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The granular nanoporous carbon medium, made of the cylindrical coal granules of the adsorbent of CKT-3, at an
influence by the high pressures from 1 MPa to 3 GPa has been researched. The eight consecutive stages of the
material’s specific volume change, which is characterized by a certain dependence of the volume change on the
pressure change, have been registered. It is shown that there is a linear dependence on the double log-log plot of the
material’s specific volume change on the pressure for an every stage of considered process. The two stages are
clearly distinguished: a stage of material’s mechanical destruction, and a stage of elastic compression of material
without the disintegration of structure at a nano-scale. The hysteresis dependence of the material’s specific volume
change on the pressure change at the pressure decrease is observed. The small disperse coal dust particles jettisoning
between the high pressure cell and the base plate was observed, resulting in the elastic stress reduction in relation to
the small disperse coal dust particles volume. The obtained research data can be used to improve the designs of air
filters for the radioactive chemical elements absorption at the NPP with the aims to protect the environment.

PACS: 28.41.Qb; 45.70.-n; 45.70.Mg; 83.10.Bb

INTRODUCTION

The functional materials with the special physical
properties in a certain range of technical parameters
such as the temperatures, pressures, deformations are
used in the modern engineering to design a number of
various devices. However, the selected physical proper-
ties of functional materials at the operational limits are
not well researched.

The granular nanoporous carbon medium, made of
the cylindrical coal granules of the adsorbent of CKT-3,
at an influence by the high pressures from 1 MPa to
3 GPa represents a main research subject in this paper.
The granular nanoporous carbon medium, made of the
cylindrical coal granules of the adsorbent of CKT-3 is
used in the air filters for the radioactive chemical
elements and their isotopes absorption at the nuclear
power plants (NPP) with the aims to defend the working
personal from the harsh operational environment.

In [1], the research results on the distribution of the
radioactive chemical elements and their isotopes along
the air filters after the long term operation at the NPP
with the application of the gamma resonant spectrosco-
py method has been completed. The air filters have been
used in the operation for a number of years, and the
accumulated chemical elements and their isotopes had a
non-uniform distribution with a number of maxima of
concentration density.

It was necessary to create a new theory, considering
an important role by the forced acoustic resonant oscil-
lations with the purpose to explain an appearance of the
concentration density maxima in the granular nanopo-
rous carbon medium, made of the cylindrical coal
granules of the adsorbent of CKT-3, in the air filter [2].

It was observed that the primary accumulation of the
absorbed chemical elements and their isotopes occurs in
the antinodes positions of the forced acoustic oscilla-
tions, having a distribution in the form of a series of
concentration density maxima along the length of the
granular nanoporous carbon medium, made of the
cylindrical coal granules of the adsorbent of CKT-3, in
the air filter [2].

The small disperse coal dust particles appear as a
result of an abrasion of mechanical contacts between the
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coal granules at the air pressure fluctuations during the
air flow in an air filter, and precipitate at the same
positions along the length of the granular nanoporous
carbon medium in the core of an air filter. The small
disperse coal dust particles can intensify the process of
the radionuclides absorption, because the path length by
the radionuclides to the pores of small dimensions in the
small disperse coal dust particles is relatively short.
Therefore, a physical chemical role by the small dis-
perse coal dust particles fraction in the process of
absorption of the chemical elements has to be consid-
ered comprehensively. In addition, it makes sense to
note that the small disperse coal dust particles fraction
plays an essential role in the space physics [3], plasma
physics [4], environment science, etc.

Let us emphasis that the mechanical strength of cy-
lindrical coal granules is precisely characterized by the
disintegration property due to an abrasion process
mainly [5]. Therefore, there was a certain interest to
conduct a research on the mechanical durability and
dense packing of the granular nanoporous carbon
medium with the cylindrical coal granules with the
fractal structure of pores at an application of a wide
range of high pressures [6].

In this research, we would like to clarify the follow-
ing problems: 1) destruction of the macro-pores in the
granular carbon medium with nanoporous and 2) elastic
compression of the nanopores in the small disperse coal
dust particles in the carbon medium as a result of an
application of high pressures.

SAMPLES CHARACTERISTICS
AND MEASUREMENTS TECHNIQUE

The granular nanoporous carbon medium, made of
the cylindrical coal granules of the adsorbent of CKT-3,
at an application by the high pressures from 1 MPa up
to 3 GPa has been researched. The coal granules had the
cylindrical geometrical form with the diameter of
~2 mm and the length of ~3.2 mm. The measured
material density is pg ~ 0.9213 g/lcm?®, that is approxi-
mately ~ 0.4 of the graphite density, pc = 2,253 glcm®.

The bulk filling of air filter by the cylindrical coal
granules can generally be from ~ 62% up to ~ 75 %, and
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it depends on both 1) the geometrical shapes of granules
and impurities as well as 2) a relation between the
empty space volume and the characteristic sizes of
granules.

In our experiment, the cylindrical coal granules are
filed in the cylindrical volume. The diameter of cylin-
drical coal granule is in 4 times smaller than the diame-
ter of cylindrical volume. The length of cylindrical coal
granule is in 2.5 times smaller than the length of cylin-
drical volume. It results in a situation, when the filing
density of the cylindrical volume by the cylindrical coal
granules is decreased. In the researched case, the density
of bulk filed cylindrical coal granules was equal to
Pouik = 0.567 g/cm3, that is 62% of volumetric filing.

Fig. 1. High pressure cell

It is known that cylindrical coal granules of CKT-3
have the macropores with the diameter of
~100...200 nm, the volume of macropores is
0.2...0.8 cmg, the specific surface of macropores is
0.5...2 m?/g [7]. The transitional nanopores have the
sizes from 1.6 to 100 nm and the specific area of
70 m¥g. The smallest nanopores have the sizes from
0.6...0.7 up to 1.6 nm, and the specific volume of
0.2...0.6 cm*/g, and the big effective area from 700 up
to 1500 m%/g.

Thus, it is necessary to highlight a fact that the ab-
sorption process takes place in the nanopores mainly,
where the adsorbed atoms of radioactive chemical
elements and their isotopes are captured in the volumes
of nanopores. The macropores in the cylindrical coal
granules in the granular nanoporous carbon medium
play a role of transporting channels.

The high pressure cell represents a cylindrical
chamber with the diameter of 40 mm and the height of
40 mm with an internal hole with the diameter of 8 mm
and a punch with the diameter of 8 mm and the length
of 40 mm made of the high-strength tempered steel as
depicted in Fig. 1.

The external pressure was created by the hydraulic
press, which can generate the high pressures. The
multiplication coefficient in a high pressure cell is 100,
allowing to create the high pressures up to 3 GPa.
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DISCUSSION ON EXPERIMENTAL
RESULTS

The change of volume of the granular nanoporous
carbon medium, made of the cylindrical coal granules of
the adsorbent of CKT-3, at an influence by the high
pressures from 1 MPa to 3 GPa is measured.

The experimental results on the change of volume of
the granular nanoporous carbon medium, made of the
cylindrical coal granules of the adsorbent of CKT-3, at
an influence by the high pressures from 1 MPa to 3 GPa
are presented in Fig. 2.
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Fig. 2. Dependence of volume on pressure for granular
nanoporous carbon medium

It can be seen that the volume, occupied by the cy-
lindrical coal granules, quickly enough decreases at an
increase of the pressure up to ~ 100 MPa, and then the
volume change is slowing down.

At the maximum pressure of 3000 MPa, the volume
of the granular nanoporous carbon medium decreases in
more than 5 times, comparing to the initial volume.

For more detailed research of dependence V (P), it
has been constructed on the log-log scale (Fig. 3).

In this case, it can be seen more accurately that the
volume of the granular nanoporous carbon medium
changes at an influence by the applied pressure. The
obtained dependence can be divided into the eight
stages in which the every dependence V (P) can be
presented as a close to the linear dependence on the log-
log scale.

In the range of small applied pressures from 1 to
32 MPa (see the area 1 in Fig. 3), there is the volume
change of ~6.6%, which can be connected with the
packing of a bulk layer of cylindrical coal granules
without their mechanical destruction.

The following stage of process (2) is probably con-
nected with the destruction of a macrostructure of the
cylindrical coal granules, and the volume of sample at
100 MPa changes on 49% from the initial volume at the
pressure of 1 MPa.

In the subsequent stages (3—7), the deformation pro-
cess influences the volumes of pores inside the cylindri-
cal coal granules in the granular nano-porous carbon
medium.

The volume change at all these stages is almost
twice less, than at the stage (2), and it is 25.65% of the
initial volume of researched sample.
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Fig. 3. Log-log experimental dependence for bulk
sample of volume V as function of pressure P
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At the stage (8), the deformation of sample at the
high pressures up to 3 GPa has place. This process is
accompanied by a small change of volume of sample on
~ 3.8%.

For more evident estimation of changes of volume
of sample at each stage of the deformation process, the
dependence of the relative change of volume in the
percentage of the previous stage, related to the change
of pressure on 1 MPa, has been created in Fig. 4.
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Fig. 4. Coefficient of change of volume in percentage
at change of pressure on 1 MPa related to each stage

As it is visible in Fig. 4, the biggest compression of
sample is related to a change of pressure on 1 MPa and
it occurs at the stages 2 and 5. The small relative maxi-
mum is observed at the 7" stage. It is possible to believe
that the destruction of the cylindrical coal granules takes
place at these stages of the deformation process at the
relatively small pressures (stage 2). The stage 5 is
connected with the destruction of macropores in the
adsorbent, and the stage 7 is responsible for a partial
destruction of the bigger micropores.

We believe that the nanopores in the samples do not
disintegrate, but they are only elastically compressed.
During this process, the high energy of elastic defor-
mation can be accumulated in the sample at the applied
high pressures.

Let's highlight the fact that the cylindrical coal gran-
ules are fractured and destructed in the researched
granular nanoporous carbon medium at an increase of
external applied pressure. This process is accompanied
by both 1) an increase of applied pressure on the small
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disperse coal dust particles and 2) an increase of the
elastic compression of material of which they consist.

It is known [8] that the processes of the deformation
and the distribution of forces in the granulated soft
condensed matter occur differently, than in the elastic
condensed matter. Therefore, at a decrease of external
pressure, the small disperse nanoparticles are in a
jammed state, and the pressure release in the sample
does not occur, as it would be in the case of an elastic
condensed matter sample.

Indeed, as it was observed during the experiment, at
pressure decrease from 3 GPa down to ~ 100 MPa, the
volume of the compressed sample increases a little, but
at the specified pressures, the dust of small disperse coal
nanoparticles appeared between the cell and the metal
plate on which it is based (Fig. 5). It shows that the
small disperse coal dust particles medium in a high
pressure cell was elastically compressed, and at pressure
release, it appeared between the the cell and the metal
plate on which it is fixed.

. - "
Fig. 5. Small disperse dust jettisoning from high
pressure cell

After this, the pressure was completely decreased,
but the small disperse coal dust in the cell’s channel was
in a packed state, and it was necessary to apply a certain
additional pressure take it out.

CONCLUSION

The granular nanoporous carbon medium, made of
the cylindrical coal granules of the adsorbent of CKT-3,
at an influence by the high pressures from 1 MPa to
3 GPa has been researched. The eight consecutive
stages of the material’s specific volume change, which
is characterized by a certain dependence of the volume
change on the pressure change, have been registered. It
is shown that there is a linear dependence IgV (IgP) on
the double log-log plot of the material’s specific volume
change on the pressure for an every stage of considered
process. The two stages of mechanical transformation of
researched sample are clearly distinguished: 1) a stage
of material’s mechanical destruction, and 2) a stage of
elastic compression of material without the subsequent
disintegration of internal structure at a nanoscale. The
magnitudes of external applied pressures of fastest
deformation process of cylindrical coal granules are
measured. The presence of elastic deformations of the
granular nanoporous carbon medium at which the nano-
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pores in the granular nanoporous carbon medium do not
destruct is found. The small disperse coal dust particles
jettisoning between the high pressure cell and the base
plate was observed, resulting in the elastic stress reduc-
tion in relation to the small disperse coal dust particles
volume. The obtained research data can be used to
improve the designs of air filters for the chemical
elements absorption at the NPP.
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Cmamws nocmynuia 6 pedaxyuio 05.03.2015 a.

CTAIMU PASPYIIEHUS U YIIPYTOI'O C’)KATHS B TPAHYJIMPOBAHHOM
HAHOIIOPUCTOMU YIJVIEPOJHOU CPEJE ITPU BBICOKOM JABJIEHUH

HU.M. Hexnwoos, O.11. Jleoenée, H.b. booposa, A.A. Yynukoe

HccrnenoBana o0beMHas ycaZka HACHIITHOW CPENbl, COCTOSIICH M3 YTroJMbHBIX TpaHyn aiacopbenra CKT-3, mox
neiicreuem nasieHus ot 1 MITa o 3 I'Tla. OGHapy»XeHBI ceMb MOCIECIOBATENBHBIX CTAAUN U3MEHEHHS yICIEHOTO
o0beMa MaTepmaia, XapaKTepPH3YIOMIMXCS B KaXIOW W3 HHUX OMpPEICICHHON BEIMYMHONW H3MEHeHHs o0bheMa B
COOTBETCTBYIOIIIEM [HAlla30HE HM3MCHEHHsS [aBJICHUSA, MMEIOMIEM B IBOHHOM JIOTapu(PMHUYIECKOM MaciiTabe Ha
Ka)XJIOM y4acTKe COOTBETCTBYIOIIYIO TMHEHHYIO 3aBUCUMOCTh. CIeTaHbl BRIBOAKBI O MPOSBICHUH B X0Je Aedopma-
MU TIOPUCTBIX Te KaK CTaJuil pa3pylieHus: MaTeprana, Tak u CTaJuil yIpyroro CxaTHsl cpeqbl 0e3 pa3pyIieHHs
BHYTpEHHEH CTpyKTyphl. [Ipu yMmeHbIIEeHWH NaBieHHs HaOI0Janach THCTEPE3UCHAs 3aBUCHUMOCTh B M3MEHEHUH
obbema, 1 nipu ~ 100 MITa Bo3HMKaJ IBUIEBOH BBIOPOC MaTepuaia MeXy SYeHKOW BHICOKOTO JaBJICHHS U OCHOBa-
HUEM, Ha KOTOPOM OHa pacmoiiarajgack. [losydyeHHbIe TaHHBIE MOTYT OBITh MCIIOJIB30BaHBI ISl Pa3pabOTKU BO3IYIII-
HBIX (pUIBTPOB.

CTAJIi PYHHYBAHHS I TIPYKHOI'O CTUCKAHHSA B TPAHYJIBOBAHOMY
HAHOIIOPUCTOMY BYIVIEHEBOMY CEPEJIOBHUIII ITPU BUCOKOMY TUCKY

I.M. Hexnwoos, O.11. J/Iedenvos, H.b. booposa, A.O. Uynixos

Jocmipkena o6'eMHa ycaka HACHITHOTO CEPEIOBHINA 3 BYTUIbHUX IpaHy’t aacopbenty CKT-3 mig miero THCKY
Bixg 1 MlIla no 3 I'Tla. BusaBneHi ciM MOCHiZOBHUX CTaiil 3MiHM MTUTOMOTO 00'eMy MaTepially, SKi XapaKTepHU3yIOTh-
Csl B KOJKHIHM 3 HUX NEBHOIO BEIMYMHOIO 3MiHU 00'€eMy y BiAIOBIAHOMY Aiama30Hi 3MiHU THCKY, III0 Ma€ B TOABIHHO-
My JjorapupmiyHOMY MacmTabi Ha KOXKHIM JUISHII BIIOBIIHY JiHIHHY 3aJIeKHICTh. 3p00JEHO BUCHOBKH IPO
nposB y XoJi Aedopmaltii NOPUCTHX TiJl SIK CTAJii pyHHYBaHHS Marepially, Tak 1 CTaJii Mpy>XHOTO CTHCKY Cepeno-
BuIlla Oe3 pyHHYBaHHS BHYTPIIIHBO1 cTpyKTypH. [Ipy 3MeHIIeHHI THCKY criocTepiraiacs TicTepe3ncHa 3aleXHICTb y
3MiHi 00'emy, 1 ipu ~ 100 MIla BMHMKaB MMIOBHI BUKU MaTepialy MK OCEpEIKOM BHCOKOTO THCKY i IiICTaBOIO.
OTtpuMaHi 1aHi MOKYTh OyTH BUKOPHCTaHI IS pO3pOOKH MOBITPSIHUX (PIIIBTPIB.
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