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DEVICE FOR INVESTIGATING THE PHYSICAL
PROPERTIES OF SOLIDS AT HIGH PRESSURE
(0-2500) MPA AND LOW TEMPERATURE (90-300) K

This pioneering study discusses the computations of the structure of
the assembled piston-cylinder type chamber for plotting the ice diagram
in P-T coordinate at high pressure (0-2500) MPa and low temperature
(90-300) K and measuring the temperature, pressure of the sample,
cracks in the chamber at a temperature of 100 K, a pressure of 3000 MPa,
broken pictures of the piston are shown.

For the first time the dependence of the thermal, baric and thermal
compressibility coefficients of pressure and temperature of the ice-
twelve modification on the phase diagram obtained in practice was
studied. We constructed the graphs of the dependence of the thermal
coefficient  of ice-twelve modification on pressure, the dependence of

the partial derivatives  of the ice-twelve modification on temperature,
the dependence of the coefficients of thermal expansion of the ice-twelve

modification on temperature. We also developed results that between the
studied temperature and pressure, the values of ,  do not change much

as a function of temperature at constant pressure and pressure at constant
_1(av .7 .
temperature, the value of B = V(E)p decreases with increasing pressure of

the ice modification under consideration at the same temperatures.
Keywords: high pressure, low temperature, heat treatment, armor,
sensor, thermocouple, coefficients of thermal, baric compression.

Introduction

For the first time, Bridgman [1] showed that high-pressure steel tanks can
withstand pressures up to 5000 MPa.

However, these vessels were not widely used in practice.
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After all, armor-piercing chambers do not withstand pressures of 2000 MPa.
Therefore, to increase the pressure inside the cylindrical chamber to 3000 MPa,
multi-layer concentrated cylinders are tensioned and tightened together.

In recent years tungsten carbide or solid alloy core cylinders with a pressure
of up to 5,000 MPa have been used.

The trapezoidal ring, which is tightened on the cylinder to which the sample is
to be examined, creates a large mechanical stress on the walls inside the chamber.
When there is no pressure in the chamber, the multi-layer chamber perceives inside
the chamber as compressed compared to the outer one. The diameter of the inner
layers begins to increase when the pressure generated by squeezing the sample
in the cell inside the chamber is compared to the pressure that occurs when the
outer layer is tensioned.

This method, proposed by Bridgman [2], is currently used by many
researchers. The pistons are made of very strong armor or metallo-ceramic alloys
as they are subjected to considerable compression during operation. Devices
operating at very high pressures are of the following types [3]: piston-cylinder
assembly, Bridging seams, the device is equipped with an external suspension,
«Belt» type device, multiprocessor type cubic multiplier.

The special structures of these devices allow for low-temperature research [4].

Main part

The methods for producing high-pressure and low-temperature are divided
into four groups. In the first case, the sample is cooled to room temperature
[5] after being compressed to a certain pressure in the high-pressure chamber
at room temperature. At low temperatures obtained with such devices, we can
only experiment with one pressure. Therefore, the study of the dependence of
any parameter on pressure can be time-consuming. In the second instance by
determining the dependence of its elastic properties on the pressure by increasing
or decreasing the pressure at a certain temperature of the sample. There are several
ways to measure [6] pressure in these devices. Such systems are considered massive
and ineffective due to the heat generated by the friction forces arising between the
piston and the cylinder walls when changing the pressure at very low temperatures.
In the third case, when Kan and Lazarev [7] cooled down some of the substances
(water, bismuth, antimony, gallium) they used a method to increase their volume
under pressure. The authors of a scientific article have shown that it is possible to
increase the pressure to 200 MPa for liquid helium and raise it to 1000 MPa. In the
fourth group of devices, the pressure is obtained through an externally controlled
gas source from the cell chamber inside the crystal.

The stainless-steel cell [4] produces a pressure of 1000 MPa resulting from
the diamond nickel cell. The pressure in the sample under study in the high-
pressure chambers presented in the article is uneven. Only under certain additional
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conditions can the pressure in the ice, located in the cylinder-piston-type chamber,
approach homogeneity.

At high pressure, parametric sensors depending on the displacement of
the elements of electrical resistance [9], inductance [10] or displacement of the
elements of electrical capacitance [11] are used to detect changes in the volume
of the studied samples.

Resistive, inductive and capacitive sensors [12] cannot measure large
displacement with high accuracy. Therefore, the author [15] used a measuring
range sensor (0-10 mm) that he invented.

The piston is a cylindrical chamber capable of withstanding a low pressure
of 3000 MPa.

The article [13] summarized the design of a high-pressure piston - cylinder
type chamber to study the phase diagram of twice-distilled water at pressures up
to 3000 MPa and temperatures (90-300 K). The hardware is shown in Figure 1.
All parts of the chamber are made of instrumental armor. We made it of three
concentric cylindrical layers, which were heated and pressed together to increase
the strength of the high-pressure tank.

Figure 1 — The design of a multi-layer
cylindrical high-pressure chamber

The inner (1) layer of the chamber is made of heat-treated (HRC = 58 + 60)
X12M; the second (2) P18 (HRC = 60 + 62), and the third (3) X12M (HRC =
48 +50). The optimal dimensions of the high-pressure chamber and the maximum
pressure inside [8] were calculated by the following formula:

onbeort] (1] ||
P = o5 |t O N-1 [l—flJ ! > !
’ i S mo mlz -1 mi 1+ V2
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where 0y, 0p, —the limit of the tensile and compressive strength of the material;
O — the limit of fluidity of the material when stretched and compressed; N — the

. z . .
number of layers in the chamber; mo = ;l — the size of the high-pressure annular
0

. .. . z
chamber; Zo>z1 —internal and external radii of the high-pressure chamber; mo = ;N
0

Uﬁl

— relative dimensions of the chamber; z - size of the n-th floor; vy =
O-p

O'/]2

Ve, =

— known values for materials [14].
O-p,

The height of the chamber, which can withstand a pressure of 3000 MPa, made
by us, is 55 mm, outer diameter 115,53 mm. The diameter of the inner cylinder, i.e.
cell, which is a sample, is 12,35 mm. Fixed pistons, which compress the model in
the cell (1) located in its lower part (2) made of steel P18 (HRC=60-+62) (Figure
No. 2). The hole obtained in diameter between the pistons and the walls of the
inner cylinder is 0.05 mm, the height of the upper piston is 50 mm, and the lower
one is 20 mm. Lead (3), copper (4) and P18 protective rings (HRC=58+60) were
used for crimping the pistons in the high-pressure chamber.

Figure 2 — Dimensions of sealing, protective rings
with high and low pistons of high pressure chamber

The angle between the piston axis and the cone components is 30° and 15°,
since the pressure on the moving piston is 2500 MPa, the diameter of the upper
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part increases and creates large obstacles to movement in the cell, the diameter
of the top is 12.15 mm, and the bottom is 12.35 mm.

The device of an automated installation for cooling the high-pressure chamber
with nitrogen vapor, measuring temperature and pressure is given in the article [15].

To insulate and seal the conductors introduced into the chamber, we used
cotton impregnated with an epoxy resin other than the Amata method [16]. The
conductor, insulated with silk, and with a diameter of 0.10 mm, is pre-Packed in
cotton with an epoxy resin impregnation and pressed into the chamber through the
conical hole of the lower piston. The angle of the conical ceiling is cut-out 12°,
the diameter of the foot is 1.5 mm and 1 mm. The advantage of the method used
from others is the simplicity and ease of extracting them from the conical gaps
after practicing. It also allows multiple measurements at low temperatures up to
3000 MPa. To bring the pressure in the sample closer to the hydrostatic pressure,
polycrystalline 1h ice from twice-distilled water was crystallized and compressed
in a cell made of fluoroplastic. The volume of ice at the initial atmospheric pressure
was compressed to a pressure of 3000 MPa, and the equilibrium volumes were
observed when the pressure returned to atmospheric pressure.

Figure 3 shows the changes in the relative volumes of fluoroplastic isobaric
(2150 MPa) cooling and heating and isothermal and isothermal (90 K, 173 K, 253 K)
processes, increasing and decreasing the pressure to 2300 MPa. We can see from
the diagram that there are no phase transitions at the studied temperatures and
pressures.

Figure 3 — Isotherms of fluoroplastics at temperatures
of 250K, e 113K, ° 90K

The dependence of the pressure formed in the sample on the press pressure
up to 137A was determined at temperatures of 250 K and 300 K through the
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transition points 1h—III. VI-VII to ice types [17]. In addition, the calibration
was performed by measuring the electrical resistances of the tin II—1I and Galia
[—1I passages located inside the model [18]. The dependence of tin and halium on
pressure in isothermal processes and the phase transitions obtained in our practice
are indicated in Figure No. 4.

Figure 4 — Sn, Ga Pressure dependence of electrical resistance
at low temperatures.
o Sn—250K, #Sn—173K,ASn—-90K,>Ga-250K, & Ga— 173K

The breakdowns of the high-pressure chamber and the moving piston at a
temperature of 100 K and a pressure of 3000 MPa are shown in Pictures 1, 2.

Picture 1 — Explosion of a high- Picture 2 — Destruction of a moving
pressure chamber at a temperature of upper piston at a temperature of
100 K and a pressure of 3000 MPa 100 K and a pressure of 3000 MPa
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The temperature inside the high-pressure chamber was measured to an
accuracy of + 1 °C using a copper-constant thermocouple with a calibration of
0.10 mm diameter located in the test sample [19, 20, 21]. The correction to needs to
be made in a copper-constant thermocouple at a pressure of 40 kbar and a temperature
of 100 °C £ 2 °C. Moreover, when the temperature drops, the correction decreases.
Therefore, in our experiment, no correction was made for the copper constant
thermocouple. Cooling of the chamber was carried out by passing nitrogen vapors
through a spiral jacket placed on the outside. The flow rate of nitrogen vapor was
monitored by means of a heater located inside a 40-liter dew. The copper tube that
delivers the nitrogen vapor to the chamber jacket is wrapped with nichrome wire to
change the temperature of the sample and connected to a thermocouple inside the
test ice via a specially assembled electronic temperature controller.

Pressure dependence of the products of the compression modules of the
XII ice modification and the coefficients of thermal expansion

In the phase diagram of ice in the P-T coordinate [13], the equilibrium state of
the XII ice modification is located at pressures above 1200 MPa and below 130 K.

The author of the article [22] showed that the structures of all ice modifications
that occur at low temperatures and high pressures are preserved and do not change
at low temperatures when the pressure is released back into the atmosphere. There
is also speculation that it is semiconductor. Therefore, the study of the physical
properties of ice modifications is of great theoretical and practical importance.
Determination of compressive and thermal coefficients of solids — provides
information about its energy state.

Experimental measurement of known laws and formulas in physics [23]
and the dependence of the change in the volume of the sample under study on
temperature and pressure allowed us to estimate the coefficients of thermal
volumetric expansion in ice-twelve modification.

Table 1 shows the pressure and temperature dependences of the independent
derivatives of the compression modules of the ice-twelve modification on
temperature and pressure (Figures 5, 6, 7). Figures 6, 7 show the graphs of the
pressure and the temperature dependence of the coefficients of thermal expansion
of ice-twelve modification, calculated on the pressure and temperature curves of
the sample volume.

52



Becmnux Topaiiebipos ynusepcumema, ISSN 2710-3536.

Cepus gusuxo-wamemamuueckas. Ne 2. 2021

Table 1
Phase T,K P, MPa Phase P, MPa T, K
1600 0,493 103 0,075
1700 0,504 98 0,073
XII 100 1800 0,511 XI1 1900 93 0,070
1900 0,513 90 0,066
2000 0,516
2100 0,518
Table 2
Phase P, MPa T, K
e 2150 115 0,59
XII 110 0,58
105 0,57
© 2300 120 0,55
115 0,53
110 0,50

Figure 5 — The dependence of the
thermal coefficient of ice-twelve
modification on pressure at the
temperature of 100 K

Figure 6 — The dependence of the
partial derivatives of the ice-twelve
modification on temperature at a
pressure of 1900 MPa
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Figure 7 — The dependence of the coefficients of thermal expansion
of the ice-twelve modification on temperature at pressures
® 2150 MPa, ° 2300 MPa

Conclusion
We see that between the studied temperature and pressure, the values of

do not change much as a function of temperature at constant pressure and
pressure at constant temperature.

The values of the coefficients of thermal increase in the studied temperature
and pressure zone of the ice-twelve modification are positive. From the diagram
7 we see that the value of g = é(‘;—:)p decreases with increasing pressure of the ice
modification under consideration at the same temperatures.

The research paper presents a method for calculating the design of a piston-
cylindrical chamber assembled for the purpose of studying phase diagrams of
high-pressure and low ice temperatures. The thermal , baric universal

compression coefficients of ice-twelve modification, as well as the coefficients of
volumetric thermal expansion at different temperatures and pressures are studied.
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7KOFAPBI KbICBIM (0-2500) MITA )KOHE TOMEHTT
TEMITEPATYPAJIA (90-300) K KATTHI JEHEJEPIIH
®U3UKAJIBIK KACHETTEPIH 3EPTTENUTIH KOHJABIPFBI

Byn maxanaoa my3oeiy srcoeapor (0-3000) MIla Kvicvimoazwl scome
memenei (90-300) K memnepamypadazvr P-T koopounamacweinoazol
OUAzpamMmacvln  mypavizy — YWliH  JICUHACBIPLLIZAH — NOPULEHDb-
YUTUHOp Munmec KaMepauvly KypblibICbIH ecenmey icone yacioezi
KbLCbIMObL, memnepamypansl eautey odicmepi manxviianvin, 100 K
memnepamypadazvi, 3000 Mlla KbicbimMOazbl KAMEPAHBIY JHCAPLLI2ZAH
cbl3ammapbl, NOPUWEHHIH CblH2aH Cypemmepi KemipiiceH.

Tooicipube drcyzinde anvinean gazanvix ouaspammacwvinoazel XII my3
MOOUDPUKAYUSCHIHBIY MEPMUSIBIK, OAPIIBIK HCOHE HCHULYIIbIK CHl2bLIZLIUIMbBIK
KO uyuenmmepiniy KblCblM MeH memnepamypaza  moyerouliKkmepi
aneaw  pem sepmmeneer. XII  my3 MOOUGUKAYUACHIMBIY  IHCHLILYIBIK,
KO3 uyuenminiy KblcbiMea moyenoiniel, O0epbec MmybIHObLIAPbIHbIH

memnepamypaza maoyenoiniel, HCbLYIbIK Yi2aio Kodguyuenmmepiniy

memnepamypaza meoyendiniei epaguxkmepin  Kypovix. Convimen Kamap,
anbIH2aH HOMUDiICENep2e CYUeHCEK, 3ePMmenzer meMnepamypa MeH KblCbiM
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ClpClJlblz?blHaa , wamajnapsl mypaxkmaol K,'blel/l/laa memnepamypaza,

mypaKmol memnepamypaod KblcblMaa moyeoioLiKkmepi Kon 632epMetimiHit,

Kapacmulpuin Omvlpaa My3 MOOUDUKAYUSCHIHBIH KbICHIMObL APMmMblp2anod

v

1 . ..
B=1 (H)p UWIAMACHIHbIY KeMUMIHOIZIH Kepyae 601aobL.

Kinmmi  cesdep: oicoeapvl  KbicblM, MmMOMeHeI memnepamypa,
MEPMOOHOEY, KYypoluimap, Oamuux, mepmoNCyn, MepMUsiivlk, Oapivlk
K03 puyuenmmepi.

*T. b. Buoicueumos, A. Enubaesa

Tapasckuit pernonanbsHbl yHUBepcuTeT uMeHd M. X. JlynaTu,
r. Tapas, Pecniyonika Kazaxcran.

Martepuan noctynui B peaakuuto 15.06.21.

YCTPOMCTBO A5 UCCIAEJTOBAHUA ®U3NUYECKUX
CBOWCTB TBEPAbIX TEJI TIPY BBICOKOM JABJIEHUHN
(0-2500) MIIA 1 HU3KOM TEMIIEPATYPE (90-300)

B smom uccredosanuu obcyscoaromes pacuemvl KOHCMPYKYyuu
Kamepbl NOPUHESO-YUTUHOPOBO2O MUNA 8 cOOpe 01 NOCMPOCHUS JIOSHOU
ouazpammyl 8 koopourame P-T npu evicokom oaerenuu(0-2500) MIla u
nuzkot memnepamype (90-300) K u usmepenust memnepamypsl, 0asieHus.
obpasya, mpewun 6 kamepe npu memnepamype 100 K, oasrenue 3000
Mlla, noxasanvl NOIOMKU NOPUIHS.

Bnepevie ucciedosana sasucumocms mepmuyeckux, 6apuyeckux
Koappuyuenmos u Kosppuyuenmos cocumaemocmu  0asNeHUs U
memnepamypel moouguxayuu avoa XII om nonyuennoll Ha npakmuxe
gazoeoii duazpammul. [locmpoensl epaghuku 3a8UCUMOCmU MENI08020
KOd(hpuyuenma  om OasieHUA, 3A6UCUMOCTNU YACHHBIX HPOU3BOOHBIX

om memnepanmypbsl, 3A6UCUMOCMIU KO3¢QZ)ML{H€HW!06 menjioeoco

pacuiupenust moouguxayuu avoa XII om memnepamypol. Mol maxoice
paspabomanu pe3yrbmamol, COIACHO KOMOPLIM MedHCOY UCCIeOYeMOll
memnepamypoui u 0agneHuemM 3Ha4eHus He CUNbHO MEHAIOMCA 8

sasucumocmu om memnepaniypovl npu nOCNOAHHOM oaessenuu u 0aeieHus

o v
npu nocmosiHHou memnepamype, 3Ha4eHue ﬂZé(ﬁ) ymenovuiaemcs ¢
p

yeenuyenuem 0asneHusl paccmampusaemol Moouukayuu 1.0a npu mex
JKIce memnepamypax.

Kniouegvie cnoga: evicoxoe Oasnienue, HusKkas memnepamypd,
mepmoobpabomka, OpoHs, Oamuuk, mepmonapa, Kodpuyuenmol
MEPMULECK020, OAPUUECKO20 CHCAMUSL.
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Tepyre 15.06.2021 x. xi6epinzi. bacyra 28.06.2021 k. KOJI KOWBUIBL.
DnexTpoHABIK Oacma
5,08 Mb RAM
[IapTTe! Gacna Tabarsl 7,42. TapaneiMbl 300 nana. barace! keniciM GoMbIHIIA.
Kommbrotepze 6erreren A. K. baiinnkenosa
Koppexrop: A. P. Omaposa
Tanceipsic Ne 3825

Cnano B Habop 15.06.2021 r. [Toanucano B neyats 28.06.2021 r.
DJeKTPOHHOE U3aHHe
5,08 Mb RAM
VYenneu.t. 7,42, Tupax 300 sx3. Llena goroopHast.
KomnsrorepHast Bepctka A. K. baiinukenosa
Koppexrop: A. P. Omaposa
3axa3 Ne 3825
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