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ABSTRACT

This study was conducted to evaluate the suitability of using hexagonal boron 
nitride (hBN) as reinforcement in natural fibres obtained from hazelnut shell (F) 
and poppy straw (H). Raw materials were treated with alkali to enrich the cellulose 
content by removing lignin and hemicellulose. The nanobiocomposite synthesis 
was performed with 4% and 8% of hBN. Lignin, cellulose and hemicelluloses 
contents of biomass were determined. Cellulose content was almost increased 
3-fold and 2-fold after pretreatment of hazelnut shell (FCell) and poppy straw 
(HCell), respectively. Strong bands at 812 and 1380cm-1 corresponding to 
hBN were observed in the FTIR. SEM images showed that hBN is retained 
on the pretreated natural fibres. Adsorbed hBN on the structure was highest 
in the microcrystalline cellulose (Cell) (91.5%), followed by FCell (80.5%) and 
HCell (50.5%). Nanobiocomposites containing lignocellulose and hBN may be 
recommended for use in polymer matrix structures where thermal properties need 
to be altered.

1. Introduction

Recent technological developments for fabrication 
of biopolymers have been attracted the attention of 
polymer industry due to the potential to substitute 
petroleum-based polymers. Biopolymers are biomass-
derived renewable polymers which are cellulose, chito-
san etc. The use of cellulose or lignocelluloses, carbon 
nanofibers, carbon nanotubes (CNT) and nanoclay 
materials as fillers or reinforcements for polymeric 
matrices has become increasingly important because 
of their abundance, biodegradability, low cost and re-
newability [1,2]. These types of materials also known 
as “green composites” are promising for the next gen-
eration due to the environmentally friendly and renew-
able [3,4]. Lignocellulosic materials exhibit attractive 
properties in the biodegradable matrices such as low 
density, low cost, abundance, renewability, and biode-
gradability [5].

Lignocelluloses consist of cellulose, hemicellulose, 
and lignin. Cellulose is a linear polymer composed of 
β‑D-glucopyranose (glucose) units forming microfibrils 
that give strength and resistance to the cell wall. Hemi-
celluloses consist of variety of polysaccharides, which 
are interspersed with the microfibrils of cellulose [6]. 
Lignins are highly complex polyphenolic biopolymers 
with aromatic units in different configurations. Com-
posites reinforced with lignocellulose can be improved 

by surface or structural modification of the fibers using 
various processes such as alkali treatment, bleaching, 
acetylation and steaming [7-9].

The studies investigating the suitability of natural rein-
forced components such as flax, cotton [10], jute [11], 
ramie [7], oil palm, hemp [12,13], cellulose [14] are 
available in the literature. Although, the use of natu-
ral fiber in polymeric matrices and biocomposites is a 
beneficial strength, there are also disadvantages such 
as a tendency to absorb moisture, poor wettability and 
adhesion with synthetic counterparts and low thermal 
stability during processing [15,16].  Therefore, in order 
to increase chemical and thermal properties of natural 
fibers, some chemicals are used such as, maleic an-
hydride acetic anhydride, silane and styrene [17-20]. 
Similarly, nanoparticles such as nanoclay [21], BNNTs 
[22], CNTs [23], and graphene nanosheets [24] are 
used as a filler with the aim to improving the biodeg-
radation rate, the mechanical properties and electrical 
conductivity of polymer matrix [25].

Hexagonal boron nitride (hBN) is a synthetic mate-
rial with a layered crystal structure that has strong 
covalent bonds between atoms in basal plane but 
weak Van der Waals bonds between layers. hBN is 
also known as “white graphite” has similar hexagonal 
crystal structure as of graphite and it has many unique 
novel properties like high thermal conductivity, high 
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thermal stability, electrically insulation, chemical inert-
ness, resistance to oxidation and molten metals and 
lubricating effect [26,27]. It is also used in cosmetic 
and medical applications because of its biocompatible 
and nontoxic behavior [28]. 

There are several studies in the literature that nano 
hexagonal boron nitride used as a filler in the polymer-
based composites [3,29-32]. Swain et al. have pre-
pared nanobiocomposite using cellulose nanofibrils 
filled with different percentage of hexagonal boron 
nitride, and they have reported that thermal stabil-
ity, oxygen barrier property and chemical resistance 
of the nanobiocomposites filled with hBN was higher 
than those of virgin cellulose [3]. Suleiman et al. stud-
ied the characterization of CNF-BN nanocomposite by 
FTIR, SEM, and showed that thermal conductivity of 
cellulose was increased with hBN [33]. In the other 
study, nanocomposite paper filled with hexagonal bo-
ron nitride nanosheets (BNNSs) and nanofibrilated 
cellulose has reported possessing high thermal and 
mechanical properties [34]. The similar effect was re-
ported in the cellulose/hexagonal boron nitride core-
shell spherical microbeads by Nagaoka et al [35]. 
However, in all these studies, microcrystalline cellu-
lose was used as natural fiber. Therefore, we aimed 
in this study, synthesis and characterization of nano-
biocomposites contains nano hBN and lignocellulose 
obtained two different agricultural wastes (hazelnut 
shells and poppy stalks) were investigated. 

2. Material and methods

The nano hBN powders (D50: 0.121μm) used in the 
present work were supplied from BORTEK, Boron 
Technologies and Mechatronics Inc., Turkey. Two 
types of agricultural biomass (hazelnut shells (F) and 
poppy stalks (H)) were used for nanobiocomposite 
preparation. Hazelnut shells were purchased from 
Besikduzu, Trabzon in the Blacksea region, whereas 
poppy stalks were kindly provided by Afyon Alkaloids 
Factory, Bolvadin, Turkey. The air dried materials were 
grounded and then screened to obtain particle sizes 
between 0.224-0.850 mm. Microcrystalline cellulose 
was purchased from Sigma-Aldrich. NaOH and H2SO4 
used in this study were analytical grads. Double dis-
tilled water was used in all experiments.

2.1. Preperation of natural fibres

Poppy stalks were pretreated with 2% of NaOH at 
90oC for 60 min, and hazelnut shells treated with 5% 
of NaOH at 180oC for 30 min. All pretreated biomasses 
were filtered for the solid recovery and washed with 
distilled water until the wash water turns to pH 7.0, 
dried to 9-10% moisture, and then used as the ma-
trix for nanobiocomposite preparation. The chemical 
composition of raw and pretreated biomass was deter-
mined according to NREL methods [36,37]. 0.3 g solid 
was hydrolyzed by 3mL of 72% (w/w) H2SO4 at 30 oC 

for 60 minutes then, the reaction mixture was diluted 
to 4% (w/w) and autoclaved at 121 oC for 60 minutes. 
Lignin was determined by solid residue, cellulose and 
hemicellulose amount were determined from the fil-
trate by using High-Performance Liquid Chromatogra-
phy (Agilent 1100 HPLC system). The HPLC system 
was mainly equipped with a Bio-Rad Aminex HPX-87P 
column (300 mm × 7.8 mm), and a refractive index 
detector. The analytical column was operated at 80 °C 
with 0.2 μm filtered HPLC grade water as the mobile 
phase. The mobile phase flow rate was 0.6 mL/min. 

2.2. Preparation of lignocellulose-hBN 
nanobiocomposite 

Microcrystalline cellulose and lignocellulose-hBN 
nanobiocomposites were prepared by simple solution 
method with the variable percentage of nano hBN [3]. 
First, pretreated biomass (2.5g) was dispersed in wa-
ter by magnetic stirred at about 500 rpm for 30 min at 
60°C and followed by treatment with Sonic and Materi-
als Inc. VCX750, 20kHz ultrasonic homogenizer for 30 
min at 60°C. Then, different amounts of nano hBN (4 
wt% and 8 wt%) were added to the solution. The slurry 
was magnetic stirred further 30 min and sonicated for 
30 min at 60 °C. The resulting nanobiocomposite sus-
pension was continued stirring for 3 h at 60 °C to get 
a viscous solution. The final viscous solution was kept 
overnight and filtered under vacuum. The solid resi-
due was dried in an oven at 50 °C for 24 h. The dried 
sample was ground in an agate mortar and stored for 
analysis. The lignocellulose-hBN samples are coded 
as in Table 1. Solution remained after vacuum filtration 
was centrifuged at 8000rpm (NÜVE-NF1200), then 
solid residue was dried in an oven at 80 °C (MMM 
Ecocell) and was weighted to determine the amount of 
nano hBN unattached to biomass. 

Table 1. Ligncellulose-hBN nano composite sample codes.

Materials hBN 
(%) Code 

Cellulose 
0 Cell 
4 Cell4hBN 
8 Cell8hBN 

Hazelnut 
shells 

0 FCell 
4 FCell4hBN 
8 FCell8hBN 

Poppy 
stalks 

0 HCell 
4 HCell4hBN 
8 HCell8hBN 

 

2.3. Characterization of lignocellulose-hBN 
nanobiocomposites

The phase compositions of raw materials and the com-
posites were determined by using Rigaku Rint 2000 
X-ray diffractometer with CuKα radiation (λ=1.5418 Å), 
in the 2θ range of 10-70o with the scan speed of 2o/
min. The chemical interactions of lignocelluloses and 
nano hBN were studied by a Fourier transform infra-
red spectroscopy (FTIR, Perkin-Elmer Frontier) in the 
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range of 4000-600 cm-1. The thermogravimetric analy-
sis (TGA) of the prepared samples were performed on 
a NETZSCH STA409 PC/PG instrument, from room 
temperature to 800 °C at a heating rate of 10 °C min-1 
under nitrogen atmosphere. The microstructure of the 
pretreated biomasses and lignocellulose-hBN nano-
biocomposites were examined by means of scanning 
electron microscopy (SEM, ZEISS SUPRA 50VP).

3. Results and discussion

3.1. The characterization of biomass material

The chemical composition of raw and pretreated bio-
mass is shown in Table 2. Lignin was abundant in raw 
hazelnut shells (51.1%). After alkali pretreatment, 47% 
of lignin was removed and cellulose content increased 
almost three-fold up to 48%. Cellulose content was 
41% in the pretreated poppy stalks. The major effect 
of alkaline pretreatment is believed to be dissolution 
of lignin and hemicellulose, and saponification (de-es-
terification) of intermolecular ester bonds [5,38]. FCell 
showed a higher ratio of hemicellulose/lignin (H/L) 
than that of HCell. 

Table 2. The percent of cellulose (C), hemicellulose (H) and lignin 
(L) content of raw and pretreated biomass.

addition, the absorption band at 1430 cm−1, indicates 
to a symmetric CH2 bending vibration, known as “crys-
tallinity band” [41]. An increasing in its intensity means 
increment in the degree of crystallinity of samples. The 
peak at 898 cm-1 indicates the purity of the cellulose, 
which resulted from C–H vibration [42]. An increase in 
its intensity occurring in the pretreated biomass means 
that the structure is partially amorphous. The presence 
of a strong band centered at 1745 cm-1 in the finger-
print region, attributed to stretching vibrations of the 
C═O bond in the acetyl group in the hemicelluloses 
[43]. Compared with the Cell, there is no big differ-
ences was found in the fingerprint region of FCell and 
HCell. Spectrum bands at 1502 cm-1 and 1250 cm-1 for 
FCell and HCell were indicated an aromatic ring vibra-
tion [44-46]. This was a clear evidence of remained 
lignin in the structure even if alkali pretreated. 

3.2. Microstructure results

Figure 2 shows the microstructure of microcrystalline 
cellulose and pretreated lignocellulose samples taken 
at the same magnification. Microcrystalline cellulose 
shows the fibers with diameters of 10 to 20 μm and 
length of 50 to 150 μm (Figure 2a). The pretreatment 
process affected biomass structures differently and led 
to the formation of the structural differences between 
them. The pretreated samples seem to be in the form 
of agglomerates and the SEM images indicate that 
pretreatments increase the roughness. This might in-
dicate that a partial removal of the noncellulosic layer. 
FCell consists of regular microstructure having pores 
80-100 μm (Figure 2b). HCell structure seems to be 
strongly damaged after alkali pretreatment (Figure 2c). 
The rough surface may be preferred as it increases 
adhesion in the composite matrix [47]. 

3.3. The characterization of lignocellulose-hBN 
nanobiocomposite 

The FTIR spectra of nanobiocomposites filled with 
hBN are shown in Figure 3. Boron nitride has a strong 
band at 795 and 1380 cm-1 corresponding to B-N-B 
and B-N bond, respectively [48,49]. These bands are 
present around the same position in the fingerprint 

Materials C 
(%) 

H 
(%) 

L 
(%) H/L 

Total 
Residue 

(%) 
Raw F 16.7 13.3 51.1 0.260 18.9 
FCell 48.4 16.3 27.3 0.597 8 

Raw H 24.4 20.5 19.8 1.035 35.3 
HCell 41.0 9.4 19.3 0.487 30.3 

 
FTIR spectra of Cell, FCell, HCell are shown in Figure 
1. In the spectrum of microcrystalline cellulose , the 
absorbance at 3352, 2917, 1648, 1435, 1375, 1342, 
1312, 1288, 1210, 1166, 1109, 1085, 1033, 1000, 893 
cm-1 were associated with cellulose [39]. All samples 
consist of a broad band at 3600-3200 cm-1 due to O-H 
stretching. The band at 2938 cm-1 is the C–H stretch-
ing deformation of CH3, and CH2. The band at 1645 
cm-1 which is associated the OH bending vibrations 
is variable in its intensity for FCell and HCell [40]. In 

Figure 1.FTIR spectra of microcrystalline cellulose (Cell), pretreated hazelnut shell (FCell), poppy straws (HCell). 
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regions of all spectra indicating the formation of nano-
biocomposite. The band at 3400 cm-1 increases with 
increasing amount of boron nitride. It can be attributed 
to moisture absorbed during preparation. 

In order to investigate the structural morphologies of 
the nanobiocomposites, the microstructure of samples 
is analyzed and shown in Figure 4. These images 
clearly show that hBN is adsorbed on the pretreated 
natural fibers. The mechanism of the adsorption of 
hBN nanoparticles on the lignocellulosic samples is 
attributed to hydrogen bonding  between OH groups in 
lignocellulose and the defective edge of BN [50]. The 
presence both polar –OH groups and hydrophobic –
CH moieties in the lignocellulose-hBN biocomposite 
allows lignocellulose to be used as dispersant. 

To determine the adsorbed hBN on the lignocellulosic 
biomass, the amount of residual hBN in the solution 
after synthesis of lignocellulose-hBN nanobiocompos-
ite using 4% of hBN was determined gravimetrically. 
The amount of hBN was highest in the Cell (91.5%), 
followed by FCell (80.5%) and HCell (50.5%). Accord-
ing to chemical analysis (Table 2), the total amount of 
hemicellulose and cellulose (Holocellulose) was found 
to be higher on FCell than on HCell. Although there 
is insufficient information about the mechanism of ad-
sorption, the adsorption of hBN may attribute to the 
cellulose and hemicellulose content in the pretreated 
biomass. 

X-ray diffraction analysis results of the nanobiocom-
posites samples are shown Figure 5. The three well 
defined crystalline peaks at 15.7°, 22° and 34.5° were 
belonging to cellulose (JCPDS Card No:00-056-1718). 
The sharp peak at 26.0° identified to crystalline hex-
agonal boron nitride (JCDPS Card No: 00-034-0421). 
The difference between XRD results of all samples 
was caused by the different amount of cellulose pres-
ent in the biomass samples as shown Table 2. Since, 
the increase in the crystallinity is the increased the ma-
terial strength [51], the degree of crystallinity (CrI) was 
calculated according to Eq. 1 [52], 

Iamorphous is the intensity diffraction at 2θ ≈ 18°, attributed 
to amorphous regions. Segal’s equation was used as 
comparison purpose. The results are summarized in 
Table 3. As expected, highest crystallinity was in cel-
lulose samples followed by FCell and HCell.

Figure 2.SEM images of (a) Cell, (b) FCell, (c) HCell.
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Figure 3. FTIR spectra of a) Cell nanobiocomposites b) FCell nano-
biocomposites and c) HCell nanobiocomposites.

                          
      

                        (1) 
 

where I(002) is the maximum intensity at a diffrac-
tion angle 22° attributed to crystalline regions and 

Sample Name CrI (%) 
Cell4hBN 84.87 
Cell8hBN 82.26 

FCell4hBN 57.67 
FCell8hBN 58.09 
HCell4hBN 51.57 
HCell8hBN 58.68 

 

Table 3. Crystallinity index (CrI) of nanobiocomposites.

TGA was carried out to understand the effect of boron 
nitride on the thermal property of the Cell, FCell, HCell, 
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and the nanobiocomposite samples in the temperature 
range 20-800 °C. The thermograms of samples are 
shown in Figure 6a. Initial weight loss was observed 
in all samples due to the removal of moisture when the 
samples were heated up 130 °C. HCell and FCell in 
this stage showed a higher perceived weight loss than 
the Cell. It can be said that FCell and HCell had more 
adsorbed water than the Cell. In the second weight 
loss, we observed that Cell had a higher stability up to 
270 °C than the FCell and HCell. The reason for high 
thermal stability of cellulose might be explained with its 
good order structure which consists of a long polymer 
of glucose without any branches. There was a sharp 
weight loss for Cell from 270 to 382 °C and it had the 
maximum mass loss rate (30.1%/min) at 351 °C. The 
second weight loss mainly happened at 234-359 °C 
for FCell and 215-387 °C for HCell. Onset temperature 

of samples were shown differences and the maximum 
mass loss rates determined 9.11%/min at 328 °C and 
10.0%/min at 350 °C, respectively as seen Figure 6b. 
The hemicellulose/lignin ratio in the sample causes 
this difference in maximum loss rates [53]. From the 
data given in Table 2, H/L ratio was found to be 0.597 
in the FCell sample and 0.487 in the HCell sample. The 
hemicellulose consists of various saccharides such as 
xylose, mannose, glucose, galactose, etc. It shows an 
amorphous structure, rich of branches which are very 
easy to decompose. Different to hemicellulose, lignin 
shows the aromatic rings with various branches that it 
possesses provide degradation over a wider tempera-
ture range [39]. The lignin and hemicellulose contents 
in the structure of the lignocelluloses decrease the 
degradation rate of the structure increases. Similar to 
Nair and Yan [54], we found that the rate of thermal 

Figure 4. SEM images of nanobiocomposites samples.
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degradation decreases with increasing amount of lig-
nin in the structure. The last stage of weight loss was 
explained with the combustion of volatiles and forma-
tion of char residue. We could note that the differences 
between total mass losses are related to the residual 
content of samples. 

The DTA curves of samples are corresponded well 
with their DTG data (Figure 6c). All samples exhibit an 
endothermic peak at around 100 °C due to the evapo-
ration of water. Cell  shows an endothermic peak at 
351 °C different from the FCell and HCell in accor-
dance with the literature [39]. FCell exhibit two small 
exothermic peaks at 345 °C and 405 °C, similarly, 
HCell shows two exothermic reactions at 350 °C and 
400 °C, indicating that their decomposition reactions 
are exothermic. 

The effect of boron nitride on the thermal property of 
Cell is shown in Figure 7a. The addition of 8% hBN 

increased the thermal stability of Cell from 270 °C to 
275 °C while the addition of 4% hBN did not cause 
a change in the thermal stability of Cell. The maxi-
mum mass loss rates were 30.1%/min at 351 °C for 
Cell, 25.9%/min at 349°C for Cell-4hBN and 28.2%/
min at 350 °C for Cell-8hBN. 8% hBN addition caused 
a decrease in the degradation rate of Cell however, 
hBN addition had no effect on the onset temperature 
change as seen Figure 7b.

According to TG/DTA curves for the FCell hBN nano-
biocomposites, in all samples, approximately 54% of 

Figure 5. XRD analysis of nanobiocomposite samples.

Figure 6. TG, DTA and DTG curves of Cell, FCell and HCell.

a) a)

b)

b)

c)

c)
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the original weight was lost, indicating the decomposi-
tion of the polysaccharide molecules. It can be said 
that exothermic peaks belonging to FCell are sup-
pressed by the addition of hBN as seen Figure 8a. The 
temperatures where the maximum mass loss rates 
observed increased by 20 °C with the addition of hBN, 
however, hBN did not altered onset temperature (Fig-
ure 8b). 

The TG curves of HCell nanobiocomposites were al-
most similar for both 4% and 8% hBN addition, and 
approximately 65% of original weight was lost due to 
the decomposition of the polysaccharide molecules. 
(Figure 9a). As regards the DTA curves, two exother-
mic peaks belonging to HCell were suppressed when 
hBN added to the structure. Similar behaviour was 
also observed in the FCell samples. No differences 
observed at  the  onset temperatures of all lignocel-
lulose-hBN samples The maximum mass loss rates 
were 10.0%/min at 350°C for HCell, 10.9%/min at 360 
°C for HCell4hBN and 10.5%/min at 356 °C for HCell-
8hBN as seen Figure 9b. The addition of hBN did not 
change the thermal properties of HCell. HCell can ad-
sorb 50% of hBN added at 4% to its structure. This 
indicates that increasing the amount of hBN does not 
cause a change in the amount of hBN adsorbed to the 
HCell surface.

4. Conclusions

In this study, the synthesis and characterization of lig-
nocellulose-hBN nanobiocomposite was investigated. 
Hazelnut shells and poppy straws were pretreated in 
order to enriched in holocellulose before using as bio-
composite. Microstructural analysis showed that pre-
treatment process affected biomass structure and led 
to the formation of the structural differences between 
them. After pretreatment, the lignocelluloses seem to 
be in the form of damaged agglomerates having pores, 
and these structures are thought to increase adhesion 
in the polymer matrix. Almost 91.5% of hBN was ad-
sorbed on the cellulose, followed by FCell (80.5%) and 

Figure 7. TG, DTA and DTG curves of cellulose hBN nanobiocom-
posites.

Figure 8. TG, DTA and DTG curves of FCell hBN nanobiocomposites. 
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HCell (50.5%). Although there is insufficient informa-
tion about the mechanism of adsorption, the adsorp-
tion of boron nitride may attribute to the holocellulose 
content in the pretreated biomass. The degradation re-
actions of lignocelluloses were exothermic in contrast 
to that of cellulose. FCell and HCell showed slower 
degradation rates than that of cellulose, however, 
they began to degrade at lower temperatures than 
cellulose. Thermal properties of lignocellulose nano-
biocomposites varied depending on the amount of 
adsorbed hBN. Consequently, this study showed that 
nanobiocomposites containing lignocellulose and hBN 
may be used in polymer matrix structures where ther-
mal properties need to be altered.
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