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1. INTRODUCTION

Boron carbide (B

 

4

 

C) is a boron-containing com-
pound [1] with a high melting point (2450

 

°

 

C), out-
standing electroconductivity (9.2 mho), low specific
gravity (2.52 g cm

 

–3

 

) [2], large neutron capturing cross
section (3850 barn), chemical inertness, and unique
thermal properties. It was found to be one of important
candidate materials for high tech applications [3]. The
B

 

4

 

C crystal has a rhombohedral lattice (

 

hR

 

 15, s.g.

 

R

 

3

 

m

 

) consisting of the 12-atomic icosahedral units
located at the corners of a rhombohedral unit cell con-
nected by the C

 

−

 

B

 

−

 

B or C

 

−

 

B

 

−

 

C chains along the cell
diagonal [4]. In the B

 

−

 

C system, B

 

4

 

C is known as an
equilibrium compound [5]. Due to low carbon content,
B

 

4

 

C can be expected to decrease the number of carbon
species formed during oxidation. The properties of B

 

4

 

C
as a function of carbon content have been discussed in
[6–9]. The neutron absorption property of B

 

4

 

C is due to
the presence of the 

 

10

 

B isotope which takes part in the
following nuclear reaction:

For thermal neutrons, the absorption cross section is
3850 barn, which makes the material an excellent can-
didate for use in thermonuclear reactors. At higher ener-
gies, the cross section of the most of other elements
becomes very low, whereas that of 

 

l0

 

B is known to mono-
tonically decrease with increasing energy [10, 11].

For production of B

 

4

 

C, many processes have been
attempted and these have led to formation of B

 

12

 

C

 

3

 

* The article is published in the original.
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composites [12–14]. Such materials can be synthesized
using a chemical vapor deposition process [15, 16] or
carbothermic reduction process [17, 18]. Different car-
bon sources—such as dextrose, sucrose, starch, glyc-
erol, polyvinyl alcohol, etc.—have been employed for
preparation of B

 

4

 

C powders. Magnesiothermic reduc-
tion [19, 20], laser-induced reduction, metallothermic
micropyretic process [21], soft chemical methods [22–
26], plasma-enhanced chemical vapor deposition [27],
dc magnetron sputtering, and thermal evaporation tech-
nique [28] have also been tried. But in all cases, the
synthesis was accompanied by a marked loss of boron.

In this work, we made an attempt to synthesize
boron carbide powders from inexpensive and readily
accessible raw materials.

2. EXPERIMENTAL

Boron carbide has been synthesized by the reaction
between boron-containing compounds—borax Na

 

2

 

B

 

4

 

O

 

7

 

and boron trioxide B

 

2

 

O

 

3

 

—and a carbon releasing agent,
powdered petroleum coke (petcoke). As per molar
quantities, the reactants were mixed and finely ground
to obtain a uniform powdered mass. Then it was placed
in a graphite crucible kept in an inconel reactor. The
inconel reactor consisted of a tight flange at the top with
provisions for the inlet/outlet of argon gas. The whole
assembly was then heated in an electric furnace. The
reaction vessel was connected to the argon gas line and
the reduction was carried out in controlled conditions,
for a predetermined period of 5 h at 1000

 

°

 

C. After com-
pletion of the reaction, the end product was removed
from the graphite crucible and treated with hot water
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and dilute HC1 to remove unreacted boron trioxide,
borax, and oxides. Again the final product was thor-
oughly washed with triple distilled water and treated
with ethanol to remove moisture. Then the powder was
dried at 150

 

°

 

C for 1 h (in an oven).
For the determination of residual free carbon con-

tent a chemical treatment was done with sulfochromic
acid. In this technique, free carbon was estimated by
taking 1 g of B

 

4

 

C powder which was leached with 100 ml
of a solution of sulfochromic acid. The latter was pre-
pared by dissolution of K

 

2

 

Cr

 

2

 

O

 

7

 

 in conc. H

 

2

 

SO

 

4

 

. Dur-
ing this treatment, free carbon was oxidized and
removed from the solution, so that the remaining pre-
cipitate gave B

 

4

 

C. The final product was black in color.
The synthesized powders were characterized by XRD
(Philips 8030 X-ray diffractometer). The carbon,
hydrogen, and sulfur contents of the product were deter-
mined by chemical analysis (CHNS Analyzer EL 111,
Germany). The morphology of synthesized crystals
was examined by SEM (JEOL-JSM-3.5 CF, Japan).

3. RESULTS AND DISCUSSION

Calcium as an excellent reducing agent is being
widely used in many metallurgical operations. Calcium
is used as a reducing agent in the extraction of other
metals like uranium [29, 30], zirconium [31], and tho-
rium. It is also used in the preparation of TiC [32] and
niobium powders [33]. Petroleum coke is used because
it is low in ash, sulfur, and volatile compounds [34]. It
is reported that the use of petcock as a reducing agent
may result in fuel savings of 66% and a CO

 

2

 

 emission
avoidance of 15% [35].

 

3.1. XRD Analysis 

 

The diffraction patterns of the products formed in the
borax-containing (Fig. 1) and B

 

2

 

O

 

3

 

-containing (Fig. 2)

mixtures provide useful information about the product
and accompanying impurities.

The lattice parameters of product were determined
using the following expression:

where 

 

d

 

 is the density, 

 

a

 

 and 

 

c

 

 are lattice parameters,
and 

 

h

 

, 

 

k

 

, 

 

l

 

 the Miller indices.
The size 

 

L

 

 of product crystallites was determined
using the Debye-Scherrer formula as given below:

where 

 

β

 

 = 

 

∆

 

/2 (

 

∆

 

 is the full width at half maximum for
a given diffraction peak) and 

 

θ

 

 = 1/2 2

 

θ

 

.
The X-ray density 

 

d

 

 of B

 

4

 

C was determined using
the well-known formula:

 

d

 

 = 

 

mZ

 

/

 

Va

 

3

 

.

The XRD data for B

 

4

 

C obtained in two different
routes are presented in Table 1. Our lattice parameters
well agree with the reported values: 

 

a

 

 = 5.65 Å and

 

c

 

 = 12.16 Å [36–39]. The mean crystallite size 

 

L

 

 was
found to vary within the range 21–23 nm, depending on
the type of starting mixture. The nanosize of B

 

4

 

C pow-
ders is an important property for their use as a neutron
capture material in the nuclear industry.

 

3.2. Chemical Analysis 

 

The data of chemical analysis (Table 2) show that
the product obtained from the borax + petcoke + Ca
mixture contains a higher amount of nitrogen, sulfur,
hydrogen, and carbon as impurities. The product
formed in the B

 

2

 

O

 

3

 

 + petcoke + Ca mixture is seen to
contain a considerable amount of carbon as an impurity,
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Fig. 1.

 

 Diffraction pattern of the product formed in the
borax + petcoke + Ca mixture.

 

20 30 40 50 60
2

 

θ

 

, deg
10 70

101
003

012

110

104

021

205 220

 

I

 

, c
ou

nt
s

 

Fig. 2.

 

 Diffraction pattern of the product formed in the
B

 

2

 

O

 

3

 

 + petcoke + Ca mixture.
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while the nitrogen, sulfur, and hydrogen contents are
negligibly small.

 

3.3. SEM Data 

 

The SEM images of the synthesized products (Figs. 3, 4)
show an uneven distribution of B

 

4

 

C particles compris-
ing of large faceted aggregates with some small incrus-
tations on their surface. The large faceted aggregates
are formed due to moisture absorption by the samples
and also due to the presence of impurities as detected
by XRD and chemical analysis.

4. CONCLUSIONS

Fine B

 

4

 

C powders have been successfully synthe-
sized in a low-temperature process from readily acces-
sible raw materials.
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