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Burning of solid fuel at large power stations is done in fire-chambers in a preliminary 
crushed condition. Fire-chambers are divided into torch furnaces and swirling-type 
furnaces according to the method of burning; according to the way the slag is 
removed they may be the ones with bottom-ash removal and the ones with slag-tap 
removal. The mineral part of solid fuel usually includes clay minerals, micas, quartz, 
feldspars, sulfides, carbonates of iron, calcium, magnesium etc. During burning of 
the coal under the influence of high temperature the components of the mineral part 
interact with each other and form various compounds, which cause formation of the 
ashes of variable chemical and mineralogical composition, disperse structure and 
density1. 
Fractionating of fly ashes by density was done using the method of “heavy liquids” 
with implementation of bromoform (the density ρ = 2,89 g/cm3), ethanol (ρ = 0,87 
g/cm3), pentane (ρ = 0,62 g/cm3) and their solutions 2. Figure 1 shows density 
distribution of the fly ash fractions with indication of coal-fields and electric power 
stations, where samples of the fly ash were taken. 
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1 – Cherepovetskaya hydro-electric power station, Pechersky field (Intinsky profile) 
2 – Tom’-Usinskaya hydro-electric power station, Kuznetsky field 
3 – Barnaulskaya thermal power station-3, Kansko-Achinsky field 
4 – Thermal power station -1 of Arkhangelsk pulp and paper mill, Pechersky field 
(Vorkuta profile) 
5 – Omskaya thermal power station-4, Ekibastuzsky field 
6 – Novocherkasskaya hydro-electric power station, Donetsky field 
7 – Riazanskaya hydro-electric power station, Moscow surburb field 
 
Figure 1. Density distribution of fractions in the fly ash from different thermoelectric 
power stations. 
 
 
As it is shown by the data in Figure 1, the part of the light fraction of the fly ash with ρ 
< 1 g/cm3 is small enough. The largest part of the light fraction in the ashes of the 
Kuznetsky field  is 3 ÷ 3,5 %, the least part is in the ash of Kansko-Achinsky  field – it 
is less than 0,1 %. 
The structure of the singled-out fractions of the fly ash was studied using 
radiographic method. Figure 2 shows micro X-ray photographs of the fractions of the 
fly ash from Kuznetsky field. 
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ρ > 1.66 ρ > 1.40 

  
ρ > 1.15 ρ > 0.91 

 
Figure 2. Composition and structure fractions of fly ashes. 
 
The produced picture is typical enough for the fly ash from other coal fields. Heavy 
fractions with the density of ρ > 2,65 g/cm3 are the balls with a high content of iron 
(more than 30 %). Fractions with 2,65 g/cm3 > ρ > 2,15 g/cm3 consist of fine-
dyspersated particles with the diameter lass than 10 micron. These fractions form 
the basis of the fly ash, their weight part in the fly ash may reach 70 %. 
Fractions with ρ < 2,15 g/cm3 consist mainly of the foamed particles of poly-cell and 
mono-cell structure with the size of several dozens or hundreds of microns.  
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Fractions with the least density are monocell thin-wall spherical particles, i.e. 
microspheres. 
Using special separation of the floating part of the fly ash in the water from the 
sinking fraction there were obtained data on the content of microspheres  (i.e. 
floating particles with ρ < 1g/cm3) from all coal fields. These values are given in 
Table1 with the identification of the electric power stations where the samples of the 
fly ash were taken. 
 
Table1 
Share of microspheres in fly ashes 
 
Coal field Electric power station Weight part of 

microspheres, %, 
ρ ≤ 1 g/cm3

Moscow suburbs Riazanskaya hydro-electric power 
station 

0,31 

Kansko-Achinsky Barnaulskaya thermoelectric power 
station-3 

0,07 

Kuznetsky  Tom’- Usinskaya hydro-electric 
power station  

3,35 

Ekibastuzsky Omskaya thermoelectric power 
station -5 

0,22 

Pechersky (Intinsky coal) Cherepovetskaya hydro-electric 
power station 

1,21 

Pechersky (Vorkuta coal) Thermal power station -1 
Arkhangelsk pulp and paper mill 

1,87 

Donetsky Novocherkasskaya power station 0,18 
Primorsky Artemovskaya electric power station 0,9 
 
Process of foaming of the coal mineral components should generally follow the 
common laws of formation of porous structures that are produced as a result of  
production of the gas phase in them. At the temperature of production of the gas 
phase, which initiates foaming, the viscosity of the substance of the particle should 
go down to the value that provides transition of the weight of the particle into a pyro-
plastic condition. To form a porous structure it is necessary to have the pressure of 
the gas phase sufficient for expansion of a viscous matter. The superficial tension 
and the quantity of the produced gases can also influence the degree of foaming, the 
size and the character of arising cavities. It is also necessary to note that formation 
of the viscous aluminosilicate phases and formation of the gas phase in mineral 
particles is caused by phase-mineralogical transformations, high-temperature 
exchange reactions and reactions of decomposition of the compounds that generate 
a gas phase. 
The chemical and phase-mineralogical structure of the ash is basically determined 
by the structure of the mineral substance of the fuel, which is formed of sediments 
and surrounding rocks, and those changes that the mineral substance undergoes at 
high-temperature processing5. Table 2 gives the values of chemical composition of 
the fly ash taken at particular power stations of the basic coal fields, and a chemical 
composition of microspheres from the same electric power stations. 
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Table2 
Chemical composition of fly ash (calculated per oxides) and microspheres (wt. %) 

Ekibastuzsky 
field  

Donetsky 
field 

Kuznetsky 
field 

Omskaya 
thermoelectric 
station-5 

Novocherkasskaya 
hydro-electric station 

Tom’-Usinskaya 
hydro-electric station 

Composition 

Fly ash Micro-
spheres 

Fly ash Micro-
spheres  

Fly ash Micro-
spheres 

SiO2 65,0 55,0 54,0 58,0 61,0 68,0 
Al2O3 30,0 40,0 24,0 28,0 21,0 19,0 
MgO 0,18 0,30 2,90 1,50 2,21 1,50 
Na2O 0,33 0,14 0,90 1,00 1,60 0,90 
TiO2 1,34 1,00 1,60 0,70 0,93 0,90 
CaO 1,68 1,00 2,40 1,00 4,34 2,20 
K2O 0,44 1,70 3,20 5,00 2,41 3,80 
Fe2O3 3,50 1,20 10,0 4,00 6,50 3,60 
Cr2O3 - - - 0,01 - - 
MnO 0,36 0,02 0,20 0,04 - 0,05 
 

Pechersky 
field 

Pechersky 
field 

(Vorkuta profile) (Intinsky Profile) 

Kansko-
Achinsky 
field 

Moscow 
field 

station-1 of 
Arkhangelsk 
plant 

Cherepovetskaya 
hydro-electric 
station 

Barnaul 
Station-3 

Riazan hydro-
electric station

Composition 

Fly 
ash 

Micro-
spheres 

Fly 
ash 

Micro-
spheres  

Fly 
ash 

Micro-
spheres 

Fly 
ash 

Micro-
spheres

SiO2 61,0 65,0 59,0 60,0 31,0 62,0 55,0 56,0 
Al2O3 21,0 21,0 19,0 21,0 12,0 25,0 27,0 33,0 
MgO 1,90 3,80 3,00 3,00 6,00 1,00 0,18 1,70 
Na2O 0,60 0,80 1,50 0,80 0,70 0,90 0,33 0,50 
TiO2 0,90 0,80 1,00 0,90 - 0,50 1,34 1,00 
CaO 1,50 0,70 2,80 5,20 40,0 4,10 1,68 1,60 
K2O 1,20 2,80 1,20 2,60 0,80 2,10 0,44 1,90 
Fe2O3 10,0 5,50 10,0 5,80 10,0 1,80 3,50 4,10 
Cr2O3 - 0,01 - 0,03 - - - 0,03 
MnO 0,20 0,05 0,20 0,05 - 0,03 0,36 - 
 
The chemical analysis of the fly ash and of the microspheres was carried out using 
an electron–probe micro- analyzer; the error in the definition of the quantitative 
structure did not exceed 10 % of the measured value. Taking a set of the basic 
components, the chemical composition of the fly ash and of the microspheres 
practically coincides, but the quantitative content of the components varies. So, the 
microspheres are characterized by the increased content of aluminum, potassium 
(sodium) and in most cases silicon (calculated per oxide), but the decreased content 
of iron and calcium. 
When analyzing the data of Table2, a distinct difference in chemical compositions of 
fly ashes and microspheres from Kansk-Achinsky coal basin engages our attention. 
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There is a 2-fold difference in Si and Al compounds between fly ashes and 
microspheres, the difference in Mg and Fe compounds makes up a factor of 5 ÷ 6, 
that in Ca compounds is equal to 10. 
The specific feature of these coals is their low mineral ash content and a high 
content of calcium gummates as parts of the organic mass. During thermal 
decomposition they produce great amounts of inorganic compounds which make up 
the ash bulk, but do not participate in formation of microspheres. This explains the 
fact that the portion of microspheres in ashes of Kansk-Achinsky basin is the lowest 
(Table1). It should be also mentioned that microspheres from all coal fields are close 
to each other in their chemical composition and the differences may be explained by 
regional and local mineral composition features of burnt coals.  
The mineral composition of coal impurities is characterized by a predominance of 
clay minerals, hydromicas, and quartz. There is a much less amount of calcite, 
pyrite, dolomite, magnesite, siderite. The information about the mineral composition 
is given in Table31, 3, 4. 
 
Table3 
Mineral composition of coal impurities 

Oxides, %
 
Minerals 
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T1,°C

 
 
ρ2, 
g/cm3

Dominant minerals                
Clay minerals                
Kaolinite 
Al4(Si4O10)(OH)8

48 41         11    2,6 

Montmorillonite  
(Al,Mg,Fe)Na((AlSi)4

O10)(OH)2⋅H2O 

44 38-
56 

0-
15 

2   0.3       1725 2.2-
2.6 

Hydromicas                
Illite  
K(Al4MgFe)Si7AlO20)
(OH)4-H2O 

54 33 +   6 +    4    2,6 

Chlorite 
(Mg,Al,Fe)6(SiAl)4O1

0(OH)8

 (Cr, Mn are present)

28-
36 
 

24-
75 
 

0-6 
 

2 
 

 
 

 
 

0-
56 
 

+ 
 

+  
 

 
 

 
 

 
 

 
 

2,6-
3,3 

Quartz SiO2 100             1725 6 
Minerals-impurities 
(less than 5 %) 

               

Calcite СаСО3     54       46  890 2.7 
Pyrite FeS2       47      53 1200 4,9 
Dolomite 
MgCa(CO3)2

  22  30       48   2,8 

Magnesite MgCO3   48         52  300 2,9 
Siderite FeCO3       62     38  282 3,9 

Microspheres 68 19 1,5 0,9 2,2 3,8 3,6 - 0,05 0,9 - - -  2,54 
1 T – melting temperature,   
2 ρ - density. 
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Having analyzed the consistency between the oxide compositions of minerals 
(Table3) and microspheres (Table2), it may be concluded that the particles of the 
prevailing minerals including the minerals with a high content of SiO2 are the main 
predecessors of microspheres. It should be also noted that the density of these 
minerals is close to that of the matter forming a microsphere wall. 
The matter of the walls of microspheres produced as a result of thermal effects can 
be a combination of amorphous and crystalline phases. Its composition depends on 
both initial minerals and on the level of temperatures. The mineral-impurities may in 
some cases produce a catalytic effect on formation of particular phases. It has been 
noted that the more is the amount of amorphous matter in microsphere walls, the 
more is the portion of microspheres in fly ashes (Table4).  
 
Table4 
Phase composition of microspheres. 

Crystalline phase, 
% mass 

Coal basin Power stations Vitreous 
phase, % 
mass Mullite Quartz 

Portion of
microspheres,
% mass 

Cherepovetskaya  
hydroelectric station 

90 8 2 Kuznetsky 
field 

Novo-Kemeromo 
thermal station 

95 4 1 

3,35 

Omskaya station-4 29 70 1 Ekibastuzsky 
field Reftinskaya 

hydroelectric station 
35 64 1 

0,22 

 
The composition of microspheres was studied using the x-ray-phase method. 
The next factor that provides production of microspheres is gas release at high 
temperatures. Table 5 presents high-temperature chemical reactions accompanied 
by release of the gas phase.  
 
Table5 
High-temperature transformations with gas release 
Mineral Reaction Mineral content of 

particle, % mass 
Temperature, 
°C 

Pyrite FeS2 [1] 4FeS2 + 7O2 → 2Fe2O3 + 4O2↑ 2,1 1200 
SiO2 + 3C → SiC + 2CO↑ 1,5 1100 
SiO2 + 2C → Si + 2CO↑ 1,3 1200 

 
Quartz SiO2 [2] 

SiO2 + SiC → SiO + CO↑ 1,6 1400 
Iron oxide [2] 3FeO + 3C → Fe3C + 3CO↑ 1,5 1300 
Iron carbide [2] 2Fe3C + SiO2 → Fe3Si + 3Fe + 

2CO↑ 
3,3 1400 

 
The blowing reagent mass is estimated without consideration of diffusion through the 
microsphere wall, i.e. assuming that the entire gas resulting from the chemical 
reaction remains within the produced cavity and the chamber furnace gas fails to get 
inside microspheres. 
The gasifier mass is estimated proceeding from the following considerations. At the 
final formation stage the pressure inside the microsphere will be 
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Рins = Рatm + 4σ/r,                                                                                                     (1) 
 
where Рatm is the chamber furnace pressure; Рatm ≈ 0.1 MPa; 

       σ is the surface tension of the wall matter; σ ≈ 0.3 N/m at Т ≈ 1500 К; 
       r is the microsphere radius, r ≈ 50 µm. 
 

At the above values the pressure inside the microsphere will make up 0.125 MPa. 
The gas mass inside the microsphere can be estimated using the gas state equation. 
 

m = 
TR
Vвн

⋅
⋅⋅Ρ µ

 ,                                                                                                      (2) 

 
where V is the microsphere volume, V = 6⋅10-13 m3; 
           µ is the molecular weight of the released gas components; 
           R = 8.3 J/(mole⋅К). 
 
Taking into account the data of Table 5, the gas mass may amount to ∼ 1 ⋅ 10-12 kg, 
which is about 0.5 % of the entire particle mass forming a microsphere. 
Based on the molecular ratio between the chemical reaction components (Table 5), 
the mass of the mineral for the foaming gas release may be estimated, and its 
required portion in the mass of a mineral particle, a microsphere predecessor, may 
be determined. 
The calculations of the required mineral-gasifier portion given in Table 5 quite agree 
with the literary data 5 on the content of these minerals in mineral coal impurities. 
Another possible source of the gas inflating microspheres is crystallization water 
contained in clay minerals at the level of 3-5 % of weight 5. The results of performed 
thermal analytical research show that kaolin in the temperature range of 400-700°С 
under thermal transformations loses the water in the form of the water vapor. The 
key question for understanding the process of the microspheres formation is the 
following: how the gas produced at the temperatures, when the material has not yet 
the properties of plasticity and fluidity, can inflate particles and lead to formation of 
the hollow spheres? There was developed a model according to which the process 
of gas production from mineral particles is considered as an original "quasi-chemical" 
reaction submitted to Arrenius equation with a certain energy of activation Е.  
 
k = k0 ⋅exp(-E/(RT))                                                                                                  (3) 
 
where k is a constant of the gas release reaction rate, sec-1 ; 
           k0 is a pre-exponential factor, sec-1; 
           E is energy of activation, kJ/mol; 
           T is temperature, K. 
 
The energy of activation of the gas production process (for kaolin, Е ~ 110 kJ/mol) 
was evaluated. Basing on the produced energy of activation it was shown by 
calculations that at the transition from the heating rates of 0.3°С/s (20 °С/min), which 
are characteristic for thermal analysis, to the rates of ~ 1000°С/с, that accompany 
the process of hollow microsphere formation in the boilers power engineering units, 
the characteristic temperature of the maximum speed of the gas production is shifted 
to the area of higher temperatures and reaches the value of 1400 °С. At this 
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temperature the viscous - plastic properties of particles necessary for their "foaming" 
or "inflating" and formation of hollow microspheres are already provided. Thus, the 
crystallization water contained in clay minerals, can perform a function of a gasifier. 
The detailed description of the developed model is beyond the frameworks of this 
publication and will be given later in a special work related to various minerals. 
The composition of the gas environment contained in the cavity of microspheres can 
also characterize the processes proceeding during their formation. The composition 
of the gas environment was analyzed by a weight - spectral method. Samples of ash 
microspheres from various power stations of 0.2 g weight were placed in quartz 
flasks, which were pumped out up to residual pressure of 10-6 mm Hg and were put 
into the furnace heated up to 500 and 900 °С with the exposure of 20 minutes. After 
each stage of heating the composition of the produced gases was analyzed. The 
results of the analysis are given in Table 6. 
 
Table 6 
m = 0,2 г, Т = 500/900 °С,  texp = 20 min 
 

Components Station-1 of 
Arkhangelsk 
plant 

Riazan’ 
station 

Cherepovetsk 
station 

Barnaul 
station 3

Tom’-
Usinsk 
station 

Omsk 
station 
5 

Novo- 
cherkassk 
station 

 The contents of a component at 500/900 °С, % vol. 
Hydrogen 
(Н2) 

12/17  12/7  4/10  10/41  17/13  12/31  9/15  

Methane 
(СН4) 

3/3 2/2  5/4  3/5 4/3  6.42  2/4  

Ammonia 
(NH3) 

4/⎯  6/2 6/1  5/0.7 9/1 3.82  6/1  

Water (Н2О) 34/10 42/13 52/10  28/6 6/6 29.47  53/11  
Acetylene 
(С2Н2) 

0.5/0.4  0.6/0.4 0.5/0.2  1.1/0.7 1/0.5  1.05  0.5/0.3  

Cyanide of 
hydrogen 
(CNH) 

1.5/0.6  2/0.5 1.2/0.3  4/0.3  3/1  2.92  2/1 

Nitrogen + 
Carbon 
oxide 
(N2 + CO) 

8/30  7/14  4/15  11/34  9/21  9.6  4/22  

Ethane 
(С2Н6) 

0.8/⎯  —/⎯  1/⎯  3/0.3  1.5/0.2 1.51  0.7/0.2  

Total of 
carbons 
(41 + 43) 

7/0.4 6.28  5/0.1 44/0.2 12/0.2 10.19  7/0.2 

Carbon 
dioxide 
(СО2) 

29/39  22.04  21/59  21/13  37/54  23.48  16/46 

 
The following draws our attention: component composition of the gas environment of 
the ash microspheres from 7 electric power stations is practically the same – 
hydrogen, methane, ammonia, water, cyanide hydrogen, small quantity of 
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hydrocarbons, where (41 + 43) masses and carbon dioxide prevail. The part of СО2, 
Н2, Н2О, (N2 + CO) makes 80-95% total. There is no doubt in similarity with the 
composition of the gas environment of microspheres described in work6. The 
repeated heating up to 900 °С gives approximately the same set of components, 
though their content changes. 
Presence of carbon dioxide evidently is explained by decomposition of Ca, Fe, Mg 
carbonates contained in minerals. 
Content of СО(N2 + CO) grows with the growth of the temperature, and it can be 
explained by the following reaction  
 
CO2 + C ⇔ 2CO                                                                                                       (4) 
 
Presence of hydrogen in the gas phases can be related to such reactions as 
 
H2O + C → H2 + CO   (∼ 1100 °C)                                                                            (5) 
 
and conversion of the water vapor  
 
 H2O + CO ⇔ H2 + CO2 + 10 kcal                                                                            (6) 
 
Direct synthesis of HCN from the elements takes place at very high temperatures, so 
we can suppose that some other reaction takes place that result into formation of 
cyanide of hydrogen. It is possibly the process of 
 
CO + NH3 → H2O + HCN,                                                                                        (7) 
 
which takes place at already 500 °С at the presence of catalytic admixtures. 
So, composition of the gas environment in the cavity of the microsphere is formed 
under the influence of chemical and phase transformations of the substance of the 
wall and interaction of gas components inside the cavity. Some diffusion penetration 
of the components of the gas environment of the furnace into the microspheres is 
also possible. 
Summing up the analysis of how chemical composition and phase-mineralogical 
composition influence the formation of microspheres, it is possible to make a 
conclusion that microspheres in fly ash are formed of separate mineral particles 
capable of forming eutectic mixtures and a glass phase (a vitreous phase) at 
temperatures of 1200°С and above. They comprise alumosilicate clay minerals and 
hydromicas together with minerals with the increased contents of SiO2: quartz and 
feldspars. It is also confirmed by concurrence of the density of these minerals and 
the substances of the wall of microspheres. Such particles should contain the 
substances capable of gas evolution at thermal transformations at the level of 
admixtures of~ 1 ÷ 3 %. In this case mineral particles, having reached pyroplastic 
condition at heating, under the influence of forces of a superficial tension take the 
spherical form, and the released gas phase creates an internal cavity in particles. 
Physical and chemical processes in mineral particles are determined not only by 
their chemical and phase-mineralogical structure, but also by the conditions of 
thermal processing at burning the coal dust. It was found out that concentration of 
microspheres in fly ash is various when the same coal is burnt in boilers of a various 
design: either there is a slag-tap removal or a bottom-ash slag removal. In Table 7 
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there are experimental data on concentration of microspheres in the ash depending 
on the design of boilers.  
 
Table 7 
A part of formed microspheres as a function of the way of slag removal  
 

Mass fraction of microspheres, % Coal fields 
Slag-tap removal,  
t = 1500 ÷ 1800°С 

Bottom-ash slag removal, 
t = 1200 ÷ 1600°С 

Kuznetsky field 3,35 
Tom’-Usinskaya station 

0,56 
Tom’-Usinskaya station 

Pechersky field 
(Instinsky coal) 

1,21 
Cherepovetskay station 

0,19 
Severodvinskaya station-1 

 
As it comes from the table above, in case of slag-tap removal, i.e. when  the 
temperature of the tongue is much higher, concentration of microspheres in the ash 
is also much larger (about 5-6 times) . 
One more group of the factors affecting formation and ash concentration of 
microspheres is the conditions providing mineral particles with thermal heterogeneity 
in a turbulent gas-dispersion flow. It is a thermal heterogeneity that results in greatly 
different rheological characteristics of various particles. Thus, for example, the 
presence of microspheres in the ash suggests that some portion of particles had 102 
÷ 103 Pa viscosity, i.e. 1200 ÷ 1500°С temperature. The presence in the same ash of 
unmelted mineral particles indicates that the other portion of particles was not heated 
to 800 ÷ 900°С at the same time. First of all, a non-uniform temperature distribution 
over the furnace section exerts some influence. If in the flame center the 
temperature is as high as 1700 ÷ 1800°С, it will make up 700 ÷ 900°С in the near-
wall area. The difference in the masses of ash particles also has a great importance. 
It may constitute a factor of 100 and more, therefore the time necessary for heating 
particles and the amount of heat required for achieving the necessary rheological 
characteristics may differ essentially. 
The above examples give an estimation idea of the influence produced by thermal 
heterogeneity on formation of fly ash microspheres. Due to effects produced by the 
above factors, formation of fly ash microspheres is a rather difficult statistical 
problem, beneficial solution of which is possible by way of experiments under real 
specific power station operation conditions. 
The above-stated reasons as they influence the processes of formation of hollow 
microspheres in the fly ash can be illustrated by the model experiments, which were 
carried out at a special high-temperature stand (test bench) with the powders of the 
basic components of coal mineral impurities (Figure 3). 
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Figure 3. High-temperature furnace to produce microspheres from various materials: 
glass, ceramics, polymers, metals. Working temperature is up to 2000°С. 
 
A test bench in Figure 3 has a vertical  tubular high-temperature furnace, the device 
for loading of the powder being studied, a collector of microspheres, and 
components for creation of a continuous gas stream in the furnace, regulation of its 
speed at the given composition and pressure of the gas environment7. The 
experiments were carried out with the powders of kaolin, illite and montmorillonite in 
the temperature range of 1400-1700 °С, the heating rate ∼ 1000 °С/s. Movement of 
the powder in the working zone of a tubular heater was done in the accompanying 
gas stream from the top downward. Thermally treated powders were X-rayed, the 
photos of roentgenograms are given in Figure 4. 
 

 
a) Initial powder, size of particles is 70-90 
microns. 

 
b) The temperature is 1400 °С. Initial 
stage of foaming. Particles become 
round and polycellular. 
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c) The temperature is 1500 °С. As a 
result of small bubbles merging and 
degradation of the “foam” structure 
monocellular spherical particles, i.e. 
microspheres, are formed. 
 

 
d) The temperature is 1600 °С. Thin-wall 
microspheres are formed. Fraction with ρ 
< 1 g/cm3 makes ∼ 50%. 
 

 
e) The temperature is 1700 °С. 
Formation of compact balls. Final stage 
of structural transformations  of mineral 
particles.  

 

 
Figure 4. Photographs of thermally treated kaolin powders. Magnification is 60×. 
 
 
Analysis of the given experimental and calculation results let us present the 
mechanism of formation of hollow microspheres as a process of foaming of 
individual particles of mineral impurities when they reach their plastic condition under 
the influence of gases released from these particles. It is possible to study the laws 
of this process probably with implementation of thermal analysis and special model 
experiments. Results of such research in the long term can be used with practical 
benefit for management of formation processes of hollow microspheres when solid 
fuel is burnt. 
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