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ABSTRACT 
Currently, nanofibers cellulose is becoming a trend because has been widely applied as reinforcement for 
biodegradable matric which can increase the resistance in film materials. In this research, nanofibers cellulose was 
produced from oil palm mesocarp fibers by the chemical-ultrasonic process. The cellulose obtained will be hydrolyzed 
using 5% HCl and 5% H2SO4 under the effect of 20 kHz ultrasonic waves for 90 minutes. The nanofiber cellulose 
produced will be tested for characteristics as well Fourier Transform Infrared (FTIR), Transmission Electron 
Microscope (TEM), Scanning Electron Microscope (SEM) and Particle Size Analyzer (PSA). Based on the PSA 
results, nanofibers cellulose obtained had an average size of 17.88 nm. This is also supported by the morphological 
results in SEM and TEM which show that cellulose nanofiber particles are visible, the fibers are formed and FTIR 
results show cellulose functional groups are formed.  
Keywords: Nanofiber Cellulose, Palm Fiber, Chemical-ultrasonic, Biodegradable, Lignocellulose 

RASĀYAN J. Chem., Vol. 14, No.3, 2021 
                                      

  INTRODUCTION 
The use of nanomaterials and nanoproducts continues to increase worldwide. Many government and private 
organizations have focused on developing new techniques and products by involving these technologies. 
Nanotechnology has shown significant applications in various sectors such as medicine, electronics, 
transportation, space exploration, energy and the environment, textiles, cosmetics, food science, paper and 
pulp.1 Especially in the field of biocomposites, nanomaterials have been developed as fillers to increase the 
resistance of biocomposites. Nanofibers have advantages over large-sized fibers due to their wide surface 
area, high modulus of elasticity, porous structure and high chemical reaction power .2 Nanofibers are usually 
obtained from natural or synthetic fibers. In this study, the nanofiber was obtained from palm oil fruit fiber. 
North Sumatra, Indonesia is one of the areas that annually produces palm oil of around 4.4 million tons of 
crude palm oil (CPO).3 The high production of palm oil, of course, produces waste in the form of palm oil 
fruit fiber which is quite high too. In addition, oil palm fruit fiber contains 39.5% cellulose, 32.8% lignin, 
hemicellulose, minerals and ash.4 The high lignocellulose content in oil palm fruit fiber, so that the palm 
fruit fiber has enough potential to be used as cellulose nanofiber. 
Nanofiber formation can be done by several methods, one of which is the multi-component technique of 
fiber spinning, melt blowing, high pressure, homogenizer, ultrasonic waves and electrospinning. Nanofiber 
cellulose could be produced by various isolating methods such as mechanically, chemically and semi-
chemical with the help of ultrasonic waves. Hayat, et.al (2019) reported the manufacture of cellulose 
nanofiber from oil palm fruit fibers using a semi-chemical method using a mixture of 5% HCl and H2SO4 
5% under 20 kHz ultrasonic waves effect resulting in the diameter of obtained nanofiber cellulose in the 
range 0-26 nm and crystallinity of 66.65% are obtained based on x-ray diffraction.5 Meanwhile, Cheng, 
et.al (2011) has extracted cellulose nanofiber from four different types of materials, namely wood, bamboo, 
and wheat straw fibers under ultrasonic waves at 20–25 kHz and output power of 1000 W for 30 minutes 
to produce a shape and the non-uniform diameter is about 10-40 nm.6 
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The purpose of this research was to isolate nanofibers cellulose from oil palm mesocarp fibers using a 
chemical-ultrasonic process and to see how the characteristics of nanofibers cellulose were produced using 
FTIR, SEM and PSA analysis. 

EXPERIMENTAL 
Materials and Chemical Preparation 
Oil palm mesocarp fiber as raw material was obtained from Palm Oil Mill (PKS) Tanjung Sementok, Aceh 
Tamiang, Aceh, Indonesia and for isolated nanofiber cellulose used nitric acid (HNO3), sodium nitrite 
(NaNO2), sodium hydroxide (NaOH), sodium sulfite (Na2SO3), sodium hypochlorite (NaOCl), hydrogen 
peroxide (H2O2), sulfuric acid (HCl) and hydrochloric acid (HCl). Chemical-ultrasonic processes and 
isolated nanofiber cellulose were carried out at Organic Chemical Laboratory in Departement Chemical 
Engineering Universitas Sumatera Utara, Indonesia. 
 
Methods and Characterization 
Oil palm mesocarp fiber was washed until clean then dried under sunlight until 1-2 days. Then, dried oil 
palm mesocarp fiber was delignified using 1 L solution HNO3 3.5% and 10 mg NaNO2 at 90 ºC for 2 h and 
then digested sample using 750 ml of 2% w/v NaOH solution and Na2SO3 for 1 h at 50 ºC. washed and 
filtered then bleached with 250 ml of NaOCl 1.75% for 30 mins at boiling temperature. Then treated with 
500 ml NaOH of 17.5% solution for 30 mins at 80 ºC until obtained alpha-cellulose. After washed and 
filtered, alpha-cellulose was bleached using 10% H2O2 solution. To obtained nanofiber cellulose using 
chemical-ultrasonic processes with ultrasonic waves and chemical solution by using mixtures of 5% HCl 
and 5% H2SO4 at 60 ºC for 0.5 h 5. Nanofiber cellulose’s characterization using Fourier Transform Infrared 
(FTIR) Thermo Nicolet IS 10 with wavenumber 650-4000 cm-1. To see morphological properties of 
nanofiber cellulose by SEM and TEM (JEM-1400), PSA using HORIBA Laser Scattering Particle Size 
Distribution Analyzer LA-950. 

RESULTS AND DISCUSSION 
Characterization of Nanofiber Cellulose from Oil Palm Mesocarp Fiber using FTIR (Fourier 
Transform Infrared) 
This characterization aims to see the functional groups and changes in the functional groups of the materials 
or compounds used. In this discussion, the characterization was carried out on the raw material for oil palm 
fruit fiber and nanofibers cellulose from oil palm fruit fiber. From Fig.-1, can be seen that several key 
absorption peaks can indicate a group as a special characteristic of a compound. In the FTIR test results 
with cellulose nanofiber samples, there are key absorption peaks that can be used to identify the main 
compound that makes up cellulose nanofibers, namely cellulose. Cellulose compounds can be identified by 
looking for the C-H, O-H, C-C stretch groups and the bending group (bending) CH2 in Fig.-1. The O-H 
stretching group in Fig.-1 was indicated by the absorption peak at wavenumber 3300-3334 cm-1. The CH 
stretch group in the FTIR results are shown by the reading of the absorption peak at wavenumber 2800-
2850 cm-1 and for the C-C stretch group there are weak absorption peaks at small wavenumbers, the C-C 
group is not a primary indication and can be ignored in FTIR analysis because most material, especially 
organic material, is composed of these groups. CH2 bending is indicated by the absorption peak at 
wavenumbers 1420-1450 cm-1. However, the reading of the absorption peak at wave number 1631-1643; 
1242 and 1371 cm-1, respectively, which are stretch groups -C = C-, C-O (stretch cyclic) and bending groups 
CH3 appear in the readings for palm fruit fiber waste samples, but not visible on nanofibers cellulose. It can 
also be seen at the 892 cm-1 absorption peak which indicates the presence of β-glycosidic bonds from the 
glucose ring on the cellulose chain. This indicates the formation of cellulose with lignin and hemicellulose 
which has been lost. 4 

 
Characteristic Nanofiber Cellulose using SEM (Scanning Electron Microscope) and TEM 
(Transmission Electron Microscope) 
Characterization of nanofibers cellulose using TEM aims to analyze the particle size and morphology of 
nanofibers cellulose produced. Meanwhile, characterization of nanofibers cellulose using SEM only aims 
to determine the morphology of cellulose nanofibers. Fig.-2(a) shows the results of characterization of 
nanofibers cellulose using SEM, while Fig.-2(b) shows the results of characterization of nanofibers 
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cellulose using TEM. In Fig.-2(a) nanofiber cellulose particles are not very clear, the fibers are formed. 
However, in Fig.-2(b) the nanofiber cellulose particles are visible. Fibers that are randomly formed and 
long are obtained as a result of the acid hydrolysis process with low concentrations of cellulose using a 
mixture of two types of acids, namely sulfuric acid (H2SO4) and hydrochloric acid (HCl) with low 
concentrations and assisted by ultrasonic waves. Based on Fig.-2(b). The results obtained from the 
measurement of nanofibers cellulose have a length of 148-676 nm and a fiber diameter/thickness of 1-26 
nm. According to Kuswandi (2017) nanoparticles usually have a size of about 1-1000 nm.7 
 

 
Fig.-1: Characterization of Nanofiber Cellulose from Oil Palm Mesocarp Fiber using FTIR (Fourier Transform 

Infrared) 
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Fig.-2: Characteristic of Nanofiber Cellulose using (a) SEM and (b) TEM 
 

Characteristic of Nanofibers Cellulose using PSA (Particle Size Analyzer) 
Characterization of nanofibers cellulose using PSA aims to measure the size distribution of particles that 
experience Brownian motion. PSA's aim is to analyze particles in a variety of different sizes and to develop 
the relative weight proportions of each size range.8 Characterization using PSA is considered more accurate 
than image analysis methods such as SEM and TEM. This is because PSA uses laser light as medium 
information for measuring objects.9 Based on Fig.-3. The nanofibers cellulose obtained has an average size 
of 17.88 nm. This is supported by the characterization using TEM which obtained the fiber 
diameter/thickness of 1-26 nm in Fig.-2(b). Solikhin, et. al (2017) produced nanofibers cellulose from oil 
palm empty bunches with a diameter of 37.16 nm - 97.75 nm.10 
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Fig.-3: Characteristic of Nanofibers Cellulose using PSA (Particle Size Analyzer) 
 

CONCLUSION 
Nanofiber cellulose has been obtained from oil palm mesocarp fiber using chemical-ultrasonic wave 
processes successfully. Nanofiber cellulose was hydrolyzed using 5% HCl and 5% H2SO4 under the effect 
of 20 kHz ultrasonic waves for 90 minutes. Based on the PSA results, nanofibers cellulose obtained had an 
average size of 17.88 nm. This is also supported by the morphological results in SEM and TEM which 
show that cellulose nanofiber particles are visible, the fibers are formed with a length of 148-676 nm and a 
diameter/ thickness of 1-26 nm. The FTIR results show that cellulose functional groups are formed which 
are characterized by the presence of C-H, O-H, C-C and CH2 bending groups. 
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