOJIb30BAHMS KUAKUX CTEKOJ B CTPYKTYPUPOBAHUU
TTOPUCTHIX CPeJl, UX 00€3BOKMBAHUS MUKPOBOJHOBBIM U3y~
YeHUEeM U T.T1.

Kimouesble c10Ba: macconeperoc, nap, scuodkoe cmexo, 600a,
Kanuaasp, Kancyaa, 6CNeHUBaHUe, MUKPOBOAHOBOE U3AYYEHUe
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