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CARBONIZATION AND CRUSHABILITY OF STRUCTURED
SAND-SODIUM-SILICATE MIXTURES

Purpose. To identify the regularities of kinetics of carbonization process in thin layers of solidified sodium-silicate solution and
to describe the mechanism of changes in surface strength of structured sand-sodium-silicate mixtures as per time.

Methodology. Determination of ultimate compressive strength and crushability resistance was carried out on samples with di-
mensions of @50 x 50 mm. The samples were prepared from mixtures of quartz sand and 5 % by weight of binder material (sand-
sodium-silicate mixture, phenol-formaldehyde resin), as well as quartz sand cladding with sand-sodium-silicate mixture. Sand-
sodium-silicate mixture carbonization kinetics was studied in a layer of hollow glass balls, previously clad with liquid sodium
sand-sodium-silicate mixture. Excerpt and determination of ball mass as per duration of their staying in the air were carried out in
a climatic chamber. Ball surface appearance was recorded by microscopic photographing with an up to 25 times magnification.
Influence of materials-modifiers on dehydrated sodium silicate solute carbonization was investigated by visual assessment of clad-
ding layer surface of glass balls. For this matter, glass balls of &10 mm were cladded with pure or modified sodium silicate solute
followed by air drying for 6 hours. Cladding layer surface quality was evaluated after 48 hours of exposure in the climate chamber
at 24—28 °C with 60—85 % relative humidity.

Findings. With increasing short-term storage (up to 24 hours) of structured sand-sodium-silicate mixtures in air, their strength
increases and crumbling decreases. With long-term storage — strength decreases and crumbling increases. Storage of prepared
sand-sodium-silicate mixtures should be carried out in a hermetically sealed container using a portion of sodium hydroxide. For
the first time, kinetics of sodium-silicate mixtures carbonization in a layer ~20 um thick has been established. Based on the ex-
perimental data, kinetic curves for sodium silicate solute in clad layer carbonization are constructed. The reasons of extremum on
kinetic curves presence are considered. Analytical expression for dependence of structured sand-sodium-silicate mixture crush-
ability on the time of their staying in air has been developed. It is established that, among technological additives in sodium silicate
solute tested in the work, no additive prevents or slows down the process of dehydrated sodium silicate solute in clad layer carbon-
ization.

Originality. For the first time, kinetics of sodium-silicate mixture carbonization in a layer about 20 um thick has been investi-
gated. It has been established that the process of sodium-silicate mixture carbonization begins without an induction period and is
of an extreme nature. For the first time, analytical dependence of structured sand-sodium-silicate mixture crushability as per time
they excerpt in air has been elaborated.

Practical value. Recommendations for long-time storage of granular materials containing finely dispersed sodium silicate or
clad with sodium silicate have been developed. Implementation of the recommendations will allow reducing technological losses,
improving the work on strengthening soils with sodium-silicate mixture quality and improving the quality of concrete and castings
produced in sand-sodium-silicate mixture forms.

Keywords: carbonization, sand-sodium-silicate mixtures, air, water, crushability, carbon dioxide, humidity, strength

Introduction. Using of sodium silicate solute as binder ma-
terial in many cases is economically feasible and technically
effective. However, the fragmentary nature the known data on
sodium silicate solute properties and their changing over time
and under certain conditions and variety of areas of applica-
tion of alkali metals silicates do not allow obtaining an accu-
rate prognosis of the results of using this material in the long
term period. As a result, the positive effect achieved from so-
dium silicate solute initial use is not always preserved, which
can lead to significant financial and material consumption. In
this regard, investigations aimed at solving the problem of
studying the changes in alkali metal silicate properties in their
long term using are relevant.

Literature review. Sodium silicate water solutions (sodium
silicate solute) are currently widely used both for household
goods and for mining rock silicification, soil strengthening,
acid-resistant and heat-resistant mortars and concrete pro-
duction, putties, glues, adhesives [1], foam materials [2, 3],
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adsorbents [4], in foundry industry for linings, foundry molds
and cores, refractory adhesives manufacturing [5], and others.
Such high multifunctionality of sodium silicate solute is due to
complex of positive properties inherent exclusively to these
materials. Nevertheless, like any other material, sodium sili-
cate solute has certain disadvantages. In particular, in relation
to foundry, properties of molds and cores based on sodium
silicate solute are highly dependent on the methods and con-
ditions of their manufacture, on the duration and storage con-
ditions, on the mode of physical and temperature effects on
them from the side of the casting, and so on [5, 6]. One of
foundry molds and cores quality indicators is their crushability
(CrAb) — i.e. molding and core mixtures’ (MCM) techno-
logical property, which characterizes the surface layer of mold/
core ability not to be ruined upon external (manipulation, in-
stallation into the mold, filling the mold with melt, and others)
mechanical impact on it. Crushability is characterized by the
value of sample mass from structured MCM decreasing during
its abrasion in a certain way for 1 minute, expressed in %.
Wherein, it is believed that crushability of MCM samples is
satisfactory if, according to the test results, CrAb £ 0.1-0.2 %
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[7]. Casting crushability increasing enhances the probability of
growing numbers and size of blockages, local mold collapses,
nonconformance in geometry between casting shape and its
model, and others.

Crushability of disposable sand molds/rods depends on a
significant number of factors, including [7, 8]:

- the nature of mixture components;

- mixture fractional composition of granular refractory
material in MCM;

- the amount of binder material in the mixture, its proper-
ties and method of solidification;

- technological additives in MCM type and quantity;

- MCM humidity and binder hygroscopicity;

- method of MCM structuring and drying;

- mixture, finished molds/cores shelf life, and others.

In particular, Wang Jina, et al. [2009] investigated proper-
ties of sand-sodium-silicate mixtures solidified as a result of
microwave radiation, carbon dioxide purging, as well as sodi-
um silicate solute saturation with ether. The authors found
that sodium silicate solute solidification by microwave radia-
tion allows obtaining sand-sodium-silicate mixtures with 1.5—
2.0 % by weight of sodium silicate solute with compressive
strength the same as that of a mixture solidified with ether with
2.5—-3.5 % sodium silicate solute, and solidified with carbon
dioxide with 5—6 % sodium silicate solute. One of the prob-
lems of sand-sodium-silicate mixtures, which were structured
by microwave radiation, is their ability to absorb moisture
from surrounding air. With the mass of sodium silicate solute
in the mixture before its solidification increasing, the mass of
the moisture absorbed by sand-sodium-silicate mixtures after
structuring with microwave radiation also increases. This phe-
nomenon, according to Wang Jina and his staff, leads to sig-
nificant increasing of molds/cores crushability, as well as to
their compressive strength decreasing. In addition, when using
microwave furnace with magnetron output power of 700 to
2000 W, compressive strength of sand-sodium-silicate mix-
tures after their structuring and after heating to 800 °C does
not significantly depend on furnace magnetron power and the
mixture solidification time in it but substantially depends only
on sodium silicate solute content in the mixture.

It is generally accepted that MCM crushability mainly de-
pends on its strength and binder material hygroscopicity. At
the same time, authors [9] recommended calculating MCM
crushability value using the formula

Crdb=z,-K-s7, (1

where z, is correction factor; K is MCM gas permeability; s is
MCM compression (tension) ultimate strength.

According to formula (1), there is direct proportional linear
relationship between the crushability value and gas permeabil-
ity to compressive (tension) strength of mixtures. Moreover,
this regularity is inherent for structured mixtures with binder
material of both inorganic and organic nature, which follows
from behavior of dependencies in Fig. 1. Fig. 1, a shows the
relationship between calculated (CrAb,,,) and experimental
(CrAb,) crushability values of sodium silicate solute structured
mixture (1, 2), obtained by experimental data processing from
Patents RU No. 1404152 and No. 2038182, respectively.

Fig. 1, b presents similar dependence for structured mix-
ture based on aluminochromophosphate (3) — Patent RU No.
2041765 and based on technical lignosulfonates mixture, post-
yeast residue of feed yeast production and molding clay (4) —
Patent RU No. 2017554.

Fig. 1, ¢ shows the relationship on the basis of dusty-type
periclase and phosphoric acid in silicasol solution (Patent RU
No. 1766575). In Fig. 1, d there is a relationship on the basis of
polyfuryl alcohol in the form of synthetic resin, or triethanol-
amine, or ethylene diamine with catalyst — benzolsulfonic
acid water solution (Patent RU No. 967666).

Between well-known binders from environmental safety
and sanitary standards point of view, cost of production and
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Fig. 1. Relationship between the value calculated (CrAb,,.) by
Jormula (1) and experimental (CrAb,) value of crushability
of samples from quartz sand with sodium silicate solute mix-
ture (a), aluminochromophosphate, technical lignosulfo-
nates mixture, post-yeast residue of feed yeast production
and molding clay (b), dusty-type periclase and phosphoric
acid in silicasol solution (c), polyfuryl alcohol (d):
1 — Patent RU No. 1404152; 2 — Patent RU No. 2038182; 3 —
Patent RU No. 2041765; 4 — Patent RU No. 2017554

disposal of waste, sodium silicate solute is most preferable
[7, 10].

Nevertheless, sodium silicate solute also has a number of
significant technological disadvantages, including their car-
bonization upon holding in air.

Aqueous solutions of sodium silicate using in engineering
and technology has been dealt with by many scientists and re-
searchers, including S.S.Zhukovsky, Yu.P. Vasin, P.P.Berg,
D. M. Kukuy, A. M. Lyass, P. A. Borsuk, et al. [11, 12].

Nevertheless, at the present time, carbonization kinetics in
thin layers of solidified sodium silicate solute has not been
studied. There is no analytical description of dependence of
crushability value of structured sand-sodium-silicate mixtures
on time and their exposure to air. Relative humidity influence
on carbonized surface appearance, and so on, has not been
discovered.

In conclusion, it should be noted that carbonization is not
an undesirable process in all cases. In particular, carbonization
of sodium silicate aqueous solution is deliberately carried out
to obtain high purity amorphous SiO, [13] and in foundry in-
dustry for sand-sodium-silicate foundry molds and cores so-
lidification, and others.

Purpose. The purpose of the work is to study carbonization
process kinetics in thin layers of solidified sodium silicate sol-
ute and to develop ways for this process prevention, to investi-
gate the effect of storage time and relative air humidity on the
crushability value of structured sand-sodium-silicate mixtures.

Methods. Cylindrical shape samples with dimensions of
@50 x 50 mm were used to determine crushability of struc-
tured mixtures, compressive strength, and gas permeability.
Crushability was determined in accordance with GOST
23409.9-78. Compressive strength of structured mixtures was
determined in accordance with GOST 8462-85, gas permea-
bility — in accordance with GOST 23409.6-78.

To study sodium silicate solute in air carbonization kinet-
ics, a layer of sodium silicate solute with specific gravity of
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1440 kg/m?> and with silicate modulus of 2.9 was applied to the
surface of balls @50 mm by dipping, which provided a liquid
layer with thickness of about 30 um and a layer of partially
dehydrated sodium silicate solute with about 20 um thickness.
The balls prepared in this way were placed in a climatic cham-
ber with certain relative air humidity. For 8 days with frequen-
cy of 7 hours, their weight was determined on electronic bal-
ance with an accuracy of 0.01 g. Relative humidity and air
temperature were measured using a TA-318 electronic ther-
mometer-hygrometer.

In order to reduce relative humidity of the air to W= 23—
25 % and to reduce the carbon dioxide content in the air, dry
sodium hydroxide (NaOH) was placed in the climate chamber.

In order to estimate the influence of modifying materials
on dehydrated sodium silicate solute in thin layer carboniza-
tion, a layer with ~30 um thickness of pure and modified so-
dium silicate solute was applied to glass balls surface with a
10 mm diameter. Cladding layers were dried in air at relative
humidity of 35-45% and temperature of 32—35 °C for
6 hours. After that, the balls were placed in climate chamber
with relative air humidity of W= 60—85 % and temperature of
24—28 °C for 48 hours.

Results. Structured mixture crushability in air changes
monotonically ambiguously with time increasing and depends
on the nature of binder material in the mixture, as evidenced
by dependences in Fig. 2. Fig. 2 shows dependences of sam-
ples’ crushability (Crdb) and compressive strength (cg;) on
exposure time (1) in air. Similar dependences (Fig. 2) are most
characteristic for majority of used MCM. But storage of, for
example, quartz sand clad with sodium silicate solute in her-
metically closed container does not solve the problem of its
technological properties at initial level preservation.

This, in particular, is indicated by the data in Table 1,
which shows the values of compressive strength and crushabil-
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ity of structured quartz sand samples, clad with 2 % (by
weight) sodium silicate solute with density of 1440 kg/m? with
silicate modulus of 2.9.

According to Fig. 2, a, from the moment when structuring
is completed, mixture strength increases with increasing expo-
sure time in air, which is due to finalizing of binder material
solidification (polymerization), and crushability decreases,
which also follows from formula (1).

The most noticeable strength enhancement and the lowest
crushability for any type of mixtures were observed in the first
24 hours from the moment of removing the foundry rig. Fur-
ther, structured MCM strength increases slightly, which is ap-
parently due to stress relaxation in the MCM. At the same
time, in sand-resin mixtures, crushability practically does not
change (Fig. 2, a), while in sodium silicate solute MCM, it
increases noticeably (Fig. 2, b).

To explain the described course of dependencies in sand-
sodium-silicate MCM, let us note the following types of
strength:

- primary strength — minimal strength of MCM, at which,
without molds/rods breaking, it is possible to remove them
from the rigging and carry out certain types of manipulations
with them and subsequent technological operations;

- handling (required strength) — maximum strength of
MCM, which molds/rods acquire after, as a rule, 24 hours
from the moment they are removed from the rig;

- long-term strength — molds/rods strength after a long
(more than one day) storage in air.

Based on the definitions above, it can be said that the
above discussed dependences of crushability behavior on ex-
posure time of sand-sodium-silicate MCM in air (Fig. 2, b), is
conditioned by the time change in the state of binder material
cuffs formed between sand grains of MCM during its structur-
ing. That is, after compacting in rig between sand grains,

OsT, MPa
SH

4

CrAb

o OST
1

0 24 48 72
b

T, hour

Fig. 2. Dependence of crushability and compressive strength of samples structured by heating for 60 sec at 220—230 °C of quartz sand
with 5 % furan resin FF-1C (a) mixture and samples from quartz sand with 5 % water glass mixture, structured according to CO,
process (b) on exposure time in air with relative humidity of 62 %

Table 1
Properties of structured quartz sand clad with 2 % (by weight) sodium silicate solute samples, prepared after storage in hermetic
container
Value of samples indicators prepared from clad sand, which were stored in a hermetic container
Structured mixture Units of for:
parameter measurement

0 months 3 months 6 months 9 months 12 months
K dimensionless 175+ 4 180+ 7 193+7 202+ 12 230+ 15
Gor MPa 2.7+0.2 1.2£0.2 0.6+0.1 0.13£0.05 0.02+0.01
CrAb % 0.13+0.02 0.3+£0.04 0.68+0.11 42+1.0 22+5

Note: K — Gas permeability. Storage was carried out in Dacron barrels. Cladding sand was sealed at relative humidity of 62 %. Barrel filling
with clad sand — 99 % by volume. Storage temperature — 15—25 °C
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“cuffs” are formed from liquid binder material, which is shown
schematically in scheme in Fig. 3, a.

After blowing the MCM with carbon dioxide, a layer of
solid silicic acid appears in addition to sodium carbonate and
hydro carbonate on the cuff surface as a result of Na,O sodium
silicate solute (Fig. 3, b) carbonization. This layer appearance
helps to mixture structuring and gives it primary strength.

After extracting the structured MCM from the rig, water
evaporates. Removing water from MCM leads to solidifying of
remaining sodium silicate solute in cuffs (Fig. 3, ¢). Dehydra-
tion of sodium silicate solute remaining in the cuffs increases
molds/cores strength, practically, to its maximum value. That
is, after 24 hours, molds and cores acquire the necessary
(maximum) handling strength.

If such forms and cores continue to be held in air, this leads
to continuation and completion of carbonization process of
solidified part of sodium silicate solute remaining in the cuffs
(Fig. 3, d). Moreover, since silicic acids strength is lower than
strength of sodium silicate solute solidified from dehydration,
strength of MCM in the surface layer of the samples decreases.
Accordingly, with decreasing strength of the surface layer, its
crushability also increases.

If it is assumed that change in the value of crushability in
first 24 hours can be described by exponential dependence,
and subsequently by a power-law dependence, then equation
for calculating the value of crushability as function of struc-
tured sand-sodium-silicate sample exposure time in air will
have the form, % (by weight)

CrAb(f)y=A—exp(b- 1)+ (d - )T, )

where A is free term of equation numerically equal to crush-
ability value at the time of extracting the sample from a core
box, % (by weight); b, d are coeflicients, %/h; C, F are expo-
nents; t is exposure time of the sample in air from the moment
of its extraction from the core box, h.

The results of calculating CrAb by (2) for sand-sodium-
silicate samples prepared by CO, process in the case consid-
ered above are presented in Fig. 4.

It follows from foregoing that the cause of crushability of
structured sand-sodium-silicate mixtures is the process of so-
dium silicate solute carbonization, which is caused by chemi-
sorption of moisture and carbon dioxide from the air on the
surface of sodium silicate solute cuffs binding sand particles
together. In this case, carbonization process can be described
by the following equations

Na,O - 38i0, + CO, + 6H,0 — Na,CO, + 3H,Si0, (3)

Na,O - 3Si0, + 2CO, + 7H,0 — 2NaHCO; + 3H,Si0, (4)

Na,0 - 35i0, - 3H,0 + CO, + 3H,0 — Na,CO; + 3H,Si0, (5)
Na,O - 3Si0, - 3H,0 + 2CO, + 4H,0 —

2NaHCO; + 3H,SiO, (6)
3 3
4
a b c d

Fig. 3. Schemes of stages of changing intergranular cuffs of
binder material in MCM structure:

1 — sand grains of refractory mixture material; 2 — cuff from aque-
ous solution of sodium silicate (sodium silicate solute); 3 — solid
carbonized cuff layer; 4 — partially dehydrated sodium silicate (so-
lidified dehydrated sodium silicate solute)
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Fig. 4. Dependence of crushability of sand-sodium-silicate
samples on its exposure to air time from manufacturing time
(points — calculations by formula (2))

According to (3—6), not only sodium carbonates or bicar-
bonate is formed as a result of carbonization, but also water-
insoluble ortho-silicic acid. Over time, the chemically unsta-
ble compound (ortho-silicic acid), which has appeared, can be
poly-condensed, turning into di-silicic or pyro-silicic acid
with water releasing

2H,Si0, — H,Si,05 + 3H,0 )
2H,Si0, — H,Si,0, + H,0 (8)

Carbonization kinetics in the air was studied by determin-
ing the mass of a thin layer of sodium silicate solute changing
over time. The thin layer was applied to the surface of @50 mm
hollow glass balls. The results of the studies conducted are pre-
sented in corresponding dependencies form in Fig. 5.

The analysis of dependencies in Fig. 5 shows that the so-
dium silicate solute carbonization process has no induction
period. Change in the mass of a layer of partially dehydrated
sodium silicate solute is extreme. That is, from the moment
when drying of sodium silicate solute layer is finished and
measurements are begun, the layer mass increases, which indi-
cates that carbonization order is in accordance with equations
5, 6).

With relative humidity increasing, the carbonation rate
and mass of forming carbonate and bicarbonate increase. Fur-
ther exposure of the balls in the climate chamber leads to their
mass decreasing, regardless of air relative humidity. This mass
decreasing could be explained by carbonization reactions (5,
6) completion and poly-condensation reactions advancing (7,
8) and with water releasing during di-silicic or pyro-silicic ac-
ids formation.

At the relative air humidity of 24 %, the decrease in sodi-
um silicate solute mass is so great that after 2.5 days of expo-
sure in the climatic chamber, the balls’ mass becomes less than
their initial mass (Fig. 5). Apparently, such regularity is related
to slight sodium silicate solute carbonization, which is caused
by carbon dioxide in air absorption by sodium hydroxide, wa-
ter evaporation during poly-condensation of ortho-silicic acid
formed and dehydration of remaining sodium silicate solute.

In the poly-condensation process, higher silicic acids form
complex (linear, branched, mixed) spatial structures. In the
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Fig. 5. Dependence of sodium silicate solute layer relative mass
changing on exposure time in air and its relative humidity
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thin layer of solidified sodium silicate solute on surfaces with
large radius of curvature, silicic acids, being a structural mate-
rial component, should demonstrate themselves as colorless
films of various textures and sizes, and sodium carbonate (bi-
carbonate) — in white plaque form or separate white crystals
on carbonized layer surface. Confirmation of the above in-
volves photographs of the carbonized surface of the clad layer
on the balls after 5 days (Fig. 6) and after 10 days (Fig. 7) of
their exposure in the climate chamber.

It should be noted that at the relative humidity of 24 % and
low carbon dioxide content in the air, the sodium silicate sol-
ute layer practically did not carbonize either after 5 days
(Fig. 6, a) or after 10 days (Fig. 7). At the same time, cracks in
the layer appeared after 5 days, and after 10 days, apparently
due to the high degree of dehydration, the layer exfoliated
from the ball surface (Fig. 7, a).

Carbonization of clad with sodium silicate solute sand af-
ter its structuring also leads to crushability increasing and

Fig. 6. Carbonized surface structure of sodium silicate (x25) after 5 days in air with relative humidity:

a—24%;b—55%;c—75%;d— 90 %; e—98 %

Fig. 7. Carbonized surface structure of sodium silicate (x25) after 10 days in air with relative humidity:

a—24%;b—55%;c—75%;d—90%; e—98%
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strength of products made from it decreasing. In order to pre-
serve high technological effectiveness, sand clad with sodium
silicate solute or powdered sodium silicate should be stored in
hermetically sealed containers. To carry out dehydration and
prevent sodium silicate solute carbonization, dry caustic soda
should be placed in hermetically sealed containers.

One of significant drawbacks of sodium silicate solute as a
binder for manufacturing foundry molds/cores is difficulty in
knocking sand-sodium-silicate mixtures out of castings. In or-
der to reduce energy consumption for knocking sand-sodium-
silicate mixtures out of castings, appropriate technological ad-
ditives are added to it before using sodium silicate solute.
Among these additives are water-soluble substances of organic
origin — compounds of carbon chain unsaturated structure
with high carbon content (pitch, sugar, thermoplastic coals),
as well as sugar-containing materials and their derivatives
(starch, glycerin, green molasses). For the same purpose, am-
monium sulfate, sodium sulfate, ammonium salt, urea, rosin,
dextrin, pulver bakelite, and others are added to sodium sili-
cate solute [14]. Since aqueous sodium silicate solutions are
classified as chemically active materials, the introduction of
any other material into the initial sodium silicate solute will
properly reflect not only properties of dehydrated sodium sili-
cate solute, but also its carbonization process.

As test modifiers, materials were used, whose names, as
well as type of clad layer after 48 hours exposure in climate
chamber are given in Table 2.

The analysis of surface appearance of the balls clad layer
after 48 hours in the climate chamber shows that no modifier
used in this work prevents the process of sodium silicate solute
carbonization.

Conclusions. For the first time, carbonization kinetics of
partially dehydrated sodium liquid glass in a thin layer in the air
has been studied. It was found that carbonization process ki-
netic curves have an extremum, whose appearance is due to two
successive processes — sodium dioxide carbonization and silicic
acid poly-condensation. With relative humidity increasing, car-
bonization intensity and mass of carbonate and bicarbonate
formed in sodium silicate solute thin films increase. Storage of
prepared sand-sodium-silicate mixtures should be carried out
in a hermetically sealed container using caustic soda portion.

For the first time, analytical expression for structured
sand-sodium-silicate samples crushability amount depen-
dence on exposure time in air has been obtained.

For the first time, description of a mechanism for chang-
ing surface strength of structured sand-sodium-silicate mix-
tures in time has been developed.

The use of sodium silicate solute modifiers did not prevent
the process of its carbonization.

Application of the presented results will allow expanding
the understanding and knowledge concerning the processes
associated not only with structuring, but also with long-term
storage of bulk materials and products, reducing technological
losses and improving the quality of procedures associated with
the use of sodium silicate solute.
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KapOomnizanis Ta o0cunaibHiCTh
CTPYKTYPOBAHUX IMIIAHO-PiIKOCKISTHUX
cyMmimeit
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Merta. BcTaHOBIIEHHST 3aKOHOMIPHOCTE KiHETUKHU TIPO-
1iecy KapOoHi3allii B TOHKMX Iapax 3aTBEPIHiJoro piaKoro
CKJIa, i OMMC MeXaHi3My 3MiHU MTOBEPXHEBOI MilIHOCTi CTPYK-
TyPOBaHMX MilllAHO-PiNKOCKJISIHUX CyMillleii y yaci.

Metoauka. BusHaueHHs MexXi MiLIHOCTI MPU CTUCHEHHI
Ta OOCUTIAJIBHOCTI TMPOBOIWJIM Ha 3pa3kax 3 po3Mipamu
@50 x 50 mM. 3pa3ku BUTOTOBIISUIM 3 CyMillleil KBaplIOBOTO
mcKy i 5 % 3a Macolo CroJydyHOro MaTepiaiy (piIKoro ckia,
(eHon-popManpaeriny), a TaKoX KBapIlOBOTO ITiCKY, MJIaKO-
BaHOTO pigKuM ckjioM. KiHeTnkKy KapOoHi3allii piIkoro ckjia
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B LIApi TOCTIIKYBaIM HA MOPOXHIX CKISIHUX KYJISIX, TToTepe-
JIHBO TUIAKYBAaB 1X HATPIEBUX PiIKUM CKJIOM. BUTpUMKY i BU-
3HAYEHHSI MacH KyJib Bill TPUBAJIOCTi epeOyBaHHS 1X Ha IO-
BiTpi TPOBOAMIIM B KJIIMaTUUHiil Kamepi. Bun moBepxHi Kyib
dikcyBanu ($HOTO3MOMKOIO Ha MiKPOCKOMi Mpu 30ibIIeHHI
1o 25 kpar. BriiuB Mmoaugikyounx MaTepiaiiB Ha KapOoHi3a-
11i10 IeTiIpaTOBaHOIO PiIKOTO CKJIA TOCIiIXKYBaIU 32 Pe3yJib-
TaTaMU Bi3yaJIbHOI OLIHKM ITOBEPXHi IUIAKOBAaHUX IIAPiB
CKJISTHUX KYJIbOK. JIJIsI LIbOTO CKIISIHI KyJ1i 10 MM T11akyBaiu
YUCTUM a00 MOAMU(IKOBAHUM PiIKMM CKJIOM 3 HACTYITHUM
CYIIHHSIM Ha MOBITPi MPOTATroM 6 roauH. SIKicTh MoBepxHi
TUTAKOBAHUX 1IAPiB OLIiHIOBAJIM ITicist 48 TOAUH IX BUTPUMKU
y KJIiMaTuyHiii kamepi ripu 24—28 °C i3 BiTHOCHOIO BOJIOTiC-
TI0 TIoBiTpst 60—85 %.

PesyabraT. 3i 30UIbLIEHHSIM TPUBAJIOCTI KOPOTKOYAC-
HOro 30epiraHHs (10 24 rox) Ha MOBITPI MilLIAHO-PiAKOCKIISI-
HUX CyMilllell, 1110 CTPYKTYpyBaJIUCH, 1X MILIHICTh 3pOCTaE, a
00CHUNAIbHICTh 3HUXKYEThCs. [Ipu moBroTpuBajioMy 30epi-
TaHHi — MILHICTh 3MEHILYETbCS, & OOCUNAIBHICTh 3POCTAE.
30epiraHHs TPUTrOTOBAHUX MillIAHO-PIAKOCKIISIHUX CyMillieit
CJIiI TIPOBOMTH B Tapi, sTKa TepPMETUIHO 3aKPUBAETHCS, 3 BU-
KOPUCTAHHSIM HaBaXKKy TiIPOKCHUIY HATpilo. Ymepiie BcTa-
HOBJIEHA KiHETHMKa KapOoHi3allii HaTpiEBOrO PiIKOro cKJja B
1api ToBIIMHOW 6;113bKO 20 MKM. Ha ocHOBI ekcriepuMeH-
TaJbHUX JaHUX MOOynOBaHi KiHETUYHI KpUBI KapOoHizallii
HaATPiEBOTO PiIKOro CKJa y IUIaKoBaHOMY Iapi. Po3risiHyTi
TMPUINHUA HASIBHOCTI €KCTPEMYMY Ha KiHETMUYHHMX KPUBUX.
Po3pob6ieHo aHaiTUYHUI BUpa3 3a1€3KHOCTI 00CUTTIAIbHOCTI
CTPYKTYPOBAHMX MillITaHO-PIAKOCKIISIHUX CyMilllei Bill yacy ix
HaxOIXXEeHHsI Ha ToBiTpi. BcTaHOBIIeHO, 1110 i3 YKMCIa BUIPO-
OyBaHUX Yy pOOOTI TEXHOJOTIYHUX 100ABOK, SIKi 10AaBaId 10
pilKoro ckia, XoaHa 1o6aBKa He 3aro0birae it He yrmoBiJbHIOE
npoliec KapOoHi3alii AerigpaToBaHOTO PiIKOro CKja y ria-
KOBaHOMY IlIapi.

HaykoBa HoBM3HA. YTiepiile 1ocCiipkeHa KiHeTUKa Kapoo-
Hi3allil HaTpPieEBOTroO PilKOro ckja B 1api TOBLIMHOIO OJU3bKO
20 MKM Ha TIOBIiTpi. YCTaHOBJICHO, IIIO IMpoIlec KapOoHizalrii
piIKOro cKja MoYuHa€eThes 0e3 iHIYKILIIMHOro Trepiony Ta HO-
CUTb €KCTpeMaJIbHUI XapakTep. Yrepiie po3podiieHa aHali-
TUYHA 3aJIEXKHICTh BEJTMYMHU 00CUMATBHOCTI CTPYKTYPOBAHUX
PIAKOCKJISTHUX CyMillle# Bl yacy nepeOyBaHHs ixX Ha MOBITPI.

IMpakTyna 3HaummicTs. Po3polOsieHi pekomeHnallii i3
TPUBAJIOTO 30epiraHHs 3epHUCTUX MaTepialliB i3 MUJIOIOmi0-
HUM CWJIIKaTOM HaTpilo a0 MIaKOBaHUM CUJIIKaTOM HaTpilo.
BukopucranHs pekoMeHaaliil 103BOIUTbh CKOPOTUTH TEXHO-
JIOTiYHI BTpaTW Ta MiABUILUTU SIKICTh POOIT 3i 3MillHEHHS
I'PYHTIB PiIKUM CKJIOM, TiIABUIIUTH SIKICTb OETOHIB i JIUTTS,
BUPOOJIEHOTO B IMIILIAHO-PiAKOCKISIHUX (hopMax.

KumouoBi ciioBa: xapbouizauis, pioke ckao, nosimps, éoda,
00CUNANbHICMb, YeNeKUCAULL 2a3, B0A02ICMb, MIUHICMY
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CTPYKTYPHPOBAHHBIX
NeCYaHO-KMIKOCTEKOIbHBIX CMecei
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Ieas. YcraHoBIEHUE 3aKOHOMEPHOCTEM KMHETUKU TTPO-
1ecca KapOOHM3alMU B TOHKUX CJIOSIX 3aTBEPIAEBIIETO KU -
KOTO CTeKJIa, U OINMCaHWe MeXaHW3Ma M3MEHEHUs TTOBEpX-

HOCTHOM MPOYHOCTHU CTPYKTYPUPOBAHHBIX TIECUAHO-KUIKO-
CTEKOJILHBIX CMECEl BO BpEMEHMU.

Metomuka. OrnpenesieHre Mpenesia MPOYHOCTH TIPY CKa-
TUM Y BEJIMYMHBI OCHIIIAEMOCTH MPOBOAMIN Ha oOpaslax ¢
pasmepamu 50 x 50 mm. OOpasibl U3roTaBIUBAIU U3 CME-
ceil KBapleBoro necka 1 5 % 1o macce CBSI3YIOILEero MaTepu-
ajyia (HaTpUeBOTO KUIKOTO CTeKia, (heHOI0-(hopMaTbIeT I~
HOI1 CMOJIBI), @ TaKKe KBaplieBOro Iecka, MiIaKupOBaHHOTO
KUAKAM cTeKsToM. KMHeTUKyY KapOOHU3aIuy KUIKOTO CTEK-
Jla B CJIO€ MCCJIEIOBAIM Ha TOJIBIX CTEKJISTHHBIX I11apax, ria-
KUPOBAHHBIX XXUIKUM CTEKJIIOM. BBIIEpKKY 1 ompeneieHue
Macchbl IIapoOB OT JUTUTEIbHOCTU HaXOXACHUS UX Ha BO3IyXe
MPOBOMWIIM B KJIMMaTHUECKOW Kamepe. Bum moBepxHOCTH
apoB (ukcupoBaad (POTOCHEMKON HAa MUKPOCKOIIE IPU
yBeJIMYeHUH 110 25 Kpat. BausHue Moauuumnpyommx Mate-
pUaJoB Ha KapOOHM3ALIMIO JETUAPATHUPOBAHHOTO KUIKOTO
CTeKJIa MCCIIeOBAIM MO pe3yjbTaTaM BU3YaJIbHOU OIIEHKH
TMOBEPXHOCTU TIJIAKUPOBAHHOIO CJIOSI CTEKJSTHHBIX I1apOB.
st aTOro crekisiHHble mapbl & 10 MM TUIaKMpOBaIU YK~
CTHIM WJIM MOAUMUIIMPOBAHHBIM XUAKUM CTEKJIOM C MOce-
MYIOLIEH CYIIKOM Ha BO3AyXe B TeueHHM 6 yacoB. KauecTBo
TMOBEPXHOCTU TUIAKWPOBAHHBIX CJIOEB OLIEHUBAIM TIOCIHE
48 yacoB MX BBIIEPKKHU B KIIMMaTUUECKON KaMepe Tipu 24—
28 °C ¢ OTHOCHUTEIBbHOM BIaXKHOCTHIO Bo3myxa 60—85 %.

Pesyabrarel. C yBeInueHUEM JINTEILHOCTU KPaTKOBPE-
MEHHOTO0 XpaHeHus (10 24 4) CTPYKTYpUPOBAHHbBIX TIECYaHO-
XKHUIKOCTEKOJIbHBIX CMeCeil Ha BO3IyXe UX IMPOYHOCTh BO3-
pacTaeT, a ocblllaeMoCTh MoHuxkaeTcs. Ilpu monroBpemeH-
HOM XpaHEHUM — MPOYHOCTh YMEHBIIIAETCS, a OCHIITAEMOCTh
Bo3pacTaeT. XpaHEHUE MPUTOTOBJIEHHBIX MeCYaHO-XKUIKO-
CTEKOJIBHBIX CMeCeil ClIeayeT MPOBOAUTL B TEPMETUYHO 3a-
KpbIBAEMOIl Tape ¢ UCIOJIb30BaHUEM HABECKM I'MIPOKCUIA
Hartpus. BriepBbie ycTaHOBIeHa KWHETMKAa KapOOHMW3aIWU
HaTPUEBOTO XMUIKOTO CTEKJIa B ¢jioe ToMMHoi ~20 MkM. Ha
OCHOBE 3KCIIEPUMEHTATbHBIX JAHHBIX TTOCTPOCHBI KMHETH-
YyecKue KpuBble KapOOHU3AIMK HATPUEBOTO KUIKOTO CTEKIIA
B IJJTaKMPOBAaHHOM cjioe. PaccMOTpeHBl MPUYMHBI MOSIBJIC-
HMSI DKCTpeMyMa Ha KMHETMYECKUX KpUBBIX. PazpabGoraHo
AHAJIUTUYECKOE BBIPaKEHWE 3aBUCHUMOCTU OCHIITAEMOCTHU
CTPYKTYPUPOBAHHBIX MECUYaHO-XKUAKOCTEKOJIbHbIX CMecei
OT BpEMEHM MX HAXOXICHUs Ha BO3IyXe. YCTaHOBJICHO, YTO
M3 YKclia ONPOOOBAHHBIX B pabOTe TEXHOJOTMUECKUX 100a-
BOK, KOTOpBIC IIPEIBapUTEIbHO BBOMWJINCH B HATPHUEBOE
SKUJIKOE CTEeKJIO, HM OfHa nobaBKa He MpenoTBpallaeT u He
3aMelIsieT TIpollecC KapOOHU3ALUM IeTHIPaTUPOBAHHOTO
SKUJIKOTO CTEKJIa B TNITAKUPOBAHHOM CJIOE.

Hayunasa HoBu3Ha. BriepBble wnccieqoBaHa KWHETHKA
KapOOHM3aIIMKM HATPUEBOTO KUIKOTO CTeKJIa B CJIO€ TOJIIH-
HOI1 ~20 MKM Ha BO3Iyxe. Y CTAHOBJIEHO, UTO ITpoIiecc KapOo-
HM3AIMN KUIKOTO CTeKJIa HauMHaeTcsl 6e3 MHIYKIIMOHHOTO
Teproaa U HOCUT 3KCTpeMalIbHBIN XapakTep. BriepBoie ycTa-
HOBJICHa aHAJIMTUYECKasT 3aBUCHMOCTh BEJIMIMHBI OChITIae-
MOCTHU CTPYKTYPHUPOBAHHBIX XKUIKOCTEKOJBHBIX CMECeil OT
BPEMEHU HaXOXKIEHUsI X Ha BO3IyXe.

IIpakTiyeckas 3HaumMocTb. Pa3paboTaHbl peKOMeHma-
MM TIO JUTUTEJIbHOMY XpaHEHUIO 3ePHMCTBIX MaTepHhasioB,
conepXKaliux MbIJIEBUAHBINM CUIMKAT HATPUS TIUOO MIIAaKUPO-
BaHHBIX CUJIMKATOM HaTpus, VIcronb3oBaHUe peKOMeHma-
LM ITO3BOJIUT COKPATUTh TEXHOJIOTMUECKHE TTOTEPU U TTOBbI-
CUTBb Ka4eCTBO PabOT IO YKPETUIEHMS TPYHTOB KUIKUM CTe-
KJIOM, MIOBBICUTh Ka4e€CTBO OETOHOB U JIUTbsI, MIPOU3BOAMMO-
rO B MIECYAHO-KUAKOCTEKOJIbHbBIX (hopMax.

Kirouesble ciioBa: kapoonuzayus, scudkoe cmeko, 6030yXx,
6004, 0CLINAEMOCHY, YeACKUCAbLL 2A3, 8AAICHOCMb, NPOHHOCHb
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