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Abstract

Objectives. To calculate the effect of leakage of volatile synthesis products on silicon carbide yield in an electrothermal fluidized bed
reactor, as well as to develop a general model of the synthesis of finely divided silicon carbide. This will be achieved by particularizing
a mathematical model of leakage of volatile products of chemical reactions from the reaction volume of the reactor with the fluidizing
inert gas.

Methods. As a method to produce silicon carbide, synthesis in an electrothermal fluidized bed was studied. The model of leakage
of volatile products was validated by comparing the calculation results with existing experimental data on the SiC synthesis in a high-
temperature fluidized bed reactor. The comparison parameters were: mass yield of silicon carbide, and the total synthesis time in a reactor
with batch loading of silicon dioxide into the reaction volume.

Results. The value of the parameter p in the general model of SiC synthesis in a fluidized bed was established. The parameter p is equal
to the ratio of the number of carbon-containing particles involved in the formation of SiO, to the total number of silicon dioxide particles.
It also characterizes the composition of stable complexes of particles of the charge at various operating temperatures of the fluidized
bed. The discrepancy between the calculated and experimental values of the masses of the synthesized silicon carbide was shown not
to exceed 15.5% at a high temperature of the fluidized bed (7"= 1800°C) and decreases with a decrease in the operating temperature
to 4.7% at T'=1450°C.

Conclusions. The general computational model for silicon carbide synthesis with a built-in procedure for calculating the leakage
of volatile products of chemical reactions enables the variants of SiC production in electrothermal fluidized bed reactors to be analyzed.
In this case, it is important to establish an energy-efficient working cycle without preliminary expensive experimental studies.
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AHHOTaUuS

eau. Paccuntars BAUSHUE YTEUKH JIETyIHX MPOAYKTOB PEAKIHI KapOOTEPMHUIECKOTO CHHTEe3a KapOnaa KPEMHHSI HA MaCCOBBII BBIXOJ
KOHEYHOTO MPOIYKTa U Pa3BUTh OOIIYI0 MOJIENb CHHTE3a MENKOAUCIEPCHOTO KapOuaa KPEMHHUS B YaCTH KOHKPETH3allui MaTeMaTHde-
CKOM MOZIENN YTEUKH JIE€TYIHX IPOLYKTOB XUMUYECKIX PEaKIUH U3 PeaKIIMOHHOTO 00beMa YCTAHOBKH C OXKIKAIOIM HHEPTHBIM I'a30M.

MeToasl. B kadectse criocoba noydenus SiC pacCMOTPEH MPOIECC €ro MPOU3BOACTBA B IEKTPOTEPMHIESCKOM KHILIIIEM ciioe. Bepu-
(buKanMsT MOZIETH YTEUKHU JISTYYHX MPOAYKTOB MPOBEACHA MYTEM CPABHEHHs PE3YJIBTATOB pacuyeTa ¢ MMEIOIIMMHUCS IKCIICPUMEHTANIb-
HBIMH JaHHBIMH 10 CHHTe3y SiC B peakTope BBICOKOTEMIIEPATYPHOTO KHILIIIEro ciost. [lapamMerpamu cpaBHEHHS SBISUTHCH MAaCCOBBIH
BBIXOZ KapOHaa KPEMHHS i CyMMapHOe BPEMsi CHHTE3a IIPH MMOCIIEA0BATENbHBIX BBOJAX MOPLHI AHOKCHIA KPEMHHUS B PEaKIIOHHBINH
00beM peakTopa.

Pe3ynbrarbl. KOHKpeTH3MpoBaHO 3HaUCHHE MapameTpa p obuieil Moaenu cuHte3a SiC B KUIAIIEM ClI0e — MapaMeTp p PaBeH OTHOLIe-
HUIO YHCIIa YIIIEPOJOCOCPIKAIINX JAaCTHUII, YUaCTBYIOLIIMX B 00pa3oBanuu SiO, K 00IIeMy YHCITy YaCTHII JHOKCHIa KPEMHUS ¥ XapaKTe-
pH3YyeT COCTaB YCTOMYMBBIX KOMIUIEKCOB YACTHII IIMXTHI [IPU Pa3HBIX pabOUNX TeMIIepaTypax ICeBI00KIKEHHOTO ciosl. [lokazaHo, 4To
OTKJIOHEHHE PACYETHBIX U SKCIICPHMEHTAIIBHBIX 3HAYEHHI Macc KapOuaa KpEeMHHs, OJIy4aeMOoro B Pe3yJIbTare CHHTE3a, HE TPEBBIIIaeT
15.5% npu BbIcOKO# Temmeparype kumsiniero ciost (7 = 1800°C) u ymeHbInaeTcst IpH CHWKEHUH padodeil Temneparypsl: 4.7% npu
T = 1450°C.

BriBoabl. O0mas pacueTHast MOJEIb CHHTE3a KapOHUaa KPEeMHHUS C BCTPOSHHOM MPOLEYPOl pacyeTa YTeUKH JIETYYHX IPOIYKTOB XH-
MHYECKHX PEaKIMii MO3BOJISET IPOBOJUTH aHAIN3 BAPHAHTOB Npon3BojcTBa SiC B peakTropax dIEKTPOTEPMUIECKOrO KHUITSIIETO CIIOS.
Ba)kHBIM IIPH 9TOM SIBIISIETCS] OpraHU3aLHs SHEProd(heKTHBHOTO paboyuero Iukia 6e3 npeBapuTeIbHBIX JOPOrOCTOSIIHX SKCIIEPUMEH-
TaJIbHBIX UCCIICOBAHUM.

Knioueeble cnoea MocTtynuna: 12.01.2023
CHHTE3, KapOu1 KpeMHUS, KHILIIUN CIIOH, IUXTa, JIETyIHe MIPOLYKTHI PEeaKInii, Jopa6oTaHa: 13.11.2023
Mozientb, yTeuka SiO MpuHaTa B nevats: 07.03.2024
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INTRODUCTION

Analysis of complex high-temperature processes
in heterogeneous systems with chemically reacting
components is efficient, if it combines experimental and
analytical research methods [ 1-6]. Mitrofanov et al. [7, 8]
carried out an experimental and theoretical study of the
formation of a fluidized bed of dispersed material, in
order to determine patterns and relationships between
hydrodynamic processes and the electrical conductivity
of the bed. A mathematical model was constructed to
predict the structure of the region of fluidized particles in
the presence of internal local heat sources. However, in
those works [7, 8], the area under study was not reactive;
i.e., neither conversion of components was considered,
nor the yield of any product.

Borodulya et al. [9-11] studied the patterns of
formation of silicon carbide in an electrothermal fluidized
bed (ETFB) [12] and performed experiments to find
process parameters that ensure the necessary properties
of the resulting product; however, no theoretical analysis
of physicochemical processes in the synthesis of SiC in
the ETFB reactor was made in those works.

In our previous works [13—-15], we developed
a model of the synthesis of finely divided silicon carbide
in a high-temperature fluidized bed of components of
chemical reactions. This reaction volume consists of
randomly moving solid particles, a fluidizing gas, and
volatile products of chemical reactions. Together with the
fluidizing neutral gas, volatile reaction products are also
removed from the reaction volume, which undoubtedly
affects the efficiency of the reactor.

In this work, we proposed a model of the process of
leakage of SiO, the most important component of the
SiC synthesis reaction, which significantly affects the
yield of silicon carbide.

Basic provisions of the synthesis model

An ETFB reactor with electrical energy supply was
considered, where the reaction volume was designed
as a fluidized bed. The solid components of the reaction
volume (charge) after loading into the reactor were particles
of carbon-containing material (coal or coke, Rexyl) and

particles of silicon dioxide (river or quartz sand) [16].

The maximum operating temperature in the fluidized
bed was 1800°C. The pressure in the working volume
remained close to atmospheric pressure. The SiC
synthesis process comprised several stages:

e loading of carbon-containing particles, and their
fluidization and heating of the entire reaction volume
to the operating temperature;

e batch loading of SiO, particles until the full
consumption of their entire amount provided for the
SiC synthesis.

In the model, the following approximations and
assumptions were made:

e in the reaction volume, the gas pressure and
temperature do not change during the synthesis of
silicon carbide;

e the mixture of gases in the reaction volume is
a mixture of ideal gases;

e the only volatile synthesis products are CO and
Si0; the gas mixture consists of CO, SiO, and the
fluidizing gas (N,);

e the mass flow rate of the fluidizing gas does not
change during the synthesis process;

e the synthesis process is represented in a quasi-
stationary approximation.

Mathematical model of SiO leakage

As previously [13-15], we used a phenomenological
approach and took into account only two main chemical
reactions of the synthesis of silicon carbide:

for particles c,,

C +Si0, = Si0 + CO; (1)
and for particles c,,
2C + Si0 = SiC + CO. 2)

Herein, ¢, are carbide-forming carbon-containing
particles and ¢, are carbon-containing particles reacting
with SiO, in the gaseous phase.

Since the temperature of melting and intense
evaporation of SiO, is lower than the temperature of the
beginning of carbide formation, ¢, particles are cooled
and do not participate in reaction (2).

The amounts of the gaseous product SiO in the same
reaction volume in reactions (1) and (2) are different
because of the leakage of SiO. Let us define the mass
leakage of SiO as:

dmlS
1
i ViemMsioCsio- 3)

Herein, m is mass; 1 is time; V' is volume flow rate;
M is molar mass; C is concentration. The subscript SiO
refers to silicon oxide; the superscript leak, to leakage;
and the subscript rem, to the removal of a mixture of
gases from the reaction volume. Then, it follows from
reactions (1) and (2) that:
|

_mcz = _Emcl + Vrem

M Cgin» 4

where the subscripts ¢, ¢;, and ¢, refer to carbon and
carbon-containing particles ¢, and c,, respectively;
' _dmc1 . . _dmc2
m, =———; and m, = .
1 dt 2 dt
Let us take into account that, for the mixture of ideal
gases:

P
N, +Cco *Csio =77 Q)
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Herein, P is the pressure of the gas mixture; 7 is the

temperature of the mixture; R is the universal gas
constant; the subscripts N, and CO refer to the fluidizing
gas and carbon monoxide, respectively.

Transforming the molar balance equation at the outlet

of the reaction volume V., , where the gas mixture
leaves it, and taking into account Eq. (5) for the
relationship between the concentrations of volatile
products in this volume, we obtain the following equation
for the relationship between the concentration Cg;

and V_:

rem”
1 1 . 1.
MiVinpin _M(mcz + Emcl j
v, o=—2 ‘ ©)
e @ =Csio ,

wherein the subscript in refers to the fluidizing gas at
the inlet of the reaction volume, p is the density, and
_ P
RT

Equation (4) describes the effect of SiO leakage
on the changes in the masses of particles ¢, and ¢, in
the reaction volume and, therefore, also shows the
relationship between the SiO leakage and the yield of
silicon carbide. The integration of Eq. (4) gives the
following value of the period At of reactor operation
with a single SiO, load:

4

s 1M s (1)

. . 1.
wherein mg;q = j{min i, —Emcl }Gdt;
At

0= CSiO : AI"_3 — (’,?ct )3 _ (,,f:r )3 :
(4 -Cs0)” 2 \@ 2

Ar3 =(r"‘°t)3 —(rcr)3; i: =£V- [

q q q in MN2 inMin
r is the current radius of the particle, the superscript
act (actual) refers to the parameters at the moment of
loading a batch of SiO,, the superscript cr (critical) refers
to the time of loading the next batch or the end of the SiC
production process, @, =4npn ey and 7 is the number
of particles in the reaction volume.

The main difficulty in resolving the problem of the
effect of SiO leakage on the yield of silicon carbide is to
integrate the right-hand side of Eq. (7) for mg;,. Let us use
a model proposal, in order to describe the change in the
radii of particles ¢, and c, [14, 15] in the representation of

1
Science and Technology (NTNU). Trondheim. 2015. 90 p.

the components 7 ey and m oy of integrand (7). As a result,

we have a function which when integrated gives the product
of the beta function and the hypergeometric series [17, 18].
After transformations, we obtain the following:

1 n
AC3 —~—1Arc3 +a;ln -+
2 2 nc2 1 —
2 2
+ay (rcczr) S+ 2, S+ (b, ) S+ ®)

._cmx R *
Herein, B~ =—"—; a; =, 5 <—; ay=3lAr, B;
Q m” L 2
C (8]
3 ﬁcl *
_ 2%l . _ act _ .cr. _ jact _ .cr.
ayy = 5 ArCIB ; Arcl = rcl rcl ; Arcz = rcz rcz ;

ﬁc2
and Sj (j = 1, ..., 6) are the hypergeometric series with
the general form

) )

wherein k; = [, k, = 21, ky = 31, k, = 1, kg = 2, kg = 3,
L
/= Li The subscript 0 in the definition of a; means the
“

time at which the synthesis begins after the reaction
volume has been heated to the operating temperature of
the process. R is the initial average radius of particles

. + G50
loaded into the reactor,L, =y. ———, and
1 L Ar

max (&}

— vl —02 The funct ¢ and Y describ

e, =V, A - The functions W, and W, describe
2

the rates of chemical reactions (2) and (1),

respectively [19, 20]'. The maximum concentration

Cgi’gxz of SiO, vapor is calculated according to the data

from [14]. The definition of the concentration CJi&* of

the volatile product of the SiC synthesis immediately
after loading the next batch of silicon dioxide into the
reaction volume should be refined in accordance with the
mathematical model of SiO leakage.

Determination of the maximum SiO
concentration in the reaction volume

Let ng;q and n1cq be the mass flow rates (generations)
of SiO and CO, respectively, in ¥, at the time of

Feng N. Kinetics of the reaction between quartz and silicon carbide in different gas atmospheres: Master Thesis. Norwegian University of
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loading a batch of SiO, (t = 0). Then it follows from
reactions (1) and (2) that

-1

I 1M,
S0 14— : (10)
CO 2m,,

=0

Equation (5) at T = 0 taking into account relation (10)
takes the form

+ Cax I (11)
211=0 ! 2 mcz

ap =Cy
=0

The established concentration CN2 of the

=0
fluidizing gas after loading a batch of SiO, particles into

the reaction volume is found through the concentration

Sl from the relationship of the generations of the

volatile products:

CN2 | :_me M, ' (12)
élil(%x =0 mcz MN2

The mass flow rates rhcl and mCZ are calculated

using the general model of the synthesis of silicon
carbide [14, 15]. As aresult, from Egs. (10)—(12) and the
expressions for rhcl and n'acz, we obtain the following
equation and solution, which are quadratic in the intended

max
parameter Cg;qy -

1

_p 4g 2
éril'g)x_E [14—[3—2] -1], (13)
2by +b b
where p=—2—2; é:al—z; bj=My_ o, ;
by 279

by

1
_ max . _ 34 .
b2 _MNzccz CSiOZ’ b3 - 3 VinpinRCpc’
0 t 2 0 t 2
— ac . — ac . .
=my (rcl ) clkcl, G, =M, (rcz ) oc62k62, a is

the fraction of the surface of a particle that participates
in the chemical reaction; and kc1 and kc2 are the rate

q

constants for reactions (2) and (1), respectively.

General scheme of calculations

As in our previous works [14, 15], the general model
of silicon carbide synthesis was used to calculate all
the main process parameters, in order to determine the
change in the characteristics of the charge over time.
These are: the size of solid particles, the concentration of
volatile components in the reaction volume and the yield

of the final synthesis product. However, unlike those
works, each variant calculation of the masses mg; of the
synthesized silicon carbide was carried out for two cases:
with SiO leakage in the working process; and without
such leakage. The effect of SiO leakage was determined
by comparing the values of the following dimensionless
parameter:

mnax _ P
SiC SiC
V=2 (14)
Msic

where the superscript * refers to the absence of
SiO leakage in the synthesis process. The superscripts
max and p indicate the mass yield of the synthesis product
with minimum leakage and various values of the

parameter p, respectively. In this case, the maximum

yield of silicon carbide, mg}¥*, is always observed at the

minimum p value. This depends on the physical
properties of carbon-containing particles and
Si0, particles. For example, for Rexyl and river sand,
pmin ~ 02

The variable parameters in the calculations were

the mass mgh and composition of the initial charge;
the operating temperature of the synthesis; the
number 6 of loaded batches of SiO,; and the relative
number of particles ¢, entering into reaction (1),
pe—2
sio,

within the framework of phenomenological approaches
when modeling processes with a multiple number of
particles, this parameter was determined by comparing
the integral characteristics found in the
experiments  [11] and  calculations.  These
characteristics were the mass yield of silicon carbide
and the synthesis time under the same initial data of
the experiments and calculations.

. Since the parameter p cannot be determined

RESULTS AND DISCUSSION
General initial data

All calculations were carried out at three values
of 6 (6 = 2, 5, and 10). The weights of batches of
SiO, particles loaded into the reaction volume were
assumed to be equal. The carbon-containing particles
were Rexyl (p- = 500 kg/m3). Silicon dioxide as
a component of the initial charge was coarse river sand.
The processes at different operating temperatures 7' in
the reaction volume (1450, 1600, and 1800°C were
considered separately). The particles of the charge
component in the initial state in all calculations had the
same average size: Ro= 10.75 - 10° m and
Rsip, = 6.5 - 107> m. The mass flow rate of the
fluidizing gas was calculated according to Wallis’
monograph [21].
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Calculation at variable values
of the parameter p

Table 1 shows the results of calculations of the yield of
silicon carbide in the synthesis processes in the case of
SiO leakage, and in the hypothetical situation when there
is no such leakage and the product yield is maximum.
The initial masses of solid components of the charge are
mg = 0.32 kg and mgioz = 0.3 kg. The operating
temperature of the process was 7 = 1600°C.

Similar calculations were made at other operating
temperatures of silicon carbide synthesis: 7' = 1450°C
and 7 = 1800°C. The results are presented in Fig. 1.
Table 1 and Fig. 1 show that, at the considered operating
temperatures of SiC synthesis, an increase in the
parameter p is accompanied by a decrease in the yield of
the final product.

The explanation for this effect is quite simple. An
increase in the parameter p means the formation of stable
complexes of particles ¢, + SiO, at a lower temperature

Table 1. The main characteristics of the SiC synthesis process and the particle sizes of the residual charge

' Mass . yield 5 . Mass . yield 5 yield s
Mg, kg yield, % Time, s rCl 10°, m ) P mg;c> kg il % Time, s rc1 10°, m rC2 10°, m
With SiC leakage - - Without SiC leakage
0.108 35.724 | 10589 6.685 10 | 0.6 0.195 57.716 | 32127 5.708 9.413
0.114 37.381 9146 7.626 10 | 0.5 0.195 57.770 | 19876 7.216 9.095
0.119 38.713 8025 8.264 10 | 04 0.195 57.796 | 14733 7.980 8.572
0.124 39.958 7531 8.734 10 | 0.3 0.195 57.812 | 11962 8.460 7.523
0.132 42.222 7202 8.952 10 | 0.2 0.195 57.822 | 10574 8.795 2.595
0.124 40.152 9836 6.724 5 0.6 0.195 57.563 | 31079 5.779 9.413
0.130 41.602 8694 7.975 5 0.5 0.195 57.639 | 16792 7.244 9.095
0.136 43.109 7538 8.308 5 0.4 0.195 57.688 | 11746 7.995 8.572
0.142 44.703 6377 8.865 5 0.3 0.195 57.719 9446 8.470 7.523
0.147 46.005 5741 9.009 5 0.2 0.195 57.739 8187 8.802 2.595
0.141 44.637 7870 7.121 2 0.6 0.195 57.490 | 30146 5.883 9.413
0.142 44.816 6881 8.002 2 0.5 0.195 57.439 | 12467 7.297 9.095
0.144 45.295 5523 8.586 2 0.4 0.195 57.492 8461 8.026 8.572
0.148 46.315 4865 8.929 2 0.3 0.195 57.535 6745 8.491 7.523
0.163 50.036 4606 9.185 2 0.2 0.195 57.566 5618 8.817 2.595

Ma:
Note: The yield (%) is calculated as [ﬂ] -100%; the subscript yield refers to the time at which the synthesis is completed.
My

0.14
0.12
0.10
0.08
0.06
0.04
0.02

0.2 0.3 04 0.5 0.6 p
(a)

0.14

0.12 BN
0.10 /1 /

0.08
0.06 3
0.04
0.02
0.2 0.3 0.4 0.5 0.6 p
(b)

Fig. 1. Effect of SiO leakage on silicon carbide yield at operating temperatures of (a) 1450 and (b) 1800°C. Function Y = Y(p):

(1)8=2;(2)8=5;(3)8=10
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with an increasing number of particles c,. In the case of
a constant initial number of carbon-containing particles,
the number of carbide-forming particles ¢, decreases,
and the thickness of the silicon carbide layer formed
on the core of ¢, increases with the inevitable increase
in diffusion resistance and decrease in the rate of main
reaction (2). The synthesis process becomes longer with
an increased loss of SiO, an important volatile component
of chemical reaction (2).

Figure 2 illustrates the relationship between the
SiO leakage and the time of the synthesis process as
the dependence of Y on the relative time X of additional
SiO leakage. This corresponds to the increase in the
parameter p from its minimum value:

max
x=2T (15)
T
In definition (15), ¥, ™2 and 1" are the times at

which the yields of the final product are mé’ic, mgs,

and m;ic’ respectively. The dependencies shown in
Fig. 2 also characterize the effect of both the number 6 of
loadings of equal-mass batches of SiO, into the reaction
volume, as well as the operating temperature of the
working process on the loss of the component of chemical
reactions in the synthesis of silicon carbide.

Validation of calculation results

The variables X (Eq. (15)) and Y (Eq. (14)), which
are the argument and the calculation function in
Fig. 2 respectively, are convenient for analyzing the
effect of SiO leakage on the loss of the final product in
the synthesis of SiC. This effect largely depends on the
synthesis time. This in turn, is determined by the ratio
of reacting particles p in the resulting stable complexes
¢, + Si0, and the number & of loadings of batches of
SiO, particles during the entire process.

Albeit not in the calculated (virtual) but in the real
silicon carbide production process, the parameter p
takes a very specific value, related to the model
representation of the physicochemical process.
However, this value cannot be detected directly in
the reaction volume in the experiment due to the
lack of workable techniques for the corresponding
measurements. In turn, at a given composition of
the charge, with known constants for chemical
reactions (1) and (2), a specific operating temperature
of the synthesis, and a specified number of loadings
of batches of silicon dioxide into the reaction volume,
the parameter p and the time of synthesis of the final
product are uniquely related. This can be seen from
a comparison of Figs. 1 and 2.

As show by experiments [9—11], in an electrothermal
fluidized bed reactor during the high-temperature
synthesis of silicon carbide, the changes in the following

parameters of the reaction medium, in particular, were
measured: operating temperature of the fluidized bed,
fluidizing gas flow rate, and CO concentration (at the
reactor outlet). At the end of each experiment, the
mass of the residual charge was measured. Then, after
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Fig. 2. Effect of synthesis time on silicon carbide yield
at operating temperatures of

(a) 1450,

(b) 1600, and

(c) 1800°C.

Y, =7,(p):

(1)5=2,

(2)8=5,

3d=10
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annealing, the mass of the resulting final product was
measured. A thorough morphological analysis was also
carried out. The data [11] was taken as the basis for
validating the calculation results in this study with the
simultaneous determination of the model value of the
parameter p.

Xp)
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Fig. 3. Relative loss of end product (SiC)
because of SiO leakage:

(a) T=1450°C, m) =0.570 kg, mgp = 0.290 ke;

c
(b) T=1600°C, m® =0.500 kg, mgioz = 0.230 kg;

c
(c) T=1800°C, m =0.400 kg, m$p = 0340 ke;

c

(——) range of experimental value of synthesis time;
(+) calculated synthesis time, 6 = 10. Function

Y, =Y,(p):(1)5=2;(2)5=35;(3) 6= 10; (4) function
X, =X,(p) at 5 = 10; (5) experimental data [11]

Figure 3 compares the experimental and calculated
values of SiC yield and synthesis time at the experimental
initial parameters. The calculated graphs in Fig. 3 are

plotted in relative coordinates ¥, = ¥, (p) and X; = X,(p),
where
%
T —t”
X =—
T

(16)

y, = sic ~"sic
1 %
Msic
The horizontal lines represent experimental data and

are constructed by the elementary change of ¥ and mgc

by the experimental (superscript exp) values 1°*P u mgfg

in definition (16).

Estimates of synthesis time in experiments were
made according to the following two criteria:

e according to the time during which the operating
temperature in the reaction volume exceeded the
value assigned in a specific experiment;

e according to the time during which CO as a volatile
product of reactions (1) and (2) was detected at the
outlet of the reaction volume.

Since the estimates do not coincide, in the graphs

X, = X,(p) in Fig. 3, both upper (T%p) and lower

(rfé‘vlf,) estimates of the synthesis time are indicated for
each experiment. The experimental data was compared
with the calculation results at § = 10. This is due to the
number of pulse changes in the operating temperature
and CO concentration in the experimental curves [9—-11].

Table 2 analyzes the agreement between the results of
experiments and calculations.

The right hand column of Table 2 shows the
parameter p values averaged over the synthesis time,
which were taken to compare the results of experiments
and calculations. We assessed the efficiency of our model
taking into account the leakage of SiO in the calculations
of SiC synthesis at p = 0.2 at T'= 1450°C, p = 0.4 at
T=1600°C, and p =0.3 at = 1800°C in terms of the
discrepancy between the calculated and experimental
values of the masses of the synthesized silicon carbide,

m?.
1—%2 :100%, to obtain 4.7% (T = 1450°C),
Msic
5.4% (T =1600°C), and 15.5% (T = 1800°C). Note that
the SiC loss calculated by the leakage model is somewhat
higher than that observed in experiments. This is

quantitatively demonstrated by the discrepancy
P
mek.
1-—=3€ 1.100%
Msic
3.9% (T =1600°C), and 11.5% (7= 1800°C).

which is 3.6% (7 = 1450°C),
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Table 2. Calculated and experimental parameters of SiC synthesis

rec | make | mSPke | mleke | mSloke | wRo0ts | wpaots | ot | P
1450 0.589 0.565" 0.142 0.149" 1.00 1.20 1.13 0.2
1600 0.523 0.509" 0.105 0.111" 1.23 1.38 1.20 0.4
1800 0.382 0.418" 0.141 0.167" 1.25 1.40 1.31 0.3

*Impurities in the charge are ignored [22].

CONCLUSIONS

The process of SiC formation at variable parameters of
chemically reacting media in a high-temperature fluidized
bed is very complex. The yield of the final product is not
determined by the volumetric balance of the interacting
components of the closed system and significantly
depends on the loss of any reacting component from the
reaction volume. This work demonstrated the adequacy
of the first model, as well as the calculation algorithm
for the leakage of a volatile product of silicon carbide
synthesis.

The leakage of SiO, an intermediate volatile product
of the synthesis of silicon carbide, from the reaction
volume of the ETFB reactor ultimately leads to the loss
of the final product, SiC. However, a decrease in the
amount of SiO as a reagent is accompanied by a decrease
in the synthesis time of silicon carbide, i.e., a decrease in
energy costs for the production of a unit of product.

A computational model of the synthesis of silicon
carbide with a validated procedure for calculating the
leakage of volatile products of chemical reactions,

presented in this work in the form of the SiO leakage
model, will allow for computational studies aimed
at optimizing the SiC production process in ETFB
reactors. In turn, this will determine the validity of
recommendations on the composition of the initial
charge, the number of loadings of SiO, batch into the
reaction volume, and the operating temperature of
the production process. In this case, it is of the utmost
importance to design an energy-efficient operating cycle
without preliminary expensive experimental studies.
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