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Abstract. In the present study, boron carbide was prepared using boric acid and hazelnut shell activated carbon by
a carbothermic reduction method at 1400 °C. Two different methods were applied to obtain activated carbon for this
study; activated carbon production using hazelnut shells (I) and sulfuric acid treatment of hazelnut shells (II). The
formation of boron carbide was proven by Fourier transformation infrared spectroscopy (FTIR) and X-ray
diffraction(XRD), also the morphological examination was done by scanning electron microscopy (SEM). The
average grain sizes were found as 30 and 7 nm for II and I, respectively. In addition, the calculated lattice
parameters were closely matched with the reported values in the JCPDS card. It was found that hazelnut shells can be
used as an alternative carbon source for boron carbide synthesis.
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1. INTRODUCTION

Boron carbide is a typical non-oxide advanced
ceramic that used in different industrial applications
due to its hardness, high refractoriness low density and
good neutron absorption cross-section [1]. It is used in
wear resistance applications, in lightweight armor
plates [2], in the nuclear industry as neutron absorbers
[3], and in the aerospace industry as a rocket
propellant [4].

In general, boron carbide is produced by
metallothermic or carbothermic processes. The
metallothermic method is not favorable because of the
high cost of reactant (elemental boron). The
carbothermic process includes cheaper raw materials,
for example, boron oxide and boric acid which is
reduced by carbon to give boron carbide [5,6]. There
are several studies for the usage of different types of
carbon sources, such as citric acid gel [6-9], sucrose
[10-13] and organic polymer precursor [14,15].

Hazelnut is one of the important agricultural
products in Turkey. After hazelnut harvest, a small
amount of the hazelnut shells is used as firewood in the
countryside and a large portion of hazelnut shells
remains as agricultural waste, so they cannot be
evaluated for any significant purpose. Because of
hazelnut shell contents (31% hemicelluloses, 26%
cellulose, and 43% lignin) [16] it could be an alternative
carbon source.

The aims of this study were to synthesize boron
carbide by carbothermic reduction reaction using
hazelnut shells, exploring a possible usage of hazelnut
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shell as an alternative carbon source, and recycling the
hazelnut shell agricultural waste.

2. EXPERIMENTAL

In the present study, firstly activated carbon was
synthesized by two different methods: activated carbon
production using hazelnut shells (Procedure I) and
sulfuric acid treatment of hazelnut shells (Procedure
II). For Procedure 1, the activated carbon was prepared
according to Aygiin [17]. In Procedure 2, the hazelnut
shells were kept in concentrated sulfuric acid which is a
common method for the carbonization of organic
compounds for one week, and black residuals were
filtered over glass wool and washed with hot distilled
water to remove sulfate ions. Afterwards, carbonized
hazelnut shells were dried in an oven at 100°C. Then,
boron carbide samples were prepared by the
carbothermic reduction method. To do this, boric acid
and hazelnut shell activated carbon were mixed with
different ratio: 1:1, 1:2, 1:3, and 1:4, respectively. In
addition, the main heating process was performed at
1000, 1100, 1200, 1300 and 1400°C under nitrogen
and argon individually.However, the best result were
obtained at 1400°C and given in the current study.

1.0 g of boric acid and 0.25 g of activated carbon
(obtained from Procedure I and II separately) were
mixed and pressed under 10 atm for 15 minutes. After
that, the pressed powder was heated at 1400°C
(heating rate: 10°/min) for three hours under argon
(25 mL/min). The raw product was leached in 6 M HCI
solution and dried in an oven at 100°C.



E. Budak et al., Recycling of hazelnut shell..., RAP Conf. Proc., vol. 4, 2019, 162-166

Boron carbide stretching vibrations were
determined by a Perkin Elmer Spectrum II FTIR-ATR
spectrophotometer. XRD patterns were obtained by a
Rigaku Multiflex diffractometer using CuKa radiation
while micrographs were taken by FEI Quanta FEG 250
(the samples were coated with gold for 220 seconds at
4mA by using Coxem KIC-1A ion-coater).

3. RESULTS AND DISCUSSION

Figure 1 illustrated the FTIR spectrum of hazelnut
shells which is composed of cellulose, hemicelluloses,
and lignin. There are several FTIR studies [18-20] in
literature for characterizing hazelnut shell chemical
bonds. The type of peaks and corresponding
wavenumber were listed in Table 1.
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Figure 1. FTIR spectrum of hazelnut shell

Table 1. Wavenumber and assignments of hazelnut shells

Wavenumber .
Assignments
(cm™)
C - C, C — Hring and side group
1027 vibrations of aliphatic
hydrocarbons.
1229 C — OH bending of aliphatic
3 hydrocarbons.
C — H bending vibrations of
1315 - 1420 aliphatic hydrocarbons.
1510 C = C stretching vibrations of the
5 lignocellulosic aromatic ring.
1604 S)va_tel;l. bending vibrations of
1746 C = O stretching vibrations of
74 lignocellulosic carbonyl groups.
C — H vibrations of aliphatic
2907 hydrocarbons
3365 O — H stretching vibration of

water.

After sulfuric acid treatment of hazelnut shells
(Procedure 2), nearly all groups of lignocellulosic
compound vibrations disappeared in the FTIR
spectrum (Figure 2a). However, aromatic C = C and
C-O (C=0) groups stretching in G rings (1569 and 1253
cm?, respectively) were still observed [21-24]. In
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addition, a similar result (Figure 2b) was obtained in
Procedure 1. Under this condition, the products can be
considered as activated carbon.
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Figure 2. FTIR spectrum of activated carbons.
a) Procedure 1, b) Procedure 2.

In the FTIR, spectra of boron carbide samples
(figure 3) indicated the B — C bond formation during
the main heating process. The peak at 1190 cm™ was
labeled as the B — C absorption band, while the peak at
1412 cm™ was attributed to the B — O stretching
vibration [11,13,14]. The shifting B — O stretching
vibration to 1372 cm™ (Figure 3a) could be originated
boron icosahedra [11].
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Figure 3. FTIR spectrum of boron carbides.
a) Procedure 1, b) Procedure 2.

Figure 4 shows the XRD patterns of hazelnut shell
activated carbon. Typical amorphous carbon
diffraction peaks were detected at 260 =25° and 20 =43°
in the XRD pattern. According to the XRD result, both
hazelnut shell activated carbon contains graphite
crystallite [25,26].
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Figure 4. XRD pattern of activated carbons.
a) Procedure 1, b) Procedure 2.

Also, the crystalline parameters of hazelnut
activated carbon were calculated (Table 2) and these
calculations showed that the interlayer distance of
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obtained activated carbons is higher than 3.35 A which
indicates the formation of turbostratic (disordered)
structures [27].

Table 2. Crystalline parameters of hazelnut activated carbon

oo dio OFAID
Samples a(A) c(A) Q&) Q&) (Size)
nm

Hazelnut
activated 2.41 6.90 3.49 2.08 1.45
carbon
H.SO,
treated
hazelnut 2.40 7.10 3.60 2.08 1.11
shell
carbon

X-ray diffraction was applied for the determination
of boron carbide crystallinity. In the present study,
boron carbide signals were detected at 1400 °C by the
carbothermic reduction reaction like previously studies
[7,28,29]. The XRD result was compared to JCPDS
card no. 35-0798 and characteristic XRD peaks of
boron carbide were observed (Figure 5). However, the
XRD pattern of products indicated the presence of
graphite and boron oxide, too. According to the studies
[10,11], the boron oxide and graphite were always
observed below 1600 °C when organic precursors were
used.
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Figure 5. XRD pattern of boron carbides.
a) Procedure 1, b) Procedure 2.

It was observed that the usage of hazelnut activated
carbon provided better results than sulfuric-acid-
treated activated carbon in the XRD pattern. This may
be probably originated by a degree of graphitization.
Small doo2 value (Table 2) was the indication of a high
degree of graphitization and increased reaction activity
of activated carbon [26]. Also, using the Scherrer
equation average grain size of boron carbides was
calculated as 30 nm (Procedure 1) and 7 nm
(Procedure 2) and other calculated parameters were
given in Table 3. The parameters were closely matched
with the reported values in JCPDS card no. 35-0798.

Table 3. Crystalline parameters of boron carbide samples

Samples a(A) c(A) Grain Size

(nm)
Procedure1  5.60 12.13 30
Procedure2  5.62 12.14 7

Different micrographs of boron carbide samples
were obtained (Figure 6) in SEM analysis. In Figure 6a,
nearly equiaxed particles (Procedure 1) were observed,
whereas a conglomerated honeycomb with pores
surrounded by carbons (Procedure 2) was detected in
Figure 6b.
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Figure 6. SEM images of boron carbides.
a) Procedure 1, b) Procedure 2.

4. CONCLUSION

In summary, boron carbide samples were prepared
by the carbothermal reaction of boric acid and hazelnut
shells composed of cellulose, hemicelluloses, and
lignin. These groups were converted to aromatic C=C
and C=0 group during the active carbon formation and
reduced boric acid to elemental boron. As a result,
boron carbide was formed at relatively low temperature
by the reaction of elemental boron and carbon. Usage
of 1 g boric acid and 0.25 g activated carbon was found
as ideal mixture among the study. XRD results
confirmed that boron carbide formation and the
average grain size of boron carbides was computed as
30 nm (Procedure 1) and 7 nm (Procedure 2). These
results showed that hazelnut shell can be used as an
alternative carbon source for synthesis of boron
carbide.
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