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Abstract The development of calibration procedures, as well as the certification of
readily available reference materials (RMs) and the improvement of their metrolog-
ical characteristics, are topical issues for thermal analysis methods. In the course of
the work, the necessity of conducting a study in order to expand the range of CRMs
for temperature and enthalpy of phase transitions is substantiated. The substanti-
ation of the choice of the measurement procedure and starting materials is given.
The conditions for conducting experiments are described in detail, and the choice of
these conditions is justified. The developed CRMs passed the metrological examina-
tion and were included in the Register of approved types of reference materials FIF
EUM as a set of certified reference materials for temperature and specific enthalpy
of phase transitions (set SOTSF-2) GSO 11890-2022/GSO 11896-2022. The prac-
tical significance of the obtained results is as follows: certified reference materials
allow expanding the possibility of establishing and monitoring the stability of the
calibration characteristics of thermal analysis installations and measuring instru-
ments; certification of measurement procedures (methods) and accuracy control of
the measurement results of the phase transition temperature of metals, metal salts,
metal oxides, and polymeric materials, organic and inorganic substances.
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Abbreviations

TA Thermal analysis

DTA  Differential thermal analysis
TGA  Thermal gravimetric analysis
DSC Differential scanning calorimetry
STA  Simultaneous thermal analysis
MP Measurement procedure

MI Measuring instrument

RMS Root mean square

CRM  Certified reference material

Introduction

Currently, thermal analysis (TA) refers to a group of methods in which a physical
property of a substance is measured as a function of temperature or time while
the substance is subjected to a temperature controlled program [1]. The temperature
program can include heating, cooling at a constant rate, exposure at a constant temper-
ature (isotherm), and a combination of these modes or a temperature modulation
mode with amplitude and frequency setting.

One of the most advanced, highly sensitive and, therefore, the most commonly
used methods for phase analysis of heterogeneous systems are differential thermal
analysis (DTA) and differential scanning calorimetry (DSC). They make it possible
to determine the temperature and enthalpy of transitions, the heat capacity and its
dependence on thermodynamic parameters, as well as the kinetic characteristics of
physical and chemical processes under conditions of a linear temperature variation.
Instruments that implement these methods are widely used, quite simple in design,
and easy to operate. However, DSC/DTA instruments, unlike adiabatic calorimeters,
are not absolute measuring instruments. The values of the amount of released or
absorbed heat and heat flow rates are measured under dynamic conditions, and not
under heat equilibrium conditions. Therefore, the measurement results of DSC/DTA
instruments are influenced by numerous parameters associated with the measured
sample, instrument, and operator. The main influencing parameters include: the mass
and geometry of the sample, its state of aggregation and thermophysical properties,
the type of the measured effect, the magnitude of the measured effect, the dimensions
of the crucible and the material from which it is made, the thermal resistance between
the calorimeter, the crucible, and the sample, the response time of the heating/cooling
device, the design and material of the measuring cell, the position of the sample in
the crucible and the crucible in the calorimeter, the type of purge gas, its pressure,
and purge rate, the procedure for collecting and processing experimental data. Never-
theless, errors in measuring the phase transition temperature from 0.01 to 0.5 °C,
the enthalpy changes of phase transitions from 0.5 to 1.0%, and heat capacity from
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1 to 2% [2] can be achieved in the temperature range from 200 to 800 K subject to
careful calibration of DSC/DTA instruments and accurate measurements. In addi-
tion, the measurement accuracy of thermophysical properties performed using DSC/
DTA devices can be affected by changes occurring in the device—the drift of elec-
tronic parameters and degradation of thermally sensitive elements (thermocouples
and thermal resistances). The dynamics of these changes primarily depends on the
intensity of MI operation and measurement conditions: heating rate, atmosphere,
and sample holder material. Therefore, a fundamental requirement for every ther-
moanalytical study is the pre-calibration of the respective instrument, which should
be performed using uniform and reliable procedures. Calibration is understood as
the procedure for establishing the relationship between the value of a quantity deter-
mined by the measuring instrument and its true value. The developments of calibra-
tion procedures, as well as the certification of readily available reference materials
(RMs) and the improvement of their metrological characteristics, are topical issues
for thermal analysis methods.

Theoretical Background

The range of reference materials used should correspond to the operating ranges of
measuring instruments, as well as the materials used for the manufacture of measuring
cells and crucibles. Since the development and implementation of the ISO-9000
standard [3], ensuring the comparability and traceability of thermal analytical data
has become a fundamental requirement.

One of the first calibration procedures for DSC/DTA instruments were those
described in [4-6]. But none of them acted as an instrument-independent proce-
dure. In order to unify the calibration methods that existed at that time and reduce
the magnitude of systematic measurement errors, the German Society for Thermal
Analysis' formed a working group “Calibration of scanning calorimeters” (1987),
whose goal was to develop scientifically based, instrument-independent, and gener-
ally accepted calibration procedures, the application of which would significantly
reduce the systematic errors of the values measured by DSC/DTA. The results of
the working group were published in [7-13] and were adopted by the International
Confederation for Thermal Analysis and Calorimetry (ICTAC)? as arecommendation
to its members (2000).

Since DSC/DTA instruments are used to determine the temperature and heat of
phase transitions, as well as the rate of heat flow (when determining the temperature
dependence of the heat capacity of a substance or studying the kinetics of a reaction),

! Gesellschaft fur Thermische Analyse (GEFTA). Available via GEFTA. https:/www.gefta.org/ind
ex.php. Accessed 10 October 2022.

2 International Confederation for Thermal Analysis and Calorimetry ICTAC). Available via ICTAC.
http://www.ictac.org/index.html. Accessed 10 October 2022.
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it becomes necessary to calibrate MI using three scales: temperature, enthalpy, and
heat flow.

The temperature scale is calibrated by comparing the known phase transition
(melting/crystallization) temperatures of RMs with the corresponding temperatures
measured at the appropriate heating rate. Then a correction curve is constructed in
the given temperature range. Depending on the range to be covered and the shape
of the calibration curve, at least three RMs are required to be measured—even if
the calibration is linear, a third point is needed to confirm this. Since temperature
sensors are most often located inside the device and not in the sample, the need for
extrapolation to a zero heating rate requires measuring RMs at three or more heating
rates [2].

Melting (crystallization) or a phase transition in a solid appears on the DSC
curve as an endo- or exothermic peak; therefore, the enthalpy calibration procedure
makes it possible to relate the peak area obtained for the RM to the enthalpy change
known for it and obtain peak area to enthalpy conversion factor. Since experience
has shown that this factor is a function of temperature and temperature scan rate (or
any other of the experimental parameters that should be kept constant throughout the
measurement series), the measurements of several enthalpy reference materials are
required to cover the entire temperature range of the DSC/DTA instrument.

The heat flow rate in the DSC experiment is related to the heat capacity of the
sample; and if any reaction occurs in the sample, it is related to the “apparent” heat
capacity. The ideal RM for heat flow calibration should be thermodynamically inert
(have no phase transformations) over a wide temperature range. From this point of
view, a-alumina (polycrystalline corundum or monocrystalline leucosapphire) is a
universal RM. With its use, experimental data on heat capacity for other well-studied
substances can be reproduced with an accuracy of £ 1%, and in some cases even
better [14].

The recommendations of the GEFTA working group for calibrating DSC/DTA
instruments and performing subsequent measurements are formulated as follows
[15]:

e Experimental conditions for calibration and sample measurements should differ
as little as possible. Therefore, a valid calibration procedure should specify in
detail how to establish reproducible environmental conditions and how to check
for non-linearities;

e Any asymmetry in heat flows, temperature gradients, and measurement effects
should be avoided. It is necessary to create quasi-steady-state conditions.
However, a detailed study of the dependence of the measured values on the
parameters of the sample and instrument is mandatory to eliminate systematic
errors;

e C(Calibrations already performed by the manufacturer of DSC/DTA instruments
should be carefully checked;

e (Calibrations should be checked at regular intervals according to the required
accuracy. It also provides information on any long-term systematic changes to the
measuring system.
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The recommended substances by GEFTA and ICTAC for use as RMs cover the
temperature range from 120 to 1350 °C and mainly refer to materials that determine
the fixed points of the International Temperature Scale 1990 (ITS-90) [15] (Table 1).

The GEFTA and ICTAC recommendations also describe the procedure for
processing experimental data obtained from measurements of RMs on a calibrated
DSC/DTA instrument, including a method for determining the characteristic temper-
atures of endothermic (exothermic) peaks of phase transformations. Figure 1 shows
the determination of the characteristic temperatures in the case of an endothermic
peak (for example, metal melting) [2].

It is more convenient to determine the values of temperatures T;, Ty from the first
derivative of the DSC/DTA curve, where the moment of deviation of the DSC/DTA
signal from the interpolated baseline is determined much better.

Using the example of UNIIM, a competent manufacturer of CRMs for thermo-
physical properties (SOTS), 6 types of CRMs for temperature and heat of phase tran-
sitions were developed based on potassium chloride, as well as gallium, indium, tin,
zinc, antimony (set SOTSF, Table 2). The development and certification of CRMs
were carried out in accordance with the State verification schedule for means of
measuring specific enthalpy and specific heat-conguction of solid frames in the range
of temperature from 700 to 1800 K [16] using the National primary special stan-
dard GET 67-2013 for the units of specific enthalpy and specific heat of solids at
temperatures in the 700-1800 K range [17].

As shown in Table 2, the temperature range provided by the available GSOs is
from ~ 300 to ~ 1050 K, and the range of specific heat of fusion is from ~ 28 to ~ 59
kJ/kg.

At the same time, TA instruments supplied to the Russian market by leading
manufacturers of thermoanalytical equipment, such as “Netzsch-Geratebau GmbH”
(Germany), “TA Instruments” and ‘“PerkinElmer, Inc” (USA), “Setaram Instrumen-
tation” (France), and “Mettler-Toledo AG” (Switzerland) cover a much wider range
of temperatures and heats of phase transitions: from ~ 90 to ~ 1920 K and from 10
to 1000 kJ/kg, respectively. Moreover, recently a number of high temperature instru-
ments have appeared on the market, the upper limits of the operating range of which
are 2273 K (DSC 404 F1/F3 Pegasus, STA 449 F1 Jupiter, Netzsch, Germany), 2673
K (STA 449 F3 Jupiter, Netzsch, Germany, SETSYS Evolution TGA-DTA/DSC,
Setaram Instrumentation, France), and even 3073 K (DIL 402 Expedis HT, Netzsch,
Germany).

The analysis showed that the available list of GSOs for temperatures and heats
of phase transitions do not fully provide the measurement ranges of the corre-
sponding thermophysical quantities. In addition, Table 3 indicates the existing limi-
tations on the compatibility of GSO materials with the materials of crucibles used in
measurements [8].

Table 3 shows that, for example, GSO 2312-82/2316-82 can be used for gradu-
ation, calibration, and temperature verification of thermal analyzers in the case of
measurements in non-metallic (ceramic, glass, etc.) crucibles. At the same time, only
GS02313-82 (In) and GSO 2314-82 (Sn) can be used for graduation, calibration, and
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Fig. 1 Determination of characteristic DSC/DTA peak temperatures, where: 7’; is the initial temper-
ature: the first visible deviation of the DSC/DTA curve from the interpolated baseline; T, is the
extrapolated peak start temperature: the temperature at which the tangent at the inflection point of
the rising slope of the peak crosses the interpolated baseline. The temperature 7', is taken as the
melting or phase transition temperature; 7' is the peak temperature: the temperature corresponding
to the largest distance between the DSC/DTA curve and the interpolated baseline; 7' is the extrap-
olated peak end temperature: the temperature at which the tangent at the inflection point of the
downward slope of the peak crosses the interpolated baseline; T is the final temperature: the last
visible deviation of the DSC/DTA curve from the interpolated baseline

verification by specific heat of fusion. There is only GSO 1363-78 based on potas-
sium chloride for use with metal crucibles (platinum, steel, etc.), which is clearly not
enough for graduation, calibration, and verification of thermal analysis MI.

Thus, the study of determining the temperature and heat of phase transitions for
the metrological support of MI of higher temperature and traceability to the basic
units of physical quantities is of particular relevance.

Therefore, the purpose of this work is the development and certification of new
RMs for temperature and heat of phase transitions for thermal analysis instruments,
primarily for DSC/DTA instruments.

Materials and Methods

Reagents

The commercially available Netzsch RMs used for calibration of thermal analysis
instruments were selected as candidate RMs (Table 4).

This list of 24 substances can be divided into three groups: the first is for the low
temperature range (from — 87 to 122 °C) and consists mainly of organic compounds;
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Table 4 List of reference materials supplied by Netzsch for calibration of thermal analysis

instruments
Substance Melting point (phase | Specific Note
transition) enthalpy, J/g
Formula Designation °C K
CegHio Hexene —87.0 186.0 — 1794
CioHi6 Monoterpene —64.7 208.3 —223
Hg Mercury — 38.8 234.2 — 114
H,0 Water 0.0 273.0 — 3334
Ga Gallium 29.8 302.8 — 80.0
Ci2Hyo Biphenyl 69.2 342.2 —120.5
C¢HsCOOH Benzoic acid 122.4 3954 — 1474
KNO3 Potassium 128.7 401.7 —50.0 For metal
nitrate crucibles
In Indium 156.6 429.6 —28.6
RbNO3 Rubidium nitrate | 164.2 437.2 —26.6 For metal
crucibles
Sn Tin 231.9 504.9 —60.5 For ceramic
crucibles
Bi Bismuth 271.4 544.4 —53.1 For ceramic
crucibles
KCIOq4 Potassium 300.8 573.8 — 104.9 For metal
perchlorate crucibles
Pb Lead 327.5 600.5 —23.0 For ceramic
crucibles
Zn Zinc 419.5 692.5 —107.5 For ceramic
crucibles
AgrS04 Silver sulfate 426.4 699.4 —51.0 For metal
crucibles
CsCl Caesium 476.0 749.0 - 172 For metal
chloride crucibles
Al Aluminum 660.3 933.3 —397.0 For ceramic
crucibles
K,CrOg4 Potassium 668.0 941.0 —37.0 For metal
chromate crucibles
BaCO; Barium 808.0 1081.0 —949 For metal
carbonate crucibles
Ag Silver 961.8 1234.8 — 104.6 For ceramic
crucibles
Au Gold 1064.2 1337.2 —63.7 For ceramic
crucibles

(continued)
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Table 4 (continued)

Substance Melting point (phase | Specific Note
transition) enthalpy, J/g
Formula Designation °C K
Ni Nickel 1455.0 1728.0 —290.4 For ceramic
crucibles
Pd Palladium 1554.8 1827.8 — 1573 For ceramic
crucibles

the second and third are for the high temperature range and consist of salts (for metal
crucibles) and metals (for ceramic crucibles).

The main objective in selecting a candidate RM for the development and certi-
fication of new GSO for temperature and heat of phase transitions from those
given in Table 4 was to expand the temperature ranges provided by new RMs for
both metal and non-metal crucibles. Therefore, the GSO set, later called SOTSF-2,
included samples of four high-purity metals (wt%): Bi (99.999%), Al (99.999%),
Ag (99.99%), Au (99.999%), as well as three samples of high-purity metal salts:
AgrS04 (99.999%), CsCl (99.999%), BaCO3 (99.98%).

Thus, the temperature range provided by the GSO was supposed to be expanded
to 1337.2 K with a total amount of RMs of 10 pieces (6—SOTSF, 4—SOTSF-2) for
non-metal crucibles. According to the enthalpy of phase transitions, the upper limit
of the range will be 397 J/g with a total number of RMs of 6 pieces (2—SOTSEF, 4—
SOTSEF-2). Similarly, the lower and upper limits of the temperature range provided by
the GSO should be 699.4 K and 1081 K with a total number of reference materials of
4 pieces (GSO 1363-78, 3—SOTSF-2) for metal crucibles. According to the enthalpy
of phase transitions, the range is from 17.2 to 357.29 J/g with a total amount of RMs
of 4 pieces (GSO 1363-78, 3—SOTSF-2).

Equipment

All phase transformation temperature studies were performed on a thermal analyzer
STA 449 F5 Jupiter (NETZSCH, Germany), which implements the method of simul-
taneous thermal analysis (STA), which combines the method of differential scanning
calorimetry (DSC) and thermal gravimetric analysis (TGA), from the State Primary
Standard of units of mass fraction, mass (molar) concentration of water in solid and
liquid substances and materials GET 173-2017.*

4 GET 173-2017 State primary standard of units of mass fraction, mass (molar) concentration
of water in solid and liquid substances and materials: UNIIM—Affiliated Branch of the D. I.
Mendeleyev Institute for Metrology. Available via FIF EUM. https://fgis.gost.ru/fundmetrology/
registry/12/items/397857. Accessed 10 October 2022 (In Russ.).
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The mass of the starting material (candidate RM) was measured on a laboratory
balance of special accuracy class I (Sartorius, Germany) with a weighing resolution
of 10 g and an expanded uncertainty of 80 pg. The mass of the crucible and the
weight of the crucible with a sample were obtained in ten parallel measurements. The
sample mass was determined by the mass differences. The establishment of certified
values of the specific enthalpy of phase transformations of new GSO was carried
out by direct measurements on the National primary special standard GET 67-2013
for the units of specific enthalpy and specific heat of solids at temperatures in the
700-1800 K range.> GET 67-2013 is an isothermal mixing calorimeter designed to
measure specific enthalpy and specific heat, as well as to study phase transformations
in solid and liquid materials in a wide temperature range (from room temperature to
1800 K).

A description of the GET 67-2013 design and methods for measuring the specific
enthalpy and specific heat capacity are given in [17]. The theory of calorimetric
measurements by the mixing method is considered in detail in [18]. The derivation
of the equation for measuring the specific enthalpy of phase transformations using
an isothermal mixing calorimeter is described in [19].

Research Methods and Procedure

The establishment of certified values of the temperature of phase transfor-
mations of new GSO was performed using a certified measurement method
FR.1.31.2021.40481.° The indicators of the measurement method are presented in
Table 5.

The establishment of certified values of the specific enthalpy of phase transfor-
mations of new GSO was performed in accordance with the operating manual and
technical documentation for GET 67-2013.

To reduce the impact of factors affecting the accuracy, the measurements were
carried out in accordance with the following procedure:

e inaccordance with the requirements of ASTM E 967, high-purity Al,O3 crucibles
were used for metal measurements in order to avoid interaction of the test material
with the crucible material. High-purity metal salts were measured in platinum
crucibles. Closed crucibles were used to reduce the influence of sample color on
its heating rate, as well as a more uniform heat distribution;

3 GET 67-2013 State primary special standard of units of specific enthalpy and specific heat capacity
of solids in the temperature range from 700 to 1800 K: UNIIM—Affiliated Branch of the D. 1.
Mendeleyev Institute for Metrology. Available via FIF EUM. https:/fgis.gost.ru/fundmetrology/
registry/12/items/397945. Accessed 10 October 2022 (In Russ.).

6 FR.1.31.2021.40481 Method for Measuring Phase Transition Temperatures of High-Purity Metals
and Inorganic Compounds by Differential Scanning Calorimetry:: UNIIM—Affiliated Branch of
the D. I. Mendeleyev Institute for Metrology. Available via FIF EUM. https://fgis.gost.ru/fundme
trology/registry/16/items/1391509. Accessed 10 October 2022 (In Russ.).
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Table 5 Measurement ranges, values for accuracy, correctness, repeatability, intralaboratory
precision of the combined standard and expanded uncertainty

Measurement | Repeatability, | Intralaboratory | Correctness, | Accuracy, | Combined | Absolute
range, °C °C precision, °C | °C °C standard expanded
uncertainty, | uncertainty,
°C °C
P =0.95
and k =2
From28to | 0.01 0.05 0.06 0.11 0.055 0.11
200 incl
From 200 to | 0.01 0.05 0.12 0.17 0.085 0.17
400 incl
From 400 to | 0.02 0.07 0.26 0.33 0.165 0.33
700 incl
From 700 to | 0.02 0.07 0.60 0.67 0.335 0.67
1600 incl

e it is recommended to use a gas with low thermal conductivity, therefore, the
measurements were carried out in N, atmosphere with a purity of 99.99% at a
flow rate of 40 ml/min,;

e the measurements were carried out using a DSC/TG sample holder with an S-type
thermocouple and a sensitivity of 1.2 pV/mW;

e good contact between the material and the bottom of the crucible is essential
to increase the heat transfer and, therefore, the measurement accuracy. In this
regard, the starting material was placed in the crucible so as to completely cover
the bottom for the case of measuring samples of metal salts; then the compaction
was carried out using special equipment, which is a common technique in sample
preparation [20].

e samples weighing no more than 20 mg were used to reduce the effect of sample
weight on the measurement result;

e the thermal analyzer was calibrated using GSO 2312-82/2316-82 and GSO 1363-
78 (set SOTSF), the accuracy indicators of which correspond to the working
standards of the 1st category according to the state temperature verification scheme
(GOST 8.558-2009 [21]);

e a heating rate of 10 °C/min was used during the study of RMs, since high heating
rates lead to a shift in heat effects to higher temperatures. This heating rate value
is recommended for use in verification methods for TA MI.

Results and Discussion

The DSC curves for some materials obtained in determining the certified values of
the phase transition temperature of CRMs are shown in Figs. 2, 3,4 and 5.

The DSC curves presented in Figs. 2, 3,4 and 5 were processed in accordance with
the requirements of the MP; two or three sample weights were used for each material.
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Fig. 3 DSC curves of aluminum samples (Al)

It follows from the obtained data that the standard deviation of the measurement
results does not exceed 0.01 °C, which meets the requirements of the MP in the

entire temperature range.

When determining the certified value of RMs in accordance with GOST ISO Guide
35-2015 [22], studies were carried out, and the contributions to the uncertainty due
to heterogeneity of the starting materials, short- and long-term stabilities of materials

were estimated.

The obtained values of the metrological characteristics are as follows: the phase
transition temperature (Tppr) and specific enthalpy of phase transition (Hp,r) of the

investigated batch of CRMs are presented in Table 6.
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Fig. 5 DSC curves of barium carbonate samples (BaCO3)

It should be noted that the melting temperatures of metals coincide within the
error of the measurement method used by us with fixed points of the ITS-90 [23].
The Hpyr values for metals are close to the data given in [24], as well as in a number
of other sources [2, 8, 12, 15]. Similarly the values of the phase transition temper-
ature are consistent with our results better than the values of the enthalpy of phase
transformations [25] for metal salts.

The existing differences can be primarily due to differences in the chemical
composition of micro-impurities in the composition of the substances researched
in different studies, as well as some differences in sample preparation and
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Table 6 Metrological characteristics of the certified reference material’

GSO number | Index Certified Certified | Limits of | Absolute

in the set characteristic | value the expanded
absolute uncertainty at
errorat P | P =0.95and k
—095 =2

GSO SOTSF-2-Ag:S04 | Tpnr, K 699.55 | +04 +04

11890-2022 Hpyr, J/g 519 | +024 |£024

GSO SOTSF-2-CsCl Tpnr, K 749.15 | +£0.4 +04

11891-2022 Hpnr, J/g 172 |+012  |+o012

GSO SOTSF-2-BaCO3; | Tpur, K 1081.15 | £1.2 +12

11892-2022 Hpyr, J/g 949 |+£045 | £045

GSO SOTSF-2-Bi Tput, K 54455 | £02 +£0.2

11893-2022 Hpyr, J/g 531 | +02 +02

GSO SOTSF-2-Al Tpnr, K 93347 |+ 1.0 +£1.0

11894-2022 Hpyr., J/g 397.0 | £20 +£2.0

GSO SOTSF-2-Ag Tpur, K 123493 | +13 +13

11895-2022 Hpyr, J/g 1046 |£05 +05

GSO SOTSF-2-Au Tpnr, K 133733 |+ 14 +14

11896-2022 Hpnr, Vg 637 | +025 | +025

measurements, which is completely difficult to avoid even with the most careful
implementation of the GTEFTA and ICTAC recommendations [15].

Taking into account the obtained results for other materials, the correctness of the
chosen method and experimental conditions, it can be concluded that the obtained
values are representative.

The traceability of the certified values of the phase transition temperature is
ensured to the temperature unit (°C) reproduced by the State Primary Standard of
temperature unit in the range from 0 to 3200 °C GET 34-2020,% and provided through
the use of reference materials of In, Sn, Zn, Al, Ag, and Au, which are the fixed points
of the International Temperature Scale (ITS-90). The procedure described above can
be recommended for determining the characteristics of other high-purity metals and
their salts, as well as for certification of RMs based on them.

7 GSO 11890-2022/11896-2022 Reference materials of the temperature and specific enthalpy of
phase transitions of metals and metal salts (SET RM SOTSF-2). Available via FIF EUM. https://
fgis.gost.ru/fundmetrology/registry/19/items/1398408. Accessed 10 October 2022 (In Russ.).

8 GET 34-2020 State primary standard of temperature unit in the range from 0 to 3200 °C: D. 1.
Mendeleyev Institute for Metrology. Available via FIF EUM. https://fgis.gost.ru/fundmetrology/
registry/12/items/1385580. Accessed 10 October 2022 (In Russ.).


https://fgis.gost.ru/fundmetrology/registry/19/items/1398408
https://fgis.gost.ru/fundmetrology/registry/19/items/1398408
https://fgis.gost.ru/fundmetrology/registry/12/items/1385580
https://fgis.gost.ru/fundmetrology/registry/12/items/1385580

340 A. M. Nepomiluev et al.

Conclusion

The purpose of this work was the development and certification of new certified
reference materials for phase transition temperature based on high-purity metals and
metal salts traceable to SI unit “temperature” °C for thermal analysis measuring
instruments, primarily for DSC/DTA instruments.

In the course of experimental studies by differential scanning calorimetry using
the thermal analyzer STA 449 F5 Jupiter from GET 173-2017, CRM certified values
were determined. The procedure was carried out in accordance with GOST ISO Guide
35-2015; the contributions to the uncertainty due to heterogeneity of the starting
materials were evaluated; the short- and long-term stabilities of the materials were
studied.

The obtained metrological characteristics of the investigated batch of CRMs are
as follows: the phase transition temperature (Tpyr) and specific enthalpy of phase
transition (Hpyt) of the investigated batch of CRMs. The certified Tp,r values for the
developed CRMs based on high-purity metals (Bi, Al, Ag, Au) are consistent with
the temperatures of the ITS-90 fixed points with an accuracy of no worse than £
0.01 °C. The certified Hppy values for CRMs based on high-purity Bi, Al, Ag, Au
are consistent with the results given in [2, 10, 12, 13, 15, 25] in the range from 0.3
to 1.3%.

Similarly, there is also a fairly good agreement between the Tpt and Hpyr certified
values and the reference data for CRMs based on high-purity metal salts (AgySOy,
CsCl, BaCOs). For example, the obtained Tpyr value for BaCOj practically coincides,
and the Hp,r value differs by 2.7% from the results obtained in [25].

The developed CRMs passed the metrological examination and were included in
the Register of approved types of reference materials FIF EUM? as a set of certified
reference materials for temperature and specific enthalpy of phase transitions (set
SOTSF-2) GSO 11890-2022/GSO 11896-2022.

The practical significance of the obtained results is as follows: certified reference
materials allow expanding the possibility of establishing and monitoring the stability
of the calibration characteristics of thermal analysis installations and measuring
instruments; certification of measurement procedures (methods) and accuracy control
of the measurement results of the phase transition temperature of metals, metal salts,
metal oxides, and polymeric materials, organic and inorganic substances.
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