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Effects of additives on phase development and physico-mechanical properties of mullite-carbon was investigated. Powdered
clay, kaolinite and graphite of predetermined compositions were blended with additives using ball mill for 3 hrs at 60 rev/min.
Samples were produced by uniaxial compression and sintered between 1400 oC and 1600 oC for one hr. They were
characterized for various properties, developed phases and microstructural features. It was observed that the properties and
phase developments in the samples were influenced by the additives. 10 wt % SiC served as nucleating point for SiC around
1400 oC. 10 wt % TiO2 lead to development of 2.5 wt % TiC at 1500 oC which increased to 6.8 wt % at 1600 oC. Ifon clay in
the sample leads to development of anorthite and microcline in the samples. 10 wt % TiO2 is effective as anti-oxidant for
graphite up to 1500 oC. Base on strength and absorbed energy, sample C (with 10 wt % TiO2) sintered at 1500 oC is considered
to be optimum.
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Introduction

Refractory ceramic materials are vital for the nascent
industrial and technological developments [1, 2].
Foundry work through which metals and alloys are cast
into the required shapes would have been impossible
without these important materials. Various activity of
heat conservation to attain high temperature will not
have been possible without ceramic. 

However, as important as these materials are, the
monolithic ceramics are prone to catastrophic failure
due to their intrinsic brittleness. This makes it a necessity
to develop ceramic composites with reinforcing phases
within the main matrix to impart some measure of
toughness to the material [3-5].

Ceramic matrix composites belong to sub-division of
engineering ceramics, in which both the matrix and the
reinforcement made of ceramic materials. This concept
was developed to overcome brittleness of monolithic
engineering ceramics. Precisely, one of the main reasons
for developing ceramic matrix composites is to improve
on their mechanical properties. Moreover, these
materials are employed in applications that involve
elevated temperatures due to their high temperature
stability and good corrosion resistance. However, the
intrinsic low fracture toughness of ceramics and ceramic
matrix composites make them unsuitable for some

specific applications. Several techniques have been
developed to improve fracture toughness of ceramics
by incorporation of additives including particles (SiC,
TiO2, magnesia, alumina, etc.) and fibers (C, SiC,
mullite, etc.). For illustration, it was reported that
addition of SiC nanoparticles into Al2O3 [6-8] altered
the fracture mode of Al2O3 from intergranular to
transgranular. As it is known, this transition can be
interpreted as improved strength and toughness in
ceramics [9-11].

Many researchers have reported their findings in
their effort to develop and improve the properties of
ceramics [12-14]. Dong et al [15], evaluated the
influence of additives like MgO, SiO2, Fe2O3 and ZrO2

on the mechanical and thermal properties of aluminum
titanate ceramics. They drew conclusion that the
combined additives of MgO and Fe2O3 excellently
improved on the stability of aluminum titanate. Ebadzadeh
and Ghasemi [16], showed how the addition of TiO2 to
mullite-ZrO2 composites results into change of reaction
sintering, densification and microstructure which alter
the formation temperature and retention of t-ZrO2

phase in these composites. Moya et al. [17] stated that
the microstructure of mullite-zirconia and alumina-
zirconia composites can be modified by additives like
CaO and MgO.

The author in collaboration with others have earlier
investigated the effects of TiO2 [18] and silicon carbide
(SiC) [19, 20] on the mineralogical and mechanical
properties of mullite-carbon ceramic composite. The
samples were made of the same materials but without
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Ifon clay. The main aim of the present work is to
improve on the properties of the ceramic composite
through the incorporation of the Ifon clay which
mainly consists of feldspar minerals.

Materials and Methods

Materials
The kaolin sample was sourced from Okpella [21],

Edo State, Nigeria. The Ifon clay was sourced from
Ifon [22], Ondo State, Nigeria. The graphite, titania and
silicon carbide produced Hopkin & Williams Ltd with
purity 98.5%, 99% and 96.5%, respectively.

The Ifon clay and kaolin samples were first
separately soaked in water for three days to form
slurry. The slurries were then sieved to remove stones
and other coarse materials. The sieved slurries were
then allowed to settle down for three days after which
the clear water was decanted. The dispersed fine clays
in water (clay slurries) were then poured into plaster of
Paris (P.O.P) molds and left undisturbed for three days
in order to allow the remaining water present to drain
out completely. The resulting plastic clay masses were
sun dried and subsequently dried in a laboratory oven
at 110 oC for 24 hrs. The resulting dried clay samples
were crushed and milled in a Rawwley Sussex grinder
to an average particle size of 300 μm. The powders
were weighed per batch on a sensitive electronic
weighing balance. The individual (batch) composition
was thoroughly mixed in a ball mill for 3 hrs. at 60 rev/
min. The compositions of the blended samples were
shown in Table 1

The resulting homogenous powder mixtures were
compacted uniaxially into samples dimensions 50 × 50

× 50 mm, using a compression pressure of 100 MPa for
the various analyses. 

Sintering process 
The samples were fired at varying temperatures

(1400 oC, 1500 oC and 1600 oC) in an electric furnace.
The rate of firing differs with increased temperature
(room temperature to 500 oC the sintering rate was
25 oC/minute, 501 oC to 1000 oC the sintering rate was
10 oC/minute while above 1000 oC the sintering rate
was 2 oC/minute). On reaching the various sintering
temperatures, the samples were held for one hour at the
temperature before the furnace was switch off and the
samples were allowed to cool in the furnace. The
samples were subjected to various test to examine the
phase analysis, evaluate their physical and mechanical

properties.

Testing
Archimedes method was used to determine the

apparent porosity and the bulk density. The immersion
liquid was water. The procedure was describe in the
literature [23, 24]. While the water absorption of the
samples was examined according to ASTM C373-18
standard test methods for determination of water
absorption and associated properties [25].

The samples were prepared for XRD analysis using
the back-loading preparation method. The samples
were analysed using a PANalyticalX’Pert Pro powder
diffractometer with X’Celerator detector and variable
divergence- and receiving slits with Fe filtered Co-Kα
radiation. The relative phase amounts in weight %
were estimated using the Rietveld method (FullProf).
Amorphous phases were not taken into consideration in
the quantification.

The microstructure of the sintered samples was
examined using ultrahigh resolution field emission
scanning electron microscope (UHR-FESEM) equipped
with energy dispersive spectroscopy (EDS).

The samples were prepared for metallography by
series of grinding and polishing. This was followed by
etching using a mixture of 40 ml sulphuric acid, 20 ml
nitric acid and 10 g of KClO3.Particle images which
are obtained with a secondary electron detector.

Mechanical properties
The cold crushing strength of the sintered samples

was determined by uniaxial compressive tests. The
standard ceramic samples were dried in an oven at a
temperature of 110 oC, allowed to cool. The cold
compression strength tests were performed on INSTRON
SERIES 3369 at a fixed crosshead speed of 10mm min-1.
Samples were prepared according to ASTM C133-97
(ASTM C133-97, 2003) [23, 34, 26]. The cold
crushing strength of standard and conditioned samples
can be calculated from the equation:

(1)

Results and Discussion

Table 2 shows the phases in the Ifon clay sample and
Fig. 1 shows the XRD pattern of the of the Ifon clay
sample. From the figure, the major mineralogical
phases present in Ifon clay are quartz, aluminosilicate
(kaolinite, illite/muscovite, plagioclase and microcline),
hematite and titania. The mineralogical contents of the
kaolin and Ifon clay with some other clay deposits
have been discussed in earlier publication [21, 22].
Figs. 2, and 3 respectively shows the phases in the
samples B and C sintered at various temperature. Figs.

Cold Crushing Strength
Load to fracture( )

Cross sectional area of sample( )
-----------------------------------------------------------------------------=

Table 1. Composition of the samples.

Sample
designation

Graphite
(wt. %)

Kaolin
(wt. %)

Ifon Clay
(wt. %)

SiC
(wt. %)

TiO2

(wt. %)

B 30 35 25 10 0

C 30 35 25 0 10
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4 to 9 show the effects of sintering temperature and
additives on the physical and mechanical properties of
the various samples. Furthermore, Fig. 10 show the
secondary electron images (SEM) of the sintered
samples.

Effects of various additives and sintering temperature
on the phases developed in the various samples

Fig. 2 shows the effects of Sintering temperature on
the phases developed in the samples with 10 wt % SiC
additive (Sample B). From the figure and table it is
observed that at 1400 oC the phases present in the
sample are 20.6 wt % graphite, 50.3 wt % SiC, 18.9 wt
% mullite, and 10.1 wt % microcline. From Table 1,
the raw materials from which the sample is constituted
composed of 35 wt % kaolin, 25 wt % Ifon clay, 30 wt
% graphite and 10 wt % SiC. As the sintering
temperature is increased to 1500°C it is observed that
the graphite content reduced sharply to 6.9 wt %.
Further increase in the sintering temperature to 1600 oC,
the graphite content is observed to slightly increase to
9 wt %. Generally, it could be summed up that the
graphite content reduced with increased sintering
temperature [27-29]. However, this does not agree with
the anti-oxidation effects of 4 wt % SiC as stated in the
earlier report [19]. This may be because the amount of
SiC used in the sample B is 10 wt %.

Moreover, it is observed that the SiC content of the
sample at 1400 oC was 50.3 wt %, it reduced sharply to
1.8 wt % at 1500 oC and increased to 23.4 wt % when
the sintering temperature was increased to 1600 oC.
Only 10 wt % SiC was added as additive how it
increased to 50.3 wt % at 1400 oC can be explained by
exploring the possibility of excess silica from the
mullitization reaction, reacting with carbon (from
graphite) to form SiC. The original 10 wt % SiC

additive in the raw materials served as nucleus around
which the silicon carbide being formed nucleates [30-
33]. This partly explains why the graphite content of
the sample (which was originally 30 wt % in the raw
material constitution of the sample) reduced to 20.6 wt
%. However, it could be generally summarized that the
SiC content reduced with increased sintering temperature.
How the SiC drastically reduced to 1.8 wt % could be
explained by the explanation of Roy et al. (2014) [34]
who reported that silicon carbide undergoes active or
passive mode of oxidation depending on the oxygen
concentration during which silica is liberated. This
silica forms dense layer on the surface of the graphite
which acts as a protective barrier on the graphite
against oxygen penetration [35].

Furthermore, it is observed from the Fig. 2 also that
the mullite content of the sample B at 1400 oC was
18.9 wt %; it slightly reduced to 16.9 wt % when the
sintering temperature was increase to 1500 oC. Further
increase in the sintering temperature to 1600 oC resulted
in the mullite content being raised to 21.2 wt %. It can
be inferred that the mullite content of the sample slightly
increased with increased sintering temperature. It is
observed that mullite was conspicuously absent in the
raw material from which the samples were produced
from Table 1. The mullite content was developed through
solid state high temperature transformation of kaolinite
content of the raw kaolin (mullitization process) to
mullite and excess silica as reported by many
researchers [1, 23, 36-39].

Similarly, the amounts of anorthite and microcline
are respectively 0 wt % and 10.1 wt % at 1400 oC.
When the sintering temperature was increased to
1500 oC the amount of anorthite in the sample increased
to 17.7 wt % while that of microcline increased to
56.7 wt %. Further increase in the sintering temperature
to 1600 oC resulted into the amount of the anorthite in
the sample being reduced to sharply to 1.9 wt % while
that of microcline also reduced to 44.5 wt %. In
another work [24], where the samples prepared from
Ifon clay were sintered at temperatures between 800 o

and 1200 oC; it was discovered that the major phases
formed in the samples were quartz, microcline and
anorthite. Comparing this with the results obtained by

Table 2. XRD result of the ifon clay sample showing the
quantity of different phases present [22].

Phases
Illite/

muscovite
Kaolinite Microcline Plagioclase Quartz

Composition
(wt %)

3.81 5.63 30.9 18.22 41.42

Fig. 1. XRD pattern (phase analysis) of Ifon clay sample [22].

Fig. 2. Phases in Samples B Sintered at various temperature.
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Aramide et al. 2016 [21], when the same kaolinite and
graphite were used to make their samples sintered
between 1300 oC and 1500 oC. They reported that less
than 1 wt% of microcline and no trace of anorthite was
present in the samples. This explained the origin of
anorthite and microcline observed in the samples.

Table 2 and Fig. 3 show the effects of sintering
temperature on the phases developed in the samples
with 10 wt % titania additive (Sample C). From the
figure and table it is observed that at 1400 oC the
phases present in the sample are 52.1 wt % graphite,
17.6 wt % titania, 5.0 wt % mullite, 4.1 wt % anorthite
and 20.4 wt % microcline. From Table 1, the raw
materials from which the sample is constituted composed
of 35 wt % kaolin, 25 wt % Ifon clay, 30 wt % graphite
and 10 wt % titania. It is observed that the amount of
graphite in sample C at sintering temperatures of
1400 oC and 1500 oC is more than those in sample B at
the same temperatures. This is because of the anti-
oxidation effects of titania in sample C up to 1500 oC.
It could be said that titania act as anti-oxidant for the
sample up to 1500 oC; beyond this temperature the
graphite component of the sample is subjected to
oxidation. However, as the sintering temperature of the
sample is increased to 1500 oC, the graphite content is
observed to slightly reduce to 51.4 wt %. Further
increase in the sintering temperature leads to sharp
reduction in the graphite content of the sample to
2.5 wt %.

Moreover, it is observed that the sample C contained
17.6 wt % titania at 1400 oC, it however reduced
drastically to 1.2 wt % as the sintering temperature is
raised to 1500 oC. Further increase in the sintering
resulted in the titania content being raised slightly to
6.8 wt %. On the other hand, the initial amount of
mullite in the sample at 1400 oC is observed to be
5.0 wt %, it is however observed to progressively
increase with increasing sintering temperature. It has a
5 wt % mullite at 1400 oC, its mullite content increases
to 19.5 wt % as the sintering temperature was increased
to 1500 oC, and then to 45 wt % with the sintering
temperature increased to 1600 oC. Furthermore, it is
observed that the initial contents of anorthite and
microcline are respectively 4.1 wt % and 20.4 wt % at

1400 oC. When the sintering temperature was raised to
1500 oC the anorthite contents reduced to 0 wt % while
that of microcline increased to 25.5 wt %. With further
increase in the sintering temperature the amount of
anorthite is maintained at 0 wt % while that if
microcline further increased to 38.7 wt %. It is also
observed that at 1400 oC there was no trace of titanium
carbide in the sample C, but as the sintering temperature
was raised to 1500 oC about 2.5 wt % titanium carbide
was observed in the sample. With further increase in
the sintering temperature to 1600 oC the amount of
titanium carbide in the sample was observed to
increase to 6.8 wt %. It can be inferred that the TiO2

reacted with the carbon in the graphite at 1600 oC to
form TiC. This explains why the amount of graphite in
the sample reduced with the sintering temperature.

Effects of sintering temperature on the physical
properties of the sintered ceramic samples

Fig. 4 shows the effects of sintering temperature on
the apparent porosity of the samples B and C. From the
figure, it is observed that the porosity of the samples
increased with increased sintering temperature. The
porosity supposed to reduce with increased sintering
temperature in most ceramics due to the closure of the
pores by the increasing amount of liquid phase that is
developed as the sintering progresses [19]. The reason
for this behavior is the reduction in the graphite content
of the samples due to high temperature oxidation.
Although graphite being a refractory material, is prone
to high temperature oxidation at a temperature beyond
900 oC [20, 40]. Some of the graphite particles got
oxidized with increased sintering temperature, leaving
pores within the ceramic material, thereby increasing
the apparent porosity of the samples with increased
sintering temperature. It can be observed from Figure 2
that the graphite content of the sample B reduced with
increased sintering temperature from 1400 oC to 1600 oC.
Figure 10 shows the secondary electron images for the
samples B and C. The presence of pores are seen clearly
in the microstructure of the sample. For sample C the
graphite content slightly reduced with increased sintering
temperature from 1400 oC to 1500 oC, but sharply reduced
as the sintering temperature was further raised to
1600 oC. The corresponding significant change is not
observed in the porosity of the concerned sample
because of the effect of silicon carbide oxidation as
earlier discussed which liberates silica. The liberated
silica filled some of the pores left behind by the
oxidation of the carbon from graphite.

Moreover, observing the response of the porosity of
the samples to the increased sintering temperature, it
can be seen that even though the porosity of both
samples increased with increased sintering temperature,
the porosity of sample B increased more with increased
sintering temperature. This is why its graphite contents
at sintering temperatures of 1400 oC and 1500 oC are
lower than those of sample C. It can be inferred that

Fig. 3. Phases in Samples C Sintered at various temperature.
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sample C is more resistant to oxidation at sintering
temperature range of 1400 oC and 1500 oC.

Fig. 5 shows the effects of sintering temperature on
the bulk density of the sintered ceramic samples. From
the figure, it can be observed that the bulk density of
sample B was initially 1.54 g/cm3 at 1400 oC, it
increased to its maximum of 2.1 g/cm3 as the sintering
temperature was raised to 1500 oC, further increase in
the sintering temperature of the sample to 1600 oC
resulted into a reduction in the bulk density of the
sample to 1.68 g/cm3. If this is compared with Fig. 4, it
will be observed that the bulk density of sample B
increase with increased sintering temperature from
1400 oC to 1500 oC, even though the porosity increased
within the same temperature range. The reason for this
is because of the effect of silicon carbide oxidation as
earlier discussed which liberates silica. The liberated
silica filled some of the pores left behind by the
oxidation of the carbon from graphite. This is similar to
what others have reported [21, 41, 42].

Alternatively, samples C followed the opposite trend
to that of samples B. Its bulk density initially decreased
with increased sintering temperature. The initial bulk
density of sample C at 1400 oC is observed to be 1.98 g/
cm3, it reduced to 1.82 g/cm3 as the sintering temperature
increased to 1500 oC, further increase in the sintering
temperature is observed to result in the bulk density
being increased to its maximum of 2.01 g/cm3. This

could be attributed to the extra phases of TiC observed
in the sample C as observed from the Table 2 and Figs. 3.

Fig. 6 shows the effects of sintering temperature on
the water absorption of the sintered graphite based
ceramics samples. From the figure the water absorption
for sample B was 14 wt. % at the sintering temperature
of 1400 oC, as the sintering temperature was raised to
1500 oC, the water absorption of the sample is observed
to increase to 19.62 wt. %. Further increase in the
sintering temperature to 1600 oC resulted in further
increase in the water absorption of the sample

Moreover, sample C is observed to follow the same
trend as sample B in the relationship of its water
absorption with the sintering temperature. Its water
absorption was initially 17.08 wt. % at 1400 oC, it is
observed to slightly increase to 17.79 wt. % when the
sintering temperature was raised to 1500 oC. Further
increase in the sintering temperature is observed to lead
to further increase in the water absorption of the sample
to 19.06 wt. %. It will be observed that the water
absorption of each of the samples follows the same trend
as the apparent porosity of the corresponding sample.
This is because the water absorption is directly
influenced by the open pores, their structure and size.

Summarily, it could be generalized that the water
absorption of all the samples increased with increased
sintering temperature.

Effects of sintering temperature and additives on
the mechanical properties of the sintered ceramic
samples

Fig. 7 shows the effects of sintering temperature and
additives on the engineering stress of the samples being
considered. From the figure it is observed that the
engineering stress of sample B initially has a value of
1.67 MPa for its engineering stress at 1400 oC, it
however reduced to about 0.60 MPa when the sintering
temperature was raised to 1500 oC. Further increase in
the sintering temperature to 1600 oC lead to the
engineering stress being increased to 2.54 MPa. As
earlier explained, the increase in the apparent porosity
with increase in the sintering temperature has a

Fig. 4. Effects of sintering temperature on the apparent porosity of
the ceramic samples.

Fig. 5. Effects of sintering temperature on the bulk density of the
ceramic samples.

Fig. 6. Effects of sintering temperature on the water absorption of
the ceramic samples.
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detrimental effect on the load bearing ability of the
samples. Comparing this with the result already
discussed in Fig. 4 it will be seen that increased
porosity of the sample with increase in the sintering
temperature reduces the load bearing ability of the
sample. This agrees with the reports of other
researchers [21, 41, 42], the load bearing ability of the
sample B reduced with increase in the sintering
temperature due to increase in the apparent porosity of
the sample. Moreover, it is observed that the cold
crushing strength of sample is least at 1500 oC (when it
mullite fiber content is least) and that it has the highest
CCS at 1600 oC (when it has the highest mullite fiber
content) as revealed in Fig. 2.

Moreover, the initial value of engineering stress for
sample C at 1400 oC is observed to be 6.92 MPa, it
however slightly increased to about 7.58 MPa when the
sintering temperature was raised to 1500 oC. Further
increase in the sintering temperature of the sample to
1600 oC is observed to lead to reduction in the
engineering stress of the sample to 6.12 MPa.
Comparing the engineering stress of the two samples, it
is observed that the engineering stress of the sample B
is much lower than those of the sample C at all
temperatures. Furthermore, from Fig. 3, it is has been
explained that the mullite contents of the sample
increased with increased sintering temperature. The
presence of titania and titanium carbide could be
inferred to contribute to marked difference in the CCS
values of the samples B and C at all temperature.
Moreover, it has been reported that titania additives
substantially aids densification of compacted sintered
ceramic samples [43]. This presence of titania (as
sintering aid) and the relatively less pore volume in
sample C may account for the marked difference in its
CCS when compared to that of sample B. This can be
observed from the SEM images of the samples in
Figure 10.

Fig. 8 shows the effects of sintering temperature and
additives on the absorbed energy of the sintered
ceramic samples. From the figure it is observed that the
initial absorbed energy sample B had an initial value of

0.76 J at 1400 oC, it is observed to reduce to a value of
about 0.22 J when the sintering temperature was raised
to 1500 oC. It however increased to its maximum value
of 1.49 J when the sintering temperature was raised to
1600 oC.

Moreover, sample C is observed to have a value of
about 2.85 J for absorbed energy at a sintering temperature
of 1400 oC, it however increased to its maximum value of
3.13 J when the sintering temperature was raised to
1500 oC. Further increase in the sintering temperature
is observed to result in the reduction in the absorbed
energy of the sample. It will be observed that the
absorbed energy of both samples followed the same
trend their engineering stress followed with increased
sintering temperature; it can be inferred that the
absorbed energy of the samples is directly related to its
engineering stress. Furthermore it is equally observed
that the absorbed energy of the sample C is greater than
that of sample B at all sintering temperature as it was
the case for the engineering stress.

The stress-strain curves of all the sample are
presented in Appendix; Figs. A2 to A7. From the
figures, it can be summed that none of the samples
undergone brittle failure.

Fig.e 9 shows the effects of sintering temperature and
additives on the Young’s modulus of the samples. It is
observed that sample B at a sintering temperature of

Fig. 7. Effects of sintering temperature on the engineering
compression stress of the ceramic samples.

Fig. 8. Effects of sintering temperature on the absorbed energy of
the ceramic samples.

Fig. 9. Effects of sintering temperature on the Young's modulus of
the ceramic samples.
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1400 oC has a low value of 19.14 MPa for the Young’s
modulus. It further reduced to a value of about
6.88 MPa when the sintering temperature was raised to
1500 oC. Subsequently the Young’s modulus of the
sample is observed to increase to a value of about 17.8
MPa as the sintering temperature was raised to
1600 oC.

Moreover, the Young’s modulus of elasticity of

samples C is observed to increase with increase in the
sintering temperature of the ceramic samples. It is also
observed that sample C has the highest values for
Young’s modulus at all sintering temperatures of the
two samples. This could be attributed to the presence
of TiC in the sample C at temperature between 1500 oC
and 1600 oC.

Fig. 10. SEM (LM mode) images of the samples: (a), (b) and (c) sample B sintered at 1400 oC, 1500 oC and 1600 oC respectively; (d), (e) and
(f) sample C sintered at 1400 oC, 1500 oC and 1600 oC respectively.
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Conclusions

The graphite content in sample B reduces with
increased sintering temperature while the graphite
content of sample C is relatively stable between
1400 oC and 1500 oC but reduced with increased
sintering temperature to 1600 oC. 10 wt. % SiC served
as nucleus for the nucleation of SiC around 1400 oC,
this lead to the formation of 50.3 wt. % SiC in the
sample B at the 1400 oC. 10 wt. % TiO2 in the sample
C lead to the development of 2.5 wt. % TiC in the
sample at 1500 oC which increased to 6.8 wt. % with
increased sintering temperature. Addition of Ifon clay
to sample leads to the development of anorthite and
microcline in the samples B and C. The anorthite and
microcline contents of sample B achieved their maxima
values at 1500 oC while the microcline content of
sample C increased with sintering temperature. The
mullite content of the sample B slightly increased with
increased sintering temperature while the mullite
content of sample C increased sharply with sintering
temperature. 10 wt. % TiO2 is more effective as anti-
oxidant for graphite between the sintering temperature
of 1400 oC and 1500 oC. Based on the engineering
stress and absorbed energy, sample C sintered at 1500C
is considered to be optimum.
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