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Quantitative Analysis of Carbon Affecting Purity of Silicon Carbide Raw
Materials and Boron Carbide Raw Materials
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Abstract

In determining the purity of silicon carbide raw materials and boron carbide raw materials,

quantitative analysis of the free carbon contained in the raw materials is necessary. Free carbon

could not be analyzed with sufficient accuracy with the conventional combustion and infrared

absorption method. Therefore, a new method was developed by improving the wet chemical

oxidation and coulometric titration method so as to enable application to these raw materials. As

a result, it has become possible to analyze the free carbon content in the raw materials with high

accuracy. By applying this method, it has also become possible to separate and analyze carbonates

from products in which carbonates and free carbon exist in a mixed state.
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1. Introduction

Quantitative analysis of carbon is indispens-
able in receiving inspections of silicon carbide
raw materials and boron carbide raw materi-
als, and in material design and quality control
of refractory products using these materials.
Similarly, quantitative analysis of carbon is also
important in quality control of continuous cast-
ing mold powder products containing carbon-
ates.

In Japan, the general practice in the analysis
of carbon is instrumental analysis by the com-
bustion method (as provided in the Japanese
Industrial Standards JIS R2011 and JIS R2015).
As merits of instrumental analysis, operation is
comparatively simple and measurements can
be performed quickly and with high accuracy.
However, due to restrictions related to the
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analytical conditions, the applicable materials
are limited.

For example, in the analysis of silicon carbide
raw materials, if the raw materials contain met-
als, high accuracy quantitative analysis is not
possible. In particular, because trace amounts
of impurity metals in high purity raw materials
give results showing apparent high purity, the
analytical accuracy of this method poses the
risk that out-of-specification raw materials may
be judged as passing.

With boron carbide raw materials, because
the oxidation reaction occurs not only with
boron carbide, but also with free carbon, which
is an impurity, it is not possible to analyze these
substances separately. In other words, high
accuracy results cannot be obtained for boron
carbide raw materials with the combustion
method. An analytical method which can con-
firm that boron carbide is within specifications
is even more urgently needed, considering the
high cost of this raw material.

Furthermore, many continuous casting mold
powder products contain carbonates and car-
bon, but as mentioned above, free carbon and
carbonates cannot be separated. Separation and
analysis of these two substances is an important
issue for quality control.

This report describes a newly-developed
analytical method which solves the above-
mentioned problems and can also complement
the conventional instrumental analysis by the
combustion method. This method is explained
in the following, mainly taking analysis of silicon
carbide as an example.

2. Problems in Carbon Analysis

Instrumental analysis by the combustion
method is an analytical method in which the
amount of infrared absorption or the thermal
conductivity of the carbon dioxide and carbon
monoxide generated by the reaction between
oxygen and the carbon in a heated specimen
is measured, and the result is converted to
a quantity of carbon. The quantity of free
carbon is obtained by combustion of the speci-
men at 900C, and total carbon is obtained by
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Fig. 1 Diagram of instruments.
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combustion at 1350C.

In quantitative analysis of silicon carbide,
separation and analysis of free carbon is nor-
mally necessary, but because some amount of
the silicon carbide is also oxidized at 900C,
the content of free carbon cannot be obtained
accurately using only the method described
above. Therefore, compensation for oxidation of
silicon carbide is performed by measuring the
mass of the specimen before and after heating
in order to obtain the silicon carbide content
with greater accuracy. This mass compensation
can be obtained theoretically, preconditioned
on the fact that part of the silicon carbide will
be oxidized to silicon dioxide (SiO.). However,
actual specimens also contain trace amounts of
metals such as Si, Al, Fe, and others, and in
some cases, the amounts of these substances
cannot be ignored. In particular, in the case of
high purity silicon carbide, a trace amount of
free carbon and trace amount of metal will have
a mutually offsetting effect, and as a result, the
specimen will show apparent high purity.

For such cases, it is necessary to find a mea-
surement method which enables precise analy-
sis of free carbon, unaffected by the content of
metals. The new analytical method introduced
here makes it possible to measure free carbon
precisely, unaffected by metals, etc., by applying
the coulometric titration method.

3. Concept of New Analytical Method

Carbon dioxide is formed by selectively per-
forming wet chemical oxidation limited to the
free carbon in a specimen at a low temperature
of 200 or less. The CO; evolved in this process
is absorbed in a weakly alkaline solution with
a constant pH value. Because the pH wvalue is
reduced by absorption of the CO., the solution is
returned to its original pH value by electrolysis.
The free carbon content can be calculated by
measuring the quantity of electricity required in
this operation. In other words, this is a method
which combines wet chemical oxidation and the
coulometric titration method (Fig.l).
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Table 1 Quantity of free carbon contained in
silicon carbide certified as reference
material [mass%]

[tem ©) @

Wet chemical
oxidation and
coulometric titration

Certified value

Sample name method
JCRM R022 1.62+0.06 1.57
JCRM R023 0.39£0.07 0.44

JCRM R022 and R023 are certified by The Ceramic Society
of Japan.
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4. Verification

4. 1 Verification of new method using
certified reference materials

The accuracy of the new wet chemical oxida-
tion and coulometric titration method was veri-
fied by analyzing the quantity of free carbon in
silicon carbide certified reference materials with
certified values. These materials were certified
by The Ceramic Society of Japan. The certified
values were obtained by using the combustion
and infrared absorption method and perform-
ing mass compensation. This is the same as the
method provided in JIS R2011, and thus is a
result by the conventional method. As shown in
Table 1, the values obtained by the new method
were within the ranges of the certified values.
4. 2 Analysis of silicon carbide raw

materials

The contents of free carbon in silicon carbide
raw materials obtained by the conventional
combustion and infrared absorption method,
and the wet chemical oxidation and coulometric
titration method were compared (Table 2).

Because raw material A has a comparatively
high content of Fe, it is a material in which the
content of free carbon tends to be underesti-
mated. Normally, the Fe content is unknown and
iIs not analyzed except in special cases. When
the quantity of free carbon in raw material A
with an unknown content of Fe is analyzed and
the silicon carbide content is obtained by the
conventional method, the result exceeds 97%.
On the other hand, with the new method, the
result is less than 97%. Thus, assuming a raw
material has a SiC specification of 97%, raw
materials which fail using the new method
would be treated as passing with the conven-
tional method.

With raw material B, when mass compensa-
tion was performed by the conventional method,
the free carbon content was larger than with
the new method. This is attributed to the effect
of the SiO, fraction contained in the raw mate-
rial. Because SiO gas was generated during
measurement by the conventional method, the
mass decreased after measurement. If mass
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Table 2 Quantity of free carbon contained in silicon carbide raw materials [mass%]

ltemn Combustion and infrared .
absorption method Wet chemical
Analyzed by oxidation and
other methods Before After coulometric
Sample name mass mass titration method
compensation compensation
Free Carborr)m — 0.286 0.071 0.140
Raw material SiC estimated from
A quantities of total and — 96.36 97.08 96.85
free ggrbon 77777
Fe=0.87
Metals Si=0.84
Free Carborr)m — 1.500 0.604 0.391
SiC estimated from
| quantities of total and — 86.37 89.36 90.07
Raw material | free carbon
B ,,,,,,,,,,
Fe=0.22
Metals Si=0.29
Sio,” — 13.32 10.33 9.62

*) shows a value which is obtained by subtracting the quantities of silicon and silicon carbide from a value based

on JIS R2216.
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compensation is performed on a specimen of
this kind, the content of free carbon will be
overestimated, which means the quantity of
silicon carbide will be underestimated. If the
SiC specification is 90%, this material might be
judged out-of-specification with the conventional
method.

As described above, the mass compensation
method can be adapted to compensation for
oxidation of pure SiC, but it is difficult to adapt
in cases where the mass of constituents other
than SiC changes as a result of heating and
combustion. On the other hand, with the wet
chemical oxidation and coulometric titration
method, quantitative analysis of free carbon is
possible unaffected by the impurities contained
in the specimen. Thus, the purity of silicon
carbide can be obtained accurately with the
newly-developed method.

4. 3 Analysis of boron carbide raw
materials and carbonates

The wet chemical oxidation and coulometric
titration method can also be applied to quantita-
tive analysis of the free carbon in boron carbide
raw materials. Fundamentally, this is the same
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as the analysis of silicon carbide raw materials
discussed above.

Furthermore, in the analysis of carbonates
and free carbon in continuous casting mold
powder products, wet chemical oxidation was
performed, limited to the carbonates. By using
these results in combination with the results of
the combustion and infrared absorption method,
quantitative analysis of both carbonates and
free carbon is possible.

5. Conclusion

Quantitative analysis of the free carbon in
silicon carbide raw materials and boron carbide
raw materials had been impossible by analysis
using the conventional combustion and infrared
absorption method. However, by applying the
newly-developed wet chemical oxidation and
coulometric titration method, quantitative
analysis of the free carbon in these materials
has become possible. If this method is applied,
it is also possible to separate and analyze the
carbonates from specimens in which carbonates
and free carbon exist in a mixed state.



