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Abstract

This pioneering study investigated the partial derivatives of the dependence of the compression modulus of ice-six
on pressure and temperature, and the coefficient of volume expansion on the temperature at high pressure and low
temperature. Ice six is documented on the phase diagram between the pressures 600 and 2000 MPa and between the
temperatures 110 and 330 K. The pressure and temperature dependence of the all-round compression module was
practically implemented in a multilayer cylinder-piston vessel. The change in the relative volume of the sample was
measured using a transducer which converts linear translational motion into electrical pulses. The pressure of the
sample was measured by measuring the electrical resistance of tin and gallium conductors and phase transition points of
polymorphic ice modifications.

The temperature of this ice-six modification was determined by a graduated copper-constantan thermocouple.
Moreover, in this paper, the Debye characteristic temperatures of ice-six and the Gruneisen constant are estimated.
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Axoamna
T. Buocueumos 1, A. Enubaesa
Tapas memnexemmix nedzoeuxanvix ynusepcumemi, Tapasx., Kazaxcman
VI-IIbl M¥3 TYPIHIH, CEPIIIM IIJIIK MO YJIIHIH AEPBEC TYBIH/IBIJIAPBIHBIH, J)KOHE
KOJIEMIIK YJFAIO KOY®PUIIMEHTIHIH KbICBIM MEH TEMIIEPATYPAYA TOYEJIALIIIT

1

Makanaga anfamr peTr OJKOFaphl KBICBIM MEH TOMEHIl TeMIeparypaja maiina OomateiH  VI-msr  My3
MOJU(UKAIMACHBIH KaH-)KaKThl CBIFBUTY MOJYJIHIH TeMIlEpaTypa jKoHE KbICBIMFa ajiblHFaH JiepOec TYbIHABUIAPBIHBIH
KbICBIMFa JKOHE TeMIlepaTypara, >KbUIYJBIK KOJeMAIK YIIFal Kod(GQHUIHUCHTIHIH TeMieparypara ToyeJAiTiKTepi
seprrenred. My3zapiH VI-1bl Mmoaudukaruscel ¢asansik guarpammana 600 — 2000 MIla keiceim Men 110 — 330 K
TemIepaTypa aWMarblHIa OpHajackaH. JKaH-)KaKThl CBIFBUTY MOJIYJIHIH KbICBIM MEH TeMIlepaTypara ToYeJIiIiri
TOXIpuOe IKy3iHAEe KemkaOaTThl IMJIMHAP-NOPIIEHb THUITEC BIIABICTA ICKE AaCBIPBULABL 3EePTTENIETIH YITIHIH
CaJIBICTBIPMaJIbl KOJEMIHIH ©3repici CBhI3BIKTHI 1IrepiieMelli KO3FalbICThl JJIEKTP HMITYJIbCTEpiHe aifHabIpaThIH
TYPJACHIIPTIII apKpUIB OJIICHII. YITiferi KpICHIM, OHJa OpHANACKaH Kallaifbl, Taluid OTKI3TIIITEPiHIH 3JEKTP
KEJICpriCiH oJIIey XoHE MOIMMOPPTHl MY3 MOIUPHUKAIMIAPHIHEIH (a3alblK 6Ty HYKTEIepi apKpUIbl ©JIICHII.
3eprrenin  oTbipraHVI-mBl  My3  MOAMQUKALMACHIHBIH  TeMIlepaTypachl — TPagyHpJICHTE€H  MBIC-KOHCTAHTAaH
TEPMOXYOBIMEH aHBIKTAJIBIIT OTBIP/IBI.

ConpIMeH KaTap, Makanana VI-mer my3 ymie [ebail Temmeparypanapsl MeH [ proHai3eH TYPaKTHICH IIaMaMEH
OaraiaHFaH.

Tyiiin ce3aep:nepbdec TYBIHBL, TEMIEPATYPa, KbICHIM, CHIFBLTY KOIQOUIMEHT], KOJIeMIIK XKbUTYIBIK YIFal0 K09 UIHEHTI.

Annomayus
T. Busicueumos 1, A.Exubaesa
YTapasckuii 2ocyoapcmeennuiii nedazozuueckuii ynusepcumem, 2. Tapas, Kazaxcman
SABUCUMOCTb MOAYJIS QJJACTUIHOCTHU ECTOI'O TUIIA JIBAA U KOO®PUITUEHTA
PACHIUPEHNUSA OBBEMA OT JABJIEHUS U TEMIIEPATYPBI

1

B aT01i cTaThe OBIIN HCCIIEI0BAaHBI YaCTHBIC IIPOU3BOAHBIE 3aBHCUMOCTH MOAYIIS CKaTUsl MoTuduKkanuy ibpaa-VI ot
JTABJICHUS M TEMIIEPATYypHI, a TaKXKe Ko PHUIHeHTa 00eMHOT0 TEIUIOBOTO PACHINPEHHS OT TEMIIEPATyPHI IPH BEICOKOM
JIaBJICHWH ¥ HU3KOW TeMrieparype.Ha ¢a3oBoii quarpamme nokasana moandukanus isaa-Vimexny nasnennsvu 600 n
2000 MIla u mpu temneparypax 110 u 330 K. 3aBUCHMOCTb [aBIE€HUS U TEMIEpPaTypbl YHUBEPCAIBHOIO
KOMITPECCHOHHOTO MOJyJIsi Oblla TNPaKTUYECKH peaju30BaHa B MHOIOCJIOHHOM LMJIMHJPOIIOPIIHEBOM COCYJIE.
V3meHeHne OTHOCHTENBHOrO 00BbeMa o0pasla M3MEpsIoCh C MOMOIIbI0 NpeoOpa3oBaTelsi, KOTOPBIH HpeobpasyeT
JIMHEHHOE MMOCTYNaTeJIbHOE ABM)KEHHE B JIEKTPUUECKHUE UMITYJIbCHI. [laBieHne B 0Opasiie U3MEpsiIn IyTeM H3MEpeHHs
JIEKTPUUYECKOTO CONPOTHBIICHUS! NPOBOJHHUKOB OJIOBA M TaUIMA M TO4YeK (ha30BBIX IIEPEXOA0B HOIUMOPHHBIX
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Moudukanmit tpaa. Temneparypa uccienryemMoi MoauduKanuy jabaa- VI onpeaensiacs rpagydpoBaHHON TepMomapon
Meb-KOHCTaHTaH.

Kpowme Toro, B 3T0li cTaThe OlieHeHb! TeMIiepaTypsl Jlebas 1 ibaa-VI1 u konctanTa ['proHaiizena.

KaioueBble ciioBa:uacTHas NPOM3BOJHAS, TEMIIEPATypa, NaBleHUE, KOIPPHUIUECHT CXKUMAEMOCTH, KOIPQUIHEHT
00BbEMHOTO TEIIOBOTO PaCIINPEHHS.

In this research paper, we investigated the partial derivatives of the dependence of the modulus of ice-six
elasticity on pressure and temperature, and the coefficient of volume expansion on the temperature at high
pressure and low temperature. Ice six is documented on the phase diagram [1] between the pressures 600 and
2000 MPa and between the temperatures 110 and 330 K.

Water plays a unique role as a substance, it is the source of living organism formation and minerals which
are found in atmosphere, earth at gas, liquid and solid state. 71% of the Earth surface is surrounded by
water.However, it affects the environmental climate and the physical, chemical, and biological phenomena
occurring in it. Although a person affects the growth and development of all living organisms, the physical
properties of the water and its solid state are not fully researched. Therefore, it is of practical importance to
know the dependence of the elastic properties of ice-six on temperature and pressure,and the phase of the ice
changes at low temperature and at high pressure.

The concept of high pressure and low temperature are firmly established in modern technology. The
problem of the influence of low temperatures and high pressures on the solids covers a wide range of issues —
from fundamental problems of stability and phase transformation to the technical material science
applications. During the studying the phase change theory there were needed studies, in which the
temperature and hydrostatic pressure were used as an additional thermodynamic parameter. By using it, it
became possible to explain the relationship between the direction of the phase change point and its
mechanism [2].

Another wide area of the pressure and temperature application is the natural science, first of all, physics
and earth science. It should be noted here that the work on the study of diagrams of systems, starting from
hydrogen, simple metals and other elements, ending with complex combinations of oxides or sulfates, which
model the state of matter in the earth’s crust. In all of these cases pressure acts as an important parameter of
the phase state of the system along with temperature.

The research was carried out in a speciallymolded and automated device[3], in which an ice sample
placed in a thin fluoroplastic bag, and housed in a multilayered cylindrical vessel, measured comparative
changes in the in the specific volume, temperature and pressure.

There are widely discussed methods for measuring temperature, pressure, and volume changes in a
monograph [4].

. . oK
There are shown dates (table 1, Figurel, and 2) the dependencies on the constant temperature of T on

the pressure and Z—K to the temperature.
P

oK K
Table 1. The dependencies on the constant temperature of E on the pressure and Z— to the temperature
p

oK oK
Phase T. K P, MPa - P, MPa T. K -
oT op
Vi 155 1150 0,220 1400 248 0,080
Vi 155 1250 0,231 233 0,078
1350 0,264 213 0,077
1450 0,275 193 0,076
1550 0,300 173 0,075
1650 0,322 153 0,074
1750 0,331 133 0,074

From tables and graphs, it can be seen that as the pressure increases the partial derivative of the

temperature of the coefficient of elasticity of the ice-six will increase.
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. . .o 0K . . .
As the temperature increases, the partial derivative y will increase in an isobaric process.
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Figure 1. The dependence of — a_T ice-six on the Figure 2. The temperature dependence of the ice-six at

a pressure of 1400 MPa.
pressure at a temperature of 155 K.

Table 2 shows the temperature dependence of the coefficient of thermal volume expansion S of ice-six
calculated using the formula g = E(Z_\T/

v j [4] at constant pressure. The negative values are tabled to reveal
p

a positive linear relationship.

Table 2. The temperature dependence of the coefficient of thermal volume expansion 3

Phase p, MPa T,K — [ %10~ 4

180 1,00

160 0,97

1400 140 0,95
120 0,93

240 0,95

220 0,90

200 0,87

1700 180 0,85
160 0,83

140 0,80

120 0,77

\i| 240 0,82
220 0,80

2150 200 0,78
180 0,77

160 0,75

140 0,74

240 0,78

220 0,76

2300 200 0,75
180 0,73

160 0,70

140 0,68
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Figure3,4,5, 6 show the temperature dependence of the thermal volume expansion coefficients of ice-six
at the constant pressures 1400 MPa, 1700 MPa, 2150 MPa, 2300 MPa.
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Figure 3. The temperature dependence of the thermal
volume expansion coefficients of ice-six at 1400 MIla
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Figure 5. The temperature dependence of the thermal
volume expansion coefficients of ice-six at 2150 MIla

According to the definition of compressibility:
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Figure 4. The temperature dependence of the thermal
volume expansion coefficients of ice-sixat 1700 MIla
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Figure 6. The temperature dependence of the thermal
volume expansion coefficients of ice-six at 2300 MIla

) 1 _dlnv
'K ap

DenotingZ—I; = ¢ and considering that g—gis a low-varying quantity, we can assume that

dan_

dK

dinv __ap 7
In a first approximation, the Debye characteristic temperature is proportional to6, = LK %, where p is

the density of ice. Somewhat more accurately, in the approximation of the Debye theory of heat capacity [5]:

o, — (9N) 0w h KV
p=\qw) TWx [m
3 f )
1 1 9N\3 h f(u
orngp =>InK +=InV +1n [(E) L ]
where u - Poisson’s ratio, N - Avogadro's constant, p = 2 the density of ice, M — the molar mass.

|4

The function f(u) depends weakly on the changein the Poisson's ratio. This follows from Table 3.
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Table 3. The dependence of the function f (u) on the change in the Poisson's ratio

1 1 1
K fw fw3 fw uf(u)s
0,25 4,73 1,68 0,60 0,1575
0,30 6,87 1,90 0,53 0,1590
0,35 11,10 2,23 0,45 0,1575

Therefore, the obtained value of K and 3—1; allows one to approximately estimate the Debye characteristic

temperatures of modification ice-six and the Gruneisen constants.
From the above expression for 6,neglecting the last term of the right-hand side of the equation, we obtain

dInfp 1fdlnK 1

~ — —

dmv ~  Zlamv T8l ©

L] FEF

2976 T8l

aln6p
dlnv

. dInK . . . .
Substituting the Valuesﬁ = (and assuming that the Griineisen constant isy = , we find:

1
v' = Be+1]

As you can see from the result, for the first time, the dependence on pressure and temperature K(P), K(T)

of the partial derivatives(‘;—l;) ,(Z—I;) of the experimentally measured universal compression modulus of
P T

polymorphic ice-six modification by differentiating the graphs were determined.

With increasing temperature (Z—I;) increases, and with increasing pressure (Z_I;) decreases. Measurement

T P

of changes in temperature and pressure in the volume of this sample made it possible to calculate the
coefficient of volume thermal expansion of ice-six.

Using the experimentally measured values of the change in the relative volume of the test sample,
differentiating the graphsV(T)p, V(P)r the temperature dependence 8 = %(g—Z) of the ice-six modification

P

in isobaric processes was studied.

The explanations of the dependence between the influence of external factors and parameters measured in

practice and calculated using the laws and formulas of physics are given.
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