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The dependence of the sublimation temperature of the soot particles

formed in the flames on their size and structure
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In this paper, the dependence of the sublimation temperature of soot particles synthesized during the combustion

of various hydrocarbons, depending on their size and structure, is obtained. The experimental approach is based on

the analysis of the thermal radiation of particles heated to the sublimation temperature by a nanosecond laser pulse.

The sublimation temperature of soot particles was measured using the two-color pyrometry method. In this paper,

it is proposed to use the average size of primary particles to compare data in different flames. It is established, that

the sublimation temperature of soot particles depends mainly on the stage of their formation, which is characterized

by an increase in average size. It is shown, that with an increase in the average particle size from 12 to 23 nm,

their sublimation temperature increases significantly from 2700 to 4500 K. This reflects a significant difference in

the thermodynamic and optical properties of the so-called ”young” and ”mature” soot particles, which must be

taken into account when developing methods of soot diagnostics and in the thermo-physical analysis of combustion

and pyrolysis processes with the formation of soot.
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Introduction

Soot is amorphous nanocarbon consisting of
”
primary“

spherical carbon nanoparticles combined into aggregates of

a fractal structure. Each primary particle 5−50 nm in size

consists of chaotically combined crystallites, which, in turn,

have the form of stacks of graphene planes with a size on

the order of 1 nm [1,2]. The general mechanism of soot

formation was detailed in [3]. The process of formation of

soot in combustion and pyrolysis of hydrocarbons may be

divided into three stages. At the first stage, hydrocarbons

undergo pyrolysis under the influence of high temperature

(up to 2000◦C). This results in the formation of smaller

intermediate products for the first aromatic ring with

subsequent addition of other aromatic and alkyl compounds

and the formation of polycyclic aromatic hydrocarbons

(PAHs) with 25−40 carbon atoms [4,5]. According to the

most widespread theory, the hydrogen-abstraction/acetylene

(C2H2)-addition (HACA) pathway is the dominant one for

the formation of PAHs [6]. At the second stage, precursors

of soot particles form. A universally accepted mechanism of

formation of soot precursors has not been formulated yet.

It is known that precursors are very small particles with

a maximum diameter of 1−3 nm [4,7]. One hypothesis of

formation of precursors is that large polyaromatic molecules

combine into stacks (the so-called crystallites) [4]. The

stage of formation of precursors defines the key parameters

of a soot aerosol. At the third stage, soot particles grow

from precursors in the process of agglomeration and due to

heterogeneous reactions on their surface [3].

The knowledge of thermodynamic properties of soot

particles is needed to develop soot diagnostics methods and

for heat-exchange calculations for combustion chambers,

boilers, and other equipment the operation of which involves

sooting. It is hard to analyze the thermodynamic properties

of soot particles theoretically, since their internal structure

is considerably nonuniform and may vary from fully amor-

phous with disordered graphene planes (up to 2−3 nm in

size) to partially crystalline with graphene layers forming the

so-called crystallites (stacks of several parallel planes with an

interplanar distance exceeding somewhat the corresponding

distance in graphite (0.335 nm) [8]). Crystallites with differ-

ent degrees of ordering form spherical primary soot particles

with a mean size of 10−30 nm. Thus, experimental methods

are crucial for the study of thermodynamic properties of

different soot particles.

It was demonstrated in [9–12] that the optical properties

of soot particles vary considerably over the flame height.

The height above the burner face in flames is an equivalent

of the reaction time in constant-volume reactors such as

a shock tube [13]. It is natural to assume that the

thermodynamic properties of soot particles formed in flames

also depend on the stage of their formation and on the type

of hydrocarbon fuel used.

The sublimation temperature is an essential thermody-

namic property of soot particles. It allows one to determine

the entire complex of thermodynamic properties [14].
Pulsed laser radiation with a wavelength of 1064 nm is

typically used to heat soot particles to the sublimation

temperature. Thermal radiation (incandescence) produced
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under pulsed laser treatment is much more intense than

the radiation of flame and may de used to determine

the current temperature of soot particles [15,16]. The

sublimation temperature is determined by measuring the

maximum temperature of laser-heated soot particles as

function of the energy density of laser radiation. When the

sublimation threshold of soot particles is reached at a laser

energy density of 0.1−0.2 J/cm2 (with a pulse duration of

5−10 ns at a wavelength of 1064 nm), the maximum heating

temperature of particles ceases to increase and reaches a

plateau, thus providing evidence of a phase transition. The

sublimation of nanoparticles subjected to laser heating was

also detected in the study of pyrolysis of hydrocarbons in

a shock tube by laser extinction [13,17,18]. Thus, laser-

induced incandescence (LII) is a promising technique for

the study of thermophysical properties of nanoparticles. The

sublimation temperatures of soot particles measured to date

using the LII method were reviewed in [19]. The studies of

carbon nanoparticles synthesized in the process of pyrolysis

of hydrocarbons in a shock tube [13,17] revealed that the

sublimation temperature increases from 2700 to 3300 K as

particles grow in size from 2 to 12 nm. In addition, the

sublimation temperature depended strongly on the post-

shock temperature.

In contrast to shock-tube experiments in flames, studies

of the sublimation temperature of soot particles were mostly

conducted with reference to the flame height, and the

particle size was not always measured.

The variety of thermodynamic and optical properties

of soot particles is evidently related to the specifics of

their internal structure [20]. In the past decade, soot

particles of various structures have been studied by high-

resolution transmission electronic microscopy (HR-TEM),
which provides an opportunity to determine the structural

parameters of the
”
framework“ of soot particles that is

made of separate fringes (the end faces of graphene planes).
Among these parameters are the length of a graphene plane,

its curvature, and the interplanar distance [21].
The aim of the present study is to measure the

sublimation temperature of soot particles in ethylene/air,

acetylene/air, and propylene/air flames as function of their

sizes and determine how the obtained dependences are

correlated with parameters of the internal structure and the

size of particles.

1. Research methods

1.1. Burner

Experiments in flames of premixed gases were conducted

using a standard flat-flame McKenna burner (Holthuis &

Associates) with a porous bronze surface and a diameter

of 62mm (Fig. 1). A brass disk 60mm in diameter

and 20mm in thickness located at a height of 23mm

(or 30mm for the propylene/air flame) above the burner

face was used to stabilize the flame. The burner had

an external ring gas-supply circuit for additional flame
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Figure 1. Diagram of the experimental setup based on a burner

for flat premixed flames: 1 — burner, 2 — Nd : YAG laser, 3 —
device for measuring LII signals with two photomultipliers fitted

with filters centered at 450 and 670 nm, 4 — flame stabilizer,

5 — aperture, 6 — laser energy meter, 7 — air compressor, 8 —
hydrocarbon vessel, 9 — flow meters, 10 — filters, 11 — valves,

and 12 — mixing chamber.

stabilization. In the present study, air from a compressor

was used for this purpose. When the fuel/oxidizer ratio

is above the stoichiometric one, a fraction of fuel is

spent on heating the gas, and soot particles form in the

process of pyrolysis of the remaining fuel. Within the

approximation of a one-dimensional structure of a flat flame,

the molar fractions of substances and the temperature

depend only on the height above the burner face. In the

present experiments, ethylene/air flames: C2H4−14.08%;

O2−18.05%; N2−67.87% with the C/O= 0.78 ratio; acety-

lene/air flames: C2H2−13.28%; O2−18.45%; N2−68.27%

with the C/O= 0.72 ratio; and propylene/air flames:

C3H6−11.2%; O2−18.6%; N2−70.2% with the C/O= 0.9

ratio were studied. The flow rates of gases were monitored

with RRG-10 (Eltochpribor) mass flow controllers. Type B

platinum-rhodium thermocouples with a wire diameter

of 45µm and a junction diameter of 70µm were used

to measure the temperature over the flame height. The

actual gas temperature was estimated with convective and

radiation heat losses in the flame and the deposition of soot

particles on the thermocouple junction taken into account

in accordance with the procedure outlined in [22]. An LQ-

215 (SOLAR Laser Systems) Nd : YAG laser operating at a

wavelength of 1064 nm was used to heat soot particles. LII

signals were detected at two wavelengths with the use of

two H6780-20 photomultipliers with a rise time of 0.78 ns.

Modules were fitted with narrowband filters centered at 450

and 670 nm. Signals were recorded by a LeCroy WavePro

7100 oscilloscope with a bandwidth of 1GHz.

1.2. Measurement of the sublimation temperature
of soot particles

The maximum temperature of laser-heated soot particles

was measured by two-color pyrometry. The maximum
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amplitude of LII signals was measured for this purpose at

two wavelengths within the visible range (450 and 670 nm).
Figure 2 shows the temporal evolution of example LII

signals recorded in the acetylene/air flame at a height

of 17mm. Within the duration of a single laser pulse (6 ns),
the LII signal reaches its maximum due to an increase in

the particle temperature. When the pulse ends, the signal

fades as the temperature decreases.

Since the spectral density of emission of soot particles

follows the Planck’s law, their current temperature may be

written as in [23]

Tp =
hc
kB

×
(1/λ2 − 1/λ1)

ln
(

S1SBB2ε(λ2)/S2SBB1ε(λ1)
)

+hc/kBTBB(1/λ2−1/λ1)
,

(1)

where h is the Planck’s constant, c is the speed of light

in vacuum, kB is the Boltzmann constant, S1, S2 are

the maxima of amplitudes of LII signals at wavelengths

λ1 and λ2, SBB1 and SBB2 are the amplitudes of signals

from a radiation source with a known temperature, TBB is

the source temperature, and ε(λ1,2) are the emissivities

of particles at observation wavelengths λ1 and λ2. The

following expression is used to determine the emissivity of

nanoparticles in the Rayleigh limit (the particles are much

smaller than the wavelength) [24]:

ε(λ) =
4πdpE(m)

λ
. (2)

Here, dp is the mean size of primary soot particles and

E(m) is the function of the refraction index (m = n−ik) of

soot particles:

E(m) = − Im

(

m2
− 1

m2 + 2

)

=
6nk

(n2 − k2 + 2)2 + 4n2k2
. (3)

The ratio of emissivities of soot particles at wave-

lengths of 450 and 670 nm was determined based on
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Figure 2. Temporal evolution of example LII signals recorded in

the acetylene/air flame at a height of 17mm and a laser radiation

energy density of 0.13 J/cm2 .
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Figure 3. Example temporal profile of the temperature of laser-

heated soot particles synthesized in the acetylene/air flame at a

height of 17mm at a laser radiation energy density of 0.13 J/cm2 .
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Figure 4. Dependences of the maximum temperatures of laser

heating of soot particles synthesized in the acetylene/air flame

(measured by two-color pyrometry) on the laser energy density.

Height above the burner face: 1 — 5, 2 — 7, 3 — 10, 4 — 13,

5 — 15, 6 — 17, 7 — 20mm. Solid curves represent the results

of approximation.

the E(m, 1064)/E(m, 532) ratios measured in [11,12] for

wavelengths of 1064 and 532 nm in the corresponding

flames at each flame height. It was assumed that E(m)
depends linearly on the wavelength. An example temporal

profile of the temperature of laser-heated soot particles

synthesized in the acetylene/air flame at a height of 17mm

is presented in Fig. 3. It can be seen that the maximum

temperature of particles subjected to laser heating in these

conditions is 4000K, which is considerably higher than

the flame temperature measured with the thermocouple

(1500−1800K).

Figure 4 presents the dependences of the maximum tem-

peratures of laser heating of nanoparticles synthesized in the

acetylene/air flame (measured by two-color pyrometry) on

the laser energy density. It can be seen that the maximum
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temperatures of laser-heated soot particles increase as the

laser energy density grows from 0.05 to 0.1 J/cm2, since the

energy absorbed by particles also increases. At laser energy

densities below 0.05 J/cm2, the low signal-to-noise ratio

precluded us from measuring the temperature correctly by

the two-color method. The maximum temperatures of soot

particles did not change as the laser energy density grew

further above 0.1 J/cm2, which was interpreted as a phase

transition (soot sublimation) occurring at this temperature.

This interpretation was confirmed by the measurement of

a sharp reduction in the volume fraction of the condensed

phase at the moment of laser irradiation in a shock-tube

reactor [13,17]. It can be seen from Fig. 4 that the

sublimation temperature depends on the height above the

burner face, which corresponds to different stages of growth

of soot particles or different reaction times. The sublimation

temperature at a height of 5−13mm is significantly lower

than the sublimation temperature of soot formed at a height

of 15−20mm. This difference may be attributed to the

presence of
”
young“ and

”
mature“ soot particles, which also

differ in their optical and thermophysical properties, at these

heights [25–28]. The error of the sublimation temperature

of soot particles determined this way is estimated at ±4%.

1.3. Transmission electron microscopy

Transmission electron microscopy (TEM) was used to

analyze the mean size and structure of soot particles.

Particle samples were placed on copper grids for electron

microscopy covered with a microperforated carbon mono-

layer. Grids were secured in a holder with a mechanical

pneumatic actuator to sample soot by introducing them

into the flame for a short time at a certain height above

the burner face. The exposure time of a grid in the

flame was 100ms. Particle samples were analyzed using

a FEI Osiris transmission electron microscope with an

accelerating voltage of 200 kV at the federal research center

”
Crystallography and Photonics“ of the Russian Academy

of Sciences.

Low-resolution photomicrographs were used to plot the

size distributions of primary soot particles, which were

produced in the three studied flames, with height above

the burner face. More than a thousand measurements of

primary particles were used to plot each distribution. The

mean sizes of particles were determined by approximating

the obtained distribution with a log-normal function. Fig-

ure 5 presents the dependences of the mean sizes of soot

particles on the flame height. At lower heights, the amount

of accumulated material was not sufficient for TEM analysis.

Figure 5 allows one to determine the regions of sootless

and sooting flame in the studied conditions. The smallest

sizes of soot particles corresponded to such heights above

the burner face below which soot samples could not be

obtained with a discretization of 1mm in height (
”
mini-

mum“ heights). The sootless region, which is blue in color,

for ethylene/air, acetylene/air, and propylene/air flames

occupied the height intervals of 0−6, 0−4, and 0−12mm,

respectively. Sooting regions (yellow in color) were located

at greater heights. Thus, the size of soot particles increases

sharply at a height of 6−7, 4−5, and 12−13mm for

ethylene/air, acetylene/air, and propylene/air flames, respec-

tively. At greater heights, the sizes of primary soot particles

vary more smoothly with height and reach approximately

constant values, beyond which only aggregates grow in size.

Parameters of the internal structure of primary soot

particles were determined using high-resolution photomi-

crographs. The algorithm for analysis of high-resolution

TEM images was detailed earlier in [29,30]. Images were

processed in ImageJ. The processing algorithm included

the stage of highlighting a characteristic region of the

soot structure on a high-resolution TEM image. The

chosen image regions were saved as 8-bit grayscale images

512× 512 pixels in size. Unprocessed digitized images

were subjected to the fast Fourier transform and filtered

with the use of circular masks with a size of 0.335 nm

(distance between graphite layers) and 0.7 nm (distance
at which the Van der Waals forces acting between two

layers may be considered insignificant). After the inverse

transform, fine image details were ignored. The filtered

image was converted into a binary black-and-white one by

setting a threshold brightness value for the phase boundary.

The obtained image was skeletonized by compressing dark

regions till they shrink to a pixel in width. Each individual

fringe is regarded as an independent object (the end face

of a graphene plane). Fringes shorter than 0.25 nm were

excluded, since this value corresponds to the size of a single

aromatic ring. Skeletonized images allowed us to perform

statistical measurements of the length, the curvature (ratio
of the fringe length to the straight distance between the

ends of a fringe), and the interplanar distance between

parallel fringe within the structure of soot particles. Figure 6

presents an example of conversion of a high-resolution

TEM image into the structure of the carbon framework

of a soot particle sampled in the propylene/air flame at a

0 5 2515 20

M
ea

n
 p

a
rt

ic
le

 s
iz

e,
n
m

0

20

30

Height above a burner, mm

5

10

15

25

10

1
2
3

30

Figure 5. Variation of the mean sizes of soot particles with height

for ethylene/air (1), acetylene/air (2), and propylene/air (3) flames.

Curves represent the results of least-squares approximation of the

experimental data.
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20 nm

Figure 6. Conversion of a high-resolution image into a skeletonized structure of a soot particle containing crystallites. Sampling was

performed at a height of 20mm in the propylene/air flame.

height of 20mm that corresponds to the final stage of soot

formation. The region containing crystallites is circled.

2. Results and discussion

Figure 7 shows the sublimation temperatures (measured

by two-color pyrometry) of soot particles, which were

synthesized in ethylene/air, acetylene/air, and propylene/air

flames, plotted against their mean size measured in the sta-

tistical processing of low-resolution TEM photomicrographs.

Similar data from [9] obtained in a flat premixed ethylene/air

flame with the use of a similar burner (but with a different

fuel/oxidizer ratio) are also shown in Fig. 7 for comparison.

The fuel/oxidizer ratio excess over the stoichiometric ratio

in [9] was 2.1, while the corresponding value for the

ethylene/air flame in the present study is 2.34. It should

be noted that the sublimation temperatures of soot particles

in [9] were studied in relation to the height above the burner

face, and their mean sizes were determined by TEM. The

result of measurement of the sublimation temperature of

soot particles with a mean size of 33 nm synthesized in a

standard diffusion ethylene flame [31] is also presented in

Fig. 7. It can be seen from Fig. 7 that the sublimation tem-

perature of soot particles increases considerably from 2500

to 4500K as their size increases from 8 to 20 nm. It was

difficult to identify particles smaller than 7 nm in size in

the studied atmospheric flames of premixed gases using

electron microscopy, since particles grow fast to this size

within the flame height interval of 1−2mm, thus precluding

one from sampling particles of different sizes. In addition,

the number of particles which could be collected on the grid

for electron microscopy decreases with their size, making

proper statistical processing infeasible.

Soot particles larger than 23 nm in size could not be

collected in flat premixed flames, since the process of soot

formation ceases after the installation of a flame stabilizer

that ensures uniformity of parameters of the flame over its

height. Such stabilizers are normally installed at a height

of 10–30mm. Soot particles in diffusion flames grow to

large sizes due to the lack of a body limiting the flame
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Figure 7. Sublimation temperature of soot particles synthesized

in different flames plotted against their mean size: 1 — premixed

propylene/air flame (this study), 2 — premixed ethylene/air flame

(this study), 3 — premixed acetylene/air flame (this study),
4 — diffusion laminar ethylene flame [31], and 5 — premixed

ethylene/air flame [9].

height. Thus, the sublimation temperature of soot particles

first increases quickly within the size interval of 8−20 nm

and then stabilizes at 4250−4450K. This may be attributed

to the fact that the internal structure of soot particles and,

consequently, its thermophysical properties cease to change

upon reaching a size of approximately 20 nm. At the same

time, it is fair to assume that the thermodynamic and optical

properties of soot particles vary considerably within the size

interval of 8−20 nm. Note that the sizes of particles in the

propylene/air flame fall within the 20−22 nm interval. This

is due to the fact that the boundary between the sootless

(blue) and sooting (yellow) regions in this flame is very

sharp, the amplitude of LII signals increases quickly there,

and the signal-to-noise ratio at heights where the particles

size is below 20 nm precludes one from conducting proper

measurements of the sublimation temperature.

It is worth noting that the temperature differed con-

siderably in the studied flames. This temperature within

Technical Physics, 2022, Vol. 67, No. 1



58 E.V. Gurentsov, A.V. Drakon, A.V. Eremin, R.N. Kolotushkin, E.Yu. Mikheyeva

the studied interval of heights above the burner face was

1800−1960, 1350−1600, and 950−1000K in acetylene/air,

ethylene/air, and propylene/air flames, respectively. The

difference in structure of soot particles formed in a premixed

methane/air flame at temperatures of 1650 and 1770K was

examined in [32]. It was demonstrated that the variation

of structure of soot particles forming in a premixed flame

depends more on the fuel characteristics than on the flame

temperature [26,32]. In the present study, the examination

of the structure of soot particles synthesized in flames of

different hydrocarbons at different temperatures revealed

that the correlation with the particle size was stronger than

the one with the fuel type and the flame temperature. Thus,

although different flame parameters and hydrocarbon types

were used in the synthesis of soot particles, we managed to

determine the dependence of the sublimation temperature

of these particles on their mean sizes without regard to the

height in a flame.

As was already noted, the thermodynamic properties of

soot particles should be correlated with changes in their

internal structure [27]. Using the data obtained by analyzing

the structure of soot particles at different stages of their

growth in flames, one may identify the correlation between

the particle structure and the sublimation temperature.

The following structure parameters of soot particles were

determined for all the studied flame types and heights

above the burner face in statistical processing of the

images of samples: mean length and curvature of graphene

planes and mean distance between parallel graphene planes.

Dependences of these parameters on the mean size of

soot particles were plotted. It was found that the mean

length of graphene planes of the studied soot particles is

on the order of 1.2± 0.1 nm and is almost independent of

their mean size. The measurement results demonstrate an

insignificant reduction in the mean curvature of graphene

planes (from 1.4 to 1.3) corresponding to the growth of

soot particles within the 10−25 nm interval. Such a minor

change in the curvature of graphene planes in the structure

of soot particles is unlikely to have caused the observed

variation of the sublimation temperature.

The last examined parameter of the structure of soot

particles is the mean distance between parallel graphene

planes that make up the regions of crystalline structure

inside a particle (indicated in Fig. 6). The mean interplanar

distances are plotted in Fig. 8 against the mean size of soot

particles synthesized in the present study in combustion of

propylene, ethylene, and acetylene. It follows from Fig. 8

that the interplanar distance tends to decrease considerably

from 0.5 nm to 0.35 nm (a value close to the interplanar

distance in graphite, 0.335 nm) as the mean size of soot

particles increases from 10 to 25 nm. Thus, of all the

studied structure parameters of soot particles, the interplanar

distance is the one that is correlated with the behavior of

the sublimation temperature in the corresponding interval

of particle sizes. It can be concluded that the sublimation

temperature of soot particles increases from 2500 to 4500K

as the mean distance between parallel graphene planes
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Figure 8. Mean distance between graphene planes in soot

particles plotted against the mean particle size. Soot particles were

synthesized in: 1 — propylene/air flame, 2 — ethylene/air flame,

3 — acetylene/air flame.

in their structure decreases. In addition, high-resolution

photomicrographs reveal that an increase in the mean size

of soot particles is accompanied by an increase in both the

number of crystallites in the structure of particles and the

number of parallel graphene planes in them. At the initial

stages of growth of soot particles (with their minimum mean

sizes up to 10−12 nm), it is uncommon to find more than

two parallel graphene planes in the structure. The number

of such paired planes in
”
young“ particles is also small.

Thus, a
”
young“ soot particle may be characterized as an

object with an amorphous structure. As soot particles grow

to a mean size of 20 nm and above, the number of parallel

graphene planes in a single crystallite increases to 5 or more,

and crystalline regions occupy an increasing fraction of the

particle volume. As a result, crystalline structures occupy

up to 50% of the skeletonized image area. The reduction

in the mean interplanar distance is correlated qualitatively

with the increase in both the number of graphene planes in

a crystallite and the number of crystallites themselves that

occurs as soot particles evolve from
”
young“ to

”
mature“

ones.

It should be noted that the equilibrium sublima-

tion temperature of graphite at atmospheric pressure is

3900−4000K [33], and C3 clusters are predominant in

the vapor composition in this case [34]. The maximum

temperature of laser sublimation of soot particles measured

in the present study (4250−4450K) is higher than the

equilibrium sublimation temperature of C3 clusters and

agrees well with the data on equilibrium sublimation of

C2 clusters (4457K) [35]. These data suggest that a

reduction in the sublimation temperature reflects the process

of growth of carbon clusters detached from soot particles

as a result of sublimation. This, in turn, is related to the

weakening of bonds in the internal structure (due to an

increase in the interplanar distance) and a reduction in the

Technical Physics, 2022, Vol. 67, No. 1
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number and size of crystallites that characterize the process

of graphitization of growing soot particles. Therefore, the

variation of thermodynamic properties of soot depends

directly on the degree of graphitization of soot particles.

On the other hand, the
”
older“ a soot particle, the denser its

structure and the harder it is to sublimate it (the sublimation

temperature is higher).

Conclusion

The sublimation temperature of soot particles was de-

termined in accordance with the two-color pyrometry

technique by measuring the maximum temperature of laser-

heated soot particles with a varying laser energy density.

The error of measurement of the maximum laser heating

temperature was ±4%. The mean sizes of soot particles

and the parameters of their structure were studied using a

transmission electron microscope. The sublimation temper-

atures and the mean sizes of soot particles synthesized in

ethylene/air (C/O= 0.78), acetylene/air (C/O= 0.72), and

propylene/air (C/O= 0.9) flames were determined. Data

on the dependence of sublimation temperatures of soot

particles formed in premixed flames on their mean sizes

were obtained for the first time. In the ethylene/air flame,

the sublimation temperatures of soot particles increased

from 4100 to 4500 K as their mean size grew from 17

to 22 nm. In the acetylene/air flame, the sublimation tem-

peratures of soot particles increased from 2800 to 4100K

as their mean size grew from 12 to 19 nm. In the

propylene/air flame, the sublimation temperatures of soot

particles remained within the interval from 4100 to 4500K

at a mean size of 20−22 nm. These results demonstrate that

soot particles may be divided into two groups according to

their formation stage:
”
young“ particles with a sublimation

temperature of 2800−3200K and
”
mature“ particles with

a sublimation temperature of 3800−4500K. These groups

have a sharp boundary within the interval of mean sizes

from 15 to 17mm. The observed increase in the sublimation

temperatures of soot particles with larger mean sizes is

correlated with a reduction in the interplanar distance

between parallel graphene planes from 0.5 to 0.35 nm and

an increase in the number of parallel planes located close to

each other and the number of such crystallites in the particle

structure.
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