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Developing cellulose nanocrystal (CNCs) preparation techniques is a challenge 
confronted by many researchers. The advantages of property remain the reason 
for research to be developed. To deal with this issue, it is essential to conduct 
research related to process optimization, particularly in the hydrolysis process, 
which is the primary step in forming CNCs. In this study, the effect of sonication-
assisted hydrolysis time was investigated. XRD characterization showed that the 
CNCs formed where the first group with specific peaks indicated. The crystallinity 
of CNCs decreased with increasing sonication duration, indicating that 
sonication-assisted hydrolysis was nonselective. The crystallinity of CNCs 
obtained for 15, 30, and 45 min was 61.6, 55.0, and 48.4 %, respectively. For 
sonication duration variations of 15, 30, and 45 min, the hydration diameter of 
CNCs was nearly identical at 42.35 ± 27.10, 42.99 ± 29.46, and 42.63 ± 29.49 nm, 
respectively. Similarly, the removal of methylene blue can be achieved using CNCs 
bio-adsorbent. The results of percent removal of methylene blue under sonication 
treatment of 15, 30, and 45 min of sonication were 73.34; 73.62; 72.86 %, 
respectively. The adsorption rate of CNCs follows the pseudo-second-order 
kinetic model, with the adsorption values under sonication treatment of 15, 30, 
and 45 min were 0.075 ± 0.008; 0.166 ± 0.013; 0.078 ± 0.005 g mg-1 min-1, 
respectively. 

 

1. Introduction 

Cellulose nanocrystals (CNCs) are a derivative 
product of cellulose, a natural polymer available in 
abundance. The CNCs are a crystalline part of the cellulose 
constituent system and are separated from the 
amorphous region [1, 2]. In addition to CNCs, cellulose 
nanofibrils (CNFs) can also be produced from cellulose 
through a top-down process similar to that in the 
production of CNCs [3, 4]. However, the two products 
have different characteristics, including shape, diameter, 
length, crystallinity, tensile strength, and elastic 
modulus [5, 6]. Meanwhile, the applications of the two 
products often coincide for nanocomposite materials in 
various fields, including health, catalysts, water-oil 
separation, and other advanced materials [7, 8, 9]. 
Developing a sustainable process and materials is 

necessary based on these advantages and various 
applications. Different types of biomass can be used as 
raw materials for sustainable synthesis. In general, its 
availability is estimated between 75 and 100 billion tons, 
with the potential to expand if its management is 
improved. The potential availability of biomass, 
particularly in Indonesia, may be demonstrated using 
materials like rice stalks, bagasse, algae, oil palm trunks, 
and others [10, 11, 12]. The existence of palm oil in 
Indonesia has been known for a long time since the 
production of palm oil is the largest in the world. Thus, 
the sustainability of these resources is no longer a 
challenge. Therefore, the management and technology of 
conversion into valuable products such as CNCs or CNFs 
still need to be further developed. 
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In this research, technology development is 
conducted based on an acid hydrolysis reaction 
accompanied by sonication. The amorphous regions will 
be broken down during hydrolysis due to the fragility of 
the amorphous structures [13]. Thus, nano-sized 
crystalline cellulose products (CNCs). It is also essential 
to consider the choice of acid for hydrolysis, given that 
the yield and characteristics are affected during the 
process. Mineral acids such as sulfuric acid, hydrochloric 
acid, phosphoric acid, bromic acid, or a mixture of these 
acids are commonly used [14]. Sulfuric acid will be utilized 
particularly in this study as opposed to other acids. Using 
this type of acid leads to CNCs that are more stable across 
a wider pH range [15]. 

Apart from stability, the size distribution and 
crystallinity of CNCs must also be good. The presence of 
sonication is expected to help achieve these products. 
During sonication, the waves produce strong oscillations 
that form on cavitation. Microscopic phenomena include 
gas formation, expansion, and impulse due to the 
absorption of ultrasonic energy in a liquid. The presence 
of high-energy cavitation bubbles is expected to break the 
hydrolysis-residual amorphous chains to achieve the 
desired size and distribution of CNCs. The duration of 
sonication is the focus of the research. The achievement 
parameters of this process will include crystal size, size 
distribution, and simple application of CNCs for 
methylene blue adsorption. 

2. Experimental Section 

2.1. Materials 

Raw materials (oil palm trunks) were supplied from 
oil palm plantations in Capari village, Cilacap. Sodium 
hydroxide (NaOH), sodium chlorite (NaClO2), sulfuric 
acid (H2SO4), acetic standard buffer, and methylene blue 
powder were purchased from Merck. Deionized (DI) water 
was made using reverse osmosis technology in the 
laboratory (5 µsiemens). 

2.2. Methods 

2.2.1. Preparation of CNCs adsorbent 

Before processing, the oil palm trunk in the form of 
barks was processed with a grinder until it was reduced to 
a size of 40 mesh to obtain a powder-like shape. Oil palm 
trunks were prepared through mechanical steps, 
including (1) drying, (2) grinding, and (3) screening. The 
mechanical process yielded a product with a size 
specification of less than 60 mesh, whereas the non-
mechanical steps include: (1) alkali pretreatment, (2) 
bleaching, and (3) hydrolysis. Alkaline pretreatment was 
performed using 3%(w/v) NaOH for 2 h at 80℃. The exact 
duration and temperature were selected for bleaching, in 
which 1.7%(v/v) NaClO2 was added at pH 5. 

The sample was then neutralized and hydrolyzed 
with 50%(v/v) H2SO4 at 40℃, pH 4, for 45 min. The decision 
to employ sulfuric acid at this concentration was made 
considering that sulfuric acid at higher concentrations 
will convert cellulose into glucose under certain operating 
conditions. These conditions are also adapted to the 
operating conditions in many studies. The results of the 

hydrolysis were then neutralized and sonicated. The 
hydrolysis results were centrifuged by adding water to the 
sample for washing. Centrifugation was performed at 700 
rpm for 15 min to remove sulfuric acid in the hydrolysis 
residue. This process was repeated several times until the 
pH reached neutral. In this case, the sonication duration 
was varied for 15, 30, and 45 min. As a research limitation, 
the ultrasonic frequency was low (37 kHz), and the 
temperature was controlled at ±45℃. The results from the 
sonication stage were compacted and dried using a freeze 
dryer for 2−3 days before being utilized for the adsorption 
process. The working steps in the CNCs extraction series 
are shown in Figure 1, whereas the process mechanism is 
microscopically illustrated in Figure 2. 

 

Figure 1. Flow diagram of CNCs extraction from oil palm 
trunks 

 

Figure 2. Schematic of CNCs production through acid 
hydrolysis assisted by sonication 

2.2.2. Characterization 

The crystallinity of CNCs was investigated using X-
ray diffraction (XRD) [Bruker AXS Model D8 Advance 
Eco], using Cu Kα radiation (λ = 0.154 nm, 40 kV, and 40 
mV) and measuring angle (2θ) in the range of 3–90o with 
a scan rate of 0.4o/min at room temperature. The degree 
of crystallinity (C[%]) was calculated using the Segal 
equation (1). 

 C[%] =
I200−Iam

I200
× 100% (1) 

where, I200 is the maximum intensity of the crystalline, 
otherwise Iam refers to the maximum intensity of the non-
crystalline. The peaks of the XRD diffractogram were 

 
Raw Material

Grinding and Sizing

Alkaline Treatment

Bleaching Treatment

Ultrasound-assisted Acid 

Hydrolysis

CNCs

NaOH 3% 
(w/v)

NaClO 1.7% 
(v/w)

H2SO4 50% 
(v/v)

Neutralization 

Neutralization 

Neutralization & 

Freeze Drying 

Characterization

Characterization

Characterization

Characterization



 Jurnal Kimia Sains dan Aplikasi 25 (9) (2022): 307–315 309 

fitted using a nonlinear curve fit (Gauss) tool in Origin® 
2019b. Crystallite size was calculated using the Scherrer 
formula (2). 

 Dcrystallite =
0.94λ

β½ cos θ
 (2) 

where θ is the diffraction angle, λ is the X-ray wavelength, 
and β½ is the full width at half-maximum (FWHM) of the 
diffraction peak. 

Apart from measuring crystallinity and crystal size, 
the distance between crystal layers can also be calculated 
using the data obtained from XRD. The calculation was 
done through equation (3). 

 dspacing =
nλ

2 sin θ
 (3) 

The hydrodynamic diameter was measured using an 
particle size analyzer (PSA) [Malvern Nano Z ZEN 2600]. 
The measurement is based on the Stokes-Einstein 
equation, which assumes that the particles are spherical 
in shape and that the interactions formed between the 
particles-solvent determine the size obtained. The Stoke-
Einstein (dh) equation (4) is written as follows: 

 dh =
kT

3πηDt
 (4) 

where k, T, η, and Dt are Boltzmann’s constant, absolute 
temperature, colloid viscosity, and diffusivity coefficient, 
respectively. 

2.2.3. Adsorption performance testing on CNCs 

The adsorption performance of CNCs as adsorbents 
was measured for methylene blue. A 300 mL of 1 ppm 
solution was prepared by dissolving the mass of 
methylene blue powder in deionized water. CNCs (0.08 g) 
were added to the prepared solution and then stirred at a 
low frequency to homogenize the solution. During this 
process, sampling was done at certain time intervals until 
it ended at 120 min. Each sampling was duplicated three 
times at different sample points. Spectrophotometer 
UV– Vis (Thermo Scientific Model GENESYS™ 30) was 
used for concentration measurement. Meanwhile, the 
process occurred at atmospheric pressure and controlled 
temperature using a water bath (Memmert Model WTB 6) 
at 30°C. Percent removal that can be achieved from the 
adsorption process was calculated using equation (5). 

 Removal [%] =
Ci−Ce

Ci
× 100 (5) 

where, Ce and Ci are the concentrations at equilibrium and 
the initial concentrations, respectively. 

2.3. Kinetic models 

2.3.1. Prediction of the adsorption mechanism 

An understanding of the mechanism and kinetic 
model of an adsorption process is inseparable from the 
adsorption performance of CNCs itself. The prediction of 
the methylene blue adsorption mechanism has been 
proposed by Tan et al. [16]. The illustration can be seen in 
Figure 3. 

 

Figure 3. Prediction of the adsorption mechanism that 
occurs between CNCs and methylene blue [16] 

Based on the three predictions of the mechanism, 
many adsorption kinetics models have been developed, 
including the Elovich model, Lagergren’s first-order 
model, and the intraparticle diffusion model. These three 
models will be evaluated and compared with the model 
developed in this research. 

2.3.2. Fundamentals of adsorption kinetics 

As is well known, the adsorption kinetics model has 
been extensively studied. These studies are usually based 
on assumptions and theoretical approaches to predict the 
adsorption mechanism. However, research often does not 
consider this in the selection of models. Therefore, the 
reasons for taking the three kinetic models will be 
discussed in this section. Elovich’s kinetic model is 
developed to study the adsorption behavior of gases on 
heterogeneous solid surfaces. However, as research 
continues, and many publications have stated that this 
model can also be used for the adsorption of various 
contaminants dissolved in liquids. The Elovich model can 
determine the phenomenon of Cr (VI) adsorption with the 
adsorbent in biomass waste form [17]. The research 
report showed the same for As(III) adsorption with 
manganese ferrite nanoparticles as adsorbent [18]. 
Research on the adsorption of dye contaminants has also 
been studied, confirming that the Elovich model can be 
used to understand the adsorption kinetics [19, 20]. 
Briefly, Elovich’s kinetic model is expressed as 
equation (6). 

 dqt

dt
= a exp(−bqt) (6) 

where, a (mg.g-1.min-1) is the rate of adsorption at the 
start of the process, b (g.mg-1) is the Elovich constant, and 
qt (mg.g-1) is amount adsorbed at time t. 

Lagergren’s first-order kinetic model was also 
studied to understand the adsorption of methylene blue 
on CNCs adsorbent. In this model, the assumption is that 
the rate of solute uptake is proportional to the difference 
between the amount adsorbed at equilibrium and the 
adsorbed as a function of time. Various studies have tried 
this model [21, 22, 23, 24]. Lagergren’s first-order model 
is written as equation (7). 

 dqt

dt
= k1(qe − qt) (7) 

where, qe (mg.g-1) is the amount adsorbed at equilibrium, 
and k1  (min-1) is the equilibrium rate constant of the 
pseudo-first-order model. 
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In addition, the pseudo-second-order adsorption 
kinetics model is used to predict the mechanism that 
occurs. In this model, the assumption is that the limiting 
rate of adsorption is chemisorption, in which the 
adsorption rate depends on the adsorption capacity, not 
on the concentration of the adsorbate. The pseudo-
second-order model is represented by equation (8). 

 dqt

dt
= k2(qe − qt)2 (8) 

Similar to the pseudo-first-order model, k2 
(g.mg- 1.min-1) implements the equilibrium rate constant 
of the pseudo-second-order model. The intraparticle 
diffusion model, which considers the effect of the mass 
transfer due to diffusion as adsorption resistance, is also 
used. In simple terms, the model is written as follows: 

 q = ki√t + Ci (10) 

where, ki (mg.g−1.min−1/2) and Ci (mg.g−1) are the 
intraparticle diffusion rate and boundary layer thickness 
indicators, respectively. 

The model developed in this research was analogous 
to the Lagergren first-order model but considered the 
distribution aspect of the solute in the adsorbent as one of 
the determining factors. The model is derived from the 
mass balance as given in equations (11), (12), and (13). 

(1) Mass balance of methylene blue in a bulk liquid: 

 dCA

dt
= −

kc a m

V
(CA − CA

∗ ) (11) 

(2) Mass balance of methylene blue in an adsorbent  

 dXA

dt
= kca(CA − CA

∗ ) (12) 

(3) Distribution coefficient 

 XA = KdCA
∗  (13) 

where, kc  (m.min−1), a (m2.g−1), m (g), and V (L) are 
adsorption rate constants, adsorbent surface area, 
adsorbent mass, and solution volume, respectively. 
Meanwhile, C (mol.L−1) and 𝐶∗ (mol.L−1) are 
concentrations over time and concentrations at 
equilibrium. The concentration of methylene blue on the 
adsorbent [XA] (mol.g−1) and the adsorption distribution 
constant [kD] (L.g−1). 

3. Results and Discussion 

The success of sonication as a support technique in 
synthesizing CNCs was evaluated using several 
parameters, including particle size and crystallinity. In 
short, the effect of sonication is an interesting focus to 
identify and discuss. Furthermore, CNCs products were 
used as adsorbents, which have high performance in the 
adsorption of methylene blue. 

3.1. Effect of sonication duration on the degree of 
crystallinity, crystallite size, and particles size 

Information about structure and crystallinity was 
obtained using XRD. Previous research [25] evaluated 
various concentrations of NaOH in removing lignin and 
hemicellulose. XRD diffractograms under selected 
conditions were referred to in Figure 4a. XRD 
diffractograms of different sonication durations are 
shown in Figure 4b. The results of the XRD diffractogram 
analysis indicate that the CNCs have successfully formed 
specific crystalline structures and need to be classified. 
CNCs ranked as cellulose type 1 structures are 
characterized by the presence of observed peaks at 2θ: 15°, 
16.5°, and 23°, which refer to the crystal planes (11̅0), 
(110), and (200), respectively [26, 27]. The classification 
of cellulose can also be seen from the two dominant peaks 
at (110) and (200). The diffraction for the two peaks 
ranged between 15.5° and 22.5°, indicating a cellulose type 
1 structure [28]. However, the observed main peaks are 
often invisible, which suggests that the isolation of CNCs 
has to be improved. Nevertheless, the measurement of 
crystallite size using the Scherrer formula can still be 
performed, as shown in Table 1. 

Table 1. The crystal size of CNCs at various sonication 
duration based on the Scherrer formula 

Duration 
(min) 2θ (°) (h k l) 

d-spacing 
(nm) FWHM 

Crystallite 
size (nm) 

15 
16.11 (110) 0.49 3.49 2.40 

22.67 (200) 0.39 2.43 3.48 

30 

15.43 (11̅0) 0.57 2.79 3.00 

17.84 (110) 0.50 3.91 2.15 

22.64 (200) 0.39 2.97 2.85 

45 
15.98 (110) 0.49 3.46 2.42 

22.56 (200) 0.39 3.25 2.60 

Crystalline size is an essential parameter in 
determining the effectiveness of the hydrolysis process. 
As illustrated in Table 1, the crystal size at (200) tends to 
decrease with increasing sonication duration. Thus, it can 
be said that this increase in duration succeeded in 
reducing the crystalline size of cellulose and successfully 
forming CNCs. 

Additionally, an analysis of crystallinity will provide 
an essential explanation of the role of sonication itself. 
The crystallinity of raw material, alkaline, and bleaching 
were 35.53%, 48.38%, and 50.93%, respectively [29]. 
Meanwhile, the crystallinity of CNCs for the duration of 
15, 30, and 45 min were 61.6%, 55.0%, and 48.4%, 
respectively. Therefore, this research indicates that 
increasing time causes a decrease in the crystallinity of 
CNCs. The possibility of this phenomenon occurs due to 
the destruction of crystalline cellulose. 
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Figure 4. XRD characterization of (a) raw material, bleaching 1.7%(v/v) NaClO2, alkaline 3%(w/w) NaOH (results of 
previous research [29]), (b) sonication duration of 15, 30, and 45 min 

An analogous phenomenon was also found, which 
reported a decrease in crystallinity of up to 8% with 
increasing sonication duration. The sonication process 
was done at a duration of 5, 10, and 15 min with a decrease 
in crystallinity at 81, 78, and 73%, respectively [30]. The 
presence of sonication in hydrolysis is indeed essential to 
assist in the removal of the amorphous region. However, 
it should also be emphasized that this sonication is 
nonselective towards the amorphous region and cleaves 
the crystalline region. Another research by Shojaeiarani et 
al. [31] obtained a similar trend, in which increasing the 
duration and amplitude of the sonication process resulted 
in a decrease in the crystallinity of CNCs by up to 12%. 
Similarly to the present study, crystallinity decreased by 
6.58% and 13.22% as sonication time extended (referred 
values by comparison at 15 min of sonication). The 
ultrasonic mechanism can be microscopically illustrated 
in Figure (5). 

 

Figure (5). Mechanistic illustration of ultrasonic 
processes in the production of CNCs 

The effectiveness of acid hydrolysis assisted by 
sonication on the formation of CNCs was also performed 
by measuring particle size through a particle size analyzer 
(PSA) in order to confirm that the CNCs were successfully 
formed. It should be noted that the particle size is the 
hydrodynamic diameter, which indicates that the CNCs 
particles are diffused in the solvent. The average 
hydrodynamic diameter and the average intensity are 
presented in Table 2. 

Table 2. The particle sizes of the prepared CNCs under 
sonication-assisted hydrolysis based on dynamic light 

scattering analysis using PSA 

Sonication duration 
(min) 

Average hydrodynamic 
diameter (nm) 

Intensity 
abundance (%) 

15 42.35 ± 27.10 75.50 ± 19.94 

30 42.99 ± 29.46 80.50 ± 17.71 

45 42.63 ± 29.49 78.50 ± 17.23 

In the analysis, water is used as a solvent. The water reflection index, 
viscosity, and fluid temperature are 1.33, 0.8872 cP, and 25℃, respectively. 
The analysis was repeated four times (quadruplets) to calculate the mean and 
standard deviation of the particle size of CNCs in water 

Based on the data in Table 2, it can be said that the 
sonication duration has no significant effect on the 
particle size of CNCs. It also shows that the limitation of 
particle size reduction is not based on the sonication 
duration. However, the increasing sonication duration 
reduced the particle size of the obtained CNCs, with 
relatively sharp significance [32]. The effect of sonication 
based on ultrasonic power showed that increasing the 
power decreased particle size [33]. Although indirectly 
related to the duration of sonication, sonication affected 
particle size. There might be a slight difference in the 
characteristics of the cellulose material and the reagents 
used in the research. The performance of CNCs as 
adsorbents also needed to be evaluated in the following 
section. 

3.2. The performance of CNCs as adsorbent for 
synthetic dye waste 

The adsorption performance of CNCs for synthetic 
dye waste removal was evaluated to determine the 
relationship between particle size and percent removal 
and its role in the adsorption rate. The test was done using 
the steps that had been previously written (section 2). The 
percent removal of methylene blue is presented in 
Table 3. 

Table 3. Percent removal of methylene blue 

Sonication duration (min) Percent removal (%) 

15 73.34 

30 73.62 

45 72.86 
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Figure 6. Experimental data and adsorption kinetic models of CNCs at various sonication duration (a) 15, (b) 30, and 
(c) 45 min 

The percent removal in Table 3 confirms that the 
adsorption performance of methylene blue by CNCs is 
affected by particle size. Meanwhile, the particle size is 
correlated with the active surface area of the existing 
CNCs. Thus, raw materials with nearly identical active 
surface areas and processes will likely exhibit similar 
surface properties. As mentioned earlier (section 2), the 
adsorption mechanism is always related to the surface 
chemistry of adsorbent material. Many studies related to 
the adsorption of methylene blue have been reported, 
some of them using advanced and conventional 
adsorbents listed in Table 4. 

Table 4. Research on the adsorption of methylene blue 
using various adsorbents 

No Adsorbent Kinetic model Removal Ref. 

1 
Banana peel–based 

porous activated carbon 
Pseudo-second-

order 
100% [34] 

2 
Dragon fruit peel–based 

pectin 
Pseudo-first-

order 
35–45% [35] 

3 Dragon fruit peel 
Pseudo-second-

order 
85% [36] 

4 ZnO nanoparticles - 97% [37] 

5 Cucumber peel 
Pseudo-second-

order 
85% [38] 

6 Iron oxide nanoparticles 
Pseudo-second-

order 
84% [39] 

7 
Phragmites australis-

based biosorbent 
Pseudo-second-

order 
60–72% [40] 

8 
Euchema Spinosum based 

biosorbent 
Pseudo-second-

order 
84% [41] 

9 
Montmorillonite–

graphene oxide 
composite 

Pseudo-second-
order 

94% [42] 

10 
Kaolin–based 

mesoporous silica 
- >90% [43] 

11 
Zeolite–Chitosan 

composite 
Pseudo-second-

order 
>80% [44] 

12 
Halloysite–Cyclodextrin 

Nanosponges 
- 100% [45] 

13 CNCs biosorbent 
Pseudo-second-

order 
±73% This work 

The experimental data and the adsorption kinetic 
models of various sizes of CNCs are shown in Figure 6. It 
was found that the adsorption of methylene blue on CNCs 
was approximated by a pseudo-second-order kinetics 
model, as evidenced by the highest coefficient of 
determination (r²) for each data on various sizes of CNCs. 
The parameters and correlation coefficients of the 
various models are detailed in Table 5. 

Table 5. Kinetic parameters for adsorption of methylene 
blue onto CNCs 

Models Parameters 
CNCs samples 

15 min 30 min 45 min 

Pseudo-
first-order 

qe,cal 2.769 2.802 2.745 

qe,exp 2.792 2.752 2.773 

k1 0.032±0.021 0.0665±0.045 0.030±0.019 

r2 0.499 0.520 0.490 

Pseudo-
second-

order 

qe,cal 2.684 2.753 2.671 

qe,exp 2.792 2.752 2.773 

k2 0.075±0.008 0.166± 0.013 0.078±0.005 

r2 0.973 0.992 0.988 

Elovich 

𝛼 2.348±1.136 173.639±258.158 4.150±2.109 

𝛽 2.131±0.245 3.851±0.638 2.459±0.256 

r2 0.967 0.974 0.976 

Intraparticle 
diffusion 

kP 0.218±0.041 0.180±0.052 0.204±0.041 

C 0.934±0.267 1.345±0.336 0.989±0.265 

r2 0.737 0.546 0.715 

Modified 
Pseudo-

first-order 

KD 26.020 25.554 22.554 

kC 0.395 0.795 0.427 

r2 0.982 0.979 0.981 

*In the fitting model, two software are used: Origin® 2019b and MATLAB® 
R2021a. The calculation of the four established models uses a nonlinear curve 
fit with the Levenberg Marquardt algorithm embedded in the Origin® 2019b. 
Meanwhile, the modified pseudo-first-order model calculation uses the 
lsqnonlin and ode15s toolboxes embedded in the MATLAB® R2021a. 

 

 

ba

c
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Based on Table 5, the adsorption mechanism that 
occurs is disproportionate to the amount adsorbed, which 
means that the pseudo-first-order model is unsuitable. 
This is confirmed by a low coefficient of determination 
(0.499-0.520). In addition, the adsorption rate of the 
pseudo-first-order model tends to be linear, in contrast 
to the actual experimental conditions. The intraparticle 
diffusion model is also limited in describing the 
adsorption mechanism of methylene blue by CNCs 
adsorbents, as evidenced by the low coefficient of 
determination (0.546-0.737). It demonstrates 
theoretically that the adsorption resistance due to the 
diffusion rate of methylene blue onto the adsorbent 
surface is insignificant. 

In contrast, Elovich and pseudo-second-order 
kinetic models with a chemisorption mechanism 
approach are likely to correspond with experimental 
results. However, the pseudo-second-order kinetic 
model is superior in explaining the mechanism that 
occurs during adsorption. This is shown at the end of the 
adsorption model trend tends to be similar to the 
experimental results, in contrast to the Elovich model 
does not show a constant adsorption rate at the end of the 
process. The last approach model (modified pseudo-
first-order) provides a strong relationship between the 
rate of methylene blue being adsorbed and the 
distribution of the adsorbent. Meanwhile, this model 
allows the presence of adsorbed methylene blue and its 
distribution on the adsorbent to play a role in adsorption 
resistance. Hopefully, this model would implement more 
real conditions in the experiment. However, the fitting of 
the developed model has not reached expectations, as the 
coefficient of determination remains below the pseudo-
second-order level. The comparison of the kinetic models 
of various adsorbents for the adsorption of methylene 
blue is shown in Table 4. It can be seen that the adsorption 
tends to conform to the pseudo-second-order model. 

4. Conclusion 

In this research, the fabrication of CNCs from oil 
palm trunks as a sustainable adsorbent has been 
successfully conducted. The results showed that 
sonication duration affected the crystallinity of CNCs, 
with a tendency for crystallinity to decrease with 
increasing sonication duration. However, the particle size 
of CNCs was unaffected by the sonication duration, and 
their performance tended to be the same. The pseudo-
second-order adsorption kinetics model could 
approximate the experimental data, showing that the 
adsorption process was controlled by chemisorption. The 
best results were obtained from the 15-minute sonication 
stage. 
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