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The reduction of amorphous silica by carbon black was studied in argon atmosphere by
use of MOM Derivatograph C. The apparent kinetic parameters of the process were deter-
mined. The possible mechanism of reaction was proposed.

The increasing consumption of SiC sintered products brings about the
development of SiC technologies. For this purpose the extended studies of
the silica reduction by carbon are carried out. This latter process leads to
the production of SiC micropowders of the specific surface higher than
10 mz/g, without energy consuming grinding operation. As it is commonly
known the grain size (and consequently the specific surface) of SiC thus ob-
tained is the function of time and temperature of reaction. The nature of
reactants, their specific surface and homogenity are of particular impor-
tance [1-6]. The initial reduction is observed at the temperature range 1170-
1430°, depending on the factors mentioned above. There is commonly
accepted view that above the temperature 1400° the rate of reduction is con-
trolled by the concentration of gaseous SiO, which is formed as a result of
Si02 dissociation:

Si02 - Si0g +12 Oz (1)

or as a result of reduction:
SiO2 + C —» Si0g + CO 2
The process is also strongly influenced by the carbon oxide pressure. The

carbon oxide is formed in the reaction (2) or in the following other reac-
tions:
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1202 + C > CO ®3)
8i0g + C = Sig + CO 4)

SiC should be formed in the process:
Sig + C = SiC 5)

The reaction (5) should occur in the particles of carbon component and
the SiC particles should therefore preserve their dimensions. This assump-
tion was confirmed by Klinger et al. [2] for the reaction between graphite
and quartz above 1445°. The process is highly endothermic and accelerated
at 1500°. The character of the reaction rate above 1400° is also confirmed by
thermodynamic calculations [1, 3]. On the other side, there is no information
about the yield of reactions at lower temperatures and the specific surface
of the powder product.

The reduction of amorphous silica by carbon black was studied in argon
atmosphere. The temperature range, thermal effects and apparent kinetic
parameters for SiC micropowders production on larger scale were deter-
mined.

Materials and measurements

The ethyl silicate containing 42% SiO2 (produced by ZA Tarnéw) was
used as a siliceous component. The carbon black (produced by Carbochem,
Gliwice) was also used in the mixture preparation at C/SiO; ratio 3, cor-
responding to the stoichiometry of reaction;

SiOz + 3C = SiC + 2 CO (6)

The mixture was homogenized in ethanol by means of ultrasonic disin-
tegrator and propeller mixer and subsequently hydrolized in the presence of
10% hydrochloric acid. The suspension was dried at 120-150° for 70-100 to
produce the dehydration, shrinkage and crushing of gel-like siliceous com-
ponent in the mix. The 50-60 mg samples were subjected to the DTA meas-
urements by means of MOM Derivatograph C. The apparent kinetic
parameters were determined using the program basing on the Kissinger
method. The samples were heated in argon atmosphere at the rates
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10 deg/min in the range 20-1000° and at 5 deg/min in the range 1000-1500°.
At 1500° the samples were heated for 60 min (isothermal heating).

Results

The typical experimental curves are plotted in Fig 1/a. At 20-300° the
weight loss corresponding to the SiO2-gel dehydration is observed and at
1140-1550° the other weight loss due to the CO evolution, according to the
Eq. (6). The CO content results from stoichiometry of reaction (6) and the
deviation is £0.5%. The process is completed at 1550°. From the DTG data
the following apparent kinetic parameters of the process were calculated:
the reaction (process order 1.4, activation energy 376 kJ/mol and the factor
in the Arrhenius equation A =10.7.
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Fig. 1a T, TG, DTG, DTA curves and DTA base line for the reduction of silica by carbon black

The calculated activation energy value is lower from that for the reaction
guartz-graphite [1]. This difference of 110 kJ/mol can be explained by a 300°
higher temperature range of the process. The great discrepancy relates to
the reaction order, which for the quartz-graphite reaction is 1/3 [1]. This lat-
ter process is controlled by the reaction (4) occurring on the surfaces of
graphite particles [1] while the value 1.4 corresponds to the more complex
process including several reactions (1-5), controlled by the surfaces of two
reactants and the concentrations in the gaseous phase containing CO and
probably SiO. The occurrence of exothermic peak at 1195-1460° (Fig. 1a),
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Fig. 1b DTA curve modified by subtraction of base line for the reduction of silica by carbon
black (scale changed)

which is not consistent with the commonly accepted endothermic character
of the process is difficult to explain. To eliminate the apparatus factor the
basic zero curve was subtracted. The cffect is shown in Fig. 1b. Only the
reaction (3) and (5) are exothermic but the calculation for the reaction (1),
(4) indicate that the process (6) is endothermic. This disaccordance may be
explained by utilization of the amorphous components but the further inves-
tigations are necessary. The reduction of silica by carbon must be studied by
mass spectrometry to evaluate the gaseous products. The mechanism of the
process would be thus elucidated. This problem is important because the
SiC powders produced on a laboratory scale show highly developed surface
from a few to tens m2/g [6].
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Zusammenfassung — Unter Verwendung eines MOM Derivatograph C wurde in
Argonatmosphire die Reduktion von Siliziumdioxid mit RuB untersucht. Es wurden die
scheinbaren kinetischen GroBen des Prozesses bestimmt und ein moglicher Reak-
tionsmechanismus vorgeschlagen.
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