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Compositions for producing silicon-carbide materials with a nitride binder in which the initial binders were ar-
tificial ceramic binders based on silicon and silicon carbide were studied. The influence of the firing regime
and binder composition on the main physicomechanical characteristics and microstructure of samples after

nitriding firing was studied.
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Silicon-carbide (SiC) composites are used in various
technology areas, including ferrous and nonferrous metal-
lurgy, the chemical and ceramic industries, etc. They are es-
pecially useful in nonferrous metallurgy for production of
Zn, Al, and other metals. SiC refractories are heterogeneous
composites in which separate SiC grains are cemented by
binders with compositions and physicochemical properties
that differ from those of the main phase. SiC materials based
on nitride and oxynitride binders with high oxidation resis-
tance at high temperatures are especially interesting [1 — 3].

SiC refractories are prepared from formulations consist-
ing of polydisperse SiC filler, finely disperse Si powder
(sometimes finely disperse quartz sand is added), and a tem-
porary technological binder. Prepared items are dried and
fired at 1400 — 1500°C in N, [4, 5]. The technology based on
using artificial ceramic binders (ACBs) obtained from spe-
cial highly concentrated ceramic binder suspensions
(HCBSs) is one of many possible methods for producing SiC
materials with analogous properties [6, 7]. Highly reactive
ultrafine particles that ensure the optimal interfaces between
grains form during firing are synthesized during ACB pro-
duction. An ACB based on SiC and Si that was studied in de-
tail in previous work [8 — 10] was used in present work as the
binder for SiC composites.

The first stage included studies of composites consisting
of polydisperse SiC filler and a binder based on SiC ACB.
The composites were formed via bilateral vibrational com-
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pression at 0.1 MPa. This forming method is widely used to
produce SiC items for various purposes and typically re-
quires less material and energy. The optimal filler grain com-
position was selected according to the particle packing coef-
ficient [11] for vibrational compression at 0.1 MPa. It was
found that a composition containing 20% of the fraction
<0.25 mm; 40%, 0.5 — 2.5 mm, and 40%, >2.5 mm had the
maximal packing coefficient of 0.59.

Previous research [9, 12] found that the optimal ACB
concentration was 55% if a suspension based on SiC was
used as the binder for SiC composites. Samples fired at
1300°C in an oxidizing medium were characterized with the
best physicomechanical parameters. Compositions of SiC
composites with an analogous binder content and 45%
polydisperse filler of the optimal composition were studied.
Experimental samples were formed by vibrational compres-
sion, dried at 100 — 110°C, and fired in N, at 1000 — 1400°C
with holding at the maximum temperature for 2 h. The main
physicomechanical characteristics of the fired samples were
determined (Fig. 1). The open porosity (Il,,) decreased to
26.5 - 26.8%; apparent density (pgpp), by 1.5 —2.0%, if the
nitriding firing temperature was increased to 1400°C. How-
ever, the compression strength (o,,,,) increased to its maxi-
mum value of 24 — 25 MPa. Such low physicomechanical
parameters, especially the strength even at the maximum fir-
ing temperature, were indicative of insignificant formation of
nitrides (1.5 — 2.0%) in the SiC binder. This agreed with pre-
vious investigations [10], which found that a combined ACB
based on SiC and Si was highly effective and increased the
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degree of nitriding, thereby enhancing the physicomech-
anical characteristics of the material.

Therefore, compositions of SiC materials with ACBs
based on SiC and Si in various ratios (Table 1) were further
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Fig. 1. Dependences of open porosity I1,, (a), apparent density p,y,,
(b), and compression strength 6., (¢) of silicon-carbide composites
on nitriding firing temperature.

TABLE 1. Compositions of Studied Composites

Binder content, %

Composition Filler content, %
Si ACB SiC ACB
1 — 55.00 45.0
2 13.75 41.25 45.0
3 27.50 27.50 45.0
4 41.25 13.75 45.0
5 55.00 — 45.0
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Fig. 2. Dependence of nitrogen concentration in composites after
nitriding firing on content of ACB components.
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Fig. 3. Dependences of Tl (@), pypp (b)), and Gy, (¢) of silicon-car-
bide composites on ACB component content.
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studied. Samples were formed, dried, and fired in N, at
1430°C for 10 h. The N contents in fired samples of various
compositions were determined using an energy-dispersive
spectrometer (Fig. 2). The N concentration decreased to
11.2% if the SiC ACB content in the binder was increased.
The N content was maximal (22.8%) in compositions with Si
ACB as the binder and was twice that for composites based
on the SiC ACB. This indicated that composites in which sil-
icon nitride and oxynitride were formed were highly nitrided,
which was confirmed by x-ray phase analysis.

Figure 3 shows the main physicomechanical characteris-
tics of the SiC composites based on binders with various SiC
and Si ACB concentrations. The I, increased by 10— 11%
from the minimum of 15% to a maximum of 25 — 26% if the
content of SiC ACB was increased and that of Si ACB was
correspondingly reduced (Fig. 3a). Thus, p,,, increased in-
significantly by 3 — 4% from 2.37 to 2.45 g/cm3 (Fig. 3b). It
is noteworthy that o, decreased by more than three times
from a maximum of 155 MPa to a minimum of 45 MPa as
the fraction of SiC ACB in the binder increased (Fig. 3c¢).
Such unusual changes of the main physicomechanical char-
acteristics, i.e., increased porosity with increased sample
density, indicated that the degree of nitriding decreased and a
more porous structure formed.

The microstructures of the composites were studied us-
ing a TESCAN MIRA3 LMU scanning electron microscope
(Fig. 4). Photomicrographs of materials fired in N, showed
that the structure of the material in the intergrain space was
characterized by a finely disperse structure with widely de-
veloped microfibers of nitrides if the SiC ACB concentration
was increased to 13.75% (Fig. 4, compositions / and 2). The
diameters of the nitride microfibers situated in the pore space
between large filler particles increased insignificantly if the
SiC ACB content was increased to 41.25% with a corre-

Composition 3

Fig. 4. Microstructure of silicon-carbide com-
posites with variable ACB composition (see Ta-
ble 1).

sponding decrease of the Si ACB concentration to 13.75%
(compositions 3 and 4 ). The number of fibers per unit vol-
ume decreased so that I, of the composite increased while
Gom decreased (Figs. 3a and 3¢). The material structure en-
larged considerably if only SiC ACB was used as the binder
(Fig. 4, composition 5). Thus, the number of fibers dimin-
ished greatly while their diameters increased significantly.
This helped to loosen the material structure and decrease
slightly o, of the composite. Reinforcement of the struc-
ture increased substantially if nitride microfibers formed in
the structure, increasing significantly o, of the composite
and decreasing its I,

Thus, the studies found that Si ACB and Si ACB in com-
bination with a slight (up to 15%) content of SiC ACB were
the most effective binders for producing SiC composites
based on a nitride binder. These binders were shown to pro-
duce SiC composites with an ultrafine disperse nitride struc-
ture characterized by I, 15 - 22% and 6o, 130 — 155 MPa.
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