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The influence of heating modes on the kinetics of phase transformations in phase change materials was studied

using differential scanning calorimetry. Using tetracosane as an example, it was shown that changing the heating

rate significantly affects the thermodynamic parameters of phase transitions. For each of the studied scanning

rates, temperatures, enthalpies, and heat capacities were determined for both the solid-solid phase transition and

the melting process. The onset temperatures of phase transformations were found to be sensitive to the heating

rate, but to a lesser extent than the temperatures of the transition peaks and end points. A quantitative analysis

of solid-solid transformations based on the theory of diffuse phase transitions revealed the influence of the heating

rate on the kinetics of their heterogeneous development. Furthermore, the effectiveness of the extrapolation method

for determining the true phase transition temperatures was demonstrated; these were found to be equivalent to the

experimental data values at a heating rate of 0.1 ◦C/min.
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1. Introduction

In modern science searching for ways to transition

to
”
green“ power based on environmentally clean and

resource-saving technology holds a prominent place. Phase

change materials (PCM) [1] play a special role in this

process, being able to repeatedly accumulate, store and

release thermal energy from various external sources, e. g.

sun, due to their own phase transitions. Currently PCMs

are becoming more and more popular since they can be

used in different spheres, for example, construction [2,3],
textile [4], medical [5].

Long-chain molecular crystals (LCMC), in particular,

n-alkanes, are one of the most promising and widely used

PCMs, since they possess high energy capacity and a unique

property of targeted change of phase transition temperature

by variation of the molecular chain length, i. e. selection

of a certain LCMC homologue [4,6]. This feature opens

opportunities for precise adjustment of PCM for specific

practical tasks. However, despite the growing interest in

practical application of PCM, many fundamental aspects

of phase changes in such materials remain understudied,

which slows down the search for the ways to improve

practically important properties. This study is aimed at

analysis of impact of heating temperature modes on the

development of phase transitions, which is important not

only for the fundamental problems of phase transition

physics, but for the practical application of PCM, since the

real conditions of their functioning usually include a change

in the heating/cooling speed.

The problem of precise measurement of phase transition

temperature is becoming more and more relevant in the

recent years against the background of substantial increase

in the number of studies and publications on PCM. In gene-

ral practice it is common to conduct calorimetric analysis

at rather high scanning speeds, often being limited to

just one speed value usually equal to 5−10 ◦C/min [7–11].
However, such experiment imposes significant limitations

on the spectrum of the obtained results, since selection of

a certain heating/cooling speed may substantially change

the thermodynamic parameters, especially the phase tran-

sition temperature. At high scanning speeds some phase

transitions may even
”
absorb“ the others, i.e; they will

not be permitted at temperature dependences, especially

transitions with small differences in the activation energies.

Besides, there is still no single opinion in thermal

analysis about how to define the melting temperature or

temperature of any other phase transition appearing as a

peak in a thermogram. Some authors take the start of the

phase transition peak deviation from the basic line as the

sought for temperature, others — note the peak maximum

temperature, in some papers the transition point is the

crossing of the extrapolated basic line and the tangent to

the front of the peak passing through the maximum, for

example, [10,12,13]. Note that the authors of paper [14]
based on combined experimental and theoretical analysis of

PCM heat transfer concluded that peak temperature — is

just sample temperature at maximum heat exchange, and it

does not indicate the end of the transition.

However, the main problem is that all these methods

are not free from the impact of scanning speed at the
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phase transition temperatures. At high heating speeds the

differences in the phase transition temperatures defined by

various methods may achieve even dozens of degrees.

Some papers recommend to scan the sample with low

heating/cooling speed for precise transition temperature

measurement [15–17]. However, selection of the heat-

ing/cooling speed was always a compromise between the

enthalpy and temperature measurement.

Besides, a question arises, how to define most precisely

the entire temperature interval of the phase transition. It

is especially difficult to define the end of the transition,

since it is the one that mostly depends on the scanning

speed. The authors of paper [18] proposed a new method

to determine the melting interval for PCM by measurement

of the partially melted sample by the method of differential

scanning calorimetry. They cyclically heated the sample

from the room temperature to the temperature in the PCM

melting range with a pitch of 0.5 ◦C. Therefore, the final

melting temperature was found, which in this method does

not depend on the heating speed. However, this method

seems to be rather labor intensive, since it requires multiple

cyclic heating−cooling measurements. Besides, the authors

note that the end temperature determined using this method

is nearly the same as the temperature measured at low

heating speed.

It should be noted that low scanning speeds require a

long and continuous experiment, which may be difficult for

consistent research. Besides, DSC experiments (DSC —
differential scanning calorimetry method) at low speeds are

very sensitive to the environmental conditions, especially to

temperature oscillations and air currents, which may arise

from air conditioners in operation, open windows or doors

and even from minor personnel movement. Faster speeds

are less sensitive to these factors, since signal-to-noise

ratio increases proportionately to speed. Therefore, high-

precision performance of DSC experiments at low speeds

under real conditions is rather complicated, which requires

development of special methods making it possible to avoid

such experiments without a substantial loss in measurement

accuracy.

The main objective of this paper is to establish the impact

of heating speed on thermodynamic parameters of phase

transitions and on the features of transformation of crys-

talline structure of molecular crystals in phase transitions.

Besides, the method will be proposed to determine precise

temperatures of phase transitions, which is quite simple to

use and does not require labor intensive experiments.

2. Experiment

This study was carried out using the differential scanning

calorimetry (DSC) method, which makes it possible to

study the nature of phase transitions and also to monitor the

change of thermodynamic parameters in process of scanning

speed variation. Using the theory of diffuse phase transitions

(DPT), which we used first for quantitative analysis of

DSC thermograms, it is possible to obtain information on

phase transition development at nanolevel [19–23]. The

DPT theory assumes a heterogeneous mechanism of phase

transition development via fluctuation generation of new

phase nuclei in the volume of the initial one. Further

propagation of the new phase happens by serial layering

of nuclei onto each other, whereas at each stage a minor

temperature change is necessary, which in the end smears

phase transitions by temperature.

The most indicative for calorimetric studies with variation

of scanning speeds are normal alkanes (n-alkanes), since

most of them has two phase transitions, located in close

proximity (up to 10◦C) and are characterized with intense

peaks in DSC thermograms. A change in the heating speed

may cause both the merger of these peaks at high speeds

and their complete separation at low speeds.

A sample chosen for the studies was a typical repre-

sentative of n-alkanes — monodisperse normal tetracosane

n-C24H50, made by Sigma-Aldrich with purity of 99.0%.

Tetracosane has reversible phase transitions, which makes

it possible to conduct cyclic calorimetric studies of heating

speed impact in the same sample, thus avoiding distortions

of thermograms related to the individual features of every

sample.

Thermal properties were determined using a Henven

HSC-4 (China) calorimeter in nitrogen atmosphere with

speed variation from slow (0.1 ◦C/min) to fast (50 ◦C/min).
The instrument was calibrated by official representatives

of Beijing HENVEN Experimental Equipment Co., LTD.

Temperature was adjusted in ice (0◦C), indium (156.6◦C),
tin (231.9◦C), lead (327.5◦C) and zinc (419.5◦C) melting

temperatures. Enthalpy was calibrated by tabular values

for indium (28.5 J/g), tin (60.7 J/g), lead (22.6 J/g) and zinc

(112.2 J/g). The sample weight was 9.7mg, which provides

for intensity of phase transitions that is sufficient for

registration at all scanning speeds that we consider, and

also minimizes the impact of heat resistance.

DSC thermograms were obtained by heating the tetra-

cosane sample in the temperature range from Troom to Tmelt

at speeds of 0.1, 0.5, 1, 2, 5, 10, 20 and 50 ◦C/min.

3. Results and discussion

Figure 1 shows experimental DSC thermograms of the

tetracosane sample in the area of phase transformations with

scanning speed variation. From the figure you can see that

increase of the heating speed causes increased temperature

values in the peak maxima, their half-widths and especially

to the specific shift of the rear front of the peak to the

high-temperature area.

It should be noted that in tetracosane the phase transfor-

mation of solid — melt occurs at least in two stages [24,25].
DSC thermograms demonstrate two intense peaks, the first

corresponding to the solid-solid phase transition (PT-1),
and the second one — to melting (PT-2). In process of

the solid-phase transition the type of the lattice cell changes
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Figure 1. DSC of tetracosane sample thermogram in variation of

scanning speeds.

in the molecule packing in nanolamella cores, namely, the

initial phase characterized by triclinic symmetry undergoes

a transition to the rotation phase RII with rhombohedral

(hexagonal) symmetry. Rotation (R) phases represent an

intermediate state between a crystal and a liquid, and are

characterized by origination of discrete molecular rotation

around their main axes [26]. PT-1 and PT-2 in tetracosane

are reversible phase transitions, i. e. when cooled from the

melt condition, first solidification into the rotation phase is

observed, and then a three-phase transition to the stable

crystal phase.

Papers [12,27] noted that the peak shift observed in

Figure 1 towards higher temperatures with increased heating

speed is due to the thermal resistance of the sample causing

uneven distribution of temperatures in the sample. I. e. a

temperature gradient arises in the sample, as a result of

which the inner temperature of the sample turns out to

be lower than the temperature of its surface, where the

meter of the DSC instrument is installed. For example,

in case of the solid-liquid phase transition, the inner part

of the sample will absorb heat necessary for the process of

phase transformation, even at the time when the surface will

already be in the melt state. As a result of which the DSC

instrument records the temperature of the molten part of the

sample, and the quantity of heat that was also absorbed by

the inner part of the sample, which is still undergoing the

phase transformation. As a result a prolonged trailing edge

of the melting peak will be observed in the thermogram,

which stretches to higher temperatures than the available

melting temperature of this sample. But in fact this effect is

caused by melting of only a part of the sample that at the

moment of recording had lower temperature. The prolonged

nature of the trailing edge of phase transition peaks

substantially deepens with the growth of the scanning speed.

Similar phenomena manifest themselves in cooling, but

to a lesser extent due to faster processes of phase transfor-

mations. In process of melting the phase transition process

starts at the expense of sample thermal conductivity and

continues as a result of natural convection, whereas in

process of crystallization it is the opposite. Since thermal

conductivity in the solid phase is higher compared to the

liquid one, the crystallization process develops faster than

melting, which is also fair for the crystal phase−rotation

phase solid-phase transitions. Therefore, phase transitions in

process of cooling happen in a narrower temperature range.

It should be noted that the increase of sample weight

also causes the growth of the temperature gradient and

accordingly to the shift of temperatures of phase transitions

in the high-temperature area [28].
Similar patterns are demonstrated by numerical simula-

tion results. Thus, authors of paper [29] conducted numer-

ical simulation of pure indium heat flux curve depending

on temperature. It was shown that with increased heating

speed the melting peak expands with the preservation of

the transition start point. Besides, in paper [30] it was also
found by simulation using finite element method that only

the start of the melting peak does not depend on the heating

speed. Experimentally this effect was noted by authors of

paper [12] in the studies of adipinic acid by DSC method in

variation of heating speed from 0.25 to 10 ◦C/min.

As a result of our experiments in a wider range of

heating speeds (Figure 1) the following temperatures were

established for each of the phase transitions: temperatures of

the start of deviations form the base line Tstart; temperatures

of crossings of the extrapolated base line and tangent to

the leading edge of the peak, passing through the maxi-

mum, Ttang; temperatures of maxima Tmax and temperatures

of phase transition peak end Tend.

From Figure 1 you can see that at high speeds the peaks

PT-1 and PT-2, merge. As a result of this the temperatures

of PT-1 peak end (Tend1) and PT-2 peak start (Tstart2) could

be identified only for speeds up to 1 ◦C/min. Temperatures

of crossings of the extrapolated base line and tangent to the

leading edge of the peak passing through the maximum, for

PT-2 (Ttang2) could be identified only for heating speeds of

up to 5 ◦C/min. Temperatures of PT-1 maxima (Tmax 1) —
only for heating speeds of up to 20 ◦C/min. All established

temperatures of phase transitions depending on the heating

speed are presented in Figure 2.

From Figure 2 it follows that the highest impact is

provided by the heating speed at the phase transition end

temperature, as it was expected according to the literature

data. Values of Tmax also noticeably decline with the

decrease of the heating speed. However, as you can see

from the figure, values Tstart, and also values Ttang do

not remain stable, but increase with the decrease of the

heating speed, which is especially noticeable for the speeds

of 1 ◦C/min and below. Therefore, all temperatures that

characterize the phase transition have dependences on the

heating speed, but to a different degree.

To study the impact of the heating speed at other thermo-

dynamic parameters and at the kinetics of the development

of the solid-solid phase transition, the quantitative analysis

of the phase transition peak shape was conducted. However,
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of phase transitions at different heating speeds.

since the quantitative analysis may only be conducted

in dependences of heat capacity on temperature, the

source DSCs of the heat flux dependence on temperature

(Figure 1) were recalculated in the dependence of heat

capacity on temperature (Figure 3), using the values of the

heating speed, sample weight and instrument constant.

The dependences of heat capacity on temperature shown

in Figure 3 demonstrate the opposite dependence of

the phase transition peak intensity on the heating speed

compared to Figure 1. Due to preservation of enthalpy

in phase transition, the peaks that are most
”
extended“ in

temperature at high speeds have the minimum intensity in

the heat capacity scale, and
”
narrow“ peaks at low speeds

that have weak intensity in the source DSCs of the curves,

manifested themselves in the dependence of heat capacity

in the form of intense maxima.

As it was noted above, the DPT theory makes it possible

to obtain information on the development of the phase

transition at the nanolevel based on the analysis of the

phase transition peak shape. Solid-phase transitions in n-

alkanes are exactly the smeared phase transitions, since their

half-width is 1−2 ◦C, i. e. they are
”
smeared“ along the

temperature scale [19]. Therefore, the analysis of the shape

of their corresponding heat capacity peaks was conducted

according to the DPT theory.

Since at high heating speeds it is not possible to identify

a solid-phase transition in pure form, for further analysis the

heat capacity peaks were chosen at speeds of 0.1, 0.5, 1,

2 and 5 ◦C/min.

According to the DPT theory, the peaks of heat capacity

shall have a symmetrical 3-like form. The experimental data

shows that our PT-1 peaks are asymmetrical, which makes

it possible to consider them as consisting of two peaks in

the first approximation. Expansion into symmetrical compo-

nents was done in accordance with the previously developed

method [23]. One of the criteria for this separation is a

condition that the enthalpy of the experimentally-obtained

peak is equal to a sum of enthalpies of its components. All

the studied samples exhibited presence of two symmetrical

components and, consequently, we consider development

of a solid-solid phase transition as a two-stage one. The

thermograms of the solid-solid phase transition at different

heating speeds and its expansions into the symmetrical

components are shown in Figure 4.

According to the DPT theory, using parameters of

symmetrical 3-shaped heat capacity peaks, you may cal-

culate the volumes of new phase nuclei ω [23,31]. The

results of calculations ωi , where i — peak number by

temperature, are given in the table. Besides, the table

presents the thermodynamic parameters of the solid-solid

phase transition (PT-1) and fusion (PT-2).

Physics of the Solid State, 2025, Vol. 67, No. 11
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Thermodynamic parameters of phase transitions in tetracosane at different heating speeds

V , ◦C/min PT Tstart ,
◦C Ttang,

◦C Tmax ,
◦C Tend,

◦C Cmax , J(gK)−1
1H, Jg−1

ω, nm3

0.1
PT-1 47.5 47.7 48.2 48.5 222 92

470

499

PT-2 50.4 50.6 51.1 51.5 334 140 −

0.5
PT-1 47.3 47.6 48.4 48.9 132 77

259

628

PT-2 50 50.3 51.4 52 170 135 −

1
PT-1 47 47.3 48.6 49.6 78 75
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PT-2 50 50.3 51.8 52.9 113 130 −

2
PT-1 46.9 47.4 49.1 − 59
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168
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PT-2 − 50.2 52.4 53.9 80 −

5
PT-1 47 47.3 49.6 − 36

210
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161

PT-2 − 50.1 53.4 57.1 52 −

10
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209 −

PT-2 − − 54.8 59.9 36
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21 211 −

PT-2 − − 58 73.5
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PT-2 − − 60.7 90.2
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Figure 4. Expansion of experimental peaks of a solid-solid phase

transition in tetracosane into symmetrical components depending

on a heating speed.

The volumes of new phase nuclei made from 125

to 628 nm3 depending on the stage of the solid-solid phase

transition and heating speed. From the analysis of ω values

it follows that as the heating speed increases, the volumes

of nuclei of the new phase PT-1 decrease both for the first

and the second stages. It can be explained by the fact that

fast heating stimulates faster formation of nuclei that turn

out to be smaller. Slow heating, on the contrary, promotes

formation of larger equilibrium nuclei of the new phase.

At heating speed of 0.1 ◦C/min the nuclei of the first and

second stages turn out to be approximately the same, which

may indicate a certain equilibrium value ω ≈ 500 nm3. As

the heating speed increases, the volume values start looking

more familiar with formation of small nuclei at the first

stage and larger ones at the next one, which corresponds to

our previous papers [24,32]. At heating speed of 5 ◦C/min,

when merger of PT-1 and PT-2 starts, the reduction in the

volumes of nuclei is observed, as well as approximation

of ω2 to ω1, which may be related to the formation of

temperature gradient in the sample and, accordingly, to the

mixing of two transition stages. At higher speeds, due to

inability to identify the solid-solid phase transition, it was

not possible to identify the volumes of the nuclei, however,

you may presume subsequent increase in the values of

the volumes and complete mixing of two stages due to
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high temperature gradient. Based on the values of nuclei

volumes, it is possible to assess the number of tetracosane

molecules therein. Such assessments show that nanometer

nuclei cover from 200 to 1000 molecules depending on the

stage of transition and heating speed.

Other thermodynamic parameters also depend on the

heating speed. As it follows from the table, the maximum

heat capacity Cmax reduces significantly with the speed

increase, which is also visualized in Figure 3. As the

speed changes from 0.1◦ to 50 ◦C/min, the value Cmax

decreased by more than 20 times, which turns out to be

quite natural in comparison of temperature intervals of

transitions. Temperature variations that characterize the

phase transitions were already considered previously when

analyzing Figure 2. Note additionally that despite the fact

that at 2 ◦C/min the peaks of PT-1 and PT-2 start merging,

Tstart and Ttang values remain practically constant in the

speed range of 1−10 ◦C/min. Further increase of the heating

speed results in decrease of these values, and decrease —
on the contrary, to increase of Tstart and Ttang. As it should

have been expected, the values of general enthalpy of

transitions remain practically constant, and for the speeds of

0.5−50 ◦C/min remain within the limits of 205−212 Jg−1,

which makes this speed range suitable for the determination

of enthalpy values. However, for tetracosane the peak

of the solid-solid phase transition can be separated from

the fusion peak only at speeds of 1 ◦C/min and below,

therefore, for the independent assessment of enthalpies of

two phase transitions it is necessary to use the speeds

of 0.5−1 ◦C/min. Values 1H at the speed of 0.1 ◦C/min

are somewhat overestimated, both the general one and the

individual ones for PT-1 and PT-2, which may be related

to high distortion of such slow heating speed during phase

transitions.

Therefore, at most reliable values of phase transition tem-

peratures, the enthalpy values are observed with the highest

error, which for the correct and full-scale DSC analysis

makes it necessary to conduct at least two experiments.

Besides, the change of temperatures at low heating speeds

makes it possible to presume that temperature values of

transitions obtained at the speed of 0.1 ◦C/min will differ

from the ones obtained at even slower speeds. As a result of

this it is desirable to develop a method that makes it possible

to obtain the temperature values of phase transitions with a

simpler method, which are as close to the values established

by labor intensive experiments as possible.

In our previous papers it was shown [32,33] that based

on the survey of a series of thermograms with a variation of

scanning speeds using a special method you can establish

a so called true temperature of phase transition, which is

practically free from methodological errors. We will show

that this method may be used to obtain the values that

provide the best compliance with the experiment at very

slow speeds, and the method as such is quite simple to use.

The method is based on extrapolation of the dependence

of peak maxima temperatures on the scanning speed to the

power of 1/2 to zero value, which in the absence of
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Figure 5. Determination of true temperatures of phase transitions

in tetracosane heating.

the irreversible structural changes in the sample must be

linear [34]. Figure 5 shows the peak maxima temperatures

of phase transitions Tmax depending on the heating speed V

to the power of 1/2. Linear extrapolation to zero value

makes it possible to establish the true temperatures of

phase transitions. For the preliminary estimates, you can

use several temperature values at different scanning speeds,

however, the increased precision requires more points for

extrapolation. This paper produced quite a big array

of values Tmax, which we use for this method. The

extrapolation results show that the true temperatures of

the solid-phase transition and fusion of tetracosane were

47.74± 0.15 ◦C and 50.37 ± 0.25 ◦C accordingly.

It turned out that the true temperatures of PT-1 and PT-2

of tetracosane found by this method are in the range

of Tstart−Ttang for the least heating speed 0.1 ◦C/min,

which differs from the range of Tstart−Ttang for speeds of

0.5 ◦C/min and above that provide more distorted values.

Since the values Tstart and Ttang are most generally accepted

for determination of phase transition temperatures, our

method may be deemed similar to the completion of the

DSC experiment at scanning speed of 0.1 ◦C/min.

Therefore, the extrapolation method may replace the

labor intensive completion of the experiment at slow

scanning speed, such as 0.1 ◦C/min or less, since to obtain

similar values of phase transition temperatures, it is enough

to conduct several experiments at fast speeds, for example,

2, 5, 10 ◦C/min, which will take much less time. It

should be noted that these are exactly the scanning speeds

make it possible to obtain the accurate enthalpy values,

contrary to the slow speeds. However, for qualitative tests,

it is still necessary to conduct DSC experiments at very

slow speeds, which create at each moment of time the

thermal equilibrium in the entire sample volume, since

only such study makes it possible to follow the kinetics

Physics of the Solid State, 2025, Vol. 67, No. 11
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of development of phase transitions, in particular, the

transitions between the metastable phases, which differ in

small values in activation energy.

4. Conclusion

The differential scanning calorimetry method was used to

study the impact of the heating speed at the development

of phase transitions in the materials with the variable phase

condition using the example of monodisperse tetracosane

n-C24H50. The use of a wide range of scanning speeds

from 0.1 to 50 ◦C/min made it possible to follow the change

in the values of temperatures, heat capacity, enthalpy, which

specify the phase transitions depending on the heating

conditions. From the practical point of view, the different

heating speeds correspond to temperature variation in real

conditions at different applications of PCM. Low speeds

are close to the change in the daily temperature of the

environment, which is related to use of PCM in the

construction industry, and high speeds correspond to drastic

variations of temperature, for example, when a person

wearing PCM-clothes goes outside in a cold season.

The assessment of thermodynamic parameters of phase

transitions showed their substantial dependence on the

heating speed. Thus, the values of temperature intervals

and maximum heat capacity with speed variation from 0.1

to 50 ◦C/min differ by more than 20 times. At the

same time, the fusion end temperature changed its value

from 51.5 to 90.2 ◦C. These features were noted in the

literature previously as well, but so far it was deemed that

the start of the phase transitions was not subject to the

impact of the heating speed.

In this paper it was shown for the first time that for

tetracosane the temperatures related to the start of the phase

transitions, namely, the temperatures of the start of deviation

from the base line and temperature of crossings of the

extrapolated base line and tangent to the leading edge of the

peak passing through the maximum remain permanent only

for the average values of the scanning speeds 1−10 ◦C/min.

Lower speeds cause a shift in temperatures to hı́gher values,

i. e. the phase transition starts later. High speeds, on the

contrary, cause a shift in temperatures to lower values, i. e.

the phase transition starts earlier.

The results obtained in the paper will promote more

effective application of PCM. For the specific use, it is

necessary to not only select a certain material using thermal-

physical characteristics, but also to take into account their

possible deviations from the literature values obtained in

other experimental conditions. To obtain the valid data, it

is necessary to conduct the experiments at heating/cooling

speeds that are as close as possible to the speed expected

in real conditions. If it is not possible to do the calorimetric

studies, you have to rely on the literature data obtained at

corresponding speeds, or take into account the differences

in the temperatures with the decrease/increase of the

heating/cooling speed.

It turned out that the change in the heating speed had

substantial impact both on thermodynamic parameters and

kinetics of phase transition development. Based on the

theory of diffuse phase transitions, the solid-solid phase

transition was analyzed in the monodisperse sample of

tetracosane, which made it possible to assess the volumes

of nuclei of the new phase with the heterogeneous devel-

opment of the phase transition. The assessments show that

the nuclei have nanometer dimensions and cover several

hundreds of the long-chain molecules of tetracosane.

It was found that high heating speeds caused development

of the solid-solid phase transition by formation of small

nuclei of new phase, which could have been caused by

the lack of time for stabilization of the system at each stage

of heterogeneous transition development and occurrence of

an avalanche-like effect. Besides, at these speeds a high

temperature gradient arises in the sample, therefore, two

stages of the solid-solid phase transition development are

mixed, and the average volumes of the nuclei turn out to

be practically equal. Low heating speeds 0.5−2 ◦C/min

demonstrate a natural process for the solid-solid phase

transition development with formation of small nuclei at the

first stage and larger ones at the next one. At superslow

heating of 0.1 ◦C/min the large nuclei of new phase are

formed, which turn out to be equal at the first and second

stages. Thermal equilibrium at such heating speed makes it

possible to suggest the value of nuclei volumes ∼ 500 nm3

as true for the heterogeneous transition in tetracosane,

which may be confirmed in the future by experiments at

even slower speeds.

To solve the problem of the precise definition of the

phase transition temperature, the paper compared the values

of our proposed method to determine true temperatures

to the temperatures obtained at the slowest heating speed

of 0.1 ◦C/min. The compliance of the values of true

temperatures obtained by the extrapolation method with

the temperatures of the phase transition start shows that

this method may be used instead of a labor intensive

experiment at the speed of 0.1 ◦C/min. Therefore, the

method we presented to determine the true temperatures

makes it possible, using high scanning speeds, to obtain

the phase transition temperature values with rather high

precision, at the same time with the most accurate values of

phase transition enthalpies.
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