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Abstract
The main focus of this study was to introduce a natural microcrystalline cellulosic raw material source
from the residue of sun�ower seeds, after oil extraction. For this purpose, the conventional method
of organosolvent oxidation was changed to a "soft" method where microcrystalline cellulose (MCC)
was extracted from sun�ower seed husk (SFH) and the characterization of MCC and cellulose
nanocrystals (CNCs) were carefully carried out. In this method, the concentration of acetic acid and
hydrogen peroxide required for the preparation of peroxyacetic acid (PAA) was reduced by two times. The
physico-chemical characterization, particle size, optical properties, chemical and crystal structure, surface
morphology, and thermal stability of MCC and CNC were studied. The FTIR analysis, revealed the
structural similarity of all derivatives of cellulose. Surface morphology was monitored with SEM, and the
surface of MCC �bers was rough, and the morphology of cellulose nanocrystal (CNC) was �ne, smooth
and rod-like (overlapping each other) appearance, CNC �lm surface was found to be brown was �lled with
nano �brils. The XRD analysis and determination of average particle size revealed that the MCC had a CI
of 72.9%, a coherent scattering length (CSL) of 2.9 nm, and an average particle size of 1971 nm along the
�bers, and a width of 266 nm. The acid hydrolysis resulted in the reduction of length of CNCs by 4 times
and the width was reduced about 5 times.  At the same time there observed an increase in the crystallinity
index (CI) value. It was found that cellulose materials were destroyed at temperatures between 200 С and
358 С.  Overall, it was concluded that sun�ower seed husk was considered as a potential source for CNCs
and the method employed for the extraction of cellulose from agricultural biomass waste was cost
effective and environmentally benign. 

Introduction
Currently, cellulosic materials are widely used in various industries due to their
abundance, biocompatibility and biodegradability (Alves et al. 2015; Alemdar et al. 2008). Therefore, the
productions of cellulose nanocrystals from various sources �nd much attention in scienti�c and
industrial sector. This is primarily due to their mechanical, thermal properties, cost-effectiveness and
versatility (Sá et al. 2015; Rambabu et al. 2015). The highly ordered structure of CNCs ensure their high
strength, which creates the preconditions for its use as a component of a reinforcing system (Kvien et al.
2005; Oksman et. al 2006; Bondeson et al. 2006) , in addition, the use of CNC as a �ller in polymeric
materials, improves their mechanical properties and  helps to control humidity, optical and sorption
properties, as well as biodegradability (Montero et al. 2016; Abdul Khalil et al. 2015). This leads to the
application of NCC in medicine, food, pharmaceutical, electronic and chemical industries.

The plant based materials are the main sources of cellulosic components which include annual plants,
agricultural waste, bacteria and molds (Brown et al. 2000; Boerjan et al. 2003). Materials rich in cellulose,
hemicelluloses, and lignin are commonly referred to as lignocellulosic biomass (Carrier et al. 2011).
Waste such as straw and husk of rice, corn, sugarcane pulp, Nypa Fruticans stem, �ber of pineapple
leaves, banana, coconut husks, etc are typical sources of lignocellulosic biomass (Boerjan et al. 2003;
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Gibson et al. 2010; Lwako et al. 2013; Sumira et al. 2020; Song et al. 2009; Chen et al. 2015; Jayaraj et al.
2014; An et al. 2020).

The Republic of Kazakhstan has an urgent need for replacing the currently using raw materials of
cellulose-paper and chemical production of lignocellulose biomass, with agricultural waste. Agriculture is
the leading backbone in the economy of Kazakhstan and agricultural waste is generated in huge
quantities every year, which is not reused or recycled.

One of the important sources of lignocellulose biomass is sun�ower husk (SFH), which is a by-product
formed during the preparation of sun�ower seeds (about 14% of the total seed volume) from oil
extraction. SFH is a ligni�ed plant tissue of cylindrical shape, up to 20-70 mm long, 8 mm in diameter.
Their density is up to 1.2 thousand kg per cubic meter, and humidity is up to 8%. According to some
reports, the cellulose content in SFH reaches 31-42.4% of the total mass (Dolgikh et al. 2009; Khusid et al.
2015).

Sun�ower farming is the leading branch of agriculture in Kazakhstan and the sown area for oilseeds is
growing steadily and has already exceeded 1 million hectares, which is about 5% of all sown areas in the
country. Due to the high demand of sun�ower seeds, its production leads to a huge amount of waste
from the oil processing plant, the disposal of which in large quantity is expensive and complicated. It has
been well-known that the oil extraction method produces approximately 14-25 kg of husk from every 100
kg of sun�ower seeds (Kharkov et al. 2018). Moreover, the use of SFH in its pure form as animal feed due
to its high content (about 50%) of �ber but its raw form is undesirable, because it is poorly absorbed by
animals (Khusid et al. 2015). Hence it is considered as a vital problem to resolve with immediate action
for the processing of a large amount of SFH, which are simply used as fuel.

There are large number of studies carried out to the production of nanocellulose from agricultural waste
(Boerjan et al. 2003; Gibson et al. 2010; Song et al. 2009; An et al. 2020; Bongao et al. 2020; Israel et al.
2008; Udonne et al. 2006) of the plants growing in Kazakhstan land, special attention is paid to hemp
weed, where the content of cellulose in the plant stems exceeds 50-70% (Ibrayeva et al. 2020; Jean et al.
2010), rice straw and husks (Boerjan et al. 2003; Gibson et al. 2010; Lwako et al. 2013; Sumira et al.
2020), the residue of coniferous logging (wood chips, pine branches and needles) with a target product
yield of more than 13% (Moriana et al. 2016; Kunaver et al. 2016). Analysis of literature sources shows
that there are few studies related to the processing of SFH into nanocellulose. Nevertheless, there are
works on obtaining functional feed additives from SFH (Khusid et al. 2015; Korotkov et al. 2013), carbon
adsorbents for the puri�cation of oily waters (Dolgikh et al. 2009; Ovcharov et al. 2010) , fuel (Perea-
Moreno et al. 2018; Zajemska et al. 2017), fertilizers (Paleckienė et al. 2010), biosorbent for removing
metals (Saleh et al. 2016; Özdemir et al. 2004), ceramics from SFH ash (Quaranta et al. 2016), agar
medium (Khan et al. 2005). One of the few studies devoted to the production of nanocellulose using the
husk of sun�ower seeds carried out by Chinese scientists (Chén et al. 2015). The process consists of
pretreatment with sodium hydroxide, bleaching with sodium hypochlorite, ethanol precipitation, acid
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hydrolysis with sulfuric acid, and dialysis to obtain nanocellulose. It should be noted that alkaline
treatment and bleaching with sodium hypochlorite signi�cantly increases the formation of liquid waste.

Therefore, in the pretreatment of biomass it is important to use an environmentally e�cient one-step
method, in particular, the method of organosolvent oxidation. The organosolvent method does not require
additional bleaching process. The chlorine-containing bleaching reagents produce cellulose material by
cyclic method using the existing peroxyacetic acid (PAA) several times (Kuznetsov et al. 1999; Barbash et
al. 2011; Minakova et al. 2008). (Arsen'yeva et al. 2016; Vurasko et al. 2008) In studies, high-yield
cellulose materials were obtained from annual plants using peroxyacetic acid. However, the use of
concentrated acetic acid and 30% hydrogen peroxide to obtain PAA, this method to be considered as a
completely environmentally friendly method. Consequently, one of the aims of this study is to change the
organosolvent oxidation method to “soft” method in the production of MCC, by using SFH as a raw
material. 

The novelty of the present study is that there are no systematic studies on the extraction of nanocellulose
from SFH using the "green" technology. Hence in the present study nanocellulose from MCC was
synthesized and their physicochemical properties were characterized.

Experimental Part
2.1 Materials 

Sulfuric acid (H2SO4) 98% (Sigma-Aldrich), hydrogen peroxide (H2O2) 15 %, Glacial acetic acid
(CH3COOH) ≥55%, sodium hydroxide (NaOH) ≥99%  hexane(C6H14) 99% and ethanol 96% (C2H5OH)
were purchased rom Sigma-Aldrich,. The sun�ower seed husk  was obtained from a local oil re�nery (Sei-
Nar LLP) located in Ust-Kamenogorsk, East Kazakhstan region. All other reagents were of analytical
grade and were used without additional puri�cation.

2.2 Methods

2.2.1 Sample preparation 

The sun�ower seed husk (SFH) was washed with hexane in sox let apparatus for 2 hours to avoid the
presence of unsaturated high fatty acids (stearic acid, palmitic acid, etc.). Washed sun�ower seeds were
dried in a drying cabinet at 500C for 6 hours until complete removal of hexane.

2.2.2 Preparation of peroxyacetic acid (PAA)

The detoxifying agent - peroxyacetic acid was prepared in accordance with the method (Vurasco et al.
2014) using concentrated sulfuric acid as a catalyst in a ratio of 1.5:1 (Vml/Vml) of 55% (ρ=0.5836

mg/cm3) glacial acetic acid and 15% (ρ=1.055 mg/cm3) hydrogen peroxide respectively.

2.2.3 Equilibrium peroxyacetic acid analysis
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The obtained PAA concentration was determined by by the following formula:

CPAA=V1N1mEq100/VPAA10r                                    (1)

Where V1-volume of sodium thiosulfate used for sample titration (328 ml); N1-normality of sodium
thiosulfate (0.1 N); mEq-milliequivalent PAA (0.038 mg / mol); VPAA-the volume of the sample taken for

titration (1 ml); r-density PAA(1.04 g / cm3) (Vurasco et. al 2014).

2.2.4 Extraction of microcrystalline cellulose (MCC)

In order to obtain MCC from sun�ower seed husk, 10 g of sun�ower seed husk with peroxyacietic acid
(SFH/PAA, g/ml), respectively in the ratios: 1/8, 1/10, 1/12, 1/14, 1/16, 1/18, 1/20, 1/22 were used.
Cellulose extraction carried out by boiling SFH and PAA in a �ask with a rotary condenser at a
temperature of 900C for 120 minutes with continuous intensive stirring (Fig. 1). The obtained MCC was
cooled to 25°С, �ltered through �lter paper, washed with distilled water until pH = 7 and then neutralized.
The neutralized pulp dried at 60°С for 6 hours until the mass was stabilized. The dried material was stored
in a desiccator.

2.2.5 Determination of MCC quality indicators

Moisture content of fully dried MCC was determined in accordance with ASTMD 1348-94 (2008), α-
cellulose content ASTM D1103-60 (1977), residual lignin ISO/DIS 21436 and hemicellulose content
ASTM D5896-96 (2019) e1, respectively. To determine the ash content of cellulose (SiO2), 3 g MCC was

�red in a mu�e oven (SNOL 8.2/1100 L Lithuania) at 700 °С for 90 min. The burning was carried out in 3
parallel conditions. The mass of ash (SiO2) was measured on an analytical balance (Sartogosm LV 210-
A, Russian) until an average value was obtained.

MCC consumption was calculated by the following formula:

Yield (%)= (mSFH-mMCC)/mSFH×100%                                   (2)

Where mSFH – SFH mass, mMCC– mass of obtained MCC.

2.2.6 Sulfuric acid hydrolysis of nanocellulose

To obtain CNC, weigh 1 g of the original MCC, take the ratio of MCC: H2SO4 with 60% H2SO4 as 1:8 (g/ml)

gradually add this by mixing H2SO4 at 0-5°С. When the cellulose and acid are completely mixed and gel-

like mass was obtained, add 25 ml of deionized water and heat in a water bath at 40°С , stirring vigorously
for 1 hour. CNC extraction from the resulting suspension consists of two stages. In the �rst step, the CNC
were stripped of phytomelanin pigment (depigmentation). To do this, the suspension was centrifuged at
500rpm / min for 5 minutes (Centrifuge 5427R eppendorf). As a result, phytomelanin precipitates in the
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form of large black particles. The cleaning process was repeated 2 times until the large particles of
pigment were completely separated (Fig.6).

The second stage of CNC extraction involves dialysis at 8000 rpm / min for 15 minutes and dialysis for
one week in deionized water until the resulting CNC pH was 6-7. CNC output was calculated by the
following formula:

Yield (%)= (mMCC-mCNC)/m1×100%                          (3)

where , mMCC - is the mass of MCC obtained by hydrolysis, mCNC -is the mass of CNC obtained after
hydrolysis.

2.2.7 The particle size of MCC and CNC

The average particle size was determined by Zetasizer NanoZS 90 (Malvern, UK) Dynamic laser light
scattering. To do this, 2% aqueous suspension of MCC and CNC were processed at 30 kHz for 10 min
using an ultrasonic dispersant U-sonic UZTA-0.15/22-0 (Alena, Russian).

2.2.8 Preparation of cellulose nanocrystal �lm (CNC �lm)

10 ml of 96% ethanol was added to 10 ml of an aqueous solution of 15% nanocellulose  to prepare the
CNC�lm. The mixture was stirred in a magnetic mixer for 15 minutes. The fully mixed mixture was poured
into a �at plastic surface and dried at room temperature for 48 hours. As a result, a colorless �lm with a
thickness of 18 μm was formed. The samples were stored in the crystallizer to prevent sorption of water
vapor and carbon dioxide in the air.

2.2.9 FTIR spectroscopy

IC-Fourier analysis of chemical structures MCC, CNC and CNC �lm were performed on a spectrometer
FTIR FT-801 (Simex, Russian), with a resolution of 1 см-1 and a wavelength 450–4700 см-1 according to
the standard method using the standard technique with a universal attachment of a single broken total
internal re�ection and specular-diffuse re�ection with the upper position of the sample, at a temperature
of 25 0C. The number of scans was 100.

2.2.10 X-ray diffractometry 

The crystal structures of MCC, СNC and СNC �lm were studied by X-ray diffraction on X´PertPRO
diffractometer (Malvern Panalytical Empyrean, Netherlands) using monochromatized copper (СuKα)
radiation with a scan speed of 0.05º for 10 s, K-Alpha1 [Å] 0.1542. The measurement angle was 10-45º,
the X-ray tube voltage was 45 kV, the current intensity was 30 mA, and the measurement time at each
step was 0.5 s and an aluminium rectangular multi-purpose sample holder (PW1172/01) was used for
the measurement in re�ection mode. The ICDD PDF-4/AXIOM database of XRD patterns was used for the
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analysis of the XRD patterns. The POWDER CELL 2.5 software package was used for the Rietveld
re�nement of the unit cell parameters and CSL.

CSL by formula 4 and POWDER CELL 2.5 software package was determined 3 times.

The CI was measured by the Segal method (Segal et al. 1959) and calculated by the following equation: 

CI (%)= (I200-Iam)/I200×100%                                      (4)

where I200 - 2θ value is the maximum intensity of the lattice diffraction peak between 21° and 23°, Iam - 2θ
value is the minimum between peaks 15° and 20°. 

CSL was determined by the Scherrer formula: 

CSL= kλ/βcosθ                                                           (5)

where k- is a shape factor that is often 0.89 (Sintu Rongpipi et al. 2018), λ -is the wavelength of the
diffractometer (0.1542 nm), β-  is the FWHM (maximum half of the full width) of (200) diffraction peak in
radians, θ- is the diffraction angle.

2.2.11 UV-vis analysis of CNC and CNC �lm 

The optical absorption spectrum of the obtained CNC aqueous solution was recorded on a
spectrophotometer (PE-5400UV, Russian) with a scanning speed of 240 nm /min and a wavelength of
190-1000 nm. A 10 mm thick quartz cuvette was used for this study. The transparency of the CNC �lm in
the optical absorption region of 600 nm calculated by the following formula:

Opacity = Abs600/d                                         (6)

Where, Abs600/ -is the optical density of the CNC �lm of 600 nm, d- is the thickness of the CNC �lm (µm).

2.2.12 Scanning electron microscopy

The morphology of all cellulose samples was examined under a scanning electron microscope. The
surface morphology of MCC, CNC and CNC �lm were examined by SEM Quanta 200i 3D (FEITM
Netherlands). Measurements were carried out in high vacuum mode using a secondary electron detector
at an accelerating voltage of 15 kV. A solution of silver nanoparticles with a concentration of 10-3 mol / l
of MCC and CNC powders was sorbed by stirring for 2 hours. The �nished samples were �ltered on �lter
paper and dried in an oven at 50°С for 1 hour. The surface of the CNC �lm is coated with gold to improve
the transfer of electrons. The specimens were mounted on aluminum pins with carbon tape.

2.2.13 TGA analysis
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The obtained thermal characteristics of MCC, CNC and CNC �lm were studied in a differential
thermogravimetric analyzer in an argon atmosphere LabSysevo (Setaram, France). The temperature
range is 30 ± 5 -700 ± 5°C. Heating rate 10 ± 1°C/ min. The mass of the samples was about 20 ± 2 mg.

Results And Discussion
3.1 Characterization of materials

Figure 2 shows the raw material and the product obtained in the present study. In Figure 2a, the raw
material SFH shows a pale colour in the interior region and a black appearance in the outside region due
to the presence of phytomelanin pigment, the material shows a size range of 8-12 mm long and 4-6 mm
wide. Figure 2b shows the image of, MCC. Due to the presence of residual pigment, it shows a gray color
with a cotton-like �brous appearance 

3.2 The concentration of obtained PAA 

According to the calculation based on formula 1, the obtained PAA concentration was 12%.

3.3 Determination of microcrystalline cellulose quality indicators

The results of MCC yield and quality indicators obtained by different ratios of SFH: PAA by the method of
organosolvent oxidation are shown in Table 1 and Figure 3. According to the results, the ratio of SFH: PAA
is1:16 g/ml shows an increase in the activity of the deligni�cation process. At 1:20 g/ml, the pulp yield
reaches a high level of 47.8%. Further increase in PAA shows that cellulose consumption increased by
only 0.04% (Table 1). The ratio of SFH: PAA is 1: 20 g/ml obtained as an effective hydro-module for
further studies, taking into account the consumption of reagents. MCC obtained in the ratio SFH: PAA is
1:20 g / ml used in CNC synthesis.

In terms of quality analysis, the ratio of SFH and PAA, 1: 20 g/ml was selected as the highest value of α-
cellulose, i.e. 72%. The minimum content of residual lignin and hemicellulose also observed at 1:20
hydro-module, which was 2.1% and 13.02%, respectively (Table 1). Moisture and ash content (SiO2) of the
obtained MCC did not differ signi�cantly (Table 1). (Ritesh Kumar et al. 2012) According to the qualitative
indicators of cellulose obtained by different methods from the biomass of annual plants in the study, the
content of α-cellulose range from 30% to 60%, the content of residual lignin from 12% to 22%. Comparing
these values, we see that the method of organosolvent oxidation is effective for the production of SFH
cellulose. It should be noted that oxidative-organosolvent technology allows you to get MCC from SFH in
soft conditions, as well as with high output without excessive pressure and temperature. In the process of
obtaining MCC from SFH, it was found that the deligni�cation process by this method is most effective
(Table 1).

Table 1. SFH: Effect of PAA ratio on MCC quality
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SFH:PAA,
г/мл

MCCindex

Expenses,
%

Humidity,
%

α-
Cellulose,
%

Residual
lignin, %

Hemicellulose,
%

Ash content
(SiO2),%

1:8 32.9±2 2.7±0.5 49±3 3.6±0.5 21.2±2 2.4±0.5

1:10 32.6±2 2.8±0.5 53.4±3 3.2±0.5 18.1±2 2.4±0.5

1:12 32.8±2 2.8±0.5 53.4±3 3.1±0.5 15.8±2 2.3±0.5

1:14 32.7±2 2,7±0.5 62.3±3 2.8±0.5 14.5±2 2.5±0.5

1:16 36.5±2 2.9±0.5 66.6±3 2.6±0.5 13.94 ±2 2.2±0.5

1:18 44±2 2.7±0.5 68.8±3 2.4±0.5 13.7±2 2.2±0.5

1:20 47.8±2 2.7±0.5 72±3 2.1±0.5 13.02±2 2.2±0.5

1:22 47.83±2 2.7±0.5 72±3 2.1±0.5 13.02±2 2.2±0.5

1:24 47.84±2 2.7±0.5 72±3 2.1±0.5 13.02±2 2.1±0.5

3.4 Surface morphology, particle size and suspension stability of MCC

The surface morphology of MCC is shown in Figure 3. MCC �bers have an average length of 200-300 µm
and a width of 3.73-21.30 m. The surface is clean and relatively smooth. This indicates that the cellulose
micro�bers obtained from SFH during organosolvent oxidation are obtained individually and are free
from hemicellulose and lignin.

It was found that the average particle size of MCC �bers was 1971 nm in length and 266 nm in width
(Figure 5 and Table 2). Figures 6 a, and 6 b shows the images of the newly obtained MCC in aqueous
suspension at one month old. After a month, the MCC suspension can be seen to sink to the bottom of
the vessel under the in�uence of gravity.

3.5 Preparation, surface morphology, particle size and suspension stability of CNC

Figure 7 shows the scheme of CNC extraction from MCC by acid hydrolysis and shows the resulting
CNCs. The CNC output from the MCC was 35%, (Chen et al. 2015) and was found to be 3.33% (31.67%)
higher than the CNC consumption in the study.

In Figure 7, it can be seen that the surface morphology of the CNC obtained by hydrolysis of sulfuric acid
consists of agglomerated �brils, based on the SEM microphotography. Acid hydrolysis breaks down the
amorphous parts of the MCC and converts the micro�bers into nano�brils. It can be seen that the results
of the study (Onkarappa et al. 2020; Revati et al. 2020) are well consistent with the literature.

The average particle size of CNC was 450 nm, the length of the crystals reduced by 4 times compared to
the particle size of MCC, and the width reduced by about 5 times to 50 nm (Figure 8 and Table 2). Figures



Page 10/28

9a, and 9b shows that the CNC aqueous suspension remains unchanged after one month. A white
homogeneous solution without any precipitation is shown in Figure 9b.  The results indicated that CNC
dispersions are very stable after one month of time. Figure 9a shows the unimpeded passage of laser
light through the CNC suspensions. This is due to the "Tyndall effect" caused by the impact of charges on
the surface of cellulose nanoparticles (Zhan et al. 2018; Elanthikkal et al. 2010; Mohamed et al. 2015).
The value of the Zeta potential was -21.2mV.

3.6 UV-vis analysis of CNC and CNC �lm

Based on the diagram in Figure 10, CNC �lm was 18 µm thick, colorless and transparent. CNC
and CNC �lm recorded an ultraviolet spectrum at a wavelength of 200 to 1000 nm (Figure 11). The
spectra of the two samples did not show the absorption of the electron transitions of the p-p* (C = O)
bond of the aromatic ring at a wavelength of 260 to 280 nm (Fig. 11a). This residue explained by the
complete puri�cation of lignin and hemicellulose (Lamia et al. 2009; Claudia et al. 2015).

The CNC �lm transmittance became smaller as the wavelength decreased, and the maximum absorption
in the visible region was 50% (Figure 11b). This indicates that CNC �lm has good bandwidth in the visible
area. This result is consistent with the results of the study (Trifol et al. 2017). It can be clearly seen in the
FTIR spectrum shown in Figure 13.

3.7 Morphological aspects of CNC �lm 

The surface microstructure of CNC �lm is shown in Figure 12. It can be observed that the surface of the
CNC �lm is homogeneous and consists of rod-shaped nano�brils. Due to the shrinkage of �bers, the
crystal is compacted and appeared in rod form. In addition, the presence of surface charge (sulfo groups)
of nanocrystallites has a positive effect on the homogeneity of the �lm surface (Trifol et al. 2017).

3.8 FT IR spectroscopy of MCC, CNC and CNC �lm

Comparative FTIR spectra of chemical structure of MCC, CNC and CNC �lm obtained under optimal
hydro-module conditions (1/20 g/ml) are shown in (Figure 13). According to IR spectroscopy, the
absorption region in all spectra is 655.9 см-1 C – OH bond out-of-plane bending (Zghari et al. 2018;
Stefan et al. 2020), 891 см-1 and 1153.6 см-1 β- (1,4) - glycoside C – O – C (amorphous region) (Zghari et
al. 2018; Stefan et al. 2020), 1014.7 см-1 and 1153.6 см-1 high-intensity signals - C – O and C – C bonds
in the aromatic ring, C – O in the pyranose ring 1053.3 см-1 Chronic oscillations of the C bond,
1253.9 см-1, 1307.9 см-1 and 1365.8 см-1 C – H, 1412.1 см-1 C – H2 groups (Zghari et al. 2018; Stefan et

al. 2020; Kacuráková et al. 2002; Kian et al. 2017; Haa�z et al. 2014), 1635.9 см-1 O – H in the water
molecule sorbed from the air of cellulose describes the bonds (Zghari et al. 2018), 2889.8 см-1 and
3337.8 см-1 signals of CH and OH groups at wavelengths (Trifol et al. 2017; Kondo et al. 1996; Cao et al.
2004) (Fig. 13). In the MCC spectrum, 1516.2 см-1 is associated with C = C in the aromatic ring of lignin
(Sun 2005), 1724.6 cm-1 shows a chronic oscillation of the acetyl and ester group C = O in the
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hemicellulose molecule (Trifo et al. 2017). This con�rms the accuracy of the numerical values of
hemicellulose given in Table 1. This indicates the effective extraction of lignin and hemicellulose during
the production of CNC by acid hydrolysis. IR spectra show that the chemical structure of CNC is similar to
that of MCC, and that acid hydrolysis does not destroy the chemical structure of MCC (Trache et al. 2014;
Benyoussif et al. 2015). The obtained result is in good agreement with the study (Kian et al. 2017). It can
be seen that the chemical structure of CNC�lm is no different from the structure of CNC (Figure 13).

3.9 X-ray diffractometry of MCC, CNC and CNC �lm

In general, the crystallinity of cellulose is an important property that determines its thermal and
mechanical properties. Figure 14 shows a comparative X-ray diffractograms of MCC, CNC, and CNC �lm.
The crystallinity of cellulose was already reported in litterature (Podgorbunskikh et al. 2014; Mondragon
et al. 2014). Four diffraction peaks obtained from the X-ray diffractograms. They are equal to 2q=15.6 (1-
10), 16.5 (110), 22.2 (200), 34.5 (004), and the crystal structure of the molecule is characteristic of two
chains monoclinic unit per unit cell. They are the counterparts to the peaks of the pattern cellulose I β
(French 2014). Table 2 shows that the MCC CI at a ratio of 1/20 g / ml was 72.9%, CSL was 2.9 nm, the
average particle size of the �bers were 1971 nm long and 266 nm wide.

The CI content of the CNC obtained by acid hydrolysis is increased by 82% and the CSL value decreased
by 2.7 nm. This proves that during the chemical treatment, non-cellulose components are effectively
removed from the amorphous part of lignin, hemicellulose and cellulose, and the amount of α-cellulose is
increased (Martins et al. 2011). This is also evident from the results of SEM images of CNC and CNC �lm
(Figures 7, 12). The crystal structure of the �lm obtained from CNC was not changed in comparison with
CNC.

Table 2 - CI, CSL and average particle values of CNC obtained by MCC and acid hydrolysis

Samples CSL, nm CI, % Average particle size, nm

Length Width

MCC 2.9±0.1 72.9±4 1971±100 266±35

CNC 2.7±0.1 82±4 450±50 50±15

3.10 Thermo gravimetric analysis of MCC, CNC and CNC �lm

Figure 15 shows the relative thermograms describing the thermal stability of MCC, CNC and CNC �lm.
The mass reduction of all samples could be divided into three stages. The �rst stage - a decrease in mass
due to evaporation of water molecules absorbed from the air at a temperature of 35°С - 125°С in all
samples (Voronova et al. 2015; Zhan et al. 2018). At the same time, MCC lost ~11% by weight. The
maximum reduction in CNC and CNC �lm masses was ~6%. This is clearly evident from the XRD results
(Figure 15 and Table 2). A large loss of sample mass occurred in the second stage. It happens in the
temperature range 200 to 358°С. MCC, CNC and CNC �lm lost 63%, 50% and 51% of their mass,
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respectively. The amount of mass lose is comparatively small on CNC. This phenomenon may be due to
the presence of high content of crystallites in the CNC (Isaac et al. 2018). During this temperature range,
cellulose is strongly depolymerized and volatile components like CO, CO2 and CH4 are formed (Roman

2004). A sharp decrease in MCC mass observed at a temperature of 254°С. The mass reduction of CNC
and CNC �lm begins at a temperature of 226°С. Most of the masses decreased from 226 to 366°С. The
thermal stability of CNC and CNC �lm was lower than that of MCC by one temperature regime. This is due
to the rapid degradation of sulfate groups on the surface of the CNCs (Roman et al. 2004; Kusmono et al.
2020). In the third stage, there is a thermal decomposition of intermediate volatile products such as
levoglucosan, coke, hydrogen, ethylene, ethane and resin at a temperature of 360-700°С (Roman et al.
2004).

Conclusions
The aim of the present study was to develop a soft method for the extraction of MCC. In addition, the
production of cellulose, CNC and CNC �lm from the obtained MCC. The total yield of MCC and residual
amount of lignin, hemicelluloses, humidity and ash content were determined. UV spectroscopic
examination revealed good CNC dispersion in aqueous medium. The surface morphology analysis
revealed that, the surface of MCC �bers is rough, the surface morphology of CNC is �ne, smooth and rod-
like (overlapping each other), CNC �lm surface appeared to be brown and shows the presence of
nano�brils. CNC with a 10–20-nm diameter and high aspect ratio was attained by this method. XRD,
FTIR, elemental analysis, and TGA obviously support the isolation of CNC. XRD analysis and
determination of average particle size revealed that the MCC had a CI of 72.9%, a CSL of 2.9 nm, an
average particle size of 1971 nm along the �bers, and a width of 266 nm. The results of the present study
concluded that by adopting the modi�ed organosolvent oxidation process, nanocellulose can be easily
extracted from sun�ower seed husk and considered as a basic raw material for nanocellulose. Thus, for
the cost-effective production of nanocellulose, the present method can be employed successfully. The
method is environmentally friendly, highly e�cient and an excellent aspirant for a source of raw material.
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The scheme representing the synthesis of MCC by organosolvent oxidation

Figure 2

Raw materials and products. a-raw SFH; b-MCC

Figure 3

SEM images of MCC
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Figure 4

The particle size of MCC.
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Figure 5

MCC suspension obtained from SFH: a fresh MCC; b –after one month
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Figure 6

Scheme of CNC synthesis by acid hydrolysis

Figure 7

SEM image of CNCs



Page 23/28

Figure 8

The particle size of CNC
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Figure 9

CNC suspensions: а – fresh CNC; b – CNC after one month
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Figure 10

CNC �lm production scheme

Figure 11

UV-vis spectrum of CNC and CNC �lm a-CNC, b- CNC �lm

Figure 12

SEM images of CNC �lm
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Figure 13

FTIR spectrum of MCC, CNCs and CNCs �lm
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Figure 14

XRD diffractions of MCC and CNC, CNC �lm
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Figure 15

TGA curves of MCC, CNC and CNC�lm.


