
 

1. Introduction 

The specific heat of materials is one of the basic thermo-physical 

properties, important both from the point of view of scientific 

research and engineering applications [1,2]. Accurate know-

ledge of this quantity allows for effective modelling of thermal 

processes, optimisation of technological parameters, and design 

of materials and devices operating in variable temperature con-

ditions. In the case of metals undergoing phase transitions, such 

as iron (Fe) and nickel (Ni), it is particularly important to take 

into account changes in specific heat as a function of tempera-

ture and the characteristics of these transitions, and research has 

been conducted for almost 100 years [3,4].  

Differential scanning calorimetry (DSC) is one of the most 

commonly used methods for testing specific heat [5−9]. It is 

characterised by high sensitivity, the ability to perform measure-

ments over a wide temperature range, and relatively simple la-

boratory procedures with an error of less than 3% [8,10]. Despite 

the popularity of this method, the results obtained may vary de-

pending on the apparatus  used,  the  measurement  methodology 
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Abstract 

This study presents comparative experimental investigations of the specific heat of materials undergoing phase transitions, 
with the aim of assessing the capabilities and metrological limitations of differential scanning calorimetry methods and instru-
mentation. Nickel and iron were selected as reference materials due to the availability of reliable literature data for verification. 
Two approaches to determining heat flux density in differential scanning calorimetry were compared using three calorimeters: 
Pyris 1 (PerkinElmer), DSC 3 (Mettler Toledo), and DSC 404 F1 Pegasus (Netzsch). Measurements were conducted in a pro-
tective atmosphere over a temperature range up to 600°C on samples that had been thermally stabilised prior to testing. For 
the Pyris 1 calorimeter, a proprietary measurement procedure based on heating and cooling cycles with isothermal holds was 
applied, enabling reliable determination of specific heat during heating and cooling. In contrast, for the DSC 3 and DSC 404 F1 
instruments, the analysis was primarily based on heating data. The obtained results allowed analysis of the second-order phase 
transition in nickel, including determination of the transition end temperature and the temperature corresponding to the maxi-
mum differential scanning calorimetry peak. The phase transition in iron was characterised solely using data from the 
DSC 404 F1 instrument, due to measurement limitations of the remaining equipment. Additionally, three independent temper-
ature-dependent specific heat characteristics were compared, obtained using a relative method with identical reference stand-
ards and standard differential scanning calorimetry signal conversion procedures. The results contribute to improved under-
standing of calorimetry methodology and measurement uncertainty in materials undergoing phase transitions. 
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Nomenclature 

cp ‒ specific heat capacity, J/(kg·K) 

f – thermogram data 

m ‒ mass, kg 

t ‒ time, s 

T – temperature, °C 

 

 

Subscripts and Superscripts 

base – baseline date 

C – Curie 

ref – reference 

sp – specimen 

 

Abbreviations and Acronyms 

DSC − differential scanning calorimetry 

and the method of data processing, in this case, thermograms. It 

is therefore advisable to conduct comparative studies to assess 

the consistency and precision of specific heat measurements per-

formed with different devices and techniques within the DSC 

method. 

This article presents the results of comparative experimental 

studies of the specific heat of iron and nickel, conducted using 

three different scanning calorimeters: PerkinElmer Pyris 1, Met-

tler Toledo DSC 3 and Netzsch DSC 404 F1 Pegasus. Iron and 

nickel were selected due to their ferromagnetic properties at 

room temperature and their loss in the second type of phase tran-

sition after exceeding the characteristic Curie temperature. Iron 

is additionally characterised by the occurrence of a first-order 

transition. These phenomena make it possible to use the charac-

teristic temperature as an additional metrological parameter. The 

analysis examined the impact of measurement conditions and 

declared temperature change programmes, in particular the use 

of isothermal stops, on the measurement results. In addition to 

mutual comparison, the consistency of the obtained results with 

the literature data was also checked. Particular attention was 

paid to the characteristics of second-order phase transitions and 

the assessment of the metrological capabilities and limitations 

of individual devices. 

Regardless of the specific objectives mentioned above, the 

research project is based on general methodological principles 

that focus on key issues across the entire field of modern thermal 

analysis. Very often, the measurement accuracy reported by au-

thors is simply a repetition of data provided by manufacturers. 

The problem is that this information mainly concerns the repeat-

ability of measurements and compliance with reference data ob-

tained under specific experimental conditions. Not all of these 

conditions can be maintained during routine experiments. The 

results of the round-robin tests described in this article are in-

tended to indicate the reliability of measurement results obtained 

under typical conditions, in terms of both qualitative and quan-

titative data.  

2. Research equipment and subject of study 

Although one might initially think that the research issue de-

scribed above is limited solely to the problem of equipment, it 

should be noted at the outset that the measuring equipment was 

selected in such a way as to represent three different types of 

methods for implementing the idea of scanning calorimetry [11]. 

The Pyris 1 calorimeter from PerkinElmer is an example of the 

use of the heat flux compensation method (power compensated). 

The other two, Mettler Toledo DSC 3 and Netzsch DSC 404 F1 

Pegasus, are heat flux calorimeters with different heat flux 

measurement methods. On the one hand, the design differences 

affect the diversity of measurement procedures, but on the other 

hand, they create the possibility of highlighting a different pa-

rameter or property determined in the measurements.  

In this case, a comparison was made of the capabilities of 

three selected scanning calorimeters in terms of their suitability 

for testing the specific heat of metals undergoing second-order 

phase transitions. The analysis covered the effectiveness and 

limitations of individual devices in determining the thermal 

characteristics of nickel (Ni) and iron (Fe), with particular em-

phasis on the temperature range, DSC signal resolution and re-

peatability of results. 

2.1. PerkinElmer Pyris 1 power compensated DSC 

PerkinElmer Pyris 1 DSC is a power compensated differential 

scanning calorimeter designed for thermal analyses and precise 

determination of the thermal properties of materials, in particu-

lar specific heat (cp), in a temperature range up to 710°C. This 

limitation results from the use of resistive temperature sensors 

and compensating resistance heaters in the measuring head to 

implement the idea of power compensation. The apparatus ena-

bles quantitative determination of specific heat based on the 

analysis of the heat flow signal recorded during controlled heat-

ing of the sample relative to a reference material with known 

thermal parameters according to a so-called three-curve meth-

od [12]. This method involves using data from three test series 

 a baseline series, a series using a standard, and a series using 

the test sample  to determine the specific heat based on the 

equation: 
 

 𝑐𝑝,sp(𝑇) = 𝑐𝑝,ref(𝑇)
𝑚ref

𝑚

𝑓sp(𝑇)−𝑓base(𝑇)

𝑓ref(𝑇)−𝑓base(𝑇)
, (1) 

 

where: sp − indicates a specimen, ref – reference, and base – 

baseline data.  

The function f represents thermograms signal data that could 

be recorded in mW in the case of an enthalpy calibrated instru-

ment or in arbitrary units in the case of an only temperature cal-

ibrated apparatus. Typical measurements are performed on sam-

ples weighing from 5 mg to 100 mg, placed in standard alumin-

ium encapsulated crucibles with lids. A single crystal of sap-

phire (Al2O3), characterised by a well-defined cp value, is usu-

ally used as a reference standard. The mass of both the test sam-

ple and the standard is determined with a resolution of 0.01 mg 

and recorded in the Pyris software. 

The measurement is carried out in a protective atmosphere, 

most often purified nitrogen, with a controlled carrier gas flow  
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in the range of 20–50 ml/min. The standard heating rate is  

5–20 K/min, but it is possible to use non-standard temperature 

profiles, including procedures with isothermal stops, which al-

low the elimination of dynamic effects such as the thermal iner-

tia of the system. 

The calorimeter's measuring range covers temperatures from 

room temperature to approximately 600°C, depending on the 

configuration of the apparatus and the crucibles used. As part of 

extended testing procedures, it is possible to use a cyclic heating 

and cooling regime with short isotherms between temperature 

steps. This approach allows for: 

 improved accuracy of the determined cp values, 

 reduction of the impact of irreversible phenomena and ther-

mal instabilities, 

 independent analysis of the DSC signal in heating and cool-

ing cycles, which increases the reliability and repeatability 

of the results. 

The specific heat values are calculated using dedicated Pyris 

software. The programme compares the heat flow signals from 

the sample and the standard, taking into account their masses, 

and allows direct determination of cp as a function of tempera-

ture. The data obtained are presented in the form of graphs and 

tabular summaries of cp(T) values, which can be exported for 

further analysis. 

Baseline correction and signal smoothing functions are 

available as part of the data analysis. In the case of materials 

undergoing phase transitions, it is also possible to determine the 

characteristic transition temperatures and calculate the enthalpy 

of heat transitions. 

2.2. Mettler Toledo DSC 3 

The Mettler Toledo DSC 3 differential calorimeter is an ad-

vanced heat-flux DSC device used, among other things, for the 

precise determination of the thermal properties of materials, in 

particular specific heat capacity (cp) as a function of tempera-

ture. The measurement is based on the analysis of the difference 

in heat flow signals recorded during the controlled heating of the 

sample and a reference standard with known thermal properties. 

The samples for analysis usually weigh from a few to several 

milligrams and are placed in standard aluminium crucibles, usu-

ally with a lid, without a seal. A sapphire disc (Al2O3) is usually 

used as a reference standard, as its thermal properties are well 

known and documented. Both the sample and the standard are 

weighed accurately (with a resolution of 0.01 mg and an accu-

racy depending on the type of balance) and then placed in two 

identical measuring chambers of the calorimeter. The test pro-

cedure data are as follows: 

 the measurement is carried out in a controlled protective 

atmosphere, usually in a stream of nitrogen or argon, with 

a fixed gas flow, 

 the standard heating rate is 10 K/min, although it can be 

adjusted to the specific characteristics of the material being 

tested, 

 the measurement range covers temperatures from room 

temperature to approximately 600–700°C, depending on 

the configuration of the apparatus and the crucibles used. 

The device determines the difference in heat flow between 

the sample and the reference standard as a function of tempera-

ture. Based on this data, the dedicated STARe software calcu-

lates the direct value of the sample's specific heat, taking into 

account the previously performed calorimetric calibrations. The 

results are presented in the form of a cp(T) graph and in tabular 

form, taking into account measurement uncertainty. The soft-

ware allows baseline correction to be applied to compensate for 

any DSC signal drift. The results obtained can be compared with 

literature data or used for further analysis, such as calculating 

the enthalpy of phase transitions, analysing the thermal proper-

ties of composites, or modelling thermal processes in engineer-

ing systems. 

2.3. Netzsch DSC 404 F1 Pegasus 

The Netzsch DSC 404 F1 Pegasus differential scanning calorim-

eter is a high-temperature heat-flux DSC device designed for 

precise study of the thermal properties of substances, including 

specific heat capacity (cp) determination, in a wide temperature 

range – up to 1600°C. The apparatus allows the use of the three-

run method (the three-curve method presented in paragraph 2.1 

[12]), which is the standard procedure for determining cp in re-

lation to a sapphire standard. 

The analysis is carried out on samples weighing typically 

from a few to several milligrams, placed in cylindrical crucibles 

made of a suitable material. Platinum-rhodium (Pt/Rh), alumin-

ium oxide (Al2O3) or graphite crucibles are used for specific heat 

measurements, depending on the expected temperature range 

and chemical properties of the sample material. A certified sap-

phire disc (Al2O3) with a well-defined specific heat, supplied by 

the manufacturer (Netzsch), is used as a standard. The mass of 

all measuring elements is determined with a resolution of 

0.01 mg and entered into the Proteus® Thermal Analysis soft-

ware. 

Determination of specific heat using the three-measurement 

method involves the following steps: 

 baseline measurement – recording the thermal background 

of the system with empty crucibles in the sample (S) and 

reference (R) positions, 

 standard test – recording the reference thermogram for the 

standard material sample, most often sapphire – crystalline 

aluminium trioxide, in crucible S and reference crucible R, 

 sample testing – measurement with the tested material in 

crucible S and the reference crucible in position R, which 

allows the recording of a thermogram that forms the basis 

for determining the specific heat capacity of the tested ma-

terial. 

All three measurements must be carried out under identical 

conditions, which means: 

 using the same measuring vessels – crucibles, 

 maintaining the same heating rate (e.g., 10 K/min), 

 ensuring an identical protective atmosphere (usually nitro-

gen or argon) and the same volume flow rate, typically 

50−70 ml/min, 
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 application of the same temperature change programme 

typically defined in the range from −170°C or 20°C to 

1000°C or 1600°C, depending on the system equipment. 

Specific heat calculations are performed by Proteus® Ther-

mal Analysis software, which uses signal differences obtained 

from three measurements (baseline, reference, sample) applying 

appropriate calorimetric relationships. The results are presented 

in the form of cp(T) graphs and tables, with the possibility of 

further data processing: smoothing, mathematical model fitting 

and export to external analytical formats. The software enables 

the assessment of the repeatability and precision of measure-

ments, as well as advanced thermal analysis of materials under-

going phase transitions, including the determination of transition 

enthalpy and characteristic temperatures.  

The system is particularly suitable for testing construction 

materials, ceramics, metal alloys and functional materials used 

at elevated temperatures. 

2.4. Subject of research 

Given the methodological objective of the study, it was decided 

to attempt to determine the specific heat of pure elements for 

which reliable literature data on specific heat are available – 

samples of pure metals: nickel (Ni) and iron (Fe) [13]. These 

materials were selected not only due to their well-documented 

thermo-physical properties, including specific heat, but also 

with regard to a second-order phase transition within the tem-

perature range available in standard DSC calorimetry. This al-

lows for the comparison of experimental results with literature 

data and the assessment of the accuracy and sensitivity of the 

measurement methods used. The following metals were there-

fore selected for the study: 

 Nickel (Ni) – the material used had a purity of ≥ 99.9%. 

Nickel is a metal undergoing a second-order phase transi-

tion – ferromagnetic-paramagnetic ordering – at a Curie 

temperature ranging from approximately 355°C (628 K) 

[14], through 357°C (630 K) [15], 358°C (631 K) [16,17] 

to 360°C (633 K) [13] (Fig. 1). Due to its relatively sharp 

peak, this transition is particularly useful as a reference sig-

nal in DSC measurements. The presented reference posi-

tions of the Curie point (TC) of nickel, both in terms of the 

abscissa, i.e. the temperature TC, as shown  both along the 

x-axis (i.e., the temperature) and the y-axis (i.e., the corre-

sponding specific heat value)  define the range to which 

the position of this point, as determined in these experi-

ments, should be referenced. In fact, almost all TC position 

test results fall within the range of 355℃ ≤ TC ≤ 360℃. 

 Iron (Fe): the iron used was also characterised by high pu-

rity (≥ 99.5%). In the analysed temperature range, Fe un-

dergoes a ferromagnetic-paramagnetic phase transition 

with a Curie temperature close to 770°C (1043 K) [13,18]. 

Due to the temperature limitations of some devices, full pa-

rameterisation of this transformation was only possible us-

ing the Netzsch DSC 404 F1 Pegasus high-temperature de-

vice. However, the measurement range of the tests per-

formed with this device also covered the first order α 

phase transformation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The nickel and iron samples were taken from a larger sample 

used for precise measurements of thermal expansion as a mate-

rial with established thermal properties [19]. They were de-

signed to ensure that the largest possible surface area of the bot-

tom makes good contact with the bottom of the sample crucibles. 

The sample weights were selected to ensure compliance with the 

instruments' sensitivity requirements. All samples used in com-

parative tests are shown in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prior to measurement, the materials were subjected to ther-

mal stabilisation (preliminary annealing) in a protective atmos-

phere in order to remove residual moisture and surface contam-

inants and to reduce the effects of history (e.g. stresses or oxida-

tion). The temperature change programmes used are presented 

later in this paper. 

3. Experimental research 

3.1. Research methodology 

The experiments using the three different differential calorime-

ters mentioned above were conducted using two temperature-

change programs, which were compared in this study. The first 

program, developed for the PerkinElmer Pyris 1 DSC, utilised 

heating and cooling rate of 20 K/min applied in the temperature 

range from 40°C to 570°C in the range of 570−600°C, the rate 

was changed to 10 K/min in order to ensure stable conditions of 

 

Fig. 1. Dependence of specific heat on temperature, showing the  

position of the Curie point as the peak of the second-order phase  

transition – measurements of specific heat for Ni [13,17] and Fe [18]. 

 

Fig. 2. View of the samples used in the comparative tests. 
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transition between the heating and cooling phases, in accordance 

with the dynamic characteristics of the apparatus (Fig. 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The temperature programme included two minutes of iso-

therm at the end of each heating and cooling stage in order to 

stabilise the temperature conditions and limit the impact of in-

strument equilibration time. The use of isotherms is an author's 

modification of the measurement procedure, aimed at improving 

the accuracy of determining the specific heat at constant pres-

sure cp [20,21]. The same program was used to conduct part of 

the research using the DSC 3 Mettler Toledo instrument. The 

measurements were carried out in a protective argon atmosphere 

at a constant flow rate of 20 ml/min (PerkinElmer) and in  

a protective nitrogen atmosphere at a constant flow rate of  

150 ml/min (DSC 3 Mettler Toledo). The study also employed 

a standard heating and cooling program with a single ramp of 

linear temperature changes at a rate of 20 K/min in the range 

from room temperature to 600 °C (Ni: DSC F1 Pegasus 404  

Netzsch and DSC 3 Mettler Toledo) or to 950°C (Fe: DSC F1 

Pegasus 404 Netzsch; Fig. 3). When taking measurements with 

the Pegasus instrument, an argon flow rate was set to 70 ml/min. 

Data analysis was based on a standard calibration procedure us-

ing the so-called three-curve method and, additionally, the direct 

method (Mettler Toledo) including measurements for the refer-

ence system (empty aluminium vessels), reference material 

(sapphire) and the tested Ni and Fe samples. In accordance with 

the adopted methodology, the final results were obtained on the 

basis of DSC signals from the second or third heating and cool-

ing cycle, i.e. after reaching a steady state in the sample-vessel-

atmosphere system, as well as for the entire temperature range 

in order to present the discrepancies between individual temper-

ature cycles.  

3.2. Specific heat determination results 

For calorimetric tests using DSC aimed at determining specific 

heat at constant pressure, two samples of Fe: with a mass of 

230.72 mg in the shape of a cylinder with a diameter of approx-

imately 4 mm (DSC 3 Mettler-Toledo tests), and an irregular in 

shape of 56.48 mg (PerkinElmer Pyris 1 and Netzsch DSC 4 F1 

Pegasus studies) were applied. Two studied Ni samples were ir-

regular in shape. The masses were equal to 63.90 mg (DSC 3) 

and 53.77 mg (Pyris 1 and DSC 4 F1 Pegasus). In both material 

cases, the investigated specimens were separated from a larger 

fragment of iron and nickel samples, respectively. It should be 

mentioned that the use of irregularly shaped samples is accepta-

ble in DSC analysis, provided that the influence of the shape on 

the measurement uncertainty is taken into account and remains 

within the acceptable range of this uncertainty [22]. In the case 

of investigation of bulk metallic samples, these effects are neg-

ligible. 

First, the temperature-dependent specific heat of the Fe sam-

ple, as determined in the experiments, will be analysed. The re-

sults are shown in Fig. 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a)  

b)  

c)  

Fig. 3. Sample temperature programme for testing  

Ni (a, b) and Fe (c) materials on individual devices. 

 

Fig. 4. Temperature characteristics of the specific heat of iron (Fe)  

determined using three different calorimeters,  

compared with reference data [13]. 
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In addition to the measurement data collected within a tem-

perature range limited to 600°C, the figure shows the results of 

measurements conducted using a DSC F1 Pegasus 404 calorim-

eter at temperatures up to about 950°C. When analysing these 

data, it is worth noting the significant deviation of the cp values 

from those reported in the literature at temperatures above 

850°C, which may indicate equipment limitations in this tem-

perature range. In the ferromagnetic-paramagnetic transition re-

gion (TC = 770°C [13]), the data consistency is more than satis-

factory. Only this device made it possible to obtain data within 

the temperature range in discussion. For comparison, the results 

obtained using other calorimeters (Pyris 1, DSC 3) in the range 

up to 600°C are also presented, which show good agreement 

with the reference values. 

For a more detailed analysis of the measurement results,  

Fig. 5 shows the variation of specific heat as a function of tem-

perature over a narrower temperature range. The graph shows  

a high degree of consistency between the results obtained using 

Pyris 1 and DSC 3 calorimeters and the reference data. The data 

obtained using the F1 Pegasus 404 apparatus show a systematic 

underestimation of values compared to the other measurements. 

The results presented come from the third heating and cooling 

cycle, i.e. after the measurement conditions in the sample-ves-

sel-atmosphere system had stabilised.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results of comparative studies on the specific heat of 

nickel as a function of temperature are shown in Fig. 6. The 

graph shows the results of measurements taken using three dif-

ferent calorimeters in the temperature range up to 600°C. It is 

important to note the significant deviation of the cp value from 

the literature data in the case of measurements obtained using 

the DSC 3 calorimeter with the direct calculation method. The 

reason for this effect is difficult to identify, but the result itself 

illustrates the scale of problems that can be encountered in ex-

perimental studies of specific heat even for such well-defined 

materials as metallic elements.  

Greater consistency between our test results and the data in 

the literature was achieved by using the three-curve procedure, 

referred to in the instrument’s user manual as the “sapphire ref-

erence”. This is illustrated by the comparison of the results of 

both types of measurements shown in Fig. 7.  It  should  be  noted  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

that the graph presents raw experimental data, which exhibit an 

artefact caused by irregular heating regime heat transfer in the 

form of apparent peaks at the extremes of the temperature range. 

Based on the results of the specific heat measurements  

of nickel, the Curie temperature can be determined  

(TC = 352°C [13]). The ferromagnetic transition is manifested 

by a characteristic lambda-shaped peak. The results of determin-

ing the position of the maximum of the temperature dependence 

of specific heat for the test results obtained using Pyris 1 and F1 

Pegasus 404 devices are shown in Fig. 8a, and for the DSC 3 

device in Fig. 8b. 

The raw test results were further processed using a special 

computational procedure for approximation with B-spline 

curves [23] for cases where the range of the approximated data 

contained discontinuities in the first derivative of the tempera-

ture characteristic cp. The test data for iron up to 600°C were 

approximated using a third-degree polynomial. This allowed us 

to determine representative specific heat characteristics as 

a function of temperature for each individual measurement. At 

the same time, the characteristic features of the peaks of the fer-

romagnetic phase transition were preserved. The results of the 

approximation, providing a summary illustration of the pre-

sented results in the context of their possible discrepancies, are 

shown in Fig. 9. 

 

Fig. 5. The temperature characteristics of the specific heat of iron (Fe), 

determined using three different calorimeters, compared  

with reference data available in the literature [13]. 

 

Fig. 6. The temperature characteristics of the specific heat  

of nickel (Ni), determined using three different calorimeters,  

compared with reference data available in the literature [13]. 

 

Fig. 7. Temperature characteristics of the specific heat of nickel (Ni) 

determined using a DSC 3 Mettler Toledo calorimeter by the three-

curve method in comparison with reference data [13,18]. 
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At the same time, these data provide an indirect answer to 

the question of measurement uncertainty. In thermal analysis 

studies, the emphasis is placed on the reproducibility of results 

and, where applicable, on agreement with data from reference 

materials [11]. It is possible to achieve better agreement than 

that shown in the data presented here. The results discussed 

above were obtained using standard procedures. Repeating 

measurements multiple times, using several samples, statistical 

averaging, and other such measures will yield a more satisfac-

tory final result. However, this requires more effort and time. 

Therefore, the actual needs should be taken into account in each 

individual case. 

It is also possible to estimate measurement uncertainty more 

accurately without resorting to interlaboratory comparisons. The 

problem, however, is that the necessary calculations must be 

performed for each individual case. And this time, it is not about, 

for example, the individual data of the tested samples, but rather 

about a set of data hidden within the calibration parameters. And 

when, for example, temperature calibration is involved, account-

ing for drift would require checking the calibration data each 

time. A case where temperature calibration data is critical is that 

of high-temperature-resolution measurements in the vicinity of 

phase transitions, as characterised in the monograph [20] and 

publication [24]. 

4. Conclusions  

The aim of the study was to compare the metrological capabili-

ties of selected methods and devices for determining the specific 

heat of materials undergoing second-order phase transitions, 

with particular emphasis on nickel and iron. The data obtained 

using three different differential scanning calorimeters (DSC), 

using both standard procedures and proprietary measurement 

methods, were analysed. In the course of the experiments, the 

influence of the test procedures used and the declared tempera-

ture change programmes on the specific heat values obtained 

and the results of the Curie point location identification were 

assessed. Particular attention was paid to comparing the results 

with available literature data and analysing the course of phase 

transitions. Based on the results obtained, the following conclu-

sions were drawn: 

 The tests showed that it is possible to obtain reliable spe-

cific heat measurements using the DSC method, even with 

irregularly shaped samples, provided that the measurement 

a)             b)  

Fig. 8. Determination of the Curie temperature TC for nickel: a) from measurements taken with Pyris 1 and DSC 404 F1 Pegasus devices, 

b) from calorimetric tests performed with a Mettler Toledo DSC 3 calorimeter. 

a)             b)  

Fig. 9. Temperature-dependent specific heat at constant pressure characteristics for nickel (a) and iron (b) – B-spline [23] approximation results. 
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conditions and uncertainty analysis are repeated. This is 

important from the point of view of industrial applications, 

where it is not always possible to prepare samples that com-

ply with standard requirements. 

 A comparison of three independent calorimeters (Perki-

nElmer Pyris 1, Mettler Toledo DSC 3 and Netzsch DSC 

404 F1 Pegasus) allowed for an assessment of their metro-

logical capabilities and the impact of device design and 

conversion algorithms on data quality. The Pyris 1 device 

ensures the highest repeatability and accuracy of results; 

the DSC 404 F1 Pegasus device allows satisfactory meas-

urement results to be obtained in the high temperature 

range, while the DSC 3 device, despite the observed differ-

ences in results compared to the literature data, proved to 

be a device ensuring repeatable results of Curie point iden-

tification. 

 The introduction of a proprietary measurement procedure 

with isothermal stops in the Pyris 1 apparatus made it pos-

sible to obtain consistent results in both heating and cooling 

regimes. This procedure can be a useful tool in further stud-

ies of phase transition materials, increasing the amount of 

available reference data. 

 Analysis of the cp(T) data allowed the determination of 

characteristic parameters of the second type of phase tran-

sition for nickel. The convergence of the peak maximum 

temperature and the end of the transition in various meas-

urements confirms the correctness of the methods used. 

This, of course, applies to the repeatability and accuracy of 

the measurement results that can be obtained. 

 For iron, reliable mapping of the phase transition curve was 

only possible when using the DSC 404 F1 Pegasus appa-

ratus. Slightly larger deviations in the low-temperature test 

results obtained with this device confirm the need for com-

plementary tests. 

 The specific heat values obtained were in satisfactory 

agreement with the literature data in the range up to 600°C. 

The test results obtained with the DSC 404 F1 Pegasus de-

vice show large differences from the reference data in the 

range above 850°C. Considering the difficulties in accu-

rately determining the temperature characteristics of all 

thermo-physical quantities in the vicinity of phase transi-

tions, especially of the first kind [19−21], this effect cannot 

be treated as a basis for questioning the correctness of the 

apparatus or the correctness of the measurement proce-

dures. On the contrary, it is necessary to consider continu-

ing this type of research using comprehensive complemen-

tary testing procedures. This will allow data to be obtained 

in the form of temperature dependencies of other thermo-

physical quantities [24], which will enable accurate identi-

fication of the issue and determination of reliable reference 

data. 

The results of this research contribute to the methodology of 

calorimetry, providing both comparative data and practical 

guidelines for interpreting and verifying measurement results 

for metallic materials undergoing phase transitions. The results 

of the single-sample tests presented in this study provide de-

tailed information regarding the selection of measurement pro-

cedures. This applies to the measurement procedure and the se-

lection of the method for determining specific heat. Indirectly, 

they also provide guidance on the possible need to expand the 

project  by including a larger number of samples and cycles  

in order to achieve statistical representativeness. 
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