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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), ϑ long = ϑ long (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 ϑ trans= ϑ 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 P18(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 ± 0.001 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→ II,II→ 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 o C. The temperature correction is
± 2 o C at a pressure of 4000 MPa and a temperature of ∆T=100 o 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 15 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 −4 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: a 0 = 0.627 nm,
С 0 = 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.

Figure 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 o 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

Figure 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. I.e., 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 Т, К Р, МPа Е×103 МPа G×103 МPа ϑlong×103 m/s ϑtrans×103 m/s ρ×103 kg/m3

VI

248

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
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

233

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
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
1550 5,29 4,14 13,217 12,090 1,629

213

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
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 4,91 13,705 12,975 1,54
1650 6,22 5,07 13,972 13,236 1,59

193

1150 5,90 4,56 13,115 12,040 1,250
1250 5,95 4,61 13,300 12,242 1,293
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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Т. Бижiгiтов, Е. Жумадилов

М.Х. Дулати атындағы Тараз өңiрлiк университетi, Тараз, Қазақстан

Тұрақты температурада VI-мұз модификациясының Юнг, ығысу модульдерi мен онда тарайтын
ультрадыбыс толқындарының қысымға тәуелдiлiгiн зерттеу

Аннотация. Мақалада фазалық бiрiншi тектi өту кезiндегi температураның, қысымның және көлемнiң өзгерiсiнiң
мәндерiнен тұрғызылған қолымыздағы мұз модификациясының P-T [2] координатасындағы фазалық диаграмманың
үлкен толқын (600-2100) МПа қысым мен (110-330) К температура арасында жатқан VI-мұз модификациясының
Юнг, ығысу модульдерiнiң және зерттелiп отырған үлгiде тарайтын қума, көлденең толқындардың әртүрлi
температуралардағы қысымға тәуелдiлiктерi зерттелiп, E=E(p), G=G(p), ϑ long = ϑ long (p), ϑ trans = ϑ trans (P)
графиктерi тұрғызылған. Зерттеу жұмысын жүргiзу мақсатында автоматтандырылған жоғары қысым мен (0-3000)
МПа төменгi температурада (90-300) К жұмыс iстейтiн қондырғы жинастырылды. Тәжiрибелiк зерттеу жұмыстарын
жүргiзу үшiн термоөңдеуден өткен бiрiншi қабаты P18(HRC=60 ÷ 62) екiншi және үшiншi қабаттары P18(HRC=58 ÷ 60,
HRC=48 ÷ 50) бiр-бiрiне қыздыру арқылы күшпен кигiзiлген поршень-цилиндр пiшiндi камера қолданылды. Үстi
көлемiнiң өзгерiсi қозғалатын поршеннiң iлгерiлемелi және кейiн қайтқандағы орын ауыстырулары сызықты қозғалысты
электр импульстерiне айналдыратын дәлелдiлiгi ± 0,001мм түрлендiргiш арқылы өлшеп бақылап отырдық. Үлгiдегi
қысым, оның iшiнде орналасқан висмут, галлий сымдарының (проволка) әртүрлi температуралармен қысымдарда
фазалық өту нүктелерiн анықтаумен iске асырылды. Фазалық өту нүктелерi Ga, Bi электр кедергiлерiн өлшеу арқылы
анықталды. Сонымен қатар, мұздың P-T координатасындағы I→ II,II→ III мұз түрлерiнiң фазалық өтулерi қолданылды.

Үстiнiң температурасы анық iшiнде орналасқан мыс-константан терможұбымен (термопара) ± 1 o C дәлелдiкпен
бақыланды. Температура түзету 4000 МПа қысым мен ∆ T=100 o C температурада ± 2 o C құрайды. Түзету
температура төмендеген сайын кемидi.

Зерттелетiн үстiнiң iшiнде орналасқан галий мен висмуттың кедергiлерiн және терможұптағы кернеудi өлшеуде
төменгi поршеннiң осiнiң бағытымен табандарының диаметрлерi 1,5 мм, 1 мм конус тәрiздi арна арқылы жiбек
жiбiмен оқшауланған мыс өткiзгiш қолданылды. Мыс өткiзгiштердi арнада нығыздау ?шiн эпоксид смоласы сiңiретiн
мақтаны қолдандық. VI-полиморфты мұз модификациясындағы серпiмдi толқындардың әрт?рлi температуралардағы
жылдамдықтарының қысымға тәуелдiлiгi арнайы жинастырылған қондырғыда импульсiн әдiспен өлшендi.

Түйiн сөздер: серпiмдiлiк модульдерi, ультрадыбыс толқындары, генераторлар, пьеозоэлементтер.

Т. Бижигитов, Е. Жумадилов

Таразский региональный университет им. М.Х.Дулати, Тараз, Казахстан

Исследование зависимости модуля Юнга, модуля сдвига и распространяющихся в нем ультразвуковых
волн VI модификации льда от давления при постоянной температуре

Аннотация. В статье представлена большая волна фазовой диаграммы в координатах PT [2] доступной модификации
льда, построенная по значениям изменения температуры, давления и объема при переходе первой фазы VI-ой
модификации льда, при давлении (600-2100) МПа и температуре (110-330) К. Исследованы зависимости модулей
Юнга и сдвига от давления, а также продольных и поперечных волн, распространяющихся в исследуемом образце
при различных температурах, и построены графики E=E(p), G=G(p), ϑ long = ϑ long (p), ϑ trans = ϑ trans (P).Для
проведения исследований смонтирована автоматизированная установка, работающая при высоком давлении(0-3000
МПа) и при низкой температуре (90-300 К). Для проведения экспериментальных исследований использовалась камера
поршнево-цилиндрической формы, в которой первый слой P18(HRC=60 ÷ 62), прошедший термообработку, второй и
третий слои P18(HRC=58 ÷ 60, HRC=48 ÷ 50) надевались с усилием путем нагрева друг друга. Изменение объема
поверхности производили измерением через преобразователь с точностью ± 0,001 мм, преобразующий линейное движение
в электрические импульсы с поступательными и последующими перемещениями движущегося поршня. Давление в
образце осуществлялось определением точек фазного перехода расположенных в нем висмутовых, галлиевых проводов
(проволок) под давлением с различными температурами. Точки фазовых переходов определялись путем измерения
электрического сопротивления Ga, Bi. Также использовались фазовые переходы I→ II,II→ III типов льда в координате P-
T льда. Температура поверхности контролировалась калиброванной термопарой с постоянной медью с точностью ± 1 o C.
Температурная поправка составляет ± 2 o C при давлении 4000 МПа и температуре ∆ T=100 o C. Поправка уменьшается
с понижением температуры. Для измерения сопротивления галлия и висмута внутри исследуемой поверхности и
напряжения в термопаре использовался медный проводник, изолированный шелковой нитью через конический канал
диаметром 1,5 мм, 1 мм в направлении оси нижнего поршня. Для уплотнения медных проводников в канале мы
использовали вату, пропитанную эпоксидной смолой. Зависимость скоростей упругих волн при различных температурах
в VI-й полиморфной модификации льда от давления измерялась импульсным методом на специальной агрегатной
установке.

Ключевые слова: модули упругости, ультразвуковые волны, генераторы, пьеозоэлементы.
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