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The evolution of the components of the brown and black ceramics’ pore space of the lava-like fuel-containing
materials from the “Shelter” Object, which generated during heat treatment, was being investigated. With increasing
of the temperature, a part of the nanoscale pore channels are closed at 100...150 °C, some of cracks — at 200 °C also
at 400 °C, the nanoscale channels are fully closed at 400 °C, the cracks — at 530 °C, and the nanopores — at 600 °C.
Open nanoscale channels are the result of combining at least a part of o-particle tracks, formed by a-decay of trans-
uranic elements at the self-irradiation, during the long period. Nanoscale pore channels and cracks were being
formed as a result of processes taking place in the materials well their “preparing” after, during the accident.

Nuclear, radiation and environmental safety of the
“Shelter” Object is determined by the lava-like fuel-
containing mass (LFCM) due to the fact that they con-
tain the majority of radionuclides from the beyond con-
trol nuclear reactor of Unit 4 of the Chernobyl Nuclear
Power Plant. LFCM structure and its characteristics are
necessary to be researched for the purpose of a long-
term forecasting of their degradation. In the decades
after the accident, there were sufficiently studied not
only crystal inclusions, but also silica glass matrix of
LFCM. There were received data on the phase composi-
tion, content and size of crystal inclusions, the distribu-
tion of uranium between the crystal inclusions and silica
glass phase, elemental composition of silica glass phase
and parameters of open porosity [1-3].

Research conducted recently [4, 5] had shown, that
along with the gas pores and cracks previously known,
LFCM also contain nanoscale pore channels. It is shown
that nanochannels connected gas pores to each other and
with the environment in whole and also provided with
the formation of that open porosity of material, which is
responsible for the ingress of air and water into the
LFCM and thus makes a significant effect on the degra-
dation of their structure and properties.

The data previously received [5], induce us to sup-
pose, that nanosized pore channels in LFCM are the
result of accumulation of the radiation defects and the
basic mechanism of their formation - interaction with
the material of a-particles formed at the a-decay of ra-
dionuclides. To deepen our image about LFCM it is
necessary to find out the nature of the formation of na-
nosized pore channels. Familiarity with the nature of the
formation of each components from all available LFCM
pore space, would allow to reconsider the model of
structure degradation and physical-mechanical proper-
ties of LFCM at the higher level approach, notable to
identify definitely the stages of material degradation,
find their sequence, to evaluate their duration, etc. That
would allow considerably improving the reliability of
predicting the LFCM behavior and create conditions for
choosing the ways of LFCM treatment in future on the
subsequent stages of work at the “Shelter” Object.

The purpose of the investigation was to determine
the nature of the formation of nanosized pore channels

for improvement of the model of LFCM degradation at
the “Shelter” Object by means of study of changes of
the characteristics of all the components of the LFCM
pore space as a result of heat treatment.

EXPERIMENTAL METHODS

The brown and black ceramics samples, which are
typical for the steam distribution corridor and rooms
305/2, 304/2, were investigated, respectively.

During the study it was being conducted the method
for determination of volumes of each the group of open
pore channels, from available into the porous body, on
working fluid disposal at evaporation [6, 7]. Samples of
LFCM as plates with dimensions (3...3.5) x (20...30) x
(30...40) mm were placed into a vacuum chamber. Air
was pumped out from the pore channels to a pressure of
610> mm of mercury column to filled them with work-
ing fluid - distilled water. Then it was carried out the
controlled drying to remove the working fluid during its
evaporation and determined the time dependence on
mass of the system at a constant temperature.

Each of the LFCM samples was being heat-treated
serially at constant temperature during 5 hours into air
laboratory oven. Subsequent heat treatment was carried
out at a constant temperature, higher than the previous
one. Increasing and reduction of the temperature was
less than 2.5...4.5 °C/min. After each heat treatment
there were determined the volumes of all open pore
channels and the solid phase volume. Heat treatments
were carried out in the interval of temperatures
70...800 °C.

The apparent density of the LFCM samples was de-
termined by means of hydrostatic weighing method and
pycnometric - by water pycnometry method.

EXPERIMENTAL RESULTS

Specimens of brown ceramics (Nel and Ne2) had an
apparent density of 2.70 /cm® and 2.81 g/cm® and an
open porosity of 6.9 % and 7.2 % respectively. Speci-
mens of black ceramics had an apparent density of
2.16 g/cm® and an open porosity of 9.8 %.

Time dependence on mass of system the ‘brown ce-
ramics (initial sample Ne 1) — water’ at a temperature of
controlled drying 36...37 °C is represented in Fig. 1.
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The mass of system decreases with the course of time.
Dependence contains 5 linear sections: 4 from which are
oblique and 1 that parallel to the abscissa axis. The
straight lines, which extend the linear segments up to
the intersection with the ordinate axis, intercept on the
above mentioned the values of the mass, difference of
which (mg - my), (Mg - my), (M, - m3) and (M3 - my) are
numerically equal to volume of 4 group of pore chan-
nels of different diameter. The relative volumes of the
pore channels values of the duration of water evapora-
tion stage are represented in Table.

It was issued earlier [5], that stages I, II, Il and IV
of water removal from the pore channels of brown ce-
ramics correspond to large size gas pores, small size gas
pores, cracks and nanosized pore channels, respectively.
Stage V corresponds to solid stage.

The relative volumes of the open pore channels, stage durations of removing of working flu-
id from them and volumes of solids phase in the brown ceramics (specimens Nel) of lava-
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Fig. 1. Mass of system ‘brown ceramics — water’
dependence on time of drying

like fuel-containing materials before and after heat treatment

7

Stages I I 11 \Y V
Component of large size | small size | cracks nano- solid
structure gas pore gas pore channels stage
Relative volumes initial 5,43 0,61 0,39 0,44 93,13
before and after heat | 300 °C 5,35 0,66 0,32 0,14 93,52
treatment, vol. % 530 °C 6,03 0,0 0,0 93,97
error, = % 0,10 0,08 0,05 0,05 0,10
Stage durations initial 0,24 0,54 1,2 4,5 -
before and after 300 °C 0,24 0,50 1,0 3,5 -
heat treatment, h 530 °C 0,20 0,36 - - -
error, £ h 0,014 0,03 0,04 0,4 -
Notes: temperature of controlled drying was 36...- 37 °C.

As a result of the heat treatment at 300 °C specimen
mass decrease from 2.8526 g to 2.8492 g by detaching
from him a few particulates. Heat treatment at 530 °C
resulted to the destruction of the sample on seven large
and many small size fragments. Weight of seven large
fragments was 2.0276 g.

Heat treatment at 300 °C did not result to relative
volume change of the large size and small size gas
pores. But cracks volume decreased by 0.07 % (in
1.2 times), and the volume of nanoscale channels by
0.3% (in 3.1 times). The solid phase volume increased
by 0.39 %. This, points to the closure of some part of
cracks and considerable part of nanoscale pore channels.
The durations of the water removal from large size and
small size gas pores has stayed about the same, and
from the cracks and nanoscale pore channels decreased
(table).

Heat treatment at 530 °C also did not result to
change of relative volume of the large size and small
size gas pores. Their total volume did not change. The
dependence of mass of system ‘brown ceramics — water’
don’t have stages III and IV, corresponding to cracks
and nanochannels. The solid phase volume has in-
creased by 0.45 %. These results indicate the closure of
all nanochannels and the predominant part of cracks.
Durations of removing water from the large size and
small size gas pores reduced slightly by increasing of

the specimen surface due to the increase of their side
surface under destruction into several fragments (table).
For a more comprehensive study of the behavior of
pore space components of LFCM while heat treatment,
it was conducted the heat treatment of the specimen Ne 2
of brown ceramics sequentially with duration for 5
hours, under temperatures of 150, 200, 250, 300, 350,
400 and 450 °C. Mass of the specimen with reduced
heat treatment temperature increases (Fig.2). In the
temperature range 20...300 °C specimen weight de-
creases by 0.002...0.005 g every 50 °C, in connection
with the detaching from the specimen for a few particles
of material with diameter of 0.1...0.3 mm. At tempera-
tures of 350, 400 and 450 °C, weight reduced more sig-
nificantly, for 0.13...0.4 g every 50 °C, due to more in-
tensive detaching of material particulates at the destruc-
tion of the sample into 4, 6 and 8 parts, respectively.
Dependences of the relative volumes of open pore
channels and the solid phase of brown ceramics (speci-
men 2) on the heat treatment temperature are represent-
ed in the Fig. 3. The temperature-controlled drying was
35...37 °C. In the temperature range 20...300 °C the
solid phase volume does not change and makes at aver-
age 92,8 % (see Fig. 3, curv. 1). With increasing tem-
perature up to 400 °C and 450 °C it increases to
93.04...93.12%.
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Fig. 2. Dependence of the mass of the LFCM brown
ceramics specimens ANe2 on heat treatment temperature

The relative volumes of the both large and small size
gas pores are independent on the heat treatment temper-
ature (see Fig. 3, curv. 2 and 3). After heat treatment at
400 and 450 °C their total volume also is not changed
(see Fig. 3, curv. 4).
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Fig. 3. Dependences of relative volumes of open pore
channels and the solid phase of the LFCM brown
ceramics specimens 2 on the heat treatment temperature
(1 —solid phase, gas pores: 2 —large; 3 —small;

4 —large and small (sum) 5 — cracks;

6 —nanoscale pore channels)

With the temperature of heat treatment increasing
the relative volume of cracks is decreased at first, into
the temperature range 20...200 °C, and then reached to
the constant with an average value of 0.5% (see Fig. 3,
curv. 5). The relative volume of nanoscale pore chan-
nels when increasing temperature up to 150 °C is re-
duced, then increased (at 200 °C) and stayed practically
unchanged up to 350 °C and at 400 and 450 °C became
zero (curv. 6).

The durations of stages during water removing from
large size gas pores, small size gas pores and cracks
stayed practically unchanged into the temperature range
20...350° C (Fig. 4, curv. 2, 3 and 5). With increasing
of the temperature up to 400 and 450 °C, the stage dura-
tions are reduced, apparently due to the increasing of the
sample surface because of its destruction onto several
pieces. The duration of the water removal stages from
nanoscale channels with elevation of the heat treatment
temperature to 150 °C is increased to 3.1 hours, and
then into the temperature range 150...350 °C is signifi-
cantly reduced to 1.86 hours (see Fig. 4, curv. 5). This
indicates that at 150 °C a reduction in the average pore
diameter of nanoscale channels occurs, and at further
elevating of the heat treatment temperature — it increas-
es.
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Fig. 4. Dependences of the water removing stages dura-
tion from the open pore channels of the LFCM brown
ceramics specimen 2 on the heat treatment temperature
(for notation see Fig. 3)

The reduction of the relative volume of cracks into
the temperature range 20...150 °C when duration of
water removing from them is practically unchanged
indicates the closing of the part of cracks. A reduction
in the volume of nanoscale pore channels into this tem-
perature range with increasing of duration of the water
removing stage (notably, decreasing their average diam-
eter) definitely indicates about closure of some part of



those channels. The subsequent rise in temperature up to
200 °C results to an increasing of their volume, notably
to the opening of previously closed down part of nano-
scale pore channels. Constancy of the nanoscale pore
channels’ volume and shortening of the duration stages
of water removing into the temperature range
200...350 °C indicates that it causes an increase in their
average diameter, which at 400 °C leads to complete
closure.

Dependence of the mass of system the ‘black ceram-
ics — water’ on time at temperature of 68 °C has also
one parallel to x-axis and 4 inclined linear sections and
such dependence is equal to similar one as system of
‘brown ceramics — water’ (see Fig. 1). Analysis of the
data in this article and the previous results [5] showed
that stages I, 11, 11l and IV of water removing from the
pore channels of black ceramics of LFCM corresponds
to gas pores, cracks, nanoscale pore channels and na-
nopores respectively. Stage V corresponds to the solid
phase.

For the purpose of study the behavior of the compo-
nents of the pore space of LFCM during the heat treat-
ment it was sequentially conducted a heat treatment of
the LFCM sample of black ceramic, with a duration of 5
hours at temperatures of 70, 100, 150, 210, 260, 300,
350, 400, 500, 600, 700 and 800 °C. Mass of the speci-
men into the temperature range 20...300 °C was practi-
cally unchanged (4,276+0,005) g (Fig. 5). Into the tem-
perature range 300...500 °C, the mass was reduced by
0.12...0.2 g every 50 °C in connection with the detach-
ing from the specimen the particulates of material after
its breaking into several parts.
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Fig. 5. Dependence of mass of the specimen of LFCM
black ceramics on the heat treatment temperature

Depending of relative volumes of open pore chan-
nels and the solid phase of black ceramics on the heat
treatment is represented in Fig. 6. The temperature-
controlled drying was 68...70 °C. With elevation of the
heat treatment temperature to 70 °C, the volumes of
solid phase increased from 90.2 to 90.83% and then, in
the range of 70...300 °C, it stayed constant. With ele-
vating of the temperature up to 400°C it had increased
to 91.6% and then into the range of 400...800 °C it
stayed constant (curv. 1). The relative volume of gas
pores volume has no dependence on the heat treatment
temperature and was 7.5% (curv. 2). The relative vol-
ume of cracks into the temperature range 20...300 °C

does not depend on the heat treatment temperature and
equal to 0.93%. With elevating of the temperature up to
400 °C it decreased to 0.35% and stayed so until a tem-
perature rose up to 800 °C (curv. 3). With elevation of
the temperature to 100 °C, the volume fraction of na-
noscale pore channels had reduced rapidly from 1.09 to
0.23%, with elevation of the temperature to 150 °C had
increased sharply to 0.72%, and then with the elevation
of the temperature to 400 °C had redused slightly up to
0.42% and till 800 °C had not been changing (curv. 4).
The relative volume of the nanopores into the tempera-
ture range 20...500 °C does not depend on the heat
treatment temperature and was 0.19%. With elevating of
the temperature up to 600 °C, it had redused to zero and
was staying so until the temperature of 800 °C (curv. 5).
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Fig. 6. The dependences of the volumes of open pore
channels and the solid phase on the heat treatment
temperature of the specimen of LFCM black ceramic
(1 —solid phase; 2 —gas pores; 3 — cracks;
4 —nanoscale pore channels; 5 —nanopores)

The durations of stages of water removing from gas
pores, cracks, nanoscale pore channels and nanopores
do not depend on the heat treatment temperature (Fig. 7,
curv. 2-5).

Reduces in relative volume of nanoscale pore chan-
nels with elevation of the heat treatment temperature up
to 100 °C in combination with an increase in relative



volume of the solid phase indicates the closing of the
significant part of those channels (see Fig. 6, curv. 4 and
curv. 1). Increased volume of nanoscale pore channels
with a consequent elevation of the temperature indicates
the opening of substantial part of them (60%). Crack
volumes reduce into the temperature range 300...400 °C
points to the closing of the greater part of cracks
(curv. 3). Reduction of the nanopore volume to zero into
the temperature range 500...600 °C indicates the clos-
ing all of the nanopores (curv. 5).
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Fig. 7. Dependence of the stages duration of water
removing from the open pore channels of the sample
of LFCM black ceramics on the heat treatment
temperature (for notation see Fig. 6)

RESULT DISCUSSION

Analysis of our previous results [5] shows that black
ceramics stage Il corresponds to the cracks, and stage 111
- to nanoscale pore channels. Taking into account, that
volume estimation of open pore channels was perfor-
med under close temperatures (36...37°C and
41...42 °C, Tables 1 and 2), we can compare the dura-
tions of stages of water removing from the pore canals.
Evidently that the duration of stage Il of black ceramics
(3.2 h) is close to the duration of stage Il of brown ce-
ramics (3 h) and the stage Il of black ceramics (7.2 h)
is close to the duration of stage IV of brown ceramics
(6,94 h).

The accumulated experience of using the method to
determine the volumes of pore channels on removing of
working fluid from them [7, 8] allows us to estimate the
average diameter of the nanopores in black ceramics as
15...35nm. The formation of nanopores apparently
occurred when LFCM cooled during the accident that
was caused by the difference in linear thermal expan-
sion coefficient of the basic mass of glass phase and its
regions, possibly formed as a result of silicate melt seg-
regation.

As a result of consecutive heat treatments of the
specimens of brown and black ceramics (see Fig. 2
and 5) the destruction of the material was observed.

Heat treatment at temperatures less than 300 °C it was
observed a detaching of particulates of the material from
specimen. Heat treatment at higher temperatures leads
to destruction of the specimen into several parts. This is
caused by the development of several cracks into the
specimen when elevating and decreasing of the tem-
peratures of materials.

Experimental data show that when elevating of the
heat treatment temperature, the pore space of LFCM
evolves (see Figs.3 and 6). Heat treatment at
100...150 °C leads to the closure of the part of na-
noscale pore channels as specimens of brown (see
Fig. 3), and black ceramics (see Fig. 6). The subsequent
elevating of the temperature up to 150...200 °C leads to
a complete opening (in brown ceramics) or to the open-
ing of their most (in black ceramics). Closing of some
cracks in brown ceramic occurs into the temperature
range 20...200 °C. Closing of cracks in black ceramics
is observed when elevating the temperature up to
300...400 °C. Completely closed cracks in brown ce-
ramics are observed at 530 °C temperature. In black
ceramics cracks could not close completely till the tem-
perature of 800 °C. Nanopores of black ceramics com-
pletely got closed into the temperature range
500...600 °C. Volumes of gas pores both brown and
black ceramics do not depend on the heat treatment
temperature.

Changes in the volumes and average diameters of
the LFCM pore space components under the heat treat-
ment (see Figs. 3 and 6) confirms once again the com-
pliance of stages of the water removal from the pore
channels, stage Il in brown ceramics and stage Il in
black — with cracks, and stage IV in brown ceramics and
stage Il in black — with nanoscale pore channels.

Behavior of nanoscale pore channels clearly indi-
cates that they are the result of combining at least some
of a-particle tracks, available in the material. It is
known [9] that at the use of method of solid-state nucle-
ar detectors for measuring of the a-active materials ac-
tivity, the plates of silica glass are applied. After keep-
ing the test samples on the plates and chemical etching
at their surface, the number of a-particle tracks is calcu-
lated. For subsequent measurements, researchers try to
achieve the a-tracks removal from the glass surface by
means of heat treatment at 150 °C during several hours.

An estimate of surface value of all the components
of the pore space of initial (non-heat-treated) black ce-
ramics — gas pores, cracks, nanoscale channels and na-
nopores using data on their volume (see Table and
Fig. 3 and 6) and an average diameters (or thicknesses)
[5] indicates that their surfaces per 1 cm® of LFCM are
respectively equal to 62, 90, 1700, and 76 cm?. Pore
space components of the specific surface area among
the decreasing row are arranged as follows: nanoscale
pore channels, cracks, nanopores, gas pores. This corre-
lates with the temperatures when the decrease in vol-
umes of the pore space components is observed due to
increasing of the heat treatment temperature. The base
temperature of volume reducing of nanoscale channels
has a minimum value, 100...150 °C, in comparison with
those of other components of the pore space, for the
reason, that the nanoscale channels have the largest spe-



cific surface. It should also be noted, that reduce in vol-
ume at rather low heat treatment temperatures is ob-
served in the components of pore space with a large
surface-to-volume ratio — in the nanoscale channels and
cracks. They were formed later as a result of internal
processes that took place in the materials. Such compo-
nents of the structure could not be formed at high tem-
peratures, typical for LFCM formation during the acci-
dent, such as gas pores. Gas pores having a nearly sphe-
rical shape and a relatively large average diameter of a
few unity or tens of microns [4, 5] and they do not evol-
ve in the temperature range of heat treatment surveyed.

According to the design-theoretical assessments [10]
among the radiation damage in the LFCM caused by all
possible emitters of radiation under conditions of the
“Shelter” Object (a-, B-particles, y-quanta, neutrons,
etc.), the main contribution to the formation of structure
defects is made by damages caused by the a-particles
and heavy recoil nucleus. It is assumed, that 90% of all
possible radiation defects are provided by heavy recoil
nuclei [10]. However, only open nanoscale pore chan-
nels, among all components of the pore space are struc-
tural defects caused by the self-irradiation of LFCM.
They were formed by combining at least a part of a-
particle tracks available in the material.

Gas pores formed upon cooling of LFCM by gas re-
lease from the melt at LFCM cooling due to the decreas-
ing of their solubility [1-3]. Gas pores in the glass al-
most always are closed [11]. But in 11 — 12 years after
the accident it has been established [12, 13], that LFCM
have an open porosity represented by two physically
significantly different size of pores: macro- and ultrami-
croscopic. Apparently, at that time, the nanosized pore
channels had already been started to form, which have
connected close gas pores with the environment. Al-
ready at that time, it has been suggested that the for-
mation of ultramicropore was associated with radiation-
induced defect formation [13].

Cracks have formed later, in approximately
2004-2011, at the expense of increased crystalline in-
clusions of uranium oxides during their oxidation, as
evidenced by significant reductions in the mechanical
properties of LFCM [14].

CONCLUSIONS

Studies conducted have shown that the components
of the pore space of brown and black ceramics of LFCM
inside the “Shelter” Object could evolve as a result of
heat treatment. When elevating of the temperature the
partial closure of nanoscale pore channels takes place at
100...150 °C in brown and black ceramics, of cracks at
200 °C in brown and at 400 °C in black ceramics, com-
plete closure of nanoscale pore channels at 400 °C and
of cracks at 530 °C in brown ceramics and of nanopores
at 600 °C in black ceramics. The driving force behind
the process of reducing the volumes of pore space is
tendency to reducing the surface energy by reducing
their specific surface area.

The Nature of formation of nanoscale open pore
channels in LFCM installed. Nanochannels are the re-
sult of combining at least a part of a-particle tracks
formed in LFCM at the expense of a-decay of transu-

ranic elements during the self-irradiation for a long pe-
riod (about ten years). Behavior during heat treatment
(partial closure) of nanoscale pore channels in LFCM
coincides with the behavior of the o-particles tracks in
the silicate glass used for measuring the activity of spec-
imen containing transuranic radionuclides in the method
of solid-state nuclear detectors.

It is shown that nanoscale pore channels and cracks
are the components of LFCM pore space with a large
ratio of surface-to-volume. This clearly indicates that
cracks inside the material (not on the surface) and na-
noscale channels could not be a consequence of “prepar-
ing” of LFCM during the accident but formed later as a
result of internal processes, as previously held and un-
dergoing right now inside the LFCM .
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INPUPOJA ®OPMUPOBAHUA HAHOPA3SMEPHBIX ITIOPOBBIX KAHAJIOB
JIABOOBPA3HBIX TOIIVIMBOCOAEPKAIIINX MATEPUAJIOB OBBEKTA «YKPBITUE»

C.B. I'abenxos, A.A. Knounuxoes, I1.E. Ilapxomuyk, I.@. Yemepckuii

HccnenoBaHa 3BOIONKS COCTABISIONIMX MTOPOBOTO IPOCTPAHCTBA — KOPUYHEBON M YEPHOW KEPaMHK JIaBOOO-
Pa3HBIX TOIUIMBOCOJCP)KAIINX MAaTEPHAIOB 00BhEKTa «YKPBITHE» NMpU TepMooOpadboTke. C MOBBIIICHHEM TeMIIepa-
TYpBI YacTh HAHOPa3MEPHBIX NOPOBBIX KaHanoB 3akpbiBaeTcs mpu 100...150 °C, yacth Tpemuns — npu 200 u 400 °C,
MOJIHOCTBIO 3aKpBIBalOTCS HaHopa3MepHble KaHaibl npu 400 °C, tpemumnsl — npu 530 °C, a HaHOMOpBHI — NpPHU
600 °C. OTKpbITBIC HAHOpa3MEpHbIE KaHaJIbl SIBISIOTCS pe3yJIbTaTOM OOBEAMHEHUS, 10 KpaiiHel mMepe, 4acTh Tpe-
KOB (-9aCTHII, 00pa30BaBIINXCS 3a CUET OL-pacmajia TPAaHCYPaHOBBIX PaJMOHYKIMIOB IPH CAaMOOOIYUCHHH B TeUe-
HHE JUTUTENIBHOTO Tieproia BpeMeHu. HanopasmepHble mopoBbie KaHallbl U TPELUIMHBI CHOPMUPOBAJIMCH B Pe3yJIbTa-
TE MPOLIECCOB, MPOXOAALINX B MaTepualax 3HAUNTEIbHO MO3/IHEE UX IIPUTOTOBJICHHS» BO BPEMs aBapHH.

INPUPOJA POPMYBAHHA HAHOPO3SMIPHUX ITOPOBUX KAHAJIIB
JJABOITOAIBHUX ITAJIMBOBMICHUX MATEPIAJIIB OB’€EKTY «YKPUTTS»

C.B. I'abenxos, 0.0. Knounuxos, I1.€. Ilapxomuyk, I.@. Yemepcokuii

JlocmiIKeHO SBOJIIOIII0 CKIIA0BUX TIOPOBOTO MPOCTOPY KOPUIHEBOT Ta YOPHOI KepaMiK JaBOIMOJIOHUX MaJIHBO-
BMICHUX MarepialliB 00'ekTy «YKPUTTSD» NpU TepMOOOpoOLi. 3 MiJBULICHHSIM TeMIepaTypy 4acTHHA HAHOPO3Mip-
HUX MMOpOBUX KaHaiiB 3akpuBaeTbes mpu 100...150 °C, yactuna tpinmH — npu 200 i 400 °C, NMOBHICTIO 3aKpHBa-
I0ThCS HaHOpOo3MipHi kaHamu mipu 400 °C, Tpimman — npu 530 °C, a Hanonopu — mpu 600 °C. BigkpuTi HAaHOPO3Mi-
PHI KaHaIW € pe3yJbTaToM O00'€HaHHS INpPUHAWMHI YaCTWHH TPEKIB (-4acTOK, IO YTBOPWIIHCA 3a PaxyHOK
0-po3mnajly TPaHCYPaHOBUX PaJiOHYKII/IIB IPH CaMOONIPOMIHEHHI MPOTITrOM TPUBAJIOTO repiony yacy. HaHopo3mi-
PHI IOPOBI KaHANH Ta TPIIMHU cHOpMYBaHCA B Pe3ybTaTi MPOIECiB, M0 IPOXOIITh B MaTepiataXx 3HAYHO Mi3Hi-
1€ IX «IPUrOTYBAaHHS» ITi/T yac aBapii.



