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Study dependence of Young’s, shear modulus and ultrasonic waves propagation of the
vi ice modification to the pressure at a constant temperature

Abstract: the paper studied the variation of temperature , pressure and volume during the
passage of the first kind of phase from values change of the temperature, pressure and volume at
different temperatures of horizontal waves E=E(P), G=G(p), v jong = ¥ iong (p), VI-th modifica-
tion of ice, lying at the coordinate P-T [2| phase diagram with a large wave (600-2100) MPa and
temperatures (110-330) K), graphs 9 trans = U trans (P). For the purpose of research, an automated
installation was assembled that operates at high pressure(0-3000) MPa and low temperature (90-
300) K. For experimental studies, a piston-cylindrical chamber was used, in which the first layer of
P18(HRC=60 =+ 62), heat-treated, the second and third layers of PI§(HRC=58 + 60, HRC=48 =+ 50)
were put on with effort by heating each other. The change in the surface volume was measured
through a transducer with an accuracy of 40.001 mm, which converts linear motion into electrical
impulses with translational and subsequent movements of the moving piston. The pressure in the
sample was determined by determining the phase transition points of bismuth and gallium wires
(wires) located in it under pressure at different temperatures. The phase transition points were
determined by measuring the electrical resistances Ga, Bi. Also, phase transitions of the ice types
I — ILLII — III in the p-T coordinate of the ice were used.

The surface temperature was controlled by a temperature-controlled copper-constantane heat
shrink (thermocouple) located inside, with an accuracy of +1°C. The temperature correction is
+2°C at a pressure of 4000 MPa and a temperature of A T=100° C. The correction decreases as
the temperature decreases.

To measure the resistance of gallium and bismuth inside the investigated surface and the voltage
in the thermocouple, a copper conductor insulated with a silk thread through a conical channel 1.5
mm in diameter, 1 mm in the direction of the axis of the lower piston was used. To seal the copper
conductors in the channel, we used cotton wool impregnated with epoxy resin. The dependence of
elastic wave velocities at different temperatures in theVI polymorphic ice modification on pressure
was measured by the pulse method on a special aggregate installation.

Keywords: modules of elasticity, ultrasonic waves, generators, piezoelectric elements.
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Introduction. Ice is the most common mineral on the surface, in the bowels, in the atmosphere
of our planet. For example, the mass of snow and ice on the earth’s surface is 0.242-10° t. or
4% 10-4% of the Earth’s mass. This size is enough to cover the surface of our planet with a layer
height of 5.3 10 ~* km. If this mass dissolved at the same time, the level of the World’s oceans
would rise by about 65 meters compared to the current level. Therefore, the theoretical and practical
significance of studying the physical and chemical properties of polymorphic ice modifications, which
have a great impact on the climate, ecology, the origin and development of living organisms on the
globe, is very great. Since the heights of crystallized ice in Antarctica and Greenland reach 5 km,
it is known that ice modification is formed in its lower layers in the phase diagram [1]. Currently,
scientists predict that ice icebergs contain a large amount of fresh water. Therefore, knowing the
physical properties of ice modifications, we determine the height of icebergs accurately and the
amount of fresh water in them. Therefore, one of the main problems that will occur in the future
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will be the solution of water scarcity. But until now, the ice phase diagram has not been fully studied
at high pressures and low temperatures [1]. the boundaries of a number of ice modifications are not
defined and the physical properties are not defined. The modification of ice VI that we are going to
investigate occupies a large Central part of the phase diagram |[2].

In 1912, Bridgman [3] investigated the diagram of water up to a pressure of 2050 MPa and
discovered the VI-th classification of ice. Studies by a number of scientists [4] have proved that the
VI modification of ice associated with the hysteresis of the first phase transition retains a metastable
state at atmospheric pressure at the temperature of liquid nitrogen. Therefore, by reducing the
pressure at 103 K to atmospheric pressure, we can extract ice from the high-pressure chamber and
conduct research in the x-ray chamber. The structures of polymorphic modifications of ice at high
pressures and low temperatures are determined by this method.

Katb investigated the modification of ice VI [5] by x-ray diffraction, finding that tetragonal ele-
mentary water contains 10 molecules and randomly arranged hydrogen atoms. The structure of the
VI ice modification along the b axis is shown in drawing 1.

FIGURE 1 — Structure of the VI ice modification

Spatial group of ice modification VI, tetragonal crystal structure, unit cell size: ag = 0.627 nm,
Co = 0.579 nm, unit cell size 0.23 (nm) 3, distance between neighboring molecules 0.281 nm.

Wilson and other scientists [6,7] emperically measured the dependence of the dielectric constant
of the studied ice on pressure and found that it is approximately 187.

We could not find information about the dependence of ice modifications, shear modulus, and
elastic waves in it on temperature and pressure on the Internet. Knowing the velocities of elastic
waves in solids and the dependence of the young’s modulus on pressure and temperature allows us to
calculate the data of the photon spectrum, the Debye temperature, and changes in thermodynamic
functions.

Experimental part. The installation for studying the dependence of elastic properties of poly-
morphic ice modifications at different temperatures and the velocity of ultrasound propagation in
them on pressure.

The installation for studying the ultrasonic wave velocities in ice modifications in isothermal
processes was developed on the basis of a cylinder-piston frequency [8]. A block diagram of the
cross-section of the camera and the ultrasound unit is shown in drawing 2.

FI1GURE 2 — The cross section and block diagram of an installation for carrying out research
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The relative changes in the studied volume, temperature, and pressure were measured using an
automated setup [8]. The outer layers (9), inner layers (4) of the cylinder-piston chamber consist of
grooved cylindrical layers of three different steels, heated and fixed (2) pistons (3). At high pressure,
the piston and chamber (8) made of metal, copper, and lead are used to prevent them from leaving
the gap between them. The proximity of the hydrostatic pressure within the ice and molecules of a
sample, crystallized from distilled water.

After the water poured into the fluoroplast inside the chamber turned into ice at a temperature
below 10 ¢ C, the sample was compressed 2-3 times to a pressure of 50-60 MPa in order to eliminate
defects in its structure and again subjected to atmospheric pressure. With the help of measuring
instruments, we observed the equalities of ice volumes, at which the initial volume and compression
pressure came to normal. After taking the test polycrystalline sample, its covers were removed so as
not to interfere with the propagation of the elastic wave. This method made it possible to conduct
7-8 experiments in a sample obtained once, under pressure with different temperatures.

To determine the dependence of ultrasound velocities during modification of polycrystalline ice
VI on the pressure in isothermal processes, a quartz piezoelectric element (5) was used, oscillating
with a frequency of 30 MHz in the direction of the thickness of glass and 27 MHz in the perpen-
dicular direction. The installation height is based on a method for measuring the distribution of an
ultrasonic wave in a known sample, the delay time of vibrations reflected by the lower surface of the
upper moving piston to the receiver using an oscilloscope. A-calibrator synchronizes all instruments,
sending impulses. The pulses shifted in comparison with each other (transmitted and received) are
sent to the generator D. the Pulse coming out of the generator B is fed to the piezoelectric element
(5) and to the receiver. The signals received by the receiver are amplified and sent to the oscillo-
scope (W). We see pulses sent from the screen and delayed with the reflection. We unscrew these
two pulses on the oscilloscope screw showing the time, and clearly know the delay time.The velocity
of the longitudinal wave in the sample is determined by physics (10).

But this work is carried out using well-known formulas. Table 1 shows the values calculated using
changes in relative volume and pressure [8|, obtained by constructing a physical young diagram,
displacement modules at different temperatures [8], and the pressure dependence of the elastic wave
velocities measured in practice.

.......

Figure 3 — Graph dependence of Young’s modulus to the pressure at temperature 248 K, 233 K, 213 K, 193 K

F1GURE 4 — Graph dependence of speed of transverse and longitudinal waves in the VI ice modification to the pressure at
temperature 248 K, 233 K, 213 K, 193 K

In the graphs, we see that Young’s modulus increases when the pressure increases and the tem-
perature drops. Le., the line E=f(p) shifts to the right or left in the direction of the axis up or down
the pressure axis, depending on the pressure with temperature.
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TABLE 1 — pressure dependence of the elastic wave velocities measured

Phase | T, K | P, MPa | Ex10® MPa | Gx10%> MPa ﬂlongxlO?’ m/s | O¢rans x10% m/s | px103 kg/m3

950 4,38 3,28 11,390 10,240 1,421

1050 4,45 3,34 11,650 10,500 1,470

1350 4,70 3,58 12,302 11,165 1,533

248 1450 4,90 4,80 12,752 11,300 1,565
1550 5,00 4,92 12,800 11,346 1,608

1650 5,10 4,97 13,900 11,524 1,620

1750 5,17 5,06 13,294 12,150 1,654

950 4,50 3,40 11,605 10,460 1,401

1050 4,71 3,61 12,050 10,912 1,462

1150 4,79 3,69 12,200 11,070 1,483

233 1250 4,90 3,78 12,502 11,373 1,504
1350 4,97 3,84 12,715 11,584 1,537

1450 5,15 4,03 12,890 11,767 1,581

VI 1550 5.29 114 13,217 12,090 1,629
950 5,43 4,33 12,360 11,600 1,33

1050 5,59 4,49 12,500 11,743 1,36

1150 5,65 4,54 12,853 12,118 1,38

213 1250 5,80 4,68 13,050 12,307 1,41
1450 5,95 4,82 13,500 12,761 1,43

1550 6,15 491 13,705 12,975 1,54

1650 6,22 5,07 13,972 13,236 1,59

1150 5,90 4,56 13,115 12,040 1,250

1250 9,95 4,61 13,300 12,242 1,293

193 1350 6,05 4,72 13,602 12,542 1,355
1450 6,20 4,88 13,752 12,703 1,408

1550 6,32 5,01 14,100 13,057 1,437

1650 6,44 5,14 14,730 13,681 1,455

From graphs of pressure-dependent velocities of linear and transverse waves like D, we observe a
decrease in velocities with a decrease in pressure and an increase in temperature. We see that the
values of the linear wave at the same temperatures and pressures significantly exceed the values of
the horizontal wave.

Conclusion. For the first time in the article, the dependence on the pressure of ultrasonic waves
propagating in it by elastic modules of the VI-th polymorphic modification of ice, determined by
experimental measurements, is investigated.

The installation is also beingassembled that studies the effect of pressure and temperature on the
ultrasound velocity in the sample.
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T. Buxiritos, E. 2Kymaausios
M. X. Jysamu amomdaeve Tapas enipaix ynusepcumemsi, Tapas, Kaszarxcman

TypakTel Temneparypaga VI-my3s momudukanusiceiabiy, FOHT, bIFBICY MOAYyJIbAepi MEH OHZA TapalThIH
YIbTPAABIOBIC TOJIKBIHAAPBIHBIH, KBICBIMFA TOYeJAIrin 3eprrey

AnvHoTanusi. Makanana dasasbik 6ipiHI TeKTI ©Ty Ke3iHIeri TeMiieparTypaHblH, KbICBIMHBIH YKOHE KOJIEMHIH ©3repiciHiH,
MOH/IEPIHEH TYDFBISBIIFAH KOJBIMBI3AAFbl My3 Momudukaimsaceiabie, P-T [2] koopaunaraceingarsl Gas3amblk, JuarpaMMaHbIH
ynkeH TonkpiH (600-2100) MIla kpicemm mer (110-330) K Temmneparypa apaceinma »kaTkaH VI-My3s MoauduKanmsCHIHBIH
FOur, wbiFbicy MOAYIBIAEPIHIH »K9HE 3€PTTENIN OTBIPFaH YJirife TapafTbhlH KyMa, KOJIIEHEH TOJKBIHIAPIBIH SpPTYPJIi
TeMIlepaTypaiapAarbl KplCeiMra Toyesngiaikrepi seprrenin, E=E(p), G=G(p), ¥ iong = U iong (P), U trans = U trans (P)
rpaduKTEpl TYPrBI3BUIFAH. 3epTTey *KYMBICHIH XKYPri3y MakCaTbIHAA aBTOMATTAHJLIPbUIFAH Korapbl KplcbiM MeH (0-3000)
MIIa remenri Temneparypaza (90-300) K xymbIc icTeATIH KOHIBIPFBI XKUHACTBIPBLIALL.  ToxKipubesaik 3epTTey >KYMBICTAPBIH
2Kyprisy yuina Tepmoeneynen erked 6ipinmi kabarsr P1§(HRC=60 + 62) exinmi kone yminmi kabarrapsr P18(HRC=58 + 60,
HRC=48 + 50) 6ip-6ipiHe KbI3ABIPDY apKbLIbl KYIINEH KUTI3IreH NOpIIeHb-IWIMHIP M= KaMepa KOJJAHbULABL Y CTi
KOJIEMiHIH e3repici KO3raJIaThbIH IIOPIIEHHIH lyirepisieMeri »KoHe KeiliH KalTKaHarbl OPbIH aybICTBIPYJ/IaPhI ChI3BIKTHI KO3FAJIBICTHI
3JIEKTP UMILYJIbCTEPiHE aflHaIABIpaThIH JaJiesaiairi 4+ 0,001MM TypJeHAiprinn apKpLIbl eJen 6aKbLIall OTBIPABIK. YJIrijgeri
KBICHIM, OHBIH IMNIiHZE OPHAJACKAH BHUCMYT, TaJIdil CHIMIAPBIHBIH (IIPOBOJIKA) OPTYPJ TeMIepaTypajlapMeH KbICBIMAApPIa
daszasnblK 6Ty HYKTEJEpiH aHBIKTayMeH icKe achIpbliabl. Pazanbik eTy HykTesnepi Ga, Bi syiekTp Kejeprijiiepin esiey apKbLIbl
anbIKTasIbl. CoHbIMeH KaTap, My3/biH P-T koopaunaraceingarst I — 1111 — I1I my3 Typiepinin daszanbik eTysiepi KO IaHbLIIbL.

Ycrinig TeMiieparypachl aHBIK, ilIiHZE OpPHAJIACKAH MBIC-KOHCTAHTaH TepMOxKyObiMeH (repmomnapa) =+ 1° C mpiesniikmnen
bakputanabl. Temmeparypa tysery 4000 MIla xpiceim men A T=100° C remneparypama =+ 2° C kypaiigsl.  Tysery
TeMIIepaTypa TOMEHJIEreH CAbIH KEMUJII.

3eprresieTiH yCTiHIH imiHAEe OpHAJACKAH rajuil MeH BHCMYTTBIH KeJEPriJiepiH »KoHe TEePMOXKYITAFrbl KEePHEY/i eJileyie
TOMEHI IOPIIEHHIH OCiHiH 6arbIThbiMeH TabaHIapbIHBIH auaMmerpsaepi 1,5 MM, 1 MM KOHyC Topi3ii apHa apKbLIbl »KiGeK
KibiMeH OKIay/laHFaH MBIC ©TKI3Tim KOJgaHbLIabl. MpIC ©TKi3rimrepi apHa/ia HBIFBI3AAY (IMiH IMOKCHJ CMOJIACHI CiHIpeTiH
MaKTaHbl KOJIAHALIK. VI-mosmMopdThl My3 MoIudUKAIMSCHIHIAFBI CEPIIMII TOJKBIHIAPABIE 9PT?PJIi TeMIIepaTypajiapaarbl
KBLUIJAMIBIKTAPBIHBIH KBICBIMFa TOYEJIIIJIr apHailbl >JKUHACTBIPBIJIFaH KOHABIPFBIA UMIIYJIbCIH O/IICIIEH OJIIIEHT].

Tyitin cesmep: cepmiMIiIiK MOLY/IbIAEP], YIBTPAIBIOBIC TOJIKBIHIAPBI, TeHEPATOPJIAP, THE0303JIEMEHTTED.

T. Buxxururos, E. 2Kymanuios
Tapascruti peeuornasvrolt yrusepcumem um. M.X./Jysamu, Tapas, Kaszaxcman

UccnenoBaume 3aBucumoctu moayisi FOHra, Momyssi coBura U pacipoOCTPAHAIOIIMXCH B HEM YJIbTPa3ByKOBBIX
BouiH VI moaudukanyy jgpJa OT JaBJIEHUS [IPU MOCTOSIHHOM TeMIiiepaTtype

Annoranus. B crarbe npencrasiena Gosbiras BosHa Ga3oBoil auarpammbl B koopauHarax PT [2] mocrynnoit mogudukanym
JIbJla, TOCTPOEHHAsl [0 3HAYEHUsIM H3MEHEHHs TeMIIepaTypbl, JaBJeHHs U obbeMa Ipu Iepexone nepsoit daser VI-oit
Mogubukammu Jsbna, npu gasiaenun (600-2100) MIla un temneparype (110-330) K. MccnenoBanbl 3aBHCMMOCTH MOJLyJIEH
FOura u capura or HaBiieHMs, a TaKKe IPOJOJIBHBIX M IIONEPEYHBIX BOJIH, PACIHPOCTPAHSIONMXCS B HCCIELYEMOM 00pasIe
IpH Pa3/IMYHBEIX Temueparypax, u mocrpoensl rpaduku E=E(p), G=G(p), ¥ 1ong = ¢ iong (P); U trans = U trans (P).dus
[IPOBEJIEHHsI HCCJIEJIOBAaHUNA CMOHTUPOBaHa aBTOMATU3MPOBAHHAsI yCTAaHOBKA, paboraiom@as opu BbicokoM jasiennu(0-3000
MIIa) u npu muskoit Temneparype (90-300 K). /[is1 nmpoBeeHusT SKCIIEPUMEHTAIBHBIX UCCJIEJIOBAHUN HCIOJIB30BAJIACH KaMepa
[OPINHEBO-IIMJIMHAPUYIECKO# dopMbl, B KoTOpoiil nepsbiii cioit P18(HRC=60 + 62), npomeqmuii TepMoo6paboTKy, BTOPO 1
tperuii cionm P18(HRC=58 + 60, HRC=48 - 50) najeBainuch C yCWImeM IMyTeM Harpesa ApyT Apyra. Vsmenenme obbeMa
[MOBEPXHOCTHU IPOU3BOIUIIN U3MEPEHUEM Yepe3 Ipeobpas3oBaTesb ¢ TOYHOCTHIO 1 0,001 MM, mpeobpasyomuii TuHeiHOe ABUKEHIE
B 9JIEKTPUYECKHE HUMILYJIbCHI C IIOCTYIATEIbHBIME U IIOCIEAYIOIINME II€PEMEINCHUsAME IBIXKYIIerocs mopiuns. JlaBienue B
06pasIie OCyIIeCTBIISIOCH ONPEIEIEHUEM TOYEK (Pa3HOro IMEePeXoa PACIOJIOXKEHHBIX B HEM BUCMYTOBBIX, TaJIJIMEBBIX IIPOBOJOB
(IIpOBOJIOK) TIOJ| JABJIEHUEM C Pa3JIMIHBIMH TeMIeparypamu. TOUKH (ha3oBBIX MEPEXOOB OINpPEEIsIACh IIyTeM HU3MEPEHUs
3j1eKTpuYeckoro conporusienus Ga, Bi. Takske ucnosb3oBanauch ¢pasosbie nepexobl I — I1,IT — 111 Tunos sibaa B KoopauHare P-
T nppa. Temmeparypa MOBEPXHOCTH KOHTPOJINPOBAJIACH KATHOPOBAHHON TEPMOIIAPOIL C IIOCTOSIHHOM MeAbIO ¢ ToYHOCThIo £ 1 ° C.
Temneparypnas nonpaska cocrasysier + 2 © C nupu massienunn 4000 MITa u remneparype A T=100 ¢ C. ITonpaBka yMeHbIIaeTCS
C TOHIKEHHMEM TeMIeparypbl. Jljs uM3MepeHHs COIPOTUBJICHHSI TaJUIMs M BHUCMYyTa BHYTPH HCCJIELYEMON IIOBEPXHOCTH K
HAIPSXKEHUsI B TEPMOIAPE HCIOJIL30BAJICA MEJHbIH MPOBOJHUK, M30JUPOBAHHBIA IIEJIKOBON HUTHIO Yepe3 KOHUYECKUN KaHAJ
numaMmerpoM 1,5 MM, 1 MM B HampaB/IeHHH OCH HUKHEro IopmiHs. JIjs yIIOTHEHHsI MeIHBIX IPOBOJHUKOB B KaHAJIE MBI
HCIIOJIb30BAJIA BATY, IPOIUTAHHYIO SIMOKCUIHOM CMOJION. 3aBUCUMOCTDH CKOPOCTEH YIPYTUX BOJH IPU PA3JIMIHBIX TEMIEPATYPaX
B VI-it mommmopdHOil MommduKauu JblJa OT JaBJIEHHS H3MEPSIach HWMILYJIbCHBIM METOJOM Ha CIEI[HAJIBLHON arperaTHOM
YCTAHOBKE.

KiroueBbie ciioBa: MOy yIIPYroCTU, yJIBTPa3BYKOBbBIE BOJIHBI, F'€HEPaTOPHhI, IHEO303JIEMEHTHI.
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