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Abstract Cellulose fibers were extracted from dried raw corn (Zea mays) husk, is the second most widely traded cereal
after wheat, by alkaline treatment (mercerization), followed by neutralization with acid; product of which underwent
bleaching to produce pure form of cellulose. Urea-formaldehyde (UF) resin was prepared from formaldehyde and urea and its
composite with the extracted cellulose fibers was prepared via solution casting method. Characterization of prepared samples
was carried out by X-Ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) and scanning electron
microscopy (SEM), compressive strength test and water absorption test. From the results of XRD, FTIR and SEM, extraction
of pure cellulose was affirmed, crystalline nature of cellulose was confirmed and crystallite size of thus obtained cellulose
was also determined by XRD. From the results of FTIR, compressive strength test and water absorption test, it was concluded
that addition of cellulose fiber to UF resin increases the compressive strength and water absorption of the composite which

ultimately makes the composite more bio-degradable and eco-friendly.
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1. Introduction

Bio-based industrial residues are increasing every day.
Alongside is increasing cost of their management. That is
why, use of bio-based industrial residue as industrial raw
material is now a growing trend among entrepreneurs [1].
Value added utilization of such residues in accordance with
environmental requirements has motivated many young
researchers [2,3]. Every responsible proficient global
citizen is now concerned about developing sustainable and
renewable polymeric material which would be able to
replace petrochemical based pollution- prolonging plastic
materials. Natural fiber reinforced plastics prepared using
biodegradable polymer as matrix are the most environmental
friendly materials [4]. One of the many efforts include,
reinforcing thermosetting polymers with natural fibers for
making it more bio-degradable and eco-friendly. Natural
fibers when used in reinforcement of polymeric materials
give enhanced mechanical and thermal stability proving
them to be a better option of pure petrochemical based
polymeric materials [5]. Cellulose, the most abundant
biopolymer on earth, is chemically defined as a linear
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homopolymer composed of B-1, 4-linked glucose molecules,
[6,7]. It provides excellent properties such as high
mechanical properties, high strength, low thermal expansion,
low density and biodegradability [6,8]. The recent demand in
materials research is to develop materials which comprise
excellent features such as enhanced mechanical properties
and thermal stability, biodegradability, being eco-friendly,
and low-cost [6]. Therefore, cellulose fibers are found to be
one of those interesting co-product of bio-based industries
which can be used to fill or reinforce thermosetting
polymers for preparation of natural fiber composites. These
materials facilitate waste management by biological
processes having various applications in the economic fields
where the biodegradability and renewability are preferred
characteristics features [9]. Considerable contribution has
been given in research using thermosets and thermoplastics
as matrixes and natural fibers as reinforcements for the
preparation of composites. The most commonly used
thermosets are  phenol  formaldehyde, resorcinol
formaldehyde, epoxy and urea—formaldehyde resins [10,11].
Urea-formaldehyde (UF) resin, one of the most important
formaldehyde resin adhesives, is a polymeric condensation
product of formaldehyde with urea [12]. However, easily
available cellulose fiber used in paper and textile industries
is not yet investigated as reinforcements, despite its high
potential of replacing traditional glass and carbon fibers.
Natural fibers are easily available, light weight, cheaper,
easily separable, non-corrosive and biodegradable.
Additionally, they have good thermal properties in
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comparison to traditional reinforcement materials such as
glass fiber, carbon fiber etc. [5]. Keeping in mind these
massive advantages of cellulose fibres, the present work
is designed to fabricate corn husk (Zea mays) fiber as
reinforced urea-formaldehyde based polymer composites
and study the mechanical properties and biodegradability via
compressive test and water absorption test respectively.

2. Materials and Methodology

2.1. Materials Required

Sodium hydroxide (97% Merk); Acetic acid (99.5%
Fisher Scientific); Hydrogen peroxide (30%); Urea (99.5%);
Formaldehyde (37% Fisher Scientific) and Sulphuric acid
(97% Merk); were of analytical grade and used without
further purification. Corn husk was obtained from local farm
house, Panchkhal, Kavrepalanchowk District, Nepal.

2.2. Extraction of Cellulose From Corn Husk by
Chemical Modification

Different stages involved in the extraction of cellulose
from corn husk are depicted in Figure 1. According to
Chirayil et al., pre-treatment with sodium hydroxide and
sodium chlorite (bleaching), has removed the noncellulosic
constituents resulting in fibers with high cellulose content
[13]. Therefore, three simple steps of mercerization (alkali
treatment), neutralization and bleaching were involved to
obtain high cellulose content material from corn husk. I.
Mercerization; Corn (Zea mays) husk were sun dried until
completely dehydrated and cut into small pieces of almost 2
to 3 cm and treated with 0.5 N sodium hydroxide (NaOH)
solution for 3 hours at 70°C with 5% weight of cornhusk in
alkali solution. This process removes lignin, hemicellulose,
waxes and other surface impurities of fiber. Therefore this
process is also called mercerization [1].

I1. Neutralization; The treated slurry was washed in water
to remove dissolved substance and the coarse fibers obtained
from were neutralized using 10% V/V acetic acid solution.
The neutral state of coarse fiber was then dried under
ambient condition inside a desiccator for 24 hours. This
helped the fiber regain neutral state and also further removed
surface impurities. After neutralization, it was oven dried
and bleached.

I11. Bleaching; The dried corn fibers were bleached by
using 3 g/L hydrogen peroxide at 70°C for 3 hours with 7%
W/V of fibers in bleaching solution. Bleaching leads to
further delignification of fiber and gives white cellulose [14].
The obtained white cellulose fibers were then washed several
times by distilled water and were oven dried assuring no
presence of moisture. The thus obtained fiber was then
grinded in a cleaned distilled-water-washed kitchen grinder
and sieved using 400 um sieve mesh. During this process of
bleaching the pH was maintained to be slightly basic. This
can be done by addition of NaOH solution. The preferred pH
for bleaching of natural fiber was 9 [15].
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Figure 1.

Extraction of cellulose from corn husk A) sun dried corn husk B)
husk powder C) mercerization (alkali treatment) D) dried mercerized E)
neutralized F) dried neutralized G) bleached cellulose H) dried bleached
cellulose fibers

2.3. Synthesis of Urea Formaldehyde (UF) Resin

The UF resin was synthesized in laboratory (Scheme 1)
by following standard protocols [16,17] with slight
modification; using 1:3 (W/V) ratio of urea and
formaldehyde. Formaldehyde (18 mL) in the beaker was
heated on paraffin oil bath for 10 min and 6 g of urea was
added to it (1 gram urea at a 1 min interval). This procedure
was carried out in a magnetic stirrer for consistency in the
stirring procedure. Few drops of concentrated sulphuric acid
was added to the UF resin thus formed and further heated
until viscous mass was obtained. Thus, obtained UF resin
viscous mass was poured into plastic ice tray with grooves of
dimensions (~50 cm x30 cm x20 cm) and was pre cured a
50°C for 24 hours and post cured at 80°C for 48 hr.
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Scheme 1. Schematic route for the synthesis of urea-formaldehyde (UF)
resin

2.4. Preparation of Urea Formaldehyde/Corn Cellulose
Fibers (UF/CC) Composites

Figure 2.  Preparation of urea formaldehyde/corn husk cellulose
composites (UF/CC)- A) Mixture of Urea and Formaldehde (1:3), B)
Different composites prepared by solution casting method, C) Cellulose
based UF composite
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Cellulose fibers based urea formaldehyde composites
were prepared using solution casting method (Figure 2). The
composites of different compositions 0/100, 5/95, 10/90,

20/80 and 30/70 (by weight) of fiber were prepared (Table 1).

Thus obtained natural fiber cellulose was characterized by
XRD, FTIR and SEM and its composites by FTIR,
compressive strength test and water absorption test.

Table 1. Composition of Urea Formaldehyde/Cellulose Composites

SN UF/CeIIu!ose Amount_ of Amount gf
composite UF resin Cellulose fiber
1. 100% UF 20 mL 0.000 g
2. 95% UF 19mL 0.333¢g
3. 90% UF 18 mL 0.666 g
4. 80% UF 16 mL 1.332¢9
5. 70% UF 14 mL G

2.5. Characterization Techniques

2.5.1. Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR analysis was carried out in Central Department
of Chemistry, Tribhuvan University, Kathmandu, Nepal by
using IR Prestige-21 Spectrometer Shimadzu, Singapore.
The spectra were collected in the spectral range of 4000-400
cm* with spectral resolution of 4 cm™in ATR mode.

2.5.2. X-Ray Diffraction (XRD)

XRD (Bruker D, Phase) with a monochromatic CuKa
radiation source (A=0.15406 mm) at scanning rate of 0.1
degree per step and 26 ranging from 20 to 80 degree at Nepal
academy of Science and Technology (NAST), Khumaltar,
Lalitpur, Nepal. The accelerating voltage 35 KV and
emission current of 30 mA were used.

The average crystallite size of the extracted cellulose was
determined with the help of Debye Scherer Formula [18]
(equation 1):

Particle size (D) = k\/f Cos 6 Q)

where, D = crystalline size (hm)

K = Scherrer’s constant = 0.9

L = wavelength of X-ray used = 0.15406 nm

0 = peak position (radians)

B = Full width at half maximum (FWHM) intensity of
intensity profile (in radian) [18].

2.5.3. Scanning Electron Microscopy (SEM)

Extracted cellulose fibers were characterized by SEM
(FEGSEM MAIAS3, HV=2kV, model 2016, Tescan, Czech
Republic) to have better understanding of the surface
structures and morphologies.

2.5.4. Compressive Strength Test of UF/CC Composites

The UF/CC composites were analyzed by measuring the
compressive strength which was performed according to
directives of American Society for testing and material
(ASTM) for each sample. It was carried out by Compressive

Testing Machine (CTM, capacity 500 kN, Harris & Tarris
Co.) at the Central Material Testing Laboratory at Pulchowk
Engineering Campus, Pulchowk, Lalitpur, Nepal. The
calibration factor of the instrument was 3.7 Kg and blocks of
average 15 g were tested.

2.5.5. Water Absorption Test of UF/CC Composites

Water absorption test is required to predict the
biodegradability of the composites. Water absorption on the
materials allows microorganisms, such as bacteria and fungi
to grow and utilize cellulose as a carbon source. The results
implied that the sample with higher cellulose contents
exhibited better biodegradability due to the fact that
biodegradation is naturally caused by the penetration of
the microorganisms using water as a medium. [19,20].
Composites with same dimension were immersed in clean
distill water. Weight measurements were taken at of 6 hr, 24
hr, 48 hr, 72 hr, and 144 hr of immersion initially and weekly
thereafter. The amount of absorbed water was calculated
using the following equation 2 [21,22]:

Water Absorption (%) = (%) %X 100 2)
1

Where M, is the weight before the test and M; is the
weight during measurement (g).

3. Results and Discussion

3.1. Fourier Transform Infrared Spectroscopy (FTIR)
of Corn Husk and Extracted Cellulose

Figure 3 displays the FT-IR vibrational spectrum of wave
number 4000-500 cm™ of natural fiber and cellulose. It
showed broad absorption bands between 3600-3000 cm™
which represents the O-H stretching vibration and very
strong intra and intermolecular hydrogen bonds vibration of
O-H of methyl and methylene of cellulose which is more
prominent in case of extracted cellulose in comparison to the
raw corn husk [23]. An axial C-H stretching vibration can
be seen at 2921 cm™ which is also more prominent in case
of cellulose. FTIR peaks at 2915-2820 cm™ are by C-H
stretching. The peak at 1640 cm™ is representing C=0O
stretching of hydrocarbon [23,24]. Characteristic stretching
of C-O and C-O-C pyranose ring vibration of cellulose is
represented by 1157 cm™ peak [4,25]. The strong absorption
band at 1034 cm™ is observed which is characteristic of
cellulose as supported by Fan et al. [15].

The peak at 1030-1040 is due to C-O-C stretching [26].
The absorption peak at 892 cm™ is typical structure of
cellulose representing C-O-C stretching vibration for p, 1,
4-glycosidic linkage [23-28]. The FTIR of cellulose and raw
corn husk preserves similar profile in each wavenumber. The
intensities are found higher in case of cellulose which is also
reported by Asrofi et al [29] in case of Water hyacinth. This
result of FTIR addresses successful extraction of pure form
of cellulose from corn husk, additionally showing the
changes occurring in the path of extracting cellulose from
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corn husk.
Table 2. Frequencies of Different Vibration Mode in Fourier Transform
Infrared Spectroscopy Readings of Cellulose and Raw Corn Husk
WavenL_|1n1 ber Functional group Vibration mode
(cm™)
3346 O-H Stretching
2921 C-H Asymmetric stretching
1640 C=0 Stretching
1157 C=0and C-O-C Pyranose ring vibration
1034 C-0-C Stretching
892 C-0-C Stretching viprfitign for
B, 1, 4-glycosidic linkage
100 - 892

90

80

70 4

60

50

Transmittance (%)

40 - 3346

-OH
30 94— Raw corn husk 1034
Extracted Cellulose Cc-0-C
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Wavenumber (cm™)

Figure 3. Fourier Transform Infrared Spectroscopy of cellulose and corn
husk

3.2. X-ray Diffraction (XRD) Analysis of Corn Husk and
Extracted Cellulose

Figure 4 compares the XRD patterns of raw corn husk and
extracted cellulose. The average crystalline size of the
extracted cellulose was determined 70 nm with the help of
Debye Scherer Formula [18] (equation 1). XRD analysis of
cellulose revealed the signatures characteristic of cellulose |
structure, with XRD peaks located at 22.4 and 34.6° 26
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which correspond to (021) and (040) latiice plane
respectively [30]. Whereas weak broad peak at 28.0° 20
corresponds to a combination of 130, 131, 221, 227, 230 and
310 reflections [31]. The peak at 28 is very broad and weak
which is affected by scattering from the paracrystalline
structure and by moisture [31]. Conversely, the XRD pattern
of raw corn husk appeared to be amorphous, with slight
crystallinity observed at 22.0° 26 that correspond to (021)
crystallographic planes of cellulose 1I. On removing
non-cellulosic constituents of corn husk by chemical
modification, the intensity of peak become more intense and
defined. Crystallinity of raw fiber is characteristically lower
in comparison to that of cellulose which proves that chemical
treatment successfully increased the cellulose fiber
crystallinity due to removal of hemicellulose and lignin
contents during the chemical treatment as also reported by
Janoobi et al. [32].

Crystallinity of cellulose defined by intensified peaks
confirmed extraction of pure form of cellulose from corn
husk. This verifies that mercerization chemical modification
technique as a very good method for easy extraction of
cellulose from corn husk.

—— Raw corn husk
220 — Cellulose

3
8
2 |225
2]
15 28.0
= 34.6

20 30 40 50 60 70 80

Figure 5. Scanning electron micrograph of dried cellulose fibers at (A) lower and (B) higher magnification
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3.3. Scanning Electron Microscopy (SEM)

The surface morphology of the cellulose fibers was
examined by scanning electron microscopy which, selected
SEM micrographs are shown in Figure 5. The micrographs
showed vascular texture of fibrils. The SEM results
suggested that mercerization caused fibrillation and
breaking of fibers to small pieces that increased surface
area as previously studied by Kunusa et al in corncobs
[33]. Petersson and Oksman [34] studied extensively
microcrystalline cellulose (MCC) as reinforcement for
polymers. MCC, particles of hydrolyzed cellulose consist
very large amount of cellulose microcrystals together with
amorphous areas. Exfoliation can be improved by swelled
MCC prior to solution casting processing [34].

3.4. Characterization of Urea Formaldehyde/Corn Husk
Cellulose Composites

Characterization of urea  formaldehyde/cellulose
composite was carried out by FTIR, compressive strength
test and water absorption test to find the mechanical strength
and biodegradability or eco-friendly nature of the matrix
composite.

3.4.1. Fourier Transform Infrared (FTIR) Spectra of Urea
Formaldehyde/Corn Husk Cellulose (UF/CC)
Composite
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Figure 6. Fourier Transform Infrared spectra of urea formaldehyde/corn
husk cellulose composites

Figure 6 present the FT-IR vibrational spectrum of wave
number 4000-500 cm™ of Urea formaldehyde/cellulose
composite. Urea formaldehyde resin showed characteristic
peaks at 3290 cm™ for N-H stretching of primary amine urea,
2962 cm™ for C-H stretching peak of UF, 1650 cm™ for C=0
stretching vibration and 771 cm™ for N-H bending of
secondary aliphatic amines [16,17]. The distinct absorption
peak at 3337 cm™ of urea formaldehyde resin is attributed to
N-H stretching of primary aliphatic amines. The peaks at
3335-3340 cm™ attributes O-H stretching intramolecular

hydrogen bonds. FTIR peaks at 2915-2820 cm™ are due to
C-H stretching [16,17].

The peak at 1634 cm™ is due to —C-N and —C-H overtone
bending [35]. Most prominent peak at 1504 cm™ represents
C=0 stretching peak in amide. This proves the presence of
amide group in UF resin. The peak at 1263 cm™ is due to C-
N stretching of amide. The absorption band at 1158 cm™ is
C-O stretching of aliphatic ether and at 1030-1040 is due to
C-O-C stretching [16,36]. The shift in peaks of C-H
stretching to around 2915-2820 in composites from 2923
cm™ in pure UF resin suggests some chemical interaction
between matrix and reinforcement to some extent. The
shifting of usual C-H stretching peak suggests that —CH,
group played significant role in connecting fiber and matrix
interface. Since there is no significant peak shift in the FTIR
spectra of the constituents in the composites, it can be
concluded that no strong chemical interaction or strong
chemical bonding occurred at matrix-filler interface [37,38].

3.4.2. Compressive Strength Test

From the graph (Figure 7), it is seen that increase in
amount of cellulose in UF resin composite increased the
compressive strength which supports the work by Sharma et
al for other similar UF resin reinforced with natural fiber [39]
and Singha and Thakur for UF resin itself [40,41]. This
suggests that UF resin reinforced by cellulose fibers is
capable enough to to acquire good mechanical properties.
The decrease in hardness in the fiber composite from pure
composites attributes to fiber-matrix interfacial bond formed
in the composites. This is found to improve the mechanical
properties of fiber composites by making it more flexible and
shock resistant [39].

3.4.3. Water Absorption Test

The samples were found to absorb water significantly on
initial week and the increment of absorbing percentage
became almost constant thereafter.

Table 3. Frequencies of Different Vibration Mode in FTIR Spectra of Urea
Formaldehyde/Corn Husk Cellulose Composites

S.N. Wa\(/ce:ﬁlr;w ber Fugrc;Lopnal Vibration mode

3337 N-H Stretching
2919 C-H Asymmetric stretching
2634 'C;\:\_I:nd Overtone bending

4 1504 -C=0 Stretching

5. 1263 -C-N Stretching

6 1030 C-0-C Stretching

7 764 N-H O-H out of plane bending

Comparative analysis addresses more water uptake by
resin with more percentage of cellulose. Figure 8 clearly
states how the amount of cellulose content in UF resin makes
the composite more prone to absorbing water. This is due
to the —OH group in the corn cellulose structure [19,20].
This result is similar to that of an experiment conducted
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by Abdullah et al. where 25%, 50% and 75% UF resin
reinforced with oil palm trunk were analyzed, which
concluded that water uptake increases with increased amount
of natural fiber. This work also supports the same result i.e.
more water uptake with more proportion of natural fiber in
composites [21]. Sgriccia et al. also revealed similar results
from water absorption test for natural and glass fiber
composites [42]. The pattern of water uptake in this work is
found similar to that of previous works.
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Figure 7. Compressive strength of urea formaldehyde/corn husk cellulose
composites
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Figure 8. Water absorption of Urea-Formaldehyde/corn husk cellulose

4. Conclusions

Cellulose fibers were successfully extracted from corn
husk by chemical modification using mercerization
which was confirmed by XRD and FTIR results.
Urea-formaldehyde matrix was reinforced with cellulose
fiber obtained from corn husk with different composition
of composites were prepared via solution casting method.
The FTIR spectra showed corresponding peak of cellulose
and UF resin suggesting well distribution of fiber in
polymer. Some shifts in peaks of FTIR suggested feeble
chemical interaction between matrix and reinforcement.
Prepared composites were analyzed for mechanical property
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(compressive strength) and it was found that fiber loading
increased the mechanical strength of composites upto 30% of
fiber loading. Additionally, water absorption test concluded
that water uptake of composites increases with increased
loading of cellulose which ultimately makes the composite
more bio-degradable and eco-friendly.

ACKNOWLEDGEMENTS

MS is grateful towards Tri-Chandra Multiple Campus,
Tribhuvan University, Kathmandu, Nepal for providing the
research opportunity and thanks material testing lab of
Pulchowk Engineering College, Lalitpur, Nepal for assisting
with compressive strength test, Nepal Academy of Science
And Technology (NAST), Lalitpur, Nepal for helping with
XRD results, Central Department of Chemistry, Tribhuvan
University, Kathmandu, Nepal for supporting with FTIR
results.

REFERENCES

[1] Piyaporn, K., 2016, Extraction and characterization of
cellulose nanocrystals produced by acid hydrolysis from corn
husk, Journal of Metals, Materials and Minerals, 25, 19-26.

[2] Lee, K. Y., Aitomaki, Y., Bergulund, L. A., Oskman,
K., Bismark, A., 2014, On the use of nanocellulose as
reinforcement in polymer matrix, Composite Science and
Technology, 105, 15-27.

[3] Brinchi, L., Cotana, F., Fortunati, E., Kenny, J. M., 2013,
Production of nanocrystalline cellulose from lignocellulosic
biomass: technology and application, Carbohydrate Polymers,
94, 154-169.

[4] Keshk, S. M. A. S., Al-Sehemi, A. G., 2013, New composite
based on starch and mercerized cellulose, American Journal
of Polymer Science 2013, 3(3): 46-51.
DOI: 10.5923/j.ajps.20130303.02.

[5] Shalwan, A., Yousif, B. F., 2013, In state of art: mechanical
and tribological behavior of polymeric composites based on
natural fibers, Material and Design, 48, 14-24.

DOI: 10.1016/j.matdes.2012.07.014.

[6] Kiziltas, E. E., Kiziltas, A, Bollin, S. C., Gardner, D. J., 2015,
Preparation and characterization of transparent PMMA-—
cellulose-based nanocomposites, Carbohydrate Polymers,
127, 381-389. DOI: 10.1016/j.carbpol.2015.03.029.

[7]1 E. Pecoraro, D. Manzani, Y. Messaddeq, S. J. L. Ribeiro,
Bacterial Cellulose rom Glucanacetobacter  Xylinus:
Preparation, Properties and Applications. In: Monomers,
Oligomers, Polymers and Composites from Renewable
Resources. M. N. Belgacem and A. Gandini, Eds. Amstredam,
Netherland: Elsvier, 2008.

[8] Tanpichai, S., Quero, F., Nogi, M., Yano, H., Young, R. J.,
Lindstrom, T., Sampson, W. W., Eichhorn S. J., 2012,
Effective young’s modulus of bacterial and microfibrillated
cellulose fibrils in fibrous networks, Biomacromolecules, 13,
1340-1349.



(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

International Journal of Composite Materials 2020, 10(2): 29-36 35

Nechita, P., Nastac S., 2017, Foam-formed cellulose
compositematerials with potential applications in sound
insulation, Journal of Composite Materials, 0(0), 1-8.

DOI: 10.1177/0021998317714639.

Lee, K.Y., Aitomé&ki, Y., Berglund, L.A.,, Oksman, K.
and Bismarck, A. 2014. On the use of nanocellulose as
reinforcement in polymer matrix composite. Composite
Science and Technology, 105, 15-27.

Bhandari, N. L., Dhungana, B. R., Lach, R., Henning, S.,
Adhikari, R., 2019, Synthesis and characterization of
urea—formaldehyde eco-friendly composite based on natural
fibers, Journal of Institute of Science and Technology, 24(1),
19-25, DOI: 10.3126/jist.v24i1.24623.

Nuryawan, A., Risnasari, l., Sucipto, T., Iswanto, A. H.,
R R., Dewi, 2017, Urea-formaldehyde resins: production,
application, and testing, IOP Conference Series: Materials
Science and Engineering, 223, 012053.

DOI: 10.1088/1757-899X/223/1/012053.

Chirayil, C. J., Joy, J., Mathew, L., Mozetic, M., Koetz, J.,
Thomas, S., 2014, Isolation and characterization of cellulose
nanofibrils from Helicteres isora plant, Industrial Crops and
Products, 59, 27-34. DOI: 10.1016/j.indcrop.2014.04.020.

Wang, B., Sain, M., Okasmaa, K., 2007, Study of structural
morphology of hemp fibers from micro to nanoscale, Applied
Composite Materials, 14, 89-103.

M. Fan, D. Dai, B. Huang, Fourier Transform Infrared
Spectroscopy for Natural Fibres, Fourier Transform -
Materials Analysis, S. Salih, Ed. InTech, ISBN:
978-953-51-0594-7, pp. 45-68, 2012.

Christjanson, P., Pehk, T., Siimer K., 2006, Structure
formation in urea formaldehyde resin synthesis, Proceedings
of the Estonian Academy of Sciences, Chemistry, 55,
212-225.

Park, B., Kim, Y. S., Singh, A. P, Lim, K. P., 2003,
Reactivity, chemical structure and molecular mobility of
urea-formaldehyde adhesives synthesized under different
conditions using FTIR and solid-state 13C-CP/MAS NMR
spectroscopy, Journal of Polymer Analysis and
Characterization, 88, 2677-2687.

B. B. Neupane, B. Pandey, B. Giri, M.K. Joshi, A Textbook
Of Nanoscience And Nanotechnology, Kathmandu, Nepal:
Heritage publishers and distributors Pvt. Ltd., 2018.

Chuayjuljit, S., Su-Uthai, S., Tunwattanaseree, C.,
Charuchinda, S., 2009, Preparation of Microcrystalline
Cellulose from Waste-Cotton Fabric for Biodegradability
Enhancement of Natural Rubber Sheets. Journal of
Reinforced Plastics and Composites, 28, 1245-1254.

DOI: 10.1177/0731684408089129.

Karnnet, S., Potiyaraj, P., Pimpan, V., 2005, Preparation and
Properties of Biodegradable Stearic Acid-Modified Gelatin
Films, Polymer Degradation and Stability, 90(1), 106-110.

Abdullah, K., Jawaid, M., Abdul Khalil, H. P. S., Zaidon,
A., Hadiyane, A., 2012, Oil palm trunk polymer composites:
Morphology, water absorption and thickness swelling

behaviors, Composites of Palm and Polymer, 7(3),
2948-2959.

Venkateshwaran, N., Perumal, A. E., Alavudeen, A.,
Thiruchitrambalam, M., 2011, Mechanical and water

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

absorption behaviour of banana/sisal reinforced hybrid
composites, Materials and Design, 32, 4017-4021.
DOI: 10.1016/j.matdes.2011.03.002.

Giri, J., Lach, R., Sapkota, J., Susan, A. A. B. H., Saiter,
J.-M., Henning, S., Katiyar, V., Adhikari, R., 2018,
Structural and thermal characterization of different types
of cellulosic fibers, Bibechana, 15, 177-186. DOI:
http://dx.doi.org/10.3126/bibechana.v16i0.21650.

Rosli, N. A., Ahmed, 1., Abdullah, 1., 2013, Isolation and
characterization of cellulose nanocrystals from Agave
angystifolia fibre, Bioresources, 8, 1893-1908.

Gemci, R., 2010, Examining the effects of mercerization
process applied under different conditions to imensional
stability, Scientific Research and Essay, 5, 560-571.

Saud, R., Pokhrel, S., Yadav, P. N., 2019, Synthesis,
characterization and antimicrobial activity of maltol
functionalized chitosan derivatives, Journal of
Macromolecular Science, Part A, 56(4), 375-383.

DOI: 10.1080/10601325.2019.1578616.

Yuningsih L. M., Mulyadi, D., Aripandi, 1., 2017, Effect of
various dopant HCI concentration on electrical conductivity
of pani-cellulose composite with cellulose isolated from
reed plant (Imperatacy lindrica (L.)) American Journal of
Materials Science, 7(3), 59-63.

DOI: 10.5923/j.materials.20170703.03.

Viera, R. G. P., Filho, G. R., de Assuncédo, R. M. N., Meireles,
C. S., Vieira, J. G., Oliveira, G. S., 2007, Synthesis and
characterization of methylcellulose from sugar cane bagasse
cellulose, Carbohydrate Polymers, 67(2), 182-189.
DOI:10.1016/j.carbpol.2006.05.007.

Asrofi, M., Abral, H., Kasim, A., Pratoto, A., 2017, XRD and
FTIR studies of nanocrystalline cellulose from Water
hyacinth (Eichornia crassipes) Fiber, Journal of Metastable
and Nanocrystalline Materials, 29, 9-16.

Adsul, M., Soni, S. K., Bhargava, S. K., Bansal, V., 2012,
Facile approach for the dispersion of regenerated cellulose
in aqueous system in the form of nanoparticles,
Biomacromolecules, 13, 2890-2895.

DOI: dx.doi.org/10.1021/bm3009022.

Hu, X.-P., and Hsieh, Y.-L., 1996, Crystalline structure of
developing cotton fibers, Journal of Polymer Science: Part B
Polymer Physics, 34, 1451-1459.

Janoobi, M., Harun, J., Shakeri, A., Mishra, M., Oksman, K.,
2009, Chemical composition, crystallinity, and thermal
degradation of bleached and unbleached Kenaf bast,
BioResources, 4, 626-639.

Kunusa, W. R., Laliyo, L. A. R., lyabu, H., 2018, FTIR, XRD
and SEM analysis of microcrystalline cellulose (MCC) fibers
from corncobs in alkaline treatment, Journal of Physics:
Conference Series, DOI: 10.1088/1742-6596/1028/1/012199.

Petersson, L., and Oksman K., 2006, Biopolymer based
nanocomposites:  comparing  layered  silicates and
microcrystalline cellulose as nanoreinforcement. Composites
Science and Technology, 66, 2187-2196.

Junior, W. A., Lima, S. M., Andrade, L. H. C., Starez, Y. R.
2007, Comparative study of the cuticular hydrocarbon in
queens, workers and males of Ectatomma vizottoi
(Hymenoptera, Formicidae) by Fourier transform-infrared



36

[36]

[37]

[38]

[39]

Shanta Pokhrel et al.:

photoacoustic  spectroscopy. Genetics and Molecular

Research, 6(3), 492-499.

Favier, V., Chanzy, H., Caville, J. Y., 1995, Polymer
nanocomposites  reinforced by  cellulose  whisker,
Macromolecules, 28, 2365-6367.

Zhong, J. B., Lv, J., Wei, C., 2007, Mechanical properties of
sisal fiber reinforced urea-formaldehyde resin composites,
Express Polymer Letters, 1, 681-687.

Chiang, T. C., Hamdam, S. Osman, M. S., 2016, Urea
formaldehyde composites reinforced with sago fibers:
Analysis by FTIR, TGA and DSC, Advances in Material
Science and Engineering, 2016, 1-10, Article ID 5954636.

Sharma, N., Sharma, S., Gguleria, S. P., Batra, N. K., 2015,

[40]

[41]

[42]

Eco-Friendly Urea-Formaldehyde Composites Based on Corn Husk Cellulose Fiber

Mechanical properties of urea formaldehyde resin composites
reinforced with bamboo, coconut and glass fiber,
International Journal of Soft Computing and Engineering, 5,
66-71.

Singha, A. S., Thakur, V. K., 2009, Study of mechanical
properties of urea formaldehyde thermosets reinforced by
pine needle powder, BioResources, 4(1), 292-308.

Singha, A. S., and Thakur, V. K., 2008, Mechanical
properties of natural fiber reinforced polymer composites,
Bulletin of Material Science, 31, 791-799.

Sgriccia, N., Hawley, M. C., Mishra, M., 2008,
Characterization of natural fiber surfaces and natural fiber
composites, Composites, 39, 1632-1637.



