https://doi.org/10.33271/nvngu/2022-1/038

Thermal Energy Technology Institute of the National Acade-
my of Sciences of Ukraine, Kyiv, Ukraine, e-mail: brolene@
yahoo.com

B. B. Rokhman,
orcid.org/0000-0002-1270-6102,
N.I. Dunayevska,
orcid.org/0000-0003-3271-8204,
V. G. Vyfatnuik,
orcid.org/0000-0003-0771-2652,
1. V. Beztsennyi,
orcid.org/0000-0001-6536-5121

CO-FIRING OF GAS COAL DUST FINE PARTICLES
AND SYNTHETIC PEAT GAS.
PART 2. NUMERICAL STUDIES ON THERMOCHEMICAL PROCESSING
OF PEAT IN A FIXED BED

Purpose. To investigate the gasification process of peat in gas generators with a fixed bed at a pressure of 1.5 MPa and create the
initial conditions at the entrance to the waste burners required for combustion of the binary mixture.

Methodology. The objects of research were peat granules of Volyn peat. To calculate the process of gasification of peat gas, the
constructed model of thermochemical processing of solid fuel, described in the first part of the work by the authors was used.

Findings. It is shown that in the area close to the upper boundary of the fixed bed, where the process of gasification of peat is
stationary, there is a jump in the temperature of peat particles from 300 to 772 °C, in which the tar is practically not released, and
thus the obtained pyrolysis gas contains CO,, H,0, H, and CO. The structural and physicochemical characteristics of gas genera-
tors are obtained and the initial conditions at the entrance to the discharge burners of the chamber furnace of the steam generator
TPP-210A are formed.

Originality. It is shown that when the velocity of peat particles decreases, a slag bed is formed between the zone of maximum
heat release and the grate, which consists of cooled ash particles, which protect the grate from overheating. With such an organiza-
tion of the process it is possible to achieve the stationary process of gasification with mechanical incompletely burned material
equal to zero.

Practical value. It is shown that with the help of the model of thermochemical processing of solid fuels it is possible to adjust
the height of the dry distillation zone by changing the velocity of the dispersed phase and the rate of heterogeneous and homoge-

neous chemical reactions by changing the proportion of O, or H,O air enrichment.
Keywords: fixed bed, coal, peat, thermal conductivity, steam — air gasification, conductive and radiative heat exchange

Introduction. Co-firing of two solid fuels in the common
combustion space has a significant advantage over the com-
bustion of a single designed solid fuel. The main advantage of
co-firing is the diversification of fuel supply, which makes it
possible to choose fuel suppliers, which, in turn, reduces the
cost of fuel and allows replacing scarce fuel. Another advan-
tage of this method of combustion is the ability to involve off-
balance fuels, such as biomass or peat [1, 2].

There are three main ways to organize the process of co-
combustion of two solid fuels in the common fuel combustion
space of the pulverized coal boilers. The first method involves
pre-mixing at the fuel depot or during transportation before
grinding. This method is the simplest from a technological
point of view and minimizes investment. However, it is only
suitable for coal with similar grinding characteristics or for a
small proportion of additional solid fuel. Adding plant biomass
or peat to the coal leads to worsening of the mix grinding.

The second method involves the separate feeding of two
fuels into the boiler. This method requires a large investment,
but allows varying the ratio of fuels in a wider range. A separate
feeding allows grinding each type of fuel to the optimal size,
which improves combustion efficiency.

The third method is preliminary gasification of one solid
fuel (biomass or peat) and its purification, followed by com-
bustion of generator gas in the boiler furnace. This method
requires largest investment, but is the most efficient and envi-
ronmentally friendly way of co-firing.

An example of the introduction of preliminary gasification
of biomass is the Kymijarvi CHP (Finland), where wood in-
dustry waste is gasified in a circulating fluidized bed gasifier
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with air blowing. The capacity of the gasifier reaches 70 MW.
The obtained generator gas is burned in the furnace of a pul-
verized coal boiler [3].

Given the prospects and advantages of the technology of
preliminary gasification of peat granules, a significant poten-
tial of fuel peat in Ukraine, an original scheme of co-firing was
developed in the furnace of TPP-210A boiler of gas coal and
synthetic peat gas generated at stationary gasification of Volyn
peat particles under pressure of 1.5 MPa. One of the main ele-
ments of this scheme is a gasifier. Therefore, at the first stage,
it is necessary to study the process of gasification of peat gran-
ules in a gas generator for different options, which is the basis
for optimizing the combustion of binary mixtures.

Literature review. The first part of this work [4] describes in
detail the gasification process based on the developed two-di-
mensional system of parabolic and hyperbolic equations of
aerodynamics, heat and mass transfer and chemical reaction
of a gas-dispersed medium in a fixed bed. The model allows
obtaining detailed information about geometric, aerodynam-
ic, thermal and physicochemical parameters of gasification in
a fixed bed. There is also presented a mathematical description
of the combustion process of fine dust of coal and generator
peat gas based on the program ANSYS FLUENT (model
Non-Premixed Combustion). Using the developed model, we
numerically investigated the process of thermochemical pro-
cessing of peat particles in an oxygen-enriched steam-air mix-
ture in a fixed bed at a pressure of 1.5 MPa for option 1. The
obtained results will be used in joint combustion of 36,720 kg/h
synthetic peat gas (20 % by energy of fuel) and 48,996 kg/h of
fine dust of coal supplied to the main burners 5 of the furnace
of the TPP-210A steam generator 7 (Fig. 1 [4]). A detailed de-
scription of the process of burning a binary mixture will be
presented in the third part of this paper.
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Unresolved aspects of the problem. The process of peat gas-
ification in a steam-air mixture enriched with oxygen in a fixed
bed has not been studied so far (Options 2—4).

Purpose. To investigate the influence of the velocity of peat
particles on the nature of the temperature distribution of phas-
es and concentrations of gas components, stability (stabiliza-
tion) and stationary process of thermochemical processing of
peat.

Methods. Modeling of the process of gasification of solid
fuel in a steam-air mixture in a fixed bed is described in detail
in the first part of this work [4].

Results. When the velocity of peat particles decreases from
U,y = —0.000365 (option 1 [4]) to u,, = —0.000354 m/s in the
time interval T = 600—1900 s between the grate and the zone of
maximum heat release a protective bed is formed consisting of
cooled inert ash particles with a temperature of 7,5, = 306—
463 °C, whose height increases over time from 3 to 632 mm
(curves 4 and 7in Fig. 1, a). From the data in Fig. 1 it follows
that in option 2 the working process is non-stationary (in con-
trast to option 1 [4]), which is also evidenced by the distribu-
tion of the volume fractions of gas components through the
height of the fixed bed (Figs. 2, 3, a, b). Stability (stabilization)
and stationary process of thermochemical processing of peat
can be achieved by reducing the speed of peat particles from
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Fig. 1. The temperature distribution of the particles of Volyn
peat (a) and gas (b) by the height of the fixed bed depending
on the duration time for option 2:
1—100s; 2—200s; 3— 300s;, 4— 600s; 5— 1,000s; 6 —
1,500s; 7— 1,900 s
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Fig. 2. The distribution of the volume fractions of gas compo-
nents CO, (a), CO (b) and O, (c) by the height of the fixed
bed versus time for option 2:
1—100s; 2—200s; 3—300s;, 4— 600s; 5— 1,000s; 6 —
1,500s; 7— 1,900 s

t,o=-0.000354 to u,,=-0.0003 m/s (option 3). In this case, it
is possible to achieve stability and stationary process, as seen in
Figs. 4—6 (curves 6—8) in the time interval 1500 s < t.

At the outlet of the reactor, the following composition of
the generator gas is obtained for option 3 (in terms of dry
weight): Rep=44.01; Ry, =11.01; Ryo =3.06; Reo, = 2.84;
R, =1.83; Ry, =37.24 % at t=2000 s (here R is the volume
fraction of the gas mixture component). In this case, the slag
gasket covers most of the height of the reactor — 1.0725 m, and
the reaction zone only — 33.9 mm. Therefore, at the outlet of
the reactor in the gas mixture there are small amounts:
Ry 0=2.84 and R, =1.83 %, which indicates an insufficient
height of the active zone. Mechanical unburnt fuel in the third
option g4 3 =0 (Fig. 7, ¢).

Thus, option 1 [4] is better than the third one. Consider
the working process where the mass fraction of water vapor has
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Fig. 3. Distribution of volume particles of gas components H,
(a) and H,0 (b), particle diameter (c) by the height of the
fixed bed depending on the time for option 2:
1—100s;2—200s; 3— 300s;,4— 600s;5— 1,000s; 6 —
1,500s; 7— 1,900 s

been increased from 13 (option 1 [4]) to 23 % (option 4). Sim-
ilar to the first option, the zone of maximum heat release in
option 4 is adjacent to the grate, but 7, ., = 11141126 °C >
> by mat = 922 °C (compare with Fig. 2, a [4] and 8, a; here
tymaxl> Tp.maxa — Maximum temperature for options 1 and 4).
The composition of the synthetic gas at the outlet of the reac-
tor for option 4 (in terms of dry weight): Rco = 29.55;
Ry, =14.23; R, =7.922 R, =6.79; Rey, =6.275; Ry, =
=17.73; Ry, 0,0, = 14437 Rey, =3.063 % at t=600s; and
Reo = 41.73; Ry, =22.65; Ry 0=0.571; Reo, =6.86; Ry, =
=28.2 % at t=3200s.

In the fourth option, the stationary process of gasification
of 28,939 kg/h of the raw peat in three reactors produces
33,794.5 kg/h of crude synthetic gas, which is directed to the
gas cleaning chamber 17, where the condensation of heavy hy-
drocarbon vapors C,H, in the amount of 1,753 kg/h and puri-
fication from discrete phase occur, after which the peat gas is
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Fig. 4. The temperature distribution of the particles of Volyn
peat (a) and gas (b) by the height of the fixed bed depending
on the time for option 3:
1—100s; 2—200s; 3— 300s; 4— 600s; 5— 1,000s; 6 —
1,500s; 7— 1,900s; 8§ — 2,000 s

mixed with 5,469.5 kg/h of evaporated moisture from the in-
put fuel 26 and after the discharge of excess pressure in the gas
turbine 34 enters the gas burners 8 (Fig. 1 [4]). Mass fractions
of peat gas components at the inlet to the furnace are: H,O =
=0.222; H,=0.0124; CO=0.3556; CO,=0.1396; CH,=0.059;
H,S =0.0046; N, =0.2072.

In the furnace of the TPP-210A boiler 7, the joint combus-
tion takes place of 37,511 kg/h of synthetic gas (20 % of fuel
energy) and 47,963 kg/h of fine coal powder supplied to vortex
burners 5 (Fig. 1 [4]). A detailed description of this process is
given in the third part of this paper.

In the time intervals 2,200 < t < 3,200 s (option 1 [4]) and
2,400 < t < 3,200 s (option 4), where the gasification process of
Volyn peat is stationary, the volume fractions of the combus-
tible part of the generator gas (in terms of dry weight) are: in
the first option — CO + H, = 66.01 %, in the fourth option —
64.38 %, while the content of CO and H, in option 1 is 26.5 %
higher and is 71.46 % lower , respectively, than in the fourth
option (compare Figs. 3, 4 [4] and 9, 10). Due to the fact that
the calorific value of carbon monoxide is higher than the calo-
rific value of hydrogen, the calorific value of the generator gas
in the first option is greater than in the fourth option.

In the area close to the upper limit of the fixed bed H,,, =
= 1.1064 m at stationary working processes in options 1 and 4
the jumps of peat particles temperature are observed, from 300
to 528 °C (option 4) and from 300 to 772 °C (option 1) (curves
10—12in Fig. 2, a [1]; curves 7—101in Fig. §, a). A high level of
gas temperatures in this area is achieved due to the removal of
the drying zone from the gas generator (22 in Fig. 1 [4]), re-
sulting in a sharp increase in the rate of thermal decomposi-
tion of oxygen-containing compounds [5, 6]
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Fig. 5. Distribution of volume fractions of gas components CO,
(a), CO (b) and O, (c) according to the height of the fixed
bed depending on the time for option 3:
1—100s; 2—200s; 3—300s; 4— 600s; 5— 1,000s; 6 —
1,500s; 7— 1,9005; 8 — 2,000

-70-10°

r
CH, 15,0 4053~

=4.26-10° exp{ :|CCH, WO (D)

where L, is the universal gas constant, kJ/(kmol - K); 7, is gas
temperature [7, 8], K; Ccy o is concentration of oxygen-

containing compound in tlll'ngggx})hase [9, 10], kmol/m*
Therefore, the values of the rates of release of volatile sub-

stances and their thermal decomposition are close, so that the

value Rey O > 0 (see the first and last terms of the right-
hand side of equation (17) [4]). However, the gradients of the
heating rates of peat granules in options 1 and 4 in the same
time interval differ significantly. In the first option, the heating
rate of the dispersed phase is 2.1 times higher than in the fourth
one. High-speed heating of the dispersed phase in option 1
resembles the process of high-speed bertinization [11, 12], in
which the tar is practically not released, and thus obtained py-
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Fig. 6. Distribution of volume fractions of gas components H,
(a) and H,0 (b), particle diameter (c) by the height of the
fixed bed depending on the time for option 3:
1—100s;2—200s;3— 300s; 4— 600s; 5— 1,000s; 6 —
1,500s; 7— 1,900s; 8§ — 2,000 s

rolysis gas contains CO,, H,0, H, and CO [13, 14]. From the
analysis of the results of calculation it follows that in both cas-
es the lower limit of the dry distillation zone over time in the
intervals is T < 2200 (option 1) and 1 <2400 s (option 4), where
the gasification process of Volyn peat is non-stationary, shifts
up along the axis z due to release of volatile substances from
the primary fill of peat granules This is clearly seen in Figs. 9, b,
10, a, b. At time =400 s, the height of the dry distillation zone
is Az=836 mm, and at t = 1600 s is Az =238 mm.

In the pyrolysis zone there is an increase in the curves
Ry o(v,2) (curves 1—6 in Fig. 10, b), Ry (v.2), Rey (t.2)
due to the decomposition of the oxygen-containing com-
pound CH, 9304033, and a decrease in the dependences
Rco(t, 2) and Ry (1,2) (curves /—6 in Figs. 9, b, 10, a). The
nature of the distribution curves of the gas components CO,
H, and H,O in the pyrolysis zone can be explained on as fol-
lowing. In this area, mixing of the volatile substances takes
place, and the concentrations of pyrolysis gas components
CH, and H,O there significantly exceed the concentrations of
CO and H, (first reaction (2) [4]), and that in generator gas
coming from the gasification zone, with a high content of CO,
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Fig. 7. Distribution of velocities of Volyn peat particles (a), their
density (b) and combustible substances (c) in crushed peat
through the height of the fixed bed depending on the time for
option 3:
1—100s; 2—200s; 3 —300s; 4— 600s; 5— 1,000s; 6 —
1,500s; 7— 1,900s; § — 2,000 s

N, and H,. Therefore, when these gas streams are mixing, a
decrease in the values of R-o and RHz’ and increase in the

valuesof Reys Reo,» Ry and Re y are observed. Asignifi-
cant narrowing of the height of the dry distillation zone at a
stable stationary working process contributes to a significant
reduction in the residence time of peat and gas in the pyrolysis
zone. With such a big temperature jump (option 1) and a sig-
nificant narrowing of the dry distillation zone, slow reactions
such as carbonization (decomposition of C4H,,O5 into C and
H,0) do not occur. Using the model [4], it is possible to adjust
the height of the dry distillation zone by changing ratio of two
velocities: particle velocity and chemical response caused by
changing of the proportion of air enrichment with oxygen and
water vapor. This follows from equation (9) [4] (the second
terms in the left and right parts of equation (9)). This flexible
organization of the working process allows adjusting the tem-
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Fig. 8 The temperature distribution of the particles of Volyn
peat (a) and gas (b) by the height of the fixed bed depending
on the time for option 4:
1—200s;, 2—400s; 3— 600s; 4— 1,000s; 5— 1,600s; 6 —
2,000s; 7— 2,400s; 8 — 2,800s; 9 — 3,000s; 10— 3,200 s

perature of the phases at the outlet of the gas generator, and
thus regulating the process of thermolysis. This is one of the
main practical applications of this model.

In option 4, the intense yield of volatile substances with a
constant diameter and velocity of peat particles promotes re-
duction of the density of particles from 1,176 to 556.5 kg/m>.
In the oxidation and reduction zones, where carbon conver-
sion reaches maximum values, there is a sharp decrease in the
diameter of peat granules from 9 to 7.3 mm (Fig. 10, ¢) and
their speed from —0.000365 to —0.00019 m/s due to the big val-
ues of the rates of heterogeneous chemical reactions C + O, =
=C0,,C+0.50,=C0,C+C0O,=2C0Oand C+H,0=CO +
+ H, resulting from the high temperatures of the dispersed
phase (Fig. 8, a ). The mechanical unburnt matter at the outlet
of the gas generator equals 0.6 %.

Here we present some results of calculations of the process
of thermochemical processing of 43,295 kg/h of raw Volyn
peat in three reactors with a fixed bed at a pressure of 1.5 MPa.
In this case, in each gas generator under the grate with a diam-
eter of 4.215 m, it is necessary to feed a steam-air mixture en-
riched with oxygen with the following composition:
BHZO =997.5; BOZ =2,686; BNZ =3,990 kg/h (here BHZO,

BOz’ BNZ are the steam, oxidant and nitrogen consumption).
After purification in the chamber 77 from heavy hydrocarbons
C,H, and small peat particles, the synthetic gas 6, which came
out of the gasifiers, is mixed with the evaporated moisture of the
source peat 26 and after relieving excess pressure in the gas tur-
bine 34 enters the gas burners & (Fig. 1 [4]).

In the furnace of the TPP-210A boiler 7 a joint combus-
tion takes place of 54,936 kg/h of peat gas (30 % of fuel energy)

and 42,876 kg/h of coal powder supplied to vortex burners 5
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Fig. 9. Distribution of volume fractions of gas components CO,
(a), CO (b) and O, (c) by the height of the fixed bed de-
pending on the time for option 4:
1—200s;,2—400s; 3— 600s; 4— 1,000s; 5— 1,600s; 6 —
2,000s; 7— 2,400s; 8 — 2,800s; 9 — 3,000s; 10— 3,200 s

(Fig. 1 [4]) of the combustion chamber. The mass fractions of
gas components of peat gas at the inlet to the furnace are the
same as in the first option [4]. A detailed description of the
combustion process of the binary mixture under consideration
is presented in the third part of this work.

Previously, calculation options was described when peat
gas cleaned of tar and dust particles is mixed with evaporated
moisture from the raw peat 26 and then after the turbine 34 fed
to gas burners § (Fig. 1 [4]). As was noted in the first part of the
work, the disadvantages of this approach are the reduced heat
from the combustion of peat gas due to the presence of water
vapor and possible condensation of H,O in the gas turbine,
which promotes an erosion of its blades. To eliminate these
shortcomings, it is necessary to discharge evaporated moisture
26 and spent drying agent 38 past the boiler through the pipe-
line 32 (Fig. 1 [4]). In this case, in the cleaning chamber /7the
purification of crude peat gas from tar, dust and H,O is pro-
vided. After passing the gas turbine, 43,258 kg/h (30 % of fuel
energy) of the dried purified peat gas is supplied to the gas
burners & of the TPP-210A boiler 7 (Fig. 1 [4]) for co-firing
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Fig. 10. Distribution of volume fractions of gas components H,
(a) and H,0 (b), and particle diameter (c) of Volyn peat by
the height of the fixed bed depending on the time for option 4:
1—200s; 2—400s; 3— 600s; 4— 1,000s;, 5— 1,600s; 6 —
2,0005s; 7— 2,4005; 8 — 2,8005; 9— 3,000s; 10— 3,200

with 42,886.8 kg/h of gas coal powder. The mass fractions of
the components of this gas at the inlet to the furnace are as
follows: H,=0.00934; CO=0.523; CO,=0.087; CH,=0.0785;
H,S =0.0061; N, =0.2956.

Conclusions. In the second part of the work, using the
model of solid fuels gasification described in [4], numerical
studies on the process are performed of the thermochemical
processing of peat in three reactors with a fixed bed at a pres-
sure of 1.5 MPa (options 2—4). The following results were ob-
tained:

a) in option 4, in the interval of 2,400 < t < 3,200 s the zone
of maximum heat release is adjacent to the grate, thus forming
a stable (stabilized) stationary process of the peat thermo-
chemical processing with mechanical unburnt matter of g, 4 =
=0.6 %;

b) by reducing the velocity of peat particles from —0.000365
to —0.0003 m/s (option 3) in the time interval of 1,500 s <7, it
is possible to achieve a stable and stationary gasification pro-
cess with mechanical unburnt matter g, = 0. Here the largest
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portion of the height of the reactor is occupied with a slag bed
1.0725 m in height, while the reaction zone is only 33.9 mm
thick. By this reason, at the outlet of the reactor in the gas
mixture there is a small amount of Ry,=3.06 and
R02 =1.83 % available, which indicates the insufficiency of
the height of active zone. Therefore, option 1 [4] is better than
the third one;

¢) with a mass content of H,O in the vapor-air mixture of
13 (option 1 [4]) and 23 % (option 4) in areas where the pro-
cess of thermochemical processing of solid fuel is stationary,
the combustible components of the generator gas (in terms of
dry weight) are the following: in option 1, CO + H, = 66.01 %,
in the option 4, CO + H, = 64.38 %, while the content of CO
and H, in option 1 is 26.5 % higher and is 71.46 % lower, re-
spectively, than in option 4. Since the calorific value of carbon
monoxide is higher than the calorific value of hydrogen, the
calorific value of the generator gas in the first option is greater
than in the fourth one;

d) in option 4, after gasification in stationary mode (t >
> 2,400 s) of 28,939 kg/h raw peat in three gas generators,
33,794.5 kg/h of crude synthetic gas is formed, which after pu-
rification from tar and dust is mixed with 5,469.5 kg/h of evap-
orated moisture of the raw peat 26 and after the discharge of
excess pressure in the turbine 34 feed in the amount of
37,511 kg/h to the gas burners of the furnace of TPP-210A
boiler. The mass fractions of the components of this gas at the
inlet to the furnace are: H,O = 0.222; H, = 0.0124; CO =
= 0.3556; CO, = 0.1396; CH, = 0.059; H,S = 0.0046; N, =
= 0.2072. This is the initial condition for the co-firing of
37,511 kg/h of synthetic gas (20 % of fuel energy) with
47,963 kg/h of gas coal powder, which will be described in de-
tail in the third part of this work;

¢) numerical studies are conducted of the gasification pro-
cess of 43,295 kg/h of raw Volyn peat in three reactors with a
fixed bed at a pressure of 1.5 MPa. At the outlet of the three gas
generators after purification from heavy hydrocarbons C,H,
and discrete phase, the synthetic gas is mixed with evaporated
moisture of the raw peat and enters in the amount of
54,936 kg/h (30 % of fuel energy) the gas burners of the boiler.
This is the initial condition for the co-firing mode of
54,936 kg/h of peat gas with 42,876 kg/h of coal powder sup-
plied to the vortex burners of the combustion chamber. The
mass fractions of peat gas components at the inlet to the fur-
nace are the same as in the first option [4]. The study of this
process is set out in the third part of this paper;

f) the disadvantages of the approach described in para-
graphs d) and e) are the reduced heat release from the combus-
tion of peat gas due to presence of water vapor and the possi-
bility of condensation of H,O in the gas turbine, which pro-
motes erosion of its blades. To eliminate these shortcomings, it
is proposed not to mix the evaporated moisture of the fuel and
the spent drying agent with peat gas. In addition, in the purifi-
cation chamber it is necessary to condense the pyrolysis mois-
ture of the raw generator gas and supply 43,258 kg/h (30 % of
fuel energy) of dry peat gas in series to the turbine, and then to
the gas burners of the TPP-210A boiler for co-firing with
42,886.8 kg/h of gas coal powder. The mass fractions of the
components of this gas at the inlet to the furnace are: H, =
=0.00934; CO = 0.523; CO, = 0.087; CH, = 0.0785; H,S =
=0.0061; N, =0.2956;

g) with the aid of the constructed model [4], it is possible
to adjust the height of the pyrolysis zone by changing the ratio
of two velocities: the velocity of peat particles and the rate of
chemical response by changing the proportion of air enrich-
ment with O, and H,O. This flexible organization of the work-
ing process allows adjusting the temperature of the phases at
the outlet of the gas generator, and therefore controlling the
process of thermolysis. This is one of the main practical ap-
plications of using this model.

The work was performed at the Institute of Coal Energy Tech-
nologies of the National Academy of Sciences of Ukraine under

the contract No. DZ/84-2019 dated 25.09.2019 with the Ministry
of Education and Science of Ukraine “Development of technology
Jor co-firing of peat and gas coal at thermal power plants”.
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Merta. Jlocninutu ripouec razudikailii Topdy B ra3oreHe-
paTopax i3 ¢ikcoBaHUM IIapoMm g TthckoM 1,5 MIla ta
chopMyBaTH MOYATKOBI YMOBM Ha BXO[li 10 CKUAHUX Taslb-
HUKIiB, HEOOXiIHi AJ151 criajloBaHHsI OiHApHOI CyMillli.

Metonuka. O6’exTamMu 1ocimKeHb Oyau Topd’siHi rpa-
HYyJIX BOJIMHCBHKOTO Topdy. 7151 po3paxyHKy Mpoiiecy ra3u-
dikauii Topd’ssHOro razy BUKOpPUMCTOBYBajlach MOOyIOBaHA
MOJIeJIb TEPMOXiMIYHOI TEpepoOKM TBEpAOro NajauBa, onuca-
Ha B Mepuliil yacTuHi poOOTH aBTOPIB.

Pe3ynbraTn. IlokazaHo, 1110 Ha OUISHILL, pO3TallOBaHin
OJIM3BKO 10 BEPXHBOI MeXi (DiKCOBAHOTO IlIapy, Ae IMpolec
rasudikalii Topy € cranioHapHUM, BiIOYBa€eTbCsSI CTPUOOK
TeMrepatypu Topd’ssHux yactuHok i3 300 no 772 °C, 3a siko-
TO CMOJIa TMPAKTUYHO HE BUAIISIETHCS, a OTPUMAHUN TaKUM
YMHOM Mipoiti3Huit ra3 mictuts CO,, H,0, H, Ta CO. Otpu-
MaHi KOHCTPYKTHUBHI Ta (i3MKO-XiMiYHi XapaKTepUCTUKU Ta-
30reHepaTopiB i chopMOBaHi MOYaTKOBI YMOBU Ha BXOJi 10
CKUIHUX TAJTbHUKIB KaMepHOI TOINKM MaporeHeparopa
TIIII-210A.

HayxkoBa noBusHa. [lokazaHo, 1110 TpY 3HUXKEHHI LLIBUI-
KOCTi pyXy YaCTMHOK TOp(dY MiX 30HOI0 MaKCUMaJIbHMX Te-
IUIOBUIIJIEHD i KOIOCHUKOBOIO PEIITKOI0 (DOPMYETHCS IIIIa-
KOBa TOMYINKA, SIKa CKJIANAEThCS 3 OXOJOMKEHUX 30JI0BUX
YaCTUHOK, 110 3aXMIAIOTh PEIITKY Bil meperpiBy. 3a Takoi
oprasizatlii polecy BIa€ThCsI TOCITITU CTaLliOHAPHOCTI Mpo-
1ecy ras3udikallii 3 MeXaHiYHUM HEJIOIAaJIOM, PiBHUM HYJIIO.

IIpakTyna 3naumMicTh. ITokazaHo, 110 3a IOMOMOTroOI0
MOJEi TepMOXiMiYHOI TIepepoOKM TBEpAOTro TajauBa
3’SIBJISIETbCS MOXJIUBICTh PETYJIIOBAHHSI BUCOTH 30HU CYXOi
MEePEerOHKU UUISIXOM 3MiHM IIBUAKOCTI PyXy AMCIIEPCHOI
(haszu Ta LIBUAKOCTI MPOTiKaAaHHS TETEPOreHHUX i TOMOT€HHUX
XiMIYHUMX peakliii 3a paxyHOK 3MiHM YaCTKHU 30arayeHHs Mo-
BiTps1 O, a6o H,0.

KimouoBi ciioBa: wepyxomuit wap, eyeinns, mopg, menio-
nposionicms, naponosimpsana eazugikayis, KOHOYKMUGHUL |
padiayitinuii menaooomin
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