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A B S T R A C T

 

This paper presents an experimental study of addition of cellulose nanofibers (CNF) extracted by the 

chemical-ultrasonication process from agave cantala leaf plants in the matrix of polyvinyl alcohol 
(PVA). Combining these materials produce the nanocomposite film with a thickness of 30 μm. The 

nanocomposite characteristic was investigated by the addition of CNF (0, 2, 5, 8, and 10 wt%) in PVA 

suspension (3 wt.%). PVA/CNF nanocomposite films were prepared by a casting solution method. The 
fibrillation of fibers to CNF was analyzed using Scanning Electron Microscopy and Transmission 

Electron Microscopy. The nanocomposite film functional group's molecular chemical bond and 

structural analysis were tested using Fourier Transform Infrared and X-ray diffraction. The PVA/CNF 

nanocomposite film has significant advantages on the ultraviolet barrier, thermal stability tested by 

Differential Scanning Calorimetry and Thermogravimetric Analyzer, and tensile strength. Overall, the 
optimal addition of CNF is 8 wt.% in matrix, resulting in the highest crystallinity index (37.5%), the 

tensile strength and elongation at break was an increase of 79% and 138%, respectively. It has good 

absorbing ultraviolet rays (82.4%) and high thermal stability (365oC).  

doi: 10.5829/ije.2021.34.04a.25
 

  
1. INTRODUCTION1 
 

Cellulose is one of the main components of raw fibers 

and other constituent materials such as hemicellulose, 

lignin, and other extractive substances. The cellulose 

used in this study was obtained from agave cantala leaf 

plants that grew well in Sumenep regency, Madura, 

Indonesia. Cellulose was extracted and isolated through 

several mechanical, chemical, and combined processes 

to produce the cellulose nanofibers (CNF). The unique 

structure of the CNF has many advantages, like is 

biodegradable, biocompatible, large specific surface 

area, high modulus elasticity, low density, and a low 

coefficient of thermal expansion [1-4]. Some isolation 

methods that are often used to obtain CNF are 

mechanical processes, including the high-pressure 
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homogenizer [5-6], grinding or disc refining [7], cyro-

crushing [8], steam explosion [9], and high-speed 

blender [10]. 

This process requires a lot of energy and is less 

efficient in obtaining nanocellulose. Previous studies 

using isolation by chemical extraction and hydrolysis of 

strong acids were considered more efficient and did not 

require high costs and energy to produce nanocellulose. 

Purified fibers have been cleaned from impurities 

attached to fibers' surface, such as hemicellulose, lignin, 

pectin, and other contaminants. The purified fibers were 

obtained by using chemical extraction processes such as 

dewaxed, alkalization, and bleaching. The dewaxed 

process uses a solution of toluene and ethanol. At the 

same time, alkalization treated uses of potassium 

hydroxide (KOH), sodium hydroxide (NaOH), and the 

bleaching treated uses of sodium chlorite (NaClO2), 

hydrogen peroxide (H2O2) solutions has been studied [9, 

11-16]. 
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CNF isolation carried out using the hydrolysis 

process such as adding sulphuric acid (H2SO4), 

hydrochloric acid (HCl), nitrit acid (HNO3) and acetic 

acid (CH3COOH). It carried out after the process of 

purified fibers, and this process aims to open the 

microcellulose bundle into nanocellulose size. The 

previous studies have used a chemical extraction 

method, such as done by Listyanda et al. [17]. The 

ramie fiber has been isolated by adding sulphuric acid 

(H2SO4) solution of 41, 44, 47, 50 wt.% in the burette 

tube. The solution of sulphuric acid dropped slowly into 

the beaker and stirrer acid to pulp ratio (1:20) at the 

temperature of 45oC for 30 minutes to produce cellulose 

nanocrystal (CNC). Additional concentration of HsSO4 

decrease the crystallinity index (CI) and thermal 

stability of CNC. The highest crystallinity index was 

obtained at 41 wt.%, leads from 79.7 to 90.7%. The 

average diameter and length are 6.26 nm and 106 nm, 

respectively (aspect ratio is 17).  

The reported data by Kusmono and Akbar [18] have 

isolated the best fiber (ramie) using chemical extraction 

(alkali-bleaching) and hydrolyzed by hydrochloric acid 

(HCl). At various concentrations of 6, 8, and 12 M of 

HCl at the temperature of 45oC for the different times of 

hydrolysis were 70, 125, 180 minutes. Additional 

concentration of HCl does not influence the crystallinity 

index and thermal stability. The long hydrolysis time 

was decreased the crystallinity index (CI) and thermal 

stability. The optimum condition process to produce 

CNC at a concentration of 6 M of HCl at the 

temperature of 45oC for 70 minutes. It creates a rod-like 

shape of CNC with a high CI from 79.75 to 89.61%, 

crystallite size 5.81 nm, and the average diameter and 

length are 8 nm, 158 nm, respectively (aspect ratio is 

20). 

Krishnadev et al. [19] have isolated the leaf fiber 

(Agave Americana) with chemical extraction (alkali, 

bleaching) and acid hydrolysis (nitrite acid combined 

with acetic acid) at temperature 100oC for 30 minutes. 

This chemical process, coupled with ultrasonication, 

produces cellulose nanofibers with average diameters 

18.2 ± 10 nm, confirmed by TEM. The CNF has a 

crystallinity index of 64.1% higher than raw fiber is 

50.1%. 

Zakuwan and Ahmad [20] have isolated kenaf fiber 

using 65 wt.% sulphuric acids at a preheat temperature 

of 45oC for 40 minutes to produces CNC with average 

diameter and length of 12-15 nm and 101-260 nm, 

respectively and result in an aspect ratio of 8-17. The 

high aspect ratio and crystallinity index were significant 

in improving the reinforcement of nanocomposites. [21-

23]. 

Nanocellulose is known to their high moisture 

absorption, which leads to a decrease in mechanical 

properties. To overcome this problem, adding other 

hydrophilic biocompatible polymers is necessary to 

remove the reactivity of hydroxyl groups of the 

nanocellulose. The polymer used as a matrix in the 

manufacture of nanocomposite films is polyvinyl 

alcohol (PVA). PVA is easily dissolved in water and 

biodegradable polymers, resistance to chemical 

conditions, so it is an attractive material used as an 

application based on advanced technology. PVA is also 

non-toxic on the human body and can be used to 

manufacture medicine cachets, drug delivery systems, 

barrier materials, membranes, and yarn for surgery [24-

25]. The use of PVA for environmentally friendly food 

packaging began widely used due to several advantages 

of PVA, including strength, transparent, lightweight, 

non-toxic, heat-stable, antimicrobial, and good elasticity 

[26-28].  

There are several parameters characteristics of CNF 

reinforced PVA nanocomposites such as diameter (D), 

length (L), aspect ratio (L/D), volume fraction (%Vf), 

adhesion bond between nanocellulose and matrix, and 

dispersion the nanocellulose in the matrix [29].  

This research's main objective is to produce 

nanocomposite film, which has high mechanical 

strength, stiffness, and ultraviolet absorbance by adding 

gel CNF. The made of CNF by the extraction-

ultrasonication process. The mix of CNF and matrix 

PVA to be homogeneous is an essential factor to 

obtained the homogeneous solution. Physical properties, 

UV absorbance, and thermal stability were evaluated by 

XRD, FTIR, SEM, TEM, UV-Vis (Ultraviolet and 

Visible) transmittance, as well as DSC and TGA tests. 

The mechanical properties were tested by tensile 

strength with UTM (Universal Testing Machine). 
 

 

2. MATERIALS AND METHODS 
 

2.1. Materials            The PVA (C2H4O)x (fully 

hydrolyzed, the density of 1.19 g/cm3 and molecular 

weight of 145000 Da) was supplied from Sigma 

Aldrich. Nanocellulose used was isolated from the 

Agave Cantala was obtained from Sumenep, Madura 

island, Indonesia. The chemical solution for the process 

of dewaxed, alkalization, bleaching, and hydrolysis. The 

solution used there are toluene, ethanol, sodium 

hydroxide (NaOH), hydrogen peroxide (H2O2) and 

sulphuric acid (H2SO4) were supplied by CV. Wahana 

Hilab Indonesia, Yogyakarta. 
 

2. 2. Isolation of Cellulose Nanofibers (CNF)         
Cantala fiber, obtained from the leaf, it was cut into 

small pieces with a size of approximately 10 mm. 

Chemical pretreatment in cantala fibers includes 

dewaxing using a soxhlet contain toluene and ethanol 

solution (2:1) vol.% for 6 hours (20 cycles) [11], [30]. 

The alkalization process used 5 wt.% NaOH solution at 

100oC for an hour, followed by bleaching using 3 wt.% 

H2O2 at pH 10 at a temperature of 60°C for an hour.  
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Figure 1. Schemes to produce of PVA/CNF nanocomposites film 

 

 

The purified fibers were put in an Erlenmeyer flask 

and placed on a magnetic stirrer with a rotating of 350 

RPM [31]. The hydrolysis process used concentration 

44 wt.% of the H2SO4 solution. It was dripped slowly 

into an bekker glass from a burette tube. The suspension 

of CNF was adjusted to constantly rotate slowly with 

magnetic stirrer (200 RPM) at the pre-heat temperature 

60oC for an hour. The suspension of CNF put into the 

cooled water bath at the temperature of 5oC for 30 

minutes to stop acid hydrolysis reaction. Both the 

suspension was rinsed in the deionized water by 

centrifuged at 4 cycles and neutralized with NaOH until 

pH 7.  

Fiber fibrillation in the suspension was assisted by 

an ultrasonic homogenizer (600 watt max. output), 

which aims to obtain uniform scale of  nano sizes. This 

process was carried out at 20-25 kHz sound waves, 40 

% output power (240 watt) using a 6 mm diameter 

probe for an hour at temperatures of 60oC, and produce 

a cellulose nanofibers suspension 

 
2. 3. Preparation of PVA/CNF Nanocomposite          
The CNF liquid suspension was centrifuged at 4000 

RPM for 10 minutes to obtain CNF gel. The PVA 

suspension was prepared by adding the 3 wt.% of PVA 

powder into pure water at temperature 80°C and stirring 

at 500 RPM for 2 hours. The PVA suspension was 

subsequently put into a desiccator containing silica gel 

for one night to remove the bubbles in the suspension. 

The CNF gel was prepared with a concentration of 0, 2, 

5, 8 and 10 wt.%. The CNF gel and PVA suspension 

were constantly mixed with stirrer at 350 RPM at 

temperature 50°C for 30 minutes and followed by 

ultrasonication with 60% output power (360 watt) for 2 

minutes to obtain homogeneous solution [32]. The 

homogenization process is very important to homogen 

dispersed CNF in the PVA. The PVA/CNF suspension 

then casting into a teflon plate, which has dimension is 

150 mm in diameter and heated for 4 hours at 70°C 

(Figure 1). 
 

2.4. Morphology of Fibers         Morphology of the 

fiber was observed by SEM (JSM-6510, LA type JEOL) 

and TEM (JEM 1400 type, JEOL) characterization to 

obtain the diameter size (D), and fiber length (L). The 

Measurement of aspect ratio (L/D) uses imaging 

analysis program Image J with 20 sample of single 

nanocellulose. Operating SEM voltage was set 40 kV 

condition. Test specimen coated with Au and using 

sputtering technique. Operating TEM voltage was set 

range from 40 to 120 kV, to get very high contrast and 

was capable of magnification from 200 to 1,200,000 

times.  
 

2. 5. XRD Characterization          The XRD patterns of 

raw fiber and nanocomposite films were measured by 

using the Rigaku Miniflex-600 type. It was running at 

40 kW operating power conditions, and 15 mA current 

using Cu Kα radiation with wavelength 1.540 Å. 

Powder sample of XRD test scanned in 2θ range 

varying from 3o to 40o with an average scan rate of data 

2o min-1. The CI (Crystallinity Index) of the organics 

material is determined by the Segal, as follows in 

Equation (1) [33]: 

 (1) 

I002 is the intensity of the 002 peaks, which represents 

the crystalline structure approximately at 2θ = 22°, 

Iamor is the lowest peak intensity at 2θ=18° represents 

the amorphous structure.  
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2. 6. FTIR Characterization           FTIR spectra was 

used to determine the functional bonding groups of 

materials through changes in the intensity of 

electromagnetic waves. Wavelengths were measured 

from a range of 400 to 4000 cm-1. The Shimadzu 8400S 

spectrometer was used to characterize the materials 

prepared by blending with potassium bromide (KBr) 

and followed by pressing to obtain a thin film. 
 

2. 7. Transmittance UV-Vis      The ultraviolet (UV) 

absorption and Visibilty (Vis) of material transparency 

were characterized by the Ocean Optics USB 4000 

spectrophotometer. This characterization was aimed to 

determine the UV absorption value and its visibility. 
 

2. 8. Mechanical Properties Characterization      
Tensile strength and elongation at break in the 

nanocomposite film material were measured by 

Universal Testing Machine (Pearson Panke Equipment 

Ltd) with a maximum tensile strength of 200 N and the 

cross-head speed set of 2 mm/min. The dimension of the 

tensile test specimen of the plastic film utilized ASTM 

D-882, for the plastic film thickness from 0.025 to 1 

mm, the width and gauge length were 5 mm and 250 

mm, respectively. 
 

2. 9. TGA Characterization        The thermal stability 

was performed by a TGA (thermal gravimetry analyzer) 

and DTG (Diferential Thermal Gravimetry) test was 

used to calculate the weight of degradation. The TGA 

characterization is set up in range of 3 to 700 oC, with a 

temperature rate of 10 oC min-1 using 50 ml/min 

nitrogen gas (N2). The test equipment used is the TGA 

Mettler Toledo model. 
 

2. 10. DSC Characterization        DSC (Differential 

Scanning Calorimetry) was used to determine thermal 

parameters and the degree of crystallinity mechanism of 

materials in a polymer system [34]. The tools used are 

the DSC-60 Plus and Flow Unit Control, and also use 

the TA-60WS Collection Monitor software on the 

desktop. The sample is heated at 30-250 °C with 

Nitrogen Gas, where the flow rate is 10 ml/min. The 

degree of crystallinity index could be calculated by 

estimating enthalpy fusion of endotherms curve of DSC. 

The degree of CI for polymer as follow the Equation (2) 

[35], 

 (2) 

where Xc is the weight fraction degree of crystallinity, 

ΔHf (Tm) is the enthalpy of fusion measured at the 

melting point Tm and ΔHf
o

 (Tm
o) is enthalpy of fusion of 

totally crystalline the PVA polymer measured at 

equilibrium melting point (Tm
o) is a 138.6 jg-1 [36]. The 

crystallinity index could be calculated using Equation 

(3) [35]. 

 (3) 

where mf is the mass fraction filler of CNF in 

nanocomposite film. The important properties of the 

polymer system are ussualy related to the structural of 

crystallinity index (CI). 

 

 
3. RESULTS AND DISCUSSION 
 
3. 1. Morphology of Cellulose Fibers             Figure 2 

shows the SEM (Scanning Electron Microscope) image 

of the cantala fiber before and after the chemical 

extraction (dewaxed-alkali-bleaching-sulphuric acid 

hydrolysis 44 wt.%). The bundle raw fibers were 

composed of individual cellulose linked together by 

massive cementing material like hemicellulose, lignin 

and pectin (Figure 2a). It has a diameter between 120-

180 μm, the chemical composition of raw agave cantala 

fiber is cellulose 48.97%, hemicellulose 34.41 %, lignin 

11.76 % and other substance 4.86 % [31]. 

Figure 2b shows the image of treated fiber after 

dewaxed-alkali process. The most of hemicellulose was 

damaged and removal became alkali-soluble, but some 

part of the lignin is still attached to the surface of fibers. 

The bleaching process aim to remove the lignin 

structure. The bleaching process with hydrogen 

peroxide strongly influence the removal most lignin on 

the surfaces of fibers and also accompanied partially 

fibrillated the bundle cellulose. The diameter of the 

cantala fiber after the bleaching process decrease from 

30 μm to 60 μm. The surfaces of fiber after the chemical 

extraction look like clean and more roughness (Figure 

2c). In Figure 2d, it is also shown that the diameter of 

the fiber dramatically changes after the hydrolysis. It 

causes decreased the diameter of the fiber ranges from 5 

± 2 μm.  

Hydrolysis using sulfate acid (H2SO4) aims to open 

a cellulose bundle with a long cellulose chain that will 

break up into short individual cellulose. The diameter of 

cellulose bundles also changes from micro to nano size. 

Sulfate ions have separated the amorphous region 

(hemicellulose and lignin), and the crystalline region 

became the individual cellulose nanofibrils, as shown in 

Figure 3.  

The chemical extraction process in fibers produces 

CPF (chemical purified fiber). It increased the cellulose 

by 71.58 % and decreased the hemicellulose by 18.45 % 

and lignin by 6.13 % [31]. The hydrolysis had a 

significant effect on reduced the lignin structure in the 

fiber. 

The hydrolysis process starts from the breaking of 

oxygen bonds in the β-1,4-Glycosidic chain, then 

proceed with the separation of the glycosidic ring bonds 

and reacts with water (H2O) were resulted from the 
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Figure 2. SEM image of  (a) raw fiber, (b) treated fiber after alkali, (c) treated fiber after bleaching (d) individual cellulose after 

sulphuric acid hydrolysis  

 

 

hydrolysis process of strong acids. Finally, the opening 

phase of the cellulose rings. Sulfate Acid is a strong 

acid, in water (H2O) fully ionized to form hydronium 

ions (H3O+) and hydrogen sulfate (HSO4
2-) (Figure 4). 

Ultrasonication process after the hydrolysis process 

results in an individual CNF which bond together 

forming the web-like structure could be shown in the 

TEM image (Figure 5). The web-like structure shaped 

of cellulose nanofibers (CNF) were calculated by 

image-J of their length (L), diameter (D) to obtain the 

aspect ratio (L/D). It is well known that the aspect ratio 

of CNF affected the crucial role in their reinforcing 

capabilities [15,31]. The average diameter and length of 

CNF agave cantala are 45 nm and 1975 nm, 

respectively; resulting the aspect ratio is 43,8 (Figure 5), 

it show the high aspect ratio of CNF. 

 

 

 
Figure 3. Schematic illustration disintegrated of amorphous 

region and crystalline region 

 
Figure 4. Schematic illustration of chemical reaction of 

bundle cellulose to individual cellulose by sulphuric acid 

hydrolysis 
 

 

The previous study by Siqueira et al. [42], a similar 

Agavaceae family species, the aspect ratio of CNF 

agave sisalana fibers is 43. The aspect ratio from 

another fibers that were extracted from agronomy plant 

source such as coconut husk by 5.5 ± 1.5 nm [37], rice 

straw by 17 nm, poplar wood by 43 nm, white straw by 

45.2 nm [38], soy hulls by 4.43 ± 1.20 nm [39], rice 

straw by 17 nm [40] and sugarcane bagasse by 4 ± 2 nm 

[41]. 

 
3. 2. Morphology of Nanocomposite Film            
Figure 6 is SEM image shows the neat PVA 

nanocomposite films without the CNF. The neat PVA 

nanocomposite films show the transparent film, and the  
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Figure 5. TEM image of diameter and length distribution of cellulose nanofibers (CNF) 

 

 

polymers distributed uniformly. Figure 7 shows of the 8 

wt.% of CNF in the PVA matrix, and it appears that 

CNF (web like structure) could be well distributed. The 

good dispersion of the CNF is the major factor to 

determine the mechanical properties of the 

nanocomposite film.  
However, we founded the agglomerate CNF in the 

small areas in PVA nanocomposite film. Addition of 10 

wt.% CNF causes the aglomeration evenly distributed in  

 

 

 
Figure 6. Photo SEM of Neat PVA nanocomposite film 

 

 

 
Figure 7. Photo SEM of PVA/CNF 8% nanocomposite film 

some areas on PVA matrix lead to 10-12% (Figure 8). 

The concentration of 10wt.%. of CNF causes the 

occurrence of piles of nanocellulose which formed the 

agglomeration. 

 

3. 3. XRD Characterization Nanocomposite Film      
Figure 9 (a) shows the X-ray diffractogram graph of raw 

fiber and CNF. The major intensity patterns in the CI of 

the raw fiber and CNF are peaks at 2θ = 16.49o, 22.84o 

and 34.88o, from the JCPDS  (Joint Committee on 

Powder Diffraction Standards) card of native cellulose 

(PDF # 030289) shows the crystalline plane is 111, 002, 

and 040, respectively; indicates the cellulose type I [31, 

43, 50]. The amorphous region at the peak a 2θ = 18o. 

The highest intensity peaks at a 2θ = 22.84o show a 

significant increase of cellulose, indicating the 

amorphous material such as hemicellulose and lignin 

removal. The correlation changes of the crystalline 

plane structure from alpha-cellulose (Iα) to beta 

cellulose (Iβ) due to the chemical-ultrasonication 

process increase the CI from 64.5% to 78.2%. The beta 
 

 

 
Figure 8. Photo SEM of PVA/CNF 10% nanocomposite film 
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Figure 9. The XRD patterns of (a) raw fiber and CNF, (b) various nanocomposite film 

 

 

  
Figure 10. The FTIR patterns of (a) raw fiber and CNF, (b) various nanocomposite film 

 

 

cellulose (Iβ) has two cellulose hydrogen bonds and is 

more stable, stronger than alpha cellulose which has 

only one cellulose hydrogen bond [32, 41].  
The X-ray diffractions nanocomposite films showed 

in Figure 9 (b). The crystallinity index of neat PVA film 

at 2θ=19.4 is 30.7% compared to the other 

nanocomposite film. The addition CNF of 2, 5, and 8 

wt.% had increased the CI values to 32.0%, 35.8%, and 

37.5%, respectively. The relation between increasing 

the CI values and stiffness of cellulose, where the high 

CI could be raised the stiffness of cellulose [43]. The 

higher mechanical strength of nanocomposite film 

correlated with a higher crystallinity index of CNF. 

More than 8% CNF in the matrix caused a decrease of 

CI by 22.9% and impacted mechanical properties 

decreased.  

 

3. 4. FTIR Characterization of Nanocomposite 
Film           Figure 10 (a) shows the FTIR spectroscopy 

to determine the physical structure and functional 

groups of the lignocellulosic plant. The absorbance peak 

of a raw fiber at 1250 cm-1 corresponds to C-O 

stretching in the acetyl group. The C=O stretching on 

carbonyl in ester bonds is shown at wavenumber 1737 

cm-1 [38, 43-44] there are indicating the presence of 

hemicellulose and lignin.  

Many functional groups of acetyl and uronic ester 

groups forming hemicellulose and carboxylic groups of 

ferulic lignin-forming [38]. The peak wavelength of 

1627 cm-1 indicates the absorbance of water [12-13], 

[15]. 

The absorption 1092 cm-1 the asymetry ring 

pyranose C-O-C showed that existance the content of an 

hydroglucose in the cellulose I [45]. The absorption at 

1330 cm-1 is attributed to CH2 symmetric bending and 

C-O aromatic ring polysaccharides. The peak of 2924 

cm-1 shows aliphatic saturated C-H stretching vibration 

in cellulose [15]. The wavenumber 3340-3342 cm-1 

shows the intramolecular hydrogen bonding (-OH) 

group of cellulose [45]. 

Figure 10 (b) shows the FTIR spectra graph of PVA 

nanocomposite films' peak in various addition of CNF.  

(a) 

(a) 

(b) 

(b) 
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Figure 11. The UV-Vis spectra anaysis of nanocomposite film 

 

 

 
Figure 12. The Tensile strength and elongation at break of nanocomposite film 

 

 

The sharp peaks waveform change into ramps at the 

range of 1092 cm-1 (C-O-C stretching) and 3341 cm-1 

shows that monosaccharides that cellulose bond-

forming begin to strongly cross-linked with the matrix. 

In the previous research conducted by Lim et al. [46], 

PAA hydrogel material and cellulose nanocrystals 

showed a good bond even though the two materials 

retain their unique characteristics which changes the 

intensity and shape of peaks at waveform 1054-1092 

cm-1. Addition of CNF also reduces the water 

absorbance, which may cause the adhesion bonding 

between hydrophilic properties in PVA with CNF 

material, as shown waveform pattern at 1627cm-1. 

 

3. 5. The UV-Vis Absorbance  of Nanocomposite 
Film            Figure 11 shows that the CNF addition is 

also affecting the transparency of the film, which seems 

to decrease slightly. The visible light spectroscopy, it is 

shown that the neat PVA nanocomposite film has an 

excellent visible light transmittance is 73%. Addition of 

2, 5, 8, and 10 wt.% of the CNF in the matrix had 

decreased the visible light transmittance to 45, 43.3, 28 

and 11.7%, respectively, but raises the absorbance of 

The UV rays at 350 nm wavelength. 

The percentage absorb of UV rays in the PVA 

nanocomposite is a little (41.8%). Addition of 2, 5, 8, 

and 10 wt.% of CNF causes an increase in the absorb 

UV rays significantly became 69.2, 70.8, 82.4, 92.9 %. 

The small transmittance is indicating the material has 

strong absorbance of UV rays. The cellulose and lignin 

in the CNF significantly influence the absorption of UV 

rays and visible light. The lignin has a complex 

structure polydispersity in molecular weight to absorb 

the UV [47]. The excellent UV absorbance and still 

good transparency are PVA/CNF 8% (UV absorbance is 

82.4%, and visible transmittance light is 28%).  

 
3. 6. Mechanical Properties               Figure 12 

indicates the effect of CNF on tensile strength and 

elongation at the break of the nanocomposite films. 

From the mechanical test, addition of CNF to the PVA 

matrix would increase the nanocomposite's mechanical 

properties. Generally, an increase in CNF would 

increase the tensile strength and elongation at break. 
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The neat PVA has 26.6 MPa in tensile strength and 47% 

in elongation at break. Addition of 2 wt.% CNF did not 

give significant effect at mechanical properties because 

the CNF undispersed in the PVA matrix. Whereas the 

addition of 8 wt.% of CNF gives a substantial 

improvement in the mechanical properties, It increase 

the tensile strength and elongation at break are 79% and 

138%, respectively. This condition shows that CNF has 

distributed well in the matrix, and it causing the 

homogeneous stress of nanocomposite film. The 

homogeneous stress leads that the excellent polymer 

branching bonds between the hydroxyl group (-OH) in 

the nanocellulose and carbonyl groups (C=O) in the 

matrix's polymer chain. 

 

3. 7. DSC Thermal Analysis          DSC (Differential 

Scanning Calorimetry) is one of the necessary tests to 

determine the thermal parameter such as a glass 

transtition (Tg), phase changes, melting purity 

crystallization (Tm), heat capacity (ΔHm) and degree of 

crystallinity (Xc) of the polymer. According to Agrawal 

et al. [48] the PVA is one of the partially  crystalline 

polymers exhibiting both the glass transition 

temperature, Tg (characteristic of amorphous phase) and 

melting iso-therm, Tm (characteristic of crystalline 

phase).  

Figure 13 and Table 1 show the glass transition and 

melting temperature on Neat PVA and PVA/CNF 

nanocomposite films. The neat PVA films show glass 

transition temperature at 85oC. The addition of CNF 2, 5 

and 8 wt.% increases the glass transition and the melting 

temperature. Addition of CNF 10 wt.% causes the 

decrease the glass transition and melting temperature. 

It’s causes chemical bonding starting weakness and then 

the hydroxyl group in cellulose easily absorbs the heat. 

This resutl is slighty different with the previous 

research by Patel et al. [35], addition of 5, 10, 15, and 

20 wt.% of palm leaf (PL) nanocrystalline powder in 

PVA films has increased melting temperature (Tm), but 

it did not happen on a glass transition temperature (Tg). 

That addition does not significant change Tg material of 

PL/PVA.  

 

 

 
Figure 13. The DSC melting result of nanocomposite film 

TABLE 1. The transition glass and melting temperature 

nanocomposite film 

Samples Tg (in oC) Tm (in oC) ΔHm (in J/g) Xc (in %) 

Neat PVA 85 195 30.8 22.2 

PVA/CNF 2% 106 230 48.6 35.8 

PVA/CNF 5% 108 225 47.3 35.9 

PVA/CNF 8% 102 225 55.5 43.5 

PVA/CNF 10% 65 189 20.2 16.2 

 

 

 
Figure 14. The crystallinity index from XRD and DSC test 

 

 

Figure 14 shows the enthalpy fusion of DSC could 

determine the degree of crystallinity index (CI). The CI 

pattern from DSC results has a similar correlation with 

XRD spectra result. Addition of CNF from 2 to 8 wt.% 

had increased the CI of nanocomposite film and after 

more than 8 wt.%, the CI decreased. It’s indicated the 

some crystalline region starting degraded in the 

molecular bond at initial temperature. 

 

3. 8. Thermogravimetric Analysis           Figures 15 

and 16 show the thermogravimetric Analysis (TGA) and 

derivative thermogravimetric (DTG) of nanocomposite 

film. The weight loss and derivative weight of 

nanocomposite films that occur by changing the 

temperature, which indicated by Tonset (the initial 

degradation of material), T10% (the weight loss of 10% 

material), and Tmax (the maximum of degradation). In 

this study the Tonset to Tmax of neat PVA film occur at 

temperature from 213 oC to 275 oC (MW = 145,000 

Da), slightly higher than the the previous study by 

Rynkowska et al. [49] at temperature from 210 oC to 

265 oC (MW = 100,000 Da), its due to the differences in 

molecular weight (MW).  

Typically, initial decomposition of the 

lignocellulosic material has been started above at 200oC, 

it occurs due to the evaporation of adsorbed moisture 

and the remaining hemicellulose's burning earlier. In all 

cases, the initial weight loss quickly occurs in the 

remaining isolation results in the hemicellulose contain 

the acetyl functional groups. The decomposition of the 
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hemicellulose region firstly occurs before lignin and 

cellulose [37]. Addition of CNF as reinforcement in 

PVA can increases the thermal stability of 

nanocomposite films. This behavior caused the CNF has 

a well alignment crystallite structure so that the 

nanocomposite film has high stability thermal at the 

temperature above at 300oC. 

Table 2 shows the increase of thermal stability in 

each variation of nanocomposite film. Addition of CNF 

2 to 5 wt.% could increase maximum thermal 

degradation (Tmax) to 310oC, 340oC and 365oC, 

respectively. Addition of 10 wt.% CNF causes the 

slightly decreases the thermal stability to 363oC. It’s  

 

 

 
Figure 15. The graph of Thermal Gravimetri Analyze (TGA)  
 

 

 
Figure 16. The graph of Differential Thermal Gravimetry 

(DTG) 
 

 
TABLE 2. TGA Result of Neat PVA and PVA/CNF 

nanocomposite film 

Samples  Tonset (in oC) Tmax (in oC) T10% (in oC) 

PVA 213 275 244 

PVA/CNF 2% 225 310 270 

PVA/CNF 5% 215 340 265 

PVA/CNF 8% 251 365 282 

PVA/CNF 10% 250 363 285 

caused the crystallite structure linkages between 

cellulose and the matrix beginning unstable. 
 

 

4. CONCLUSION 
 
The effect of 8 wt.% CNF on the PVA film matrix can 

improve the physical properties and mechanical 

strength. The FTIR and XRD test shows that a good 

dispersion and high mechanical interlocking between 

CNF and PVA. The crystallinity index was increased 

from 29.5% to 37.5%. The tensile strength and 

elongation at break were increased from 26.6 to 47 MPa 

and 47% to 112%, respectively. The high thermal 

stability indicates the shift lead the glass transition 

temperature (Tg) from 85oC to 102oC and the maximum 

degradation temperature (Tmax) from 275oC to 365oC. 

Based on the characterization results, it’s shown that 

nanocomposite film has the highest mechanical 

strength, UV barrier, transparent, and high thermal 

stability. 
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Persian Abstract 

 چکیده 
نانوالیاف سلولزی   گیاهان برگ آگاو کانتالا در ماتریس پلی وینیل الکل    د فراصوت شیمیایی ازخراج شده توسط فرآیناست (CNF) در این مقاله یک مطالعه تجربی از افزودن 

(PVA)   میکرومتر تولید می شود. ویژگی نانوکامپوزیت با افزودن    30ارائه شده است. با ترکیب این مواد ، فیلم نانوکامپوزیتی با ضخامتCNF  0)   ،2    ،5    ،8    درصد    10و

نانوکامپوزیتی    ررسی شد. فیلمدرصد وزنی( ب   (3PVAوزنی( در تعلیق   با استفاده از   CNFبا روش محلول ریخته گری تهیه شد. رشته های الیاف به    PVA / CNFهای 

پیوند شیمیایی مولکولی و تجزیه و تحلیل ساختا الکترونی عبوری مورد تجزیه و تحلیل قرار گرفت.  الکترونی روبشی و میکروسکوپ  فیلم   ری میکروسکوپ  گروه عملکردی 

دارای مزایای قابل توجهی در مانع    PVA / CNFفاده از پراش مادون قرمز و تبدیل اشعه ایکس تبدیل فوریه مورد آزمایش قرار گرفت. فیلم نانوکامپوزیت  نانوکامپوزیت با است

در ماتریس   CNFطور کلی ، افزودن بهینه یری مقاومت است. به لیل گرما و اندازه گماورا بنفش ، پایداری حرارتی آزمایش شده توسط کالریمتری اسکن دیفرانسیل و تجزیه و تح

درصد افزایش داشت. دارای اشعه ماورا   138و    79درصد( ، مقاومت کششی و کشیدگی در شکست به ترتیب    5/37درصد وزنی است ، در نتیجه بالاترین شاخص تبلور )  8

 ت.درجه سانتیگراد( اس 365ری حرارتی بالا ) درصد( و پایدا 4/82بنفش جذب کننده خوب )
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