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1. Introduction

High quasi-hydrostatic pressures are widely used in
science and industry for the manufacture of different su-
perhard materials [1]. To create the quasi-hydrostatic com-
pression conditions, it is required to apply high-pressure
apparatus (HPA), most of which operate on the principle
of a compressible gasket [2]. When operating HPA of such
types as “belt”, “toroid”, “ba”, a six-punch HPA of cubic
type, etc. [3], it is important to build a load characteristic.
Its use makes it possible to estimate the level of pressures
in a working cell, as well as to determine the compression
efficiency of the container. To determine the values for
pressure in the working cells of such apparatus, the load
characteristics are used that are built at room temperature
based on the fixed points of transformations in bismuth,

thallium, barium, as well as in some semiconductors [4].
Such a calibration shows that the pressure magnitudes in
this case significantly differ from the values for pressure,
created at the same efforts of loading HPA under a hot con-
dition. Thus, at a temperature of 1,000-1,400 °C, pressure
values for the high-pressure cells can exceed the pressure,
determined from a load characteristic at ambient tem-
perature, by 30-40 % [5]. This circumstance is of special
importance when conducting research that necessitates
precise control over pressure, for example, when growing
the structurally-perfect single crystals of diamonds on the
seed. The scientific literature [6, 7] has so far lacked data
on earlier research into the construction of load character-
istics for six-punch HPA aimed at determining pressure at
elevated temperature, as well as its calibration, which ren-
ders special relevance to carrying out such a study.




2. Literature review and problem statement

According to a well-known procedure [6], a load charac-
teristic is constructed by registering a change in the electrical
resistance of reference materials, predetermined by the prog-
ress of phase transitions at high pressure. Typically, the refer-
ence materials include bismuth, thallium, barium, as well as
some semiconductors (PbTe, PbSe) [4]. Special feature of the
procedure reported in work [6] is that it is necessary to deter-
mine phase transitions in the reference materials at room tem-
perature. This condition does not make it possible to account
for the increase in pressure caused by the thermal expansion
of a cell’s materials during its resistive heating [7]. According
to data set forth in [7], a pressure increase could amount to
30-40 % depending on a cell’s materials. The research results,
described in [7], show that the magnitudes for pressure in this
case may significantly differ from values obtained under the
same efforts for loading HPA in a hot condition. Deviations
from the standard values for a load-carrying characteristic,
as a result of the influence of temperatures on the order of
1,000-1,400 °C, could reach 30-40 %. In this regard, it is
evident that the application of this approach does not make it
possible to correctly estimate values for high pressures under
the action of high temperatures. The reason for this is that in the
case of using standard calibrants there is no correction for the
influence of high temperatures. And building correcting char-
acteristics at high temperatures for these calibrants requires
the development of additional procedures that should take into
consideration the multi-level character of phase transitions,
which is an extremely tedious and inexpedient task. Particular-
ly important is the construction of a load characteristic for the
six-punch HPA of cubic type, since no information is available
for HPA of this type. This fact is predetermined by that due to
their design features, it is possible to measure high pressures at
room temperature in the cells of a given apparatus only up to
~4 GPa [5, 8]. Given this, a manufacturer of six-punch
high-pressure apparatus recommends loading these devices
with a parallel heating of the container [8]. Failure to comply
with this requirement leads to the destruction of hard-alloyed
punches used for compression processes at HPA unloading.

There are also great difficulties when building a measure-
ment circuit for the acquired data when the contacts are re-
moved from a high-pressure container. In most cases, the ends of
sensors are connected inside a compressed gasket [9]. However,
when operating a six-punch HPA, using this method is not pos-
sible. The reason for this is the fact that applying such a wiring
circuit disrupts the measurement chain due to large values for
elastoplastic deformation in places where a pressed gasket leaks.

Building load characteristics at ambient temperature for
some types of single-stage apparatus is not possible at pressure
values above 3—-4 GPa. Thus, operating Chinese six-punch
presses implies that when reaching such magnitudes for pres-
sures at the specified level it is necessary to ensure the heating of
containers by raising the temperature in a cell to 600-1 000 °C.
Heating the containers in such a way is required to improve the
plasticity and fluidity of materials of containers, forming a com-
pressible HPA gasket when loading the apparatus. In this con-
nection, a manufacturer of six-punch high-pressure equipment
doesnotrecommend operation without heating the container|[8].
A failure to comply with this requirement leads to the destruc-
tion of hard-alloyed punches used for compression processes
at HPA unloading. For this reason, the values for pressure
above ~4 GPa are uncontrolled and uncertain when operating
the equipment of this type.

To build a load characteristic at high temperatures, one
can use the thoroughly studied equilibrium lines of polymor-
phic transformations and melting in their phase p, T-diagrams
of such elements as Bi, Fe, Si, Cu, Ag, Au [4]. In this case,
there is a need to measure temperature; the accuracy of
such measurements influences the determination of pressure
values; they depend on the degree of influence of pressure on
the thermocouples’ thermal emf. In addition, the thermocou-
ple indicators also depend on the magnitudes for parasitic
emf arising in cases where the connection of thermocouple
sensors’ is executed through hard-alloyed punches and oth-
er metallic parts, which ensure loading and compaction of
the container. For the thermocouples chromel-alumel and
platinum— platinum rhodium, such deviations in readings
due to application of high pressures could reach the order of
~50° at p=5-6 GPa and T=1,000-1,400 °C [10, 11]. It is ex-
tremely difficult to account for the parasitic components of
thermal emf under such conditions.

A considerably greater accuracy in determining pressure
using phase transitions at high temperatures is achieved
when one applies a differential method [12]. Underlying it is
determining the pressures based on a difference between the
phase transitions of two selected elements in the required
intervals p and T [16-18]. The application of a differential
pressure measurement method has up to now employed a dif-
ferential thermal analysis (DTA). This method implies the
use of samples with a volume of several mm? in order to reg-
ister phase transformations in them by using thermocouples,
which make it possible to define thermal effects within them
[6, 8]. A DTA procedure is quite complicated structurally
and time-consuming; for this reason, it has not been widely
applied to determine pressure by a differential technique in
quasi-hydrostatic equipment that work on the principle of a
compressible gasket.

In this regard, it appears appropriate to devise a pro-
cedure that would make it possible to facilitate determin-
ing the values for high pressures in a cell exposed to high
temperatures. Determining high pressures is particularly
important to obtain superhard high-quality materials when
using a six-punch HPA.

3. The aim and objectives of the study

The aim of this study is to devise a procedure for mea-
suring pressure, taking into consideration the influence of
high temperatures, in a multi-punch HPA, using CS-VII as
an example [8]. This will make it possible to more accurately
estimate the conditions inside a cell of high pressure, which
would enable a research under controlled conditions, as well
as improve the quality of production of superhard materials.

To accomplish the aim, the following tasks have been set:

—to design a high-pressure sensor wiring circuit, ex-
posed to high temperatures;

—to build a load characteristic for the six-punch HPA
CS-VII and to estimate the degree of error when using the
proposed procedure for determining pressure.

4. A method to study phase transitions under high pressure

A resistometry procedure makes it possible to register
the phase transformation temperatures necessary for de-
termining the pressure by a differential technique at high



temperatures for sensors that represent the pairs of elements
Co—Fe and Ag—Cu.

A principal diagram of the high-pressure apparatus of mod-
el CS-VII is shown in Fig. 1. The hard-alloyed punches of the
pressing apparatus of model CS-VII (Fig. 1) represent truncat-
ed tetrahedral pyramids with a flat pushing pad of 46x46 mm
and four sloping facets. These facets are sequentially adjacent to
each side of the pushing plane at an angle of 46°, followed by a
change in the angle of up to 41.5° to the punch cylindrical axis.

The container of the pressing apparatus CS-VII (Fig. 2),
designed to compress a high-pressure cell, took the form of
a cube with a side of 58 mm; it was made from pressed pyro-
phyllite. The container had a cylindrical hole with a diame-
ter 44 mm to hold a working high-pressure cell.
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Fig. 1. General view of the pressing apparatus CS-VII [6]:

1 — bed of the press, consisting of six plunger parts of
the body, ensuring the displacement of punches along three
mutually perpendicular three directions; 2 — cylinder to
create high pressure of a working substance (oil); 3 — piston;
4 — protective screen for a workspace; 5 — supporting
plates; 6 — cooling sleeve of the pushing punch;

7 — hard-alloyed punch; 8 — valve to feed oil; 9 — support rack

DOmm

Fig. 2. Schematic of a high-pressure cell in a cubic container
of the six-punch HPA CS-VII for determining values for
transformations in sensors Co—Fe or Ag—Cu: 1 — semi-cubes
58%x58x29 mm a dolomitic insert and an axial hole of @44 mm;
2 — graphite current distributing disk; 3 —heat insulating
dolomitic ring; 4 — heat insulating pyrophyllite ring; 5 — heat
insulating dolomitic disk; 6 — steel current connection;

7, 17 — graphite current distributing disk; 8 — heat insulating
bushing made of CsCl; 9, 13 — discs made of CsCl; 10 — ring
made of CsCl; 11 — alloy, a carbon solvent; 12 — source of
carbon, graphite; 14 — cylinder graphite heater; 15 — heat
insulating ring made of CsCI—ZrO,; 16 — heating element from
a mixture of graphite and ZrO,; 18 — sensor placement in a cell

The system to control the pressing apparatus CS-VII
was specifically designed to ensure a possibility to regu-
late over a wide range the heating rate of working cells, to
measure temperatures using the thermocouples K-type and
S-type. In addition, the manufacturer implemented a system
of programmable cooling of hard-alloyed punches by chang-
ing a flow of the refrigerant in the circuit of its circulation.

5. Selection of source data and design of measuring cells

To build the load characteristics of the pressing apparatus,
we designed two measuring cells, which make it possible to
measure pressure in six-punch apparatus using the sensors that
represent the pairs of specially selected elements — Co—Fe and
Ag—Cu. These measuring cells were used to determine a high
quasi-hydrostatic pressure in the range 4-7 GPa and at high
temperatures.

Results from studying [16—19] the temperatures of phase
transitions in cobalt and iron under the influence of pressure
are given in Table 1.

Table 1

Values for temperatures of phase transitions in Co and Fe
under the applied pressure based on results from [16—19]

p, GPa T (o—p—Co), °C T (o—y—Fe), °C
0 455 915.7
4 551 663.7
5 570 633.2
6 587 576.1

Table 1 shows there is an offset of temperature values due
to pressure.

It is possible to execute resistive pressure control at high
temperatures along the lines of polymorphic transformations
a—B-Co and o—y—Fe using the sensor Co—Fe based on the
following considerations.

The dependence of transition a—p in cobalt and a—y
in iron on pressure was rather accurately defined in stud-
ies [16—19]. Generalization of these data by their polyno-
mial approximation and extrapolation to 7 GPa provided
an analytical form of the lines of these transformations:

TS, =455+28% p—1x p’, )

TF =915,675+33,12x p—109,736x p* +
+39,934x p* —5,815% p* +0,299x p°, 2)

where T'is the temperature in °C; p is the pressure in GPa.

The intersection of curves of functions T(p) for sol-
id-phases transformations for Co%®? and Fe®” (Fig. 3) was
determined based on interpolation data at point p=5.86 GPa,
T7=585 °C. Until this value, the magnitude for differential
difference AT,CoF¢ decreases, followed by an increase for
absolute magnitude.

Based on expressions (1) and (2), we have analytically
determined the differential difference AT; between transfor-
mations in cobalt and iron as a function of pressure:

ATS"™ = 460,675+5,127x p+108,736 %
xp?—39,934x p* +5,815% p* —0,299% p°, (3)

where T'is the temperature in °C; p is the pressure in GPa.
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Fig. 3. Temperature dependences of phase transitions in

cobalt and iron on pressure, obtained from the generalization
and interpolation of experimental data [16—19]

To determine the differential difference ATA8 €' as a
function of pressure for the melting curves Ag and Cu, we
used experimental data from paper [20] (Table 2), which
was performed using high-precision equipment of the type
piston—cylinder.

Table 2

Values for the melting temperatures of silver and copper
under pressure based on results from [20]

p, GPa TL(Ag), °C T (Cu), °C
0 959.0 1,082.8
4 1,184.3 1,231.4
5 1,234.5 1,265.2
6 1,282.4 1,297.6
T ¥ =958,9+61,182x p—1,211x p’, 4)
T =1082+40,179% p—0,707 x p?, 5)
AT ¥ = -123,1+ 21,003 x p—0,504 x p?, (6)

where T is the temperature in °C; p is the pressure in GPa.

A melting temperature difference between copper and
silver in a pressure range 4+7 GPa is 0.75+123 °C, Fig. 4.

Thus, if one uses dependences Ap=f(T) for the sensors
Co%P_Fe®", the construction of a load characteristic
makes it possible to determine the calibration points in
the interval 7=500-670 °C. And, for the case of the sensor
Agl—CuP, the application of dependence Ap=/(T) provides
a possibility to obtain calibration points in the interval
7=1,180-1,330 °C.

Employing the given formulae (3) and (6) makes it possi-
ble to obtain the curves of differential difference between the
phase transitions Co*P~Fe®" and Agl—Cu® due to pressure,
which in the range of pressure values 4+7 GPa take the form
shown in Fig. 5.

Equations (1), (2), (4), and (5), as well as dependence
charts in Fig. 3-5, were derived by interpolating data from
sources [16-20] employing the software OriginPro.
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Fig. 4. Dependences of melting temperature on pressure,
obtained in paper [20] by the generalization and interpolation
of experimental data
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Fig. 5. Dependences of AT, on pressure for the pressure
sensors Co—Fe and Ag—Cu

All the equations take the following form:
T=To+bp<p+byx<p*+.+b,p", )

where T is the temperature value in °C under pressure, p is
the pressure in GPa, Ty is the value for temperature under
atmospheric pressure, by, bo, b, are correction factors for the
influence of pressure on temperature [20].

The form of equations (1) to (6) is consistent with the
form of equation (7), given in paper [20]; there are also argu-
ments on using a temperature correction of pressure. Table 3
gives selected values from paper [20].

To build a load-carrying characteristic, we have designed
measuring cells with the following structures.

Cell Co—Fe. The sensor Co—Fe assembly scheme, location
of the thermocouple and measuring wires are shown in Fig. 6.

The sensor Co-Fe is the interconnected sections of
wire made of iron and cobalt of equal length L~60 mm and
0.3 mm in diameter, located in the same plane at the surface
of the disk made of cesium chloride. The ends of the wires
are connected to copper contacts, which are insulated from
the graphite heater and are connected to two of the six
hard-alloyed punches in a high-pressure apparatus; the heat-



ing circuit of the cell does not pass through them. Inside the
circuit, formed in the measuring cell by the Co and Fe wires
(Fig. 6), is the thermocouple chromel-alumel (@0.3 mm),
which is insulated from the sensor wires and the graphite
heater. The junction of the thermocouple is at ~1-2 mm from
where the wires of cobalt and iron are connected; the ends of
the thermocouple are connected to two other hard-alloyed
punches of the six-punch apparatus, which are also not used for
the electrical heating of the cell. Four punches that are used for
measuring electrical resistivity of the sensor Co—Fe and to reg-
ister readings from the thermocouple are electrically isolated
from all other metallic parts of the pressing apparatus.

Table 3

Values for the melting temperatures of gold, silver, and
copper under pressure with and without a correction [20]

Au Ag Cu

Gp}‘ja Cor- | Non-cor- | Cor- | Non-cor- | Cor- | Non-cor-
rected | rected | rected | rected | rected | rected
0 |1,062.0]| 1,062.0 | 959.0 959 1,082.8| 1,082.8
0.5 | 1,089.5 | 1,090.9 | 988.0 989.3 [1,100.0| 1,101.4
2.0 | 1,173.1 | 1,178.0 [1,072.0| 1,077.0 |[1,153.0| 1,158.5
3.5 | 1,254.8 | 1,262.7 [1,150.0 | 1,158.0 |1,206.5| 1,214.5
5.5 | 1,352.1 | 1,362.9 |1,248.0| 1,259.2 |1,271.5| 1,282.5
6.5 | 1,392.4 | 1,404.2 [1,292.0| 1,304.4 [1,298.0| 1,310.0

Fig. 6. Schematic of a pressure measuring cell using
the sensor Co—Fe (diametrical section of the heater):

1 — graphite heater; 2 — pressure contact of wires Co and Fe;
3 — junction of the thermocouple XA; 4 — connections of the
sensor Co—Fe (electrotechnical copper to enable a contact
with the pressing apparatus’ punches); 5 — molybdenum
contact; 6 — thermocouple wire insulation from the sensor’s
wires (cesium chloride); 7 — connections of the thermocouple
to enable a contact with punches; 8 — electrical insulation of
the thermocouple’s wires from a graphite heater

A principal electric diagram of the sensor Co-Fe is
shown in Fig. 7; the wires of Co and Fe are connected in
series and are connected to the punches of the pressing
apparatus through molybdenum contacts and copper wires.

The differential pressure sensor Co-Fe (Fig. 6, 7) is
designed to register the structural transformations o in
cobalt and o~y in iron by an electrical resistivity measure-
ment method. The serial connection of Co and Fe wires with
the output of the measuring circuit through punches makes
it possible, by using a two-end method [21], to determine the
surges in resistance during transformation of crystal struc-
tures Co*P (fcc—hcp) and Fe®** (bcc—fcc).

Cell Ag—Cu. Schematic of the melting sensor Ag—Cu is
shown in Fig. 8.

~ ~

Fig. 7. A principal electric diagram of connecting the wires of
iron and cobalt for the sensor Co—Fe: 1, 2 — connection of the
sensor Co—Fe to punches 1 and 2 of the pressing apparatus;
3, 4 — connection of the thermocouple sensor to punches
3 and 4 of the pressing apparatus

Fig. 8. Schematic of a pressure measuring cell by the sensor
Ag—Cu (diametrical section of the heater):

1 — graphite contact of the sensor Ag—Cu and output to
the punches; 2 — graphite heater; 3 — electrical insulation
(cesium chloride) of wires at places of output through
the graphite heater; 4 —connections of the sensor Ag—Cu via
electrotechnical copper and a graphite contact;

5 — junction of the thermocouple S-type; 6 — outputs of
the thermocouple; 7 — thermocouple wire insulation from
the sensor wires (cesium chloride)

The sensor Ag—Cu is the wires of equal length (L=60 mm,
?0.3 mm), connected in parallel using a graphite contact
with outputs made from electrotechnical copper. The latter
connect the sensor to two punches, not intended for the re-
sistive heating of a cell in the six-punch pressing apparatus.
The silver and copper wires, as well as graphite contacts
and copper outputs from the cell, are insulated from the
graphite heater by cesium chloride. The choice of graphite
as a material to enable a contact with copper and silver is
predetermined by the extremely low solubility of carbon in
these metals at temperatures up to metal melting.

The junction of the thermocouple of S-type, made
from wires of platinum and the alloy platinum rhodium
(PtRh10 %), is at a distance of ~2 mm from graphite con-
tact 1 (Fig. 8). The intersections between the sensor wire
and the thermocouple are separated by electrical insulation
made of cesium chloride.

A principal electric diagram of the sensor Ag-Cu is
shown in Fig. 9; the wires Ag and Cu are connected in paral-
lel and are connected to the punches of the pressing appara-
tus through the molybdenum transition elements to copper
contacts made from electrotechnical copper.

Fig. 9 shows that the constituent elements RA% and RC"
are connected in parallel in the electrical connection circuit;
their total resistance R is determined from:
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Fig. 9. A principal electric diagram of connecting the wires of
copper and silver for the melting sensor: 1, 2 — connection of
the thermocouple sensor to punches 1 and 2 in the pressing
apparatus; 3, 4 — connecting the melting sensor Ag—Cu to
punches 3 and 4 in the pressing apparatus

The principle of operation of the melting sensor Ag—Cu
is that at the time of copper and silver melting the measuring
chain registers a contact break through R*¢ and R®" (Fig. 7).
A break in the measuring circuit in this case is due to pat-
terns in the performance of conductors under quasi—hydro-
static conditions with such a ratio of their linear dimensions
that the length is significantly larger than the diameter.
Under these conditions, given the existence of pressure
gradients, the liquid phase contracts to drops, there is the
discontinuity of wires Ag and Cu, and, as a consequence, the
break of the electrical circuit.

6. Building a load characteristic based on signals from the
high-pressure sensors Co-Fe and Ag—Cu

When using the resistive pressure sensors Co—Fe and
Ag—Cu, we determined the temperatures of phase tran-
sitions, which made it possible to determine the pressure
generated inside the cell of HPA. Signals from the sensor
Co-Fe are registered by the device according to the mea-
surement scheme in Fig. 8; the measured change in voltage
at transitions a—p—Co and a—y—Fe at the sensor’s output is
approximately ~0.3—0.5 and ~0.2—0.3 mV, respectively.

The curve that records the Co—Fe sensor signal clearly
registers surges in electric resistance with an increase in
pressure and temperature (Fig. 10).

AR,
relative
units

TI T2 T3 T4 T,°C
Fig. 10. A general form of change in a signal from the
pressure sensor Co—Fe, the loading speed of plungers is
0.035 MN /sec, heating rate is ~10-12 deg /s, 71— T, and
73— T4 are the temperatures of the onset and end of phase
transitions in cobalt and iron, respectively

The difference in intervals To—T; and T;—T3 typically
does not exceed 2-3 °C.

For the constituent elements of the melting sensor
Ag—Cu, the first to melt is silver TLPZG-SGP“=1305,7°C, the
result being the total magnitude of electrical resistance,

determined by a two-end method at a melting point in time,
increases in a jump-like manner. The values for temperature
according to the readings from a thermocouple correspond
to a surge in resistance, registered by the measuring circuit,
the first value is required for determining the difference AT.
The second value is the reading from a thermocouple at cop-
per melting T7=636P1=1313,5°C at a complete break of the
measuring circuit for the sensor Ag—Cu (Fig. 8, 9).

A general pattern of change in the resistance of the sen-
sor Ag—Cu is shown in Fig. 11.
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Fig. 11. General pattern of change in the signal from the
pressure sensor Ag—Cu, the loading speed of plungers is
0.035 MN/sec, heating rate is ~10—12 deg/sec

A pressure sensor signal and the thermocouple sensor
readings are recorded by measuring devices with the following
accuracy: a change in voltage on the sensor Ag—Cu — =2 umV,
thermal emf of the thermocouple S-type — +5x10~ mV.

Thus, the differential method of pressure measurement
could be applied for measuring high quasi-hydrostatic
pressures in the range of 4+7 GPa in a cell of the six-punch
apparatus at elevated temperatures.

The data obtained were used to build a load characteris-
tic, which takes the form shown in Fig. 12.

Bi

Pressure in cell, GPa

0 5 10 15 20 25
Plunger effort, MN
Fig. 12. Load characteristic of the pressing apparatus
CS-VIl when using the fixed points of phase transitions in
bismuth and thallium at room temperature and differential
temperature differences Co*P—Fe® " and Agt—Cu" (Fig. 5)
when 7=563.9-642.7 °C — p=4.67 GPa and at
7=1,305.7—1,313.5 °C — p=6.5 GPa, respectively

When determining a load characteristic, each calibration
point (Fig. 12) corresponds to a separate cycle of loading a
high-pressure calibration cell. We determined pressure at
room temperature based on phase transformations in Bi (I-11)
2.55%£0.01 GPa and Tl (II-III), 3.67+0.03 GPa, using re-
sistometry by a two-end method. The diameter and length



of the resistance sensor were 0.3 and 2 mm respectively,
and the loading speed of plungers was maintained at 0.06—
0.061 MN/sec. Registration of pressure during phase tran-
sitions was acquired at the onset of a resistance surge in a
phase transition.

The heating to increase the temperature of the container
and the calibration cell was enabled when reaching an effort
of 17.1 MN in each compressing plunger. Next, the loading
of a pressing apparatus to the resulting effort of compression
was performed at speed 0.035 MN/sec under a heating rate
of 10-12 deg/sec.

7. Discussion of results of applying a differential method
for determining pressure by the sensors Co-Fe and Ag-Cu

The employed procedure for determining pressure by
a differential technique using resistometry at high tem-
peratures enables the construction of load characteristics
for six-punch pressing apparatus. Such HPAs have been
recently widely used both to obtain the diamond grinding
powders and for growing the structurally-perfect single
crystals of diamond. Although such pressing apparatus
demonstrate high performance and are promising for the
development of new technologies and materials, the biggest
challenge to use them is the impossibility of determining
the magnitudes for pressure in growth cells. Control over
pressure magnitudes depending on the materials used
for the manufacture of containers and pushing punches,
configuration of the working compression elements, is
also challenging. The proposed method for constructing
load characteristics for six-punch high pressure apparatus
makes it possible to easily solve a given problem.

Thus, the results of our research could be used in the
field of physics of high pressures. The current work might
also prove useful in the design of new, and obtaining already
known, superhard materials. The application of the proposed
procedure would significantly enhance the accuracy of de-
termining pressure in the cells of HPA, which in turn would
improve the qualitative indicators for materials obtained.

The main advantage of using the differential method is
that it makes it possible to take into consideration the impact
of high temperatures on the process of creating pressure in
the cells of HPA. Determining a temperature difference in
phase transitions in reference materials under the influence
of high pressure makes it possible to perform measurements
with a rather low error. This is predetermined by that all the

components of parasitic emf are self-eliminated owing to the
differential scheme. In this regard, the measurement accu-
racy is limited only by the class of precision of measuring
instruments. Consequently, the benefit of a given procedure
is the fact that the resistive sensors Co—Fe and Ag-Cu do
not need calibration. In this case, the above merits make it
possible to determine pressures in the apparatus’ cells with
a rather complex configuration of pushing parts, as well as
in machines where direct connection of reference sensors is
impossible due to their structural features.

However, there are certain limitations to the implemen-
tation of a given method. The most significant disadvantage
is the high cost of pure materials. In addition, there are spe-
cific difficulties associated with the manufacturing of a wire
with the desired geometrical dimensions, at in most cases
the raw materials of high purity (99.99 %) are available in
the form of ingots or a powder. In addition, mounting the
sensors in a high-pressure cell, as well as connecting them to
the measuring system of instruments, is a rather tedious and
troublesome task.

Given the above shortcomings, the outlined procedure
requires certain refinement in the future. There is a need for
additional research to ensure the ease of fabrication of pres-
sure sensors, to select cheaper pairs of reference materials.

8. Conclusions

1. The application of Co—Fe sensors of the proposed design
makes it possible to determine a value for pressure at tem-
peratures in the range of 500-700 °C based on a difference
between the points of phase transitions in reference materials.
For a six-punch HPA, we have determined a high pressure
value by using a resistive sensor at 7=563.9-642.7 °C, which
amounted to 4.67 GPa. Using a sensor manufactured from
the materials Ag—Cu allows the determination of values for
pressures at high temperatures 1,300-1,400 °C. For a six-
punch HPA, we have determined a high pressure value at
T7=1,305.7-1,313.5 °C, which amounted to 6.5 GPa.

2. The application of the devised procedure for deter-
mining pressures using resistometry has allowed us to
build a load characteristic for the six-punch high-pressure
apparatus of model CS-VII at high temperatures generated
inside a high-pressure cell. Using the outlined procedure
makes it possible to measure pressures in the cells of HPA
with an accuracy that is limited only by the precision class
of instrumentation.
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