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Optimization of the structure and properties of foam-glass ceramics
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Abstract. The basic properties of foam-glass ceramics — a porous inorganic material are optimized in the
study. This material is used for thermal insulation of various engineering structures: foundations of buildings,
roads and railways, pipelines, etc. The main raw material components of the material are sodium hydroxide
and opal-cristobalite rocks: diatomite, tripoli, opoka. The mixture of components is subjected to firing and
foams with the formation of a porous structure with vitreous and crystalline phases. A significant impact of two
different ways of preparing the batch on the basic properties of the material was studied and analyzed. In the
first method, the batch was obtained as a suspension with a high water content, which was subjected to
mechanical activation in a vibratory mill. In the second method, the batch was obtained by pushing a mixture
of components through calibrated holes with the help of a screw auger. Thus, the batch was an extruded
tough-plastic granular mass with lower water content. As a result, the formation of a heterogeneous structure
of the samples and the presence of dense non-foamed inclusions, leading to an increased average density of
the material were established in the first method. The extruded batch in the second method was foamed more
evenly without stratification; thereby the average density of the samples was reduced. An additional reduction
in the average density of the samples by 17% due to the intensification of dissolution of silica during the
autoclave treatment of extruded batch was observed. The extrusion method is recommended for the
production of foam-glass ceramics in granular form, which contributes to the saving of expensive sodium
hydroxide.

1. Introduction

Foam-glass ceramics is an inorganic insulating material of cellular structure. The advantages of foam-
glass ceramics include the high prevalence of the raw material base — these are opal-cristobalite and zeolite-
containing rocks [1, 2], low thermal conductivity, water resistance, non-flammability and also a wide scope of
application. Foam-glass ceramics can be obtained both in block form (plates, shells, segments) and in the
form of granules. The material can be used for thermal insulation of enclosing structures of residential and
industrial buildings [3]. Another field of application for granulated foam-glass ceramics is the thermal insulation
of foundations of engineering structures in areas with seasonal freezing of soils to protect against frost
heaving. Such structures include: buildings with low-depth foundations, roads, railways, pipelines, etc. [4-5].

The disadvantages of the material include the need to use expensive sodium hydroxide, therefore
reducing its content, taking into account the preservation of the functional properties of foam-glass ceramics,
is an actual scientific and technical problem. Another limiting factor of industrial production of foam-glass
ceramics is the lack of a unified technology of the material synthesis.

Opal-cristobalite rocks which include diatomite, tripoli, and flask are rich in amorphous forms of silica.
The key process in the synthesis of foam-glass ceramics is the dissolution amorphous silica in the alkalis. The
mixture of the rock and alkaline solution is subjected to firing and foams at a temperature of 800-900 °C.
Foaming of the mixture during the physicochemical interaction in the system SiO2-Na20-H20 occurs in two
stages. At the first stage, when components are mixed, the formation of hydrated alkali silicates occurs. At the
second stage, during firing, the batch passes into the pyroplastic state with simultaneous dehydration of
hydrated alkaline silicates and the subsequent polycondensation of silicon-oxygen anions [6—9]. As a result, a
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«silicate foam», containing both the vitreous phase and the crystalline phase, introduced with the insoluble
residue of the opal-cristobalite rock, is formed.

The advantage of this method is the fact that an inorganic thermal insulation material is synthesized in
one stage and the intermediate process of sintering the granular glass is excluded [10-12]. Unlike thermal
insulation materials obtained by hot-foaming method [13, 14], commercial liquid glass is not used in described
method. In addition, the usage of waste glass, that is necessary in classical foam-glass production [15, 16], is
not required in foam-glass ceramics technology.

The methodology of mixing the opal-cristobalite rock and alkali can have a significant impact on the
structure formation and functional properties of foam-glass ceramics. On the one hand, the mixing process
should be accompanied by chemical interaction between the components with the formation of hydrated
sodium silicates. On the other hand, opal-cristobalite rocks have a high adsorption capacity, which makes it
difficult the batching process. Thus, it is obvious that the procedure of the preparing the mixture is a complex
physicochemical process that has not been adequately covered in the scientific literature. For example, in
studies of recent years, the methodology of mixing components is described insufficiently, but only their ratios
are given [1, 6-8].

Taking into account the above features of mixing the components, the studies examined two different
ways of the batching process. The first (wet method) consists in obtaining a suspension with a relatively high
water content from milled opal-cristobalite rock, sodium hydroxide and water. It can be assumed that in the
liquid phase a better quality of the reaction between sodium hydroxide and amorphous silica of opal cristobalite
rock can be achieved. It should be noted that these batches in the form of liquid suspensions, are used in the
preparation of various materials and binders and play a structure-forming role [17, 18]. The disadvantage of
this method is the difficulty of further drying the batch before firing.

In the second embodiment, the continuous pushing of components through calibrated holes with the
help of a screw auger, in one or more stages, is used (extrusion method). The process of interaction between
sodium hydroxide solution and amorphous silica of the rock is intensified under the mechanical influence of
the screw, resulting a tight-plastic batch with high homogeneity. Secondly, the processes of mixing
components and granulation of the batch are combined in one operation. Compared to the wet method, the
granulated mixture has a low water content, which simplifies its further drying, since in the wet method, the
water content can reach 70 % or more, whereas in the extrusion method 16-18 %.

The purpose of the work was to study the influence of wet and extrusion methods of obtaining the batch
on the structural features and basic properties of foam-glass ceramics.

2. Materials and experimental technique
2.1. Diatomite analysis

The opal-cristobalite rock was represented by diatomite with the following chemical composition, mas.
%: SiO2 — 76.71, AlOs — 7.33, Fe203 — 2.43, CaO — 0.46, MgO — 0.93, R20 — 1.24, TiO2 — 0.61,
SOz — 0.72, loss of ignition — 9.57. The diatomite was dried to constant weight at 100 °C, powdered using a
ball mill and sifted through a sieve with a mesh size of 0.16 mm. The structure of diatomite was studied using
a Jeol JSM-6510A scanning electron microscope (Japan) and a DRON-6 diffractometer (Russia), a
wavelength of 0.179 nm, Cu Ka-radiation, and a Fe-filter.

SEM image shown in Figure 1 suggests that diatomite is composed mainly of the remains of the shells
of diatoms — fossilized algae, consisting of amorphous silica. The maximum size of shells is about 0.1 mm.
A high content of the amorphous phase in the form of opal in the diatomite is indicated by the disperse reflex
on the diffractogram of X-ray phase analysis in the range of angles of 18-26° (Figure 2a). The crystalline
phases of diatomite were identified using the American Mineralogist Crystal Structure Database. The XRD
pattern (Figure 2a) shows the presence of quartz (reflections at angles of 20.87°, 26.65°, 36.56°, 39.49°,
40.41° and 50.17°), montmorillonite (reflections at angles 19.60° and 34.67°), illite, having similar reflections
to montmorillonite, as well as feldspar mineral albite (reflections at angles of 21.69° and 27.84°).

In order to quantify the content of soluble silica the diatomite was dissolved in NaOH solution with a
concentration of 20 % in a mass ratio of solid and liquid phase equal to 1:3. To intensify the dissolution, the
mixture was heated to a temperature of 90 °C and continuously stirred for 4 hours. By determining the
concentration of SiOz in the resulting suspension using the method [19], it was established that diatomite
contains 44.6 % of soluble silica in its composition. The insoluble mass of diatomite (55.4 %) falls on the clay
minerals, feldspar and organic impurities.

Figure 3a shows TG, DTG and DSC curves of thermal analysis of diatomite. The endothermic effect on
the DSC curve in the range of 70-200 °C corresponds to the removal of physically bound (adsorption) water
from the sample. The clay minerals of diatomite are dehydrated at 490 °C, which is confirmed by the
corresponding peak on the DTG curve. The exothermic effect at a temperature of 350 °C can be explained by
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the burning out of organic impurities. The last endothermic effect on the DSC curve at 870 °C is not associated
with a change in the sample mass and characterizes the structural changes of montmorillonite and illite, which
is confirmed by the thermal analysis of these minerals [20]. Thus, the main phases of diatomite are opal, in
the form of alkali-soluble shells of diatoms, quartz and clay minerals. The identified phases are in accordance
with the given above chemical composition of diatomite.

2.2. Batch preparation process

The mass ratio between diatomite and dry NaOH in the experiments was assumed to be 9.1.
Theoretically, this gives a molar ratio between the soluble silica of diatomite and alkali (in terms of Na20),
equal to 5. In traditional liquid glass, this ratio, called the silicate module, is 3—4. A lower ratio, with the chosen
methods of obtaining the material, is not economically justified. At a higher ratio the average density of foam-
glass ceramics is decreased resulting in deteriorating its thermal insulation properties.

For comparison, in the studies of other authors, the mass ratio between diatomite and dry NaOH was
taken to be 4.9 [6] and 4.0 [7], respectively, i.e. the mixture contained almost twice the amount of NaOH.
Taking into account the chemical composition of diatomite and the accepted ratio between diatomite and
NaOH, the theoretical total content of alkali oxides R20 (Na20 + Kz0) in foam-glass ceramics should be 11 %.
At the same time, the foamed glass obtained from glass waste by adding NaOH as a foaming agent contained
about 19 % R20 in its chemical composition [16].

In the wet method of obtaining the batch diatomite, dry NaOH and water were taken in the weight
proportion between the solid components and water equal to 1:2; the spreadability of the fluid batch according
to Suttard viscometer was 80—90 mm. To intensify the interaction between diatomite and NaOH the batch was
processed in a 300 ml vibratory mill, in which there were stainless steel balls with a diameter of 8 mm and a
total weight of 250 g. The oscillation frequency, amplitude and duration of treatment were 1500 min-1, 2 mm
and 15 min, respectively.

The extrusion method of batching consisted in the primary mixing of components by hand in a steel
spherical bowl, until a press powder with a moisture content of 17 % was prepared. Next, the press powder
was processed in a laboratory extruder with the screw parameters: diameter and a screw step of 80 mm,
rotation speed of 45 min-t, maximum torque of 490 N-m. The granulating grid was made with 26 calibrated
holes with a diameter of 5 mm. This parameter sets the diameter of the granules at the exit of the extruder
and is the most optimal for the given parameters of the extruder. Under the influence of the screw, the mixture
turned into a tight-plastic mass, which was pressed through the holes of the granulating grid as individual
granules with a diameter of 5 mm, whose length was limited to 5-6 mm. To achieve the required plasticity,
water was introduced into the mixture in the amount of 4-6 %.

The mixture was subjected to double extrusion, i.e. after the first passage through the granulating grid,
it was returned to the extruder and extruded again. Increasing the rate of extrusion over two is impractical
because of the sharp decrease in the plasticity of the batch due to the high adsorption properties of diatomite,
which causes overheating and an emergency stop of the extruder. Mass homogeneity at single extrusion of
the mixture was not provided. The average density of the raw grains obtained by the extrusion method was
1560-1630 kg/m?.

2.3. Samples Preparation Technique

The effect of the metod of preparing the batch was evaluated after thermal foaming the samples
according to their average density, porous structure and compressive strength. The main criterion was the
average density that directly depends on NaOH consumption per unit volume of foam-glass ceramics. In
addition, the value of average density affects the key characteristic of thermal insulation material — its thermal
conductivity.

The mixture was subjected to drying to constant weight at 80 °C. Then the mixture was crushed to a
fraction of 1-2.5 mm, poured into molds of heat-resistant steel and subjected to firing in a muffle furnace at
850 °C for 20 minutes. During firing, foaming and sintering of individual grains of the batch took place among
themselves. Cooling of the molds took place together with the furnace, after which cubic samples with a rib
length of 30 mm were cut out of the monolitic material. The average density of cubic samples was determined
as the ratio of their mass to volume.

Depending on the processing method and the type of treatment, the batch was marked in accordance
with Table 1. The W0 and EO batches were foamed according to the above regime on a ceramic substrate,
without pre-drying and grinding. In this case, the determination of the average density of the samples was
carried out using the hydrostatic weighing method. In order to intensify the process of dissolution of silica and
reduce the consumption of NaOH, the EAD batch was subjected to autoclave treatment at a water vapor
pressure of 1.5 MPa for an hour and then dried and crushed.
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Figure 1. SEM image of diatomite, Figure 2. X-ray phase analysis: a—raw diatomite;
magnification x500. b and ¢ —batch WD heat treated at 100 and 800 °C
respectively. A —albite, | —illite,

M — ontmorillonite, Q — quartz.

3. Results and Discussion

To study the physicochemical processes during foam-glass ceramics firing thermal analysis of the WD
batch (Table 1) was carried out (Figure 3b). Curves DTG and DSC shown in Figure 3b are characterized by
endothermic effects in the form of a sharp peaks at 100 °C and a more extended effects (unlike the sample of
raw diatomite in Figure 3a) in the range of 350-600 °C. In accordance with the TG curve, the second effect is
accompanied by almost half of the total weight loss of the sample, which, apparently, is due to the dehydration
of hydrated sodium silicates formed in the batch before. The last insignificant endothermic effect of the DSC
curve at 760 °C in Figure 3b, is possibly associated with melting of the crystalline phase of NaeSigO19e. The
occurrence of this phase was diagnosed using X-ray phase and thermal analysis at heating commercial liquid
glass to 750 °C, followed by decomposition of NasSisO19 at 800 °C and the formation of a melt [21].

Table 1. Marking of batch depending on processing method and type of further treatment.

No. Method of batch processing Type of batch treatment
1 WO Wet No treatment
2 WD Drying and crushing Firing on a ceramic substrate
3 EO No treatment
4 ED . Drying and crushing S
5 EAD Extrusion Autoclave, drying and crushing Firing in a steel mold
6 EA Autoclave and drying Firing on a ceramic substrate
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Figure 3. Results of thermal analysis: a — raw diatomite; b — batch WD.
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X-ray phase analysis of the mixture depending on the heating temperature is presented in Figures 2b and
2c. The significant changes in crystalline component of ditomite under heat treatment ot the batch WD are not seen
in comparison with the diffraction pattern of raw diatomite: Figures 2b and 2a respectively. The disappearance of
the amorphous gallo in the range of angles 18-26° after drying at 100 °C, which is typical for the dissolution of silica
phases of diatomite under the influence of NaOH, is seen in Figure 2b. The diffractogram in Figure 2b is
characterized by the disappearance of the peaks of montmorillonite and illite, the structure of which is subjected to
a significant restructuring under the influence of alkalis [22]. The presence of a glass phase at 800 °C is confirmed
by the formation of gallo in XRD pattern shown in Figure 2c at angles of 8-13°. The last is consistent with the data
other authors who performed x-ray phase analysis of liquid glass at 800 °C [21]. Thus, at the batch firing, physically
bound water is removed at 100 °C, then the process of dehydration of sodium silicates starts at 350 °C and
continues until the melt is formed at 750 °C resulting in foaming the composition.

The structure of the samples fragment obtained from the batches W0 and WD is shown in Figures 4a
and 4b respectively. The stratification in height of the sample WO foamed in a liquid form on a ceramic
substrate is seen in Figure 4a. The top of the sample is represented by a foamed mass with a characteristic
glass luster, and in the lower part a dense mass of red color prevails, in appearance resembling ceramics,
which is unacceptable in the technology of thermal insulation material.

In order to eliminate negative stratification during firing, the batch W0 was subjected to preliminary
drying. Unlike the sample WO in Figure 4a, an obvious delamination is not observed in a fragment of the
foamed sample WD presented in Figure 4b. However, among the foamed particles up to 3 mm in size, there
are dense ceramic inclusions of red color. The latter indicates that the liquid batch had already been separated
during its drying and the grains of insoluble residue were distributed in the batch after its grinding that is seen
in Figure 4b.

The average density of the samples obtained from the batches W0 and WD was 640 and 720 kg/m3
respectively, which is a relatively high value for a thermal insulation material. Obtaining a more viscous batch
with lower water content is impractical because of the difficulty of mixing, and therefore, further research was
focused on the mechanized method of obtaining the batch using extrusion.

L LLLL) LLE LLLLY LA LLLLI AR LLLLHLRR L IIII|IIII|I|II|IIIIIIIII|I|II|IIII|III

a b

Figure 4. Porous structure of foam-glass ceramics samples (scale is given in mm):
a — batch W0; b — WD; ¢ — EO.

The porous structure of the foamed samples in the form of granules obtained from the batch EO is shown
in Figure 4c. In comparison with the batches W0 and WD (Figures 4a and 4b, respectively) pores are
distributed throughout the volume and delamination is not seen (Figure 4c). Consequently, obtaining the batch
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as a tight-plastic mass with a low water content contributes to the uniform foaming of foam glass-ceramic
samples, while the insoluble residue of diatomite is distributed in the mixture without further separation during
firing process. The average density of samples from the batch EO is 530 kg/m3, which is 1.2 and 1.7 times
lower in comparison with the batches W0 and WD, respectively. The volume density of the granules, taking
into account their average size of 10 mm, is 290 kg/m3. The volume water absorption and compressive strength
of granules in the cylinder determined according to Russian State Standard GOST 9758-2012 “Non-organic
porous aggregates for construction work. Test methods” were 6 % and 1.8 MPa, respectively. Accordingly to
these properties the granules can be used as insulating layers in various engineering structures: for example,
to protect the soils of the roads foundations from seasonal freezing and frost heaving [4].

From the batches marked as ED and EAD, cubic samples of foam-glass ceramic with an average
density of 540 and 450 kg/m? and compressive strength of 7.4 and 3.4 MPa respectively, were obtained. Thus,
the average density of the autoclave treated samples ED is decreased by about 17 %. The most likely
explanation of the autoclave treatment effect is the formation of an additional amount of hydrated sodium
silicates in the batch caused by intensification of the dissolving the silica phases. As a result, this can contribute
to an increase in the amount of the liquid phase in the melt and give an additional amount of a pore-forming
agent during the dehydration of sodium silicates.

In addition, due to the existence of known methods of hydrothermal synthesis of commercial zeolites
from clays and alkalis [22], it is likely that they can be formed under the influence of pressure and steam.
During firing, dehydration of artificial zeolites is likely, as a result they can participate in the process of foaming
the material, reducing the average density. However, this is a theoretical assumption, since zeolites were not
traced in XRD pattern of the batch WD (Figure 2b).

High glass phase content in the samples EO is proved by a characteristic glass luster that observed in
Figure 4c. Along with this, during firing, greenish color sometimes turning into black is seen in the samples W0
and EO presented in Figures 4a and 4b respectively. The reason for this may be the formation of ferrous oxide
as a result of the reduction of Fe20s. The melting of the outer surface of the sample can prevent the penetration
of oxygen and contribute to the creation of a reducing environment due to the organic compounds contained
in diatomite [23].

The EA batch was foamed on a ceramic substrate and glass-ceramic samples in the form of granules
were obtained. In accordance with Russian State Standard GOST 9758-2012, the samples had the following
properties: an average grain size of 10 mm, a bulk density of 250 kg/m?3, a volume water absorption of 7 %,
and a compressive strength in the cylinder of 1.5 MPa. Bulk density of EA samples was 14 % lower compared
to the samples EO due to the autoclave treatment. The thermal conductivity of 10 cm thick layer of granules,
determined in accordance with the methodology of Russian State Standard GOST 7076-99 “Building materials
and products. Method of determination of steady-state thermal conductivity and thermal resistance”, was
0.71 W/(m-K).

Due to the presence of intergranular voids, granulated foam-glass ceramics from the batches EO and
EA have a significantly lower bulk density (290 and 250 kg/m?3, respectively) compared to foam-glass ceramics,
obtained in mold from the batches ED and EAD (540 and 450 kg/m3, respectively). Consequently, a larger
volume of foam-glass ceramics in granular form is released that is economically justified, given the wide scope
of this material [4]. In addition, due to intergranular voids and lower density of granulated foam-glass ceramics,
there is a proportional decrease in the specific consumption of expensive NaOH per unit volume of material,
compared to cubic samples synthesized in mold.

The samples properties can be compared with the results of other authors. Foam-glass ceramics was
synthesized at a lower mass ratio between diatomite and NaOH equal to 4; cubic samples with an average
density of 200—220 kg/m?® and compressive strength 2.0-2.3 MPa were obtained [7]. In this study the higher
average density and compressive strength of cubic samples of 450 kg/m3 and 3.4 MPa, respectively, was
caused by the higher mass ratio between diatomite and NaOH equal to 9.1. Thus, the extrusion method is
preferable in obtaining granular foam-glass ceramics, since its bulk density is almost half the average density
of cubic samples: 250 and 450 kg/m3, respectively, i.e. a larger volume of material is released.

4. Conclusion

1. The separation of the samples along with the formation of a porous structure on top and dense
ceramics from below due to the high water content in the liquid batch of the wet method was observed. The
samples with increased average density and non-uniform structure containing both foamed particles and more
dense ceramic particles were obtained after pre-drying the liquid batch.

2. The batch with lower water content, obtained by the extrusion method, was foamed evenly, without
stratification, thereby structure of foam-glass-ceramics was optimized and its average density reduced. An
additional decrease in the average density of samples from 540 to 450 kg/m?3 due to the activation of dissolving
the diatomite silica phases during the autoclave treatment of the extruded batch was defined. The additional
saving NaOH in proportion to the decrease in the average density of the material was achieved.
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3. Combining the processes of mixing and granulation of the batch in a single operation is the
advantage of the extrusion method in foam-glass ceramics technology. The maximum economic and
technological efficiency of the extrusion method is achieved during obtaining granular foam-glass ceramics as
a result of reducing the consumption of NaOH and bulk density due to the presence of intergranular voids.
Using the extrusion method and autoclave treatment the samples of granulated foam-glass ceramics with a
bulk density of 250 kg/m3, thermal conductivity of the granule layer of 0.71 W/(m-K) and compressive strength
in the cylinder of 1.5 MPa were obtained.
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OnTnmMmmnsaums CTPYKTYpPbI U CBOMCTB NeHoCTeKINoKepaMnkmn

K.C. UeaHO8
UHecmumym kpuocgpepnl 3emnu TiomHL] CO PAH,
625000 e. TromeHb, yn.ManbsizuHa, 85, a/a 1230

KntoyeBble cnoBa: CTpoMTENbHbBIA MaTepuan, TENNON30nsaUnNd, MeHOCTEKIToOKepaMmKa, CUnmMKaThI

AHHOTaumsA. B uccnegoBaHusax oNnTMMN3MpPOBaHbl OCHOBHbIE CBOMCTBA NMEHOCTEKNOKEPaMUKN — MOPUCTOrO
HeopraHM4ecKoro Tennon3onsLMOHHOro Matepuana. [JaHHbln maTepran NnpuMeHseTca Ans Tennonsonsumm
PasnNUYHbIX MHXEHEPHbIX COOPYXEeHWn: (PyHOAMEHTOB, OCHOBAHWA aBTOMOOUIIbHBIX WM XEenesHblX A0opor,
TpybonpoBoaoB u T.4. OCHOBHbIMU CbIpbEBLIMU COCTABASOLNUMUM MaTepmnana sBnNATCA rMApoKCU HaTpus n
onan-kpuctobannToBble ropHble MOPOAbl: AMaTOMUT, Tpenen, onoka. CMecb KOMMOHEHTOB MoAaBepraeTcs
00XUry 1 BcneHnsaeTcsi ¢ GOpMUPOBAHMEM MOPUCTON CTPYKTYPbI, KOTOPasi BKIIOYAET KaK CTEKIOBUAHYIO, TaK
N KpucTannuyeckyto asbl. B nccnegosaHnax npoaHanvM3MpoBaHO U YCTAHOBIEHO CYLLECTBEHHOE BIUSIHUE
OBYX Pasnu4yHbIX CMOCOOOB MPUrOTOBMEHMS CMECUM KOMMOHEHTOB Ha OCHOBHblE CBOWCTBa Martepuana. B
nepeBoM crnocobe wuxTa npeacTaBnana cobor CycneH3aWo C BbICOKUM cogepXaHuem BOAbl, KoTopas
noABepranacb MExXaHW4ecKkon akTuBauum B BMOpauuoHHOW MernbHuue. Bo BTopom cnocobe, wuxTta 6bina
nony4yeHa aKCTpy3unen, T.e. MyTEM NPOAaBNNBAHNS CMECU KOMIMOHEHTOB Yepes kannbpoBaHHbIE OTBEPCTUS C
nomoLLblo LWHeka. Becneacteme aTtoro, wmxTa npeactaensana cobon rpaHynmMpoBaHHYK TYro-nnacTU4HYo
Maccy C HU3KMM coaepXaHueM BoAbl. B pesynbTaTte 6bin0 ycTaHOBMEHO, YTo 6onee BbICOKOE coaepXaHue
BOAblI B NepBOM crnocobe CuHTe3a NpuBOAUT K (POPMUPOBAHMIO HEOOHOPOOHOW CTPYKTYypbl 06pasLoB, ux
paccrnoeHuno, HanuuuMi MMNOTHbIX HEe BCMEHEHHbIX BKMIOYEHUN W MNOBbILEHHOW CpefHen NfoTHOCTU
maTepuana. Lluxta, nonyyeHHas 9SKCTPY3MOHHbIM METOOOM, BCrneHuBaeTcs 6Gonee paBHoOMepHo, ©e3
paccrnoeHus, Grnarogapsa 4Yemy CHWXaeTCsl CpefHsisl NIOTHOCTb MEHOCTEKNoKepaMunku. [JononHUTEeNnbHOMY
CHWKEHWIO cpefHen nnotHocTn obpas3uoB Ha 17 % cnocobcTByeT aBTOKNaBHasg oOpaboTka LUMXThI,
MONMYYEeHHON SKCTPY3MOHHLIM METOAOM, 3a CYET akTuBM3auuM Mpouecca pacTBOPEHMS KpeMHe3éma
anatomuta. OKCTPY3UOHHbLI  METO4  PEKOMEHAOBaH AN MOJydeHUA  MEHOCTEKIOKepaMuKM B
rpaHynMpoBaHHOM BuAe, YTO CNocOOCTBYET SKOHOMMM JOPOroCTOSILLErO MTMOPOKCMAA HATPUS.
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