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This study developed nanofibers derived from sugar palm fiber 
waste, incorporating citric acid and polyethylene glycol (PEG) 
modifications to adsorb crystal violet (CV) dye. The synthesis 
process involved alkalization-acid hydrolysis and bleaching 
techniques. Subsequent analyses of nanofiber characteristics were 
conducted using Fourier-Transform Infrared Spectroscopy (FTIR), 
X-ray Diffraction (XRD), and Scanning Electron Microscopy-Energy 
Dispersive X-ray (SEM-EDX). The efficacy of these modified 
nanofibers in adsorbing CV was quantitatively measured using an 
Ultraviolet-Visible (UV-Vis) spectrophotometer. The study 
successfully synthesized nanofibers from sugar palm fiber waste 
with modifications: PEG-modified nanofibers (NP 2 and NP 24) and 
citric acid-modified nanofibers (NS 2 and NS 24). These 
modifications resulted in nanofibers with a smooth, white texture. 
FTIR analysis of the samples (N, NP 2, NP 24, NS 2, and NS 24) 
revealed the presence of functional groups essential for cellulose, 
specifically -OH, C-H, and C-O groups. The addition of citric acid 
introduced a new group, C=O, albeit with very weak intensity. PEG 
modifications were evident from the stretching observed in the -OH 
groups. SEM analysis confirmed the presence of a layer on the 
nanofibers, attributed to citric acid (NS 2 and NS 24) and PEG (NP 
2 and NP 24). XRD results indicated that the pre-and post-
modification nanofibers exhibited a semi-crystalline phase. Van der 
Waals electrostatic interactions between the absorbent material and 
the adsorbate predominantly guided the adsorption mechanism. 
Intriguingly, the citric acid and PEG modifications did not significantly 
alter the adsorption outcomes. The adsorption capacity remained 
stable over time, as evidenced by measurements of 0, 15, 30, 45, 
60, 90, and 120 minutes. 
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INTRODUCTION 

Water, an important natural resource, 

is indispensable for various human activities, 

including domestic, industrial, and 

agricultural uses. In Indonesia, the demand 

for clean water is continually rising, yet the 

quality of this vital resource is diminishing, 

particularly due to the impact of industrial 

activities. A prime example is the batik 

industry, which generates significant volumes 

of hazardous liquid waste, accounting for 

nearly 85% of its clean water usage. This 

https://jurnal.uns.ac.id/jkpk
http://dx.doi.org/10.20961/jkpk.v8i3.
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waste typically exhibits a dark coloration and 

a strong odor [1,2]. The batik industry 

predominantly employs synthetic dyes for 

their diverse color range, cost-effectiveness, 

and accessibility. However, the disposal of 

liquid batik waste poses serious threats to 

human health and aquatic ecosystems. It 

disrupts the ecological balance by impeding 

photosynthesis and diminishing oxygen 

levels in water bodies. Human exposure to 

this waste can lead to health issues like 

nausea, skin irritation, dermatitis, and 

headaches [3]. 

Crystal violet (CV), a common synthetic 

dye in batik processing, is particularly 

problematic due to its mutagenic and toxic 

properties. Its high stability renders it difficult to 

degrade in aquatic environments, and its 

presence diminishes light penetration into 

water bodies, further exacerbating ecological 

harm [4,5]. Consequently, there is an urgent 

need to process batik waste efficiently to 

prevent further pollution of water ecosystems 

[6]. Various physical and chemical waste 

treatment methods, such as photodegradation 

[7], electrolysis [8], and adsorption [9], have 

been explored to address this issue. 

Among these methods, adsorption 

stands out for its simplicity, effectiveness, 

efficiency, and the potential for adsorbent 

regeneration [10]. It is an environmentally 

friendly approach, especially suitable for dye-

containing waste due to its cost-effectiveness 

and non-production of harmful by-products 

[11,12]. Adsorption efficacy largely depends 

on the nature and type of adsorbent used. 

Ideal adsorbents possess characteristics 

such as a high adsorption rate and capacity, 

chemical stability, reusability, and eco-

friendliness [13]. Various adsorbents have 

been investigated in previous studies, 

including activated charcoal [14], nano-silica 

[15], and nanofiber [16]. 

Nanofiber, in particular, holds 

significant potential as an adsorbent due to its 

high surface area, porous structure, and 

considerable elasticity. These properties 

make nanofibers highly effective in reducing 

environmental pollution [17]. The larger the 

surface area of the adsorbent, the greater the 

contact area, leading to more efficient 

absorption and, consequently, more effective 

adsorption [18]. Sugar palm fiber waste, a by-

product of flour production from palm starch, 

is an exemplary material for nanofiber 

adsorbents. Despite being largely discarded 

and contributing to environmental pollution, 

sugar palm fiber waste contains about 

43.88% cellulose [19], making it a promising 

candidate for dye adsorption in wastewater 

treatment. 

The application of nanofibers in 

environmental remediation can be 

significantly enhanced through chemical 

modifications, such as incorporating 

polyethylene glycol (PEG) and citric acid. 

These modifications are designed to 

augment the adsorption capabilities of 

nanofibers. The integration of PEG plays a 

pivotal role in encapsulating particles, 

preventing the formation of aggregates, and 

aiding in particle size control [20]. On the 

other hand, citric acid's contribution lies in its 

ability to react with the hydroxyl groups in 

cellulose and lignin, forming ester bonds [21]. 

This chemical alteration is particularly 

beneficial as it introduces ester groups into 

the nanofiber structure. Ester groups, 

characterized by their electron-rich nature, 

enhance the nanofiber's ion-binding capacity, 

https://journal.walisongo.ac.id/index.php/hayat/article/view/2688
https://ejournal.undiksha.ac.id/index.php/MKG/article/view/21151
https://www.mdpi.com/2073-4441/15/7/1339
https://link.springer.com/article/10.1007/s11814-017-0008-2
https://asianpubs.org/index.php/ajchem/article/view/2799
https://www.sciencedirect.com/science/article/pii/S0011916410006855
https://ojs.unud.ac.id/index.php/cakra/article/view/62800
https://ejournal.undip.ac.id/index.php/ksa/article/view/18737
https://ejurnal.its.ac.id/index.php/sains_seni/article/view/18153
https://jurnal.untan.ac.id/index.php/jmtluntan/article/view/34363/0
https://www.sciencedirect.com/science/article/pii/S1876107017306120
https://www.orientjchem.org/vol33no1/correlation-of-ionic-imprinting-cavity-sites-on-the-amino-silica-hybrid-adsorbent-with-adsorption-rate-and-capacity-of-cd2-ion-in-solution/
https://www.tandfonline.com/doi/abs/10.1080/19443994.2013.810359
https://ejournal.unib.ac.id/index.php/alotropjurnal/article/view/7483
https://journal.unnes.ac.id/sju/index.php/ijcs/article/view/42027
https://revues.imist.ma/index.php/morjchem/article/view/32648
https://link.springer.com/article/10.1007/s10965-017-1238-z
https://talenta.usu.ac.id/jtk/article/view/1872
https://www.sciencedirect.com/science/article/pii/S2238785418308688
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surpassing the adsorption capabilities of 

unmodified nanofibers [22]. 

The primary objective of this research 

is to examine the effectiveness of nanofibers 

modified with PEG and citric acid in 

adsorbing the crystal violet (CV) dye. This 

investigation is vital for its potential to mitigate 

environmental contamination stemming from 

batik industry waste and its implications in 

enhancing water quality. By focusing on this 

innovative approach, the study aims to offer 

a viable solution to address the pressing 

environmental concerns posed by the 

discharge of synthetic dyes into aquatic 

ecosystems. 

 

METHODS 

1. Material 

 The materials used in this research 

were palm fiber waste, distilled water, 

Sodium Hydroxide (NaOH) 5% made in 

Germany CAS-No: 1310-73-2, Hydrochloric 

Acid (HCl) made in Malinckrods (USA) CAS-

No: 7647- 01-0 3.5 M, HCl 5 M, Sodium 

chlorite made in Germany CAS-No: 7647-14-

5, glacial acetic acid made in Germany CAS-

No: 64-19-7, deionized water, crystal violet 

made in China CAS-No: 548-62-9, 

Polyethylene glycol 400 (PEG) made in 

Germany, and citric acid made in Austria 

CAS-No: 5949-29-1. 

 

2. Procedure 

a. Preparation of Cellulose Nanofiber 

 Dried palm fiber was washed with 

distilled water until clean, clear, and dried. 

Once it was dry, then cut it approximately 0.1-

1 cm. Most of the lignin and hemicellulose 

were removed by treatment with 5% NaOH 

solution at 50◦C for 4 hours. Then, they 

neutralized using distilled water and soaked 

with 3.5 M HCl to break down and separate 

the microfibrils. After that, it was lined with 

distilled water to remove the acid. Then, it 

was ground into pulp form and treated again 

with alkali to remove the remaining non-

cellulosic constituents, followed by acid 

hydrolysis with 5 M HCl. Delignification was 

then carried out by a bleaching process with 

a solvent-to-fiber weight ratio of 25:1 using a 

4:1 mixture of sodium chlorite (NaClO2 ) and 

glacial acetic acid for 2 hours at 60◦C. After 

the delignification, the fibers were washed 

with deionized water to pH 7 to obtain 

cellulose nanofibers. 

 

b. Preparation of PEG Modified 

Nanofiber 

 This was done by weighing 14g of PEG 

and 1g of nanofiber (14:1) and soaking the 

nanofiber with PEG with time variations of 2 

hours and 24 hours, after being mentioned as 

NP 2 and NP 24. 

 

c. Preparation of Citric Acid Modified 

Nanofiber 

  This was done by weighing 1g of 

citric acid, dissolving it in 20 mL of distilled 

water, and soaking 1g of nanofiber in a citric 

acid solution prepared for varying times of 2 

hours and 24 hours. Here are mentioned NS 

2 and NS 24, respectively. 

 

d. Characterization 

 Nanofiber characterization aims to 

determine the success of nanofiber 

modification by PEG and citric acid. PEG and 

citric acid-modified nanofibers were 

characterized using FTIR (Fourier Transform 

Independent) from Shimadzu to determine 

surface functional groups, XRD (X-Ray 

Diffraction), X’pert PRO PANanalytical to 

determine crystal phase and crystal size, and 

SEM-EDX (Scanning Electron Microscopy-

https://iopscience.iop.org/article/10.1088/1755-1315/456/1/012015
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Energy Dispersive X-Ray), Joel JCM 7000, to 

determine the morphology on the surface. 

 

e. Adsorption 

 Adsorption was done by preparing 100 

ml of 10 ppm and 50 ppm crystal violet dye 

each. Then, the modified nanofiber was 

contacted with 0.1g of citric acid and PEG for 

2 hours, sampling every 15, 30, 45, 60, 90, 

and 120 minutes. The variation of contact 

time aims to determine the effect of time on 

adsorption capacity. Next, it was filtered 

using Whatman Qualitative paper No. 3. After 

that, the filtrate was analyzed using a UV-Vis 

spectrophotometer with a wavelength of 590 

nm to determine the absorbance of crystalline 

violet [23]. 

RESULTS AND DISCUSSION 

1.  Synthesis 

Figures 1a and 1b depict the physical 

characteristics of palm fiber pre- and post-

synthesis and modification. Initially, as shown 

in Figure 1a, the unprocessed palm fiber 

exhibited a brown hue, characteristic of its 

natural state, with noticeable irregularities in 

its fibrous structure. However, post-synthesis 

modifications led to notable changes in 

texture and color, as evidenced in Figure 1b. 

The samples labeled N, NS 2, and NS 24 

displayed a smoother surface with a subtle 

yellowish tint. Conversely, the samples NP 2 

and NP 24 exhibited a smoother texture and 

were distinctly white. 

 

1a.     1b 

Figure 1a. Raw palm fiber (before synthesis); 1b. Synthesis results of (a) N, (b) NP 2, (c) NP 24, 

(d) NS 2, (e) NS 24 

 

These observations align with 

existing research indicating that nanofibers 

derived from palm fiber waste typically have 

a smooth texture and white appearance [14]. 

The whitening effect is attributed to bleaching 

before modifying the nanofiber [16]. The 

slight yellowish hue observed in the N, NS 2, 

and NS 24 samples could be a result of 

residual impurities within the nanofiber 

structure, not eliminated during the 

processing stages 

 

2. Characterization 

a. Fourier Transformed Infrared (FTIR) 

The results of FTIR characterization 

were used to determine functional groups 

and describe the bonds in a molecule—palm 

fiber waste nanofiber contained cellulose. 

The functional groups of cellulose were OH, 

https://journal.unnes.ac.id/sju/index.php/ijcs/article/view/21970
https://ejournal.unib.ac.id/index.php/alotropjurnal/article/view/7483
https://revues.imist.ma/index.php/morjchem/article/view/32648
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C-O, and C-H [16]. The OH group produced 

a wide signal at a wavenumber of 3400-3000 

cm-1 with stretching vibrations. The C-H 

group had a medium and weak signal at a 

wave number of 2800-3000 cm-1, and the C-

O stretching vibration was 1280-1030 cm-1.  

Figure 2 indicated that all nanofibers 

before and after modification showed 

cellulose-forming functional groups, namely 

OH, C-O, and C-H [16]. The OH groups within 

nanofibers modified by citric acid underwent 

a reaction with citric acid molecules, creating 

a minimum of 2 carboxylate groups and 1 

ester group. [21]. The ester group (C=O) was 

at the wave number of 1735-1750 cm-1 [24]. 

In sample NS 2, the C=O wave appeared with 

a very weak intensity at a wave number of, 

while in  24, it appeared at a wave number of 

1747 cm-1 with a weaker intensity than NS 2. 

This was also shown in the OH groups on the 

NS 2 , which had a wider intensity, where the 

hydroxyl groups successfully reacted with 

citric acid, which had a carboxylic group to 

form an ester group. Meanwhile, in the NS 24, 

the OH intensity was sharp, and the C=O 

group intensity was weaker. The presence of 

ester groups could increase the adsorption 

ability of nanofibers because ester groups 

had more electrons, which could have more 

ions than nanofibers that were not modified 

by citric acid. 

 

Figure 2. FTIR Spectra of Nanofiber based on the modification variations 

 

The presence of a PEG group was 

indicated by the presence of hydroxyl (OH), 

aliphatic -CH, and C-O groups [25]. On the 

PEG-modified nanofiber, the OH spectrum 

appeared at wave numbers 3418 cm-1 (NP 2) 

and 3418 cm-1 (NP 24), -CH groups at wave 

numbers 2909 cm-1 (NP 2) and 2898 cm-1 (NP 

24), as well as the C-O group at wave 

numbers 1057 cm-1 (NP 2) and 1026 cm-1 (NP 

24). The OH PEG group bound hydrogen to 

the cellulose nanofiber. The longer the 

soaking time, the wider the OH vibrations 

[26]. The broadening of the OH group’s 

vibration indicated a decrease in the OH 

group after modification with PEG. The- OH 

group decreased due to PEG’s hydrophilic 

https://revues.imist.ma/index.php/morjchem/article/view/32648
https://revues.imist.ma/index.php/morjchem/article/view/32648
https://ejournal.uin-malang.ac.id/index.php/Kimia/article/view/7933
http://technopex.iti.ac.id/ocs/index.php/tpx18/tpx18/paper/viewPaper/31
https://jurnal.uns.ac.id/alchemy/article/view/41713
https://ejournal.undip.ac.id/index.php/ksa/article/view/18144
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nature, which caused increased interactions 

between hydrogen bonds [25]. The FTIR 

spectra results of the PEG-modified 

nanofibers did not show a shift in the wave 

number. This was because the groups on the 

nanofiber had the same groups as PEG. 

 

b. X-ray diffraction (XRD) 

The results of XRD characterization 

were carried out to determine the material’s 

type and size. Figure 3 shows the results of 

XRD nanofiber before and after modification. 

The amorphous structure did not have peaks 

indicating the presence of a particular phase 

[27]. The nanofibers before and after 

modification with PEG or citric acid had an 

amorphous peak at 2θ = 15o-16o and a 

crystalline peak at 2θ = 22o. Cellulose usually 

peaked at 2θ = 14.82o, 16.44°, and 22.79o [28]. 

In the nanofiber, before and after modification, 

each had 2 highest peaks at angles 15o and 

22o with the same crystal plane, namely at 

001. This indicated that the nanofiber had a 

semi-crystalline structure [29].  

The nanofiber size was calculated using the 

Debye-Scherrer equation as in equation 1. 

D = 
0,9𝜆

𝛽𝑐𝑜𝑠𝜃
     ………… (1) 

Where D is the crystalline size (nm), 

0.9 is Scherrer's constant, λ is the X-ray 

wavelength (1.5406 Å) β is the FWHM (Full 

Widht at Half Maximum), and θ is the 

diffraction angle [16]. The results of the XRD 

diffractogram on sample N showed peaks at 

14.7o and 22.482o. Sample N had a high 

intensity at peak 2 theta = 22.4822o with an 

FWHM value of 0.5353°. Based on the results 

of calculations using the Debye-Scherrer 

equation, the nanofiber size was 15.131 nm. 

Figure 3. XRD results Synthesis results of (a) N, (b) NS 2, (c) NS 24, (d) NP 2, and (e) NP 24 

 

In the NS 2 sample, the peaks 

obtained were at peak 2 theta = 15.905o and 

22.390o. The highest peak was at 22.390° with 

an FWHM value of 0.3346°. Based on the 

results of calculations using the Debye-

Scherrer equation, the nanofiber size was 

24.203 nm. Meanwhile, at NS 24 the peaks 

obtained were at peak 2 theta = 15.533o and 

22.455o with an FWHM value of 0.4684°. Based 

on the results of calculations using the Debye-

Scherrer equation, the nanofiber size was 

17.291 nm. This showed that the addition of 

https://jurnal.uns.ac.id/alchemy/article/view/41713
https://ejournal.unesa.ac.id/index.php/inovasi-fisika-indonesia/article/view/4278
https://www.sciencedirect.com/science/article/pii/S092666901830116X
https://jurnal.univpgri-palembang.ac.id/index.php/sainmatika/article/view/6717
https://revues.imist.ma/index.php/morjchem/article/view/32648
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citric acid could increase the fiber diameter. The 

increase in fiber diameter was caused by citric 

acid molecules diffusing into the nanofiber and 

forming a cross-linking network between 

macromolecules, resulting in a denser buildup 

[30]. 

In the NP 2 sample, the peak obtained was 

at peak 2 theta = 15.022o, 16.668°, and 

22.761o. The highest peak was at 2 theta 

22.761o with an FWHM value of 0.535°. Based 

on the results of calculations using the Debye-

Scherrer equation, the nanofiber crystal size 

was 15.138 nm. At NP 24, the peaks obtained 

were at peak 2 theta = 14.314o and 22.150o with 

an FWHM value of 0.2007°. Based on the 

results of calculations using the Debye-

Scherrer equation, the nanofiber crystal size 

was 20.173 nm. The size of the nanofibers 

before and after PEG modification showed that 

the size of the PEG-modified nanofibers is 

larger than the non-modified nanofibers. This 

was because PEG functioned as a capping 

agent or as a wrapper so that the nanofiber size 

became larger. 

 

c. SEM – EDX 

Characterization by SEM-EDX was 

used to determine the morphological 

appearance and elemental content of the 

nanofiber before and after modification. The 

results of SEM-EDX are presented in Figure 

4. The surface morphology of the adsorbent 

could be observed using SEM (5.0 kv; 100 

μm). In Figure 4, changes in nanofiber 

morphology could be seen before and after 

modification. The N sample looked 

homogeneous and there was no visible 

membrane covering it. After being modified 

with PEG, the adsorbent's surface showed 

the fibers sticking together. The addition of a 

PEG capping agent functioned as a template 

and wrapped particles so that aggregates 

were not formed. The SEM results of 

nanofibers modified with citric acid showed 

that the fibers and the presence of connective 

tissue and the nanofiber surface appeared 

heterogeneous. This was due to a carboxyl 

group from citric acid [31]. This carboxy group 

was suggested to enhance the electrostatic 

interaction between nanofibers and 

adsorbent [34]. 

Table 1. Chemical Composition 

Samples Elements Mass 
(%) 

Atom (%) 

N C 38.49 45.46 
 O 61.51 54.54 
NP 2 C 41.49 48.58 
 O 58.51 51.42 
NP 24 C 39.65 46.67 
 O 60.35 53.33 
NS 2 C 39.31 46.32 
 O 60.69 53.68 
NS 24 C 38.00 44.95 
 O 62.00 55.05 

 

The results in Table 1 show that 

before and after the modification, nanofiber 

contained the elements O (Oxygen) and C 

(Carbon). Elements O and C were the 

cellulose matrix. NP 2 and NP 24 showed a 

decrease in the O element component. This 

was also in line with the FTIR results in Figure 

2, which indicated that vibrations in the OH 

group were increasingly widening. In NS 2, 

the C element increased. This was also in line 

with the C=C group, which appeared in NS 2, 

where this group was considered an impurity 

in NS 2. In NS 24, the C and O groups tended 

to be stable. This was also in line with the 

FTIR results in Figure 2, which did not show 

the addition of C=C groups as in sample NS 

2. 

 

https://onlinelibrary.wiley.com/doi/abs/10.1002/app.50348
http://kimia.studentjournal.ub.ac.id/index.php/jikub/article/view/535
https://jurnal.teknologiindustriumi.ac.id/index.php/JCPE/article/view/476
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Figure 4. SEM results (5.0 kv; 100 μm; 1000x) (a). N (b) NP 2, (c). NP 24, (d). NS 2, (e). NS 24 

 

3. Adsorption  

a. Reaction Mechanism 

In solution, pH played a role in the 

protonation of the active site of the adsorbent 

molecule so that it would affect the surface 

charge of the adsorbent. pHPCZ was one of the 

parameters that played a role in determining 

the optimal pH on the nanofiber surface to 

absorb the absorbate. The pHPCZ of nanofibers 

was about 7.4 [32]. At neutral pH, the positive 

(H+) and negative (OH-) sites had the same 

number. Hence, the adsorbent could absorb 

cationic dyes well because no competitors 

inhibited the interaction between CV and the 

active site of the adsorbent [33]. If the pH was 

below 7, H+ ions increased and would try to 

interact with the negative partial of cellulose. 

As a result, there would be interaction 

competition between CV cations and H+ ions 

so that the adsorption capacity would 

decrease. If the pH were more than 7, 

adsorption capacity would decrease because 

OH would attack the positive partial of CV- so 

CV could not interact with the negative partial 

on the nanofiber.   

Positive CV (N+) sites at neutral pH 

would interact with negative sites on functional 

nanofibers, such as OH groups. This was also 

in line with the research explaining that 

functional groups in the form of ketones, 

aldehydes, phenols, and ethers could undergo 

electrostatic interactions with a cationic 

molecule so that they could undergo chemical 

adsorption [34]. The interaction between CV 

and nanofiber was Van der Waals electrostatic 

interaction,n, as in Figure 5. Van der Waals' 

electrostatic interaction was the intermolecular 

attractive force between solid molecules and 

the adsorbed solute. It was greater than the 

attractive force between the solute itself in the 

solution and was concentrated at the solid 

surface [35]. 

 

(a) 

          

 (b)                              (c) 

     

  (d)      (e) 

PEG PEG 

Citric Acid 

https://jurnal.unpad.ac.id/jcena/article/view/17857/0
https://bestjournal.untad.ac.id/index.php/kovalen/article/view/16274
https://jurnal.teknologiindustriumi.ac.id/index.php/JCPE/article/view/476
https://journal.uii.ac.id/IJCA/article/view/11322
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Figure 5. Adsorption of CV by Nanofiber [36]  

   

b. CV Adsorption Capacity 

Based on the adsorption results on CV 

with 7 sampling times at 0, 15, 30, 45, 60, 90, 

and 120 minutes, data were obtained as in 

Table 3. In Table 2, the highest percentage of 

substances adsorbed on N were obtained from 

NS 2, NS 24, NP 2, and NP 24 re, respectively, 

95.743, 95.822, 95.760, and 95.051%. The 

results of the adsorption process on CV 10 ppm 

by nanofiber before and after modification 

tended to be stable, and the addition of citric 

acid and PEG had no effect on the adsorption 

results. These differences in contact time 

between the adsorbent and the adsorbate did 

not significantly influence the adsorption 

results. The results of the adsorption process 

on CV 10 ppm by nanofiber before and after 

modification with citric acid tended to be stable 

after 15 minutes, whereas NP 2 and NP 24 had 

a stable adsorption capacity from the start of 

contact. It is worth noting that the adsorption 

stability meant the adsorption process could be 

conducted efficiently, for example, for up to 30 

minutes. 

Based on the results of Table 3, the 

highest percentage of adsorbed substances in 

N, NS 2, NS 24, NP 2, and NP 24 were, 

respectively, 98.479, 97.007, 97.336, 98.421, 

and 98.621%. The results of the adsorption 

process on CV 50 ppm by nanofiber before and 

after modification tended to be stable and the 

addition of citric acid and PEG did not affect the 

adsorption results. In addition, the difference in 

contact time between the adsorbent and the 

adsorbate did not significantly influence the 

adsorption results. The adsorption process 

usually happens rapidly in the first 15 minutes, 

is steady for a certain time, and sometimes 

decreases afterward. This is because 

molecules of the dyes bind the vacant active 

sites of the nanofiber fast until saturation point 

is achieved to the point where no more active 

sites can be occupied. This was shown by the 

results of the adsorption capacity at each 

additional time which tended to be stable. 

The CV adsorption capacity of 10 ppm 

had the highest value for N, NS 2, NS 24, NP 2, 

and NP 24, respectively 9.540, 9.574, 9.582, 

9.576, and 9.505 mg/g. Meanwhile, the CV 

adsorption capacity of 50 ppm had the highest 

value for N, NS 2, NS 24, NP 2, and NP 24, 

respectively, 49.239, 48.503, 48.668, 49.210, 

and 49.311 mg/g. 

These results show that all the samples 

had excellent adsorption performance since the 

dye was almost completely adsorbed for 10 and 

https://www.sciencedirect.com/science/article/abs/pii/S2215153222000113
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50 ppm.    The performance may be due to the 

oxygen content of the samples, which were 

relatively the same (Table 1). The more the 

oxygen, the more the dye interacted because of 

electrostatic force [36]. Several factors, such as 

number of oxygen content, surface area, and 

surface negative charge, were considered to 

affect the adsorbent’s performance [37].     

Table 2. Results of 10 ppm CV Adsorption 

 

Time 

Samples 

N NS 2 NS 24 NP 2 NP 24 

% 

absorbed 

Qe 

(mg/g) 

% 

absorbed 

Qe 

(mg/g) 

% 

absorbed 

Qe 

(mg/g) 

% 

absorbed 

Qe 

(mg/g) 

% 

absorbed 

Qe 

(mg/g) 

0 0 0 0 0 0 0 0 0 0 0 

15 92.242 9.224 93.220 9.322 94.447 9.445 95.760 9.576 94.814 9.481 

30 95.395 9.540 95.711 9.571 95.692 9.569 95.469 9.547 94.362 9.436 

45 94.335 9.443 95.560 9.556 95.822 9.582 95.279 9.528 95.051 9.505 

60 94.443 9.443 95.587 9.559 95.225 9.522 94.337 9.434 94.726 9.473 

90 94.870 9.487 95.408 9.541 95.565 9.556 95.005 9.500 94.421 9.442 

120 95.323 9.532 95.743 9.574 95.511 9.551 95.002 9.502 94.166 9.417 

 

Table 3. Results of 50 ppm CV Adsorption 

 

Time  

Samples 

N NS 2 NS 24 NP 2 NP 24 

% 

absorbed 

Qe 

(mg/g) 

% 

absorbed 

Qe 

(mg/g) 

% 

absorbed 

Qe 

(mg/g) 

% 

absorbed 

Qe 

(mg/g) 

% 

absorbed 

Qe 

(mg/g) 

0 0 0 0 0 0 0 0 0 0 0 

15 97.458 48.729 96.996 48.498 96.565 48.283 98.421 49.210 97.780 48.890 

30 98.202 49.101 96.504 48.252 97.031 48.515 98.039 49.020 98.503 49.252 

45 98.224  49.112 96.885 48.442 97.174 48.587 98.418 49.209 98.357 49.178 

60 98.259 49.129 95.587 48.503   97.336 48.668 98.188 49.094 98.621 49.311 

90 97.239 48.620 96.493 48.246 96.825 48.413 97.895 48.947 98.140 49.070 

120 98.479 49.239 97.004 48.502 96.457 48.229 98.069 49.034 98.346 49.173 

 

CONCLUSION  

Based on the research results, it can be 

concluded that the nanofiber before and after 

modification has a smooth texture and is white. 

FTIR results on nanofibers before and after 

modification show that the functional groups 

that form cellulose are -OH, C-H, and C-O. 

Adding citric acid produces a new group, 

namely the C=O group, with a very weak 

intensity. Meanwhile, the FTIR results on 

nanofibers modified with PEG show stretching 

of the -OH groups. The nanofiber’s SEM results 

show a layer on the nanofiber that shows citric 

acid and PEG. The XRD results show that there 

are 2 peaks which indicate that the nanofiber 

before and after modification has a semi-

crystalline phase. Van der Walls electrostatic 

interactions occur in the adsorption mechanism 

that occurs betweennt and the absorbate 

experiences. The adsorption results on CV 

have a stable adsorption capacity as the 

contact time increases. In addition, it also 

shows that modification with citric acid and PEG 

does not affect the adsorption results. 

 

REFERENCE 

[1] R. Hariz, P. Purwanto, “Pengembangan 

Kawasan Industri Ramah Lingkungan 

Sebagai Upaya Untuk Menjaga 

Keseimbangan Ekosistem (Studi Kasus di 

Taman Industri BSB Semarang),” Al-

Hayat: Journal of Biology and Applied 

Biology, vol. 1, no. 1, pp. 58-65, 2018,  

doi: 10.21580/ah.v1i1.2688. 

[2] H. Setianto dan H. Fahritsani, “Faktor 

determinan yang berpengaruh terhadap 

pencemaran sungai musi kota 

https://www.sciencedirect.com/science/article/abs/pii/S2215153222000113
https://www.nature.com/articles/s41598-023-49079-0
https://journal.walisongo.ac.id/index.php/hayat/article/view/2688


 JKPK (JURNAL KIMIA DAN PENDIDIKAN KIMIA), Vol.8, No. 3, 2023,  pp. 271-383         381 

Palembang,” Media Komunikasi Geografi, 

vol. 20, no. 2, pp. 186-198, 2019,  

doi: 10.23887/mkg.v20i2.21151. 

[3] N. Zakaria, R. Rohani, W. H. M. W. 

Mohtar, R. Purwadi, G. A. Sumampouw, 

and A. Indarto, “Batik Effluent Treatment 

and Decolorization—A Review,” Water, 

vol. 15, no. 7, p. 1339, 2023, 

doi: 10.3390/w15071339. 

[4] S. Dardouri and J. Sghaier, “Adsorptive 

removal of methylene blue from aqueous 

solution using different agricultural wastes 

as adsorbents,” Korean Journal of 

Chemical Engineering, vol.  34, no. 4, pp. 

1037-1043, 2017,  

doi: 10.1007/s11814-017-0008-2. 

[5] W. Astuti, T. Sulistyaningsih, M. Maksiola, 

“Equilibrium and Kinetics of Adsorption of 

Metil Violet from Aqueous Solutions Using 

Modified Ceiba pentandra Sawdust,” 

AsianJOC, vol.  29, no. 1, pp. 133-138, 

2017,  

doi: 10.14233/ajchem.2017.20158. 

[6] J. Rahchamani, H. Z. Mousavi, M. Behzad, 

“Adsorption of Metil Violet from Aqueous 

Solution by Polyacrylamide as An 

Adsorbent: Isotherm and Kinetic Studies,” 

Desalination, vol. 267, pp. 256-260, 2011,  

doi: 10.1016/j.desal.2010.09.036. 

[7] D. Setiyawati, I. Simpen, & O. Ratnayani, 

“Fotodegradasi Zat Warna Limbah Cair 

Industri Pencelupan Dengan Katalis Zeolit 

Alam/TiO2 dan Sinar UV,” Cakra Kimia 

(Indonesian E-Journal of Applied 

Chemistry), vol. 8, no. 1, pp. 16 – 25, 2020.  

[8] I. Triavia, D. S. Widodo, and A. Haris, 

"Elektrodekolorisasi Limbah Cair Zat 

Warna Batik di Kota Solo dengan 

Elektroda PbO2/Cu," Jurnal Kimia Sains 

dan Aplikasi, vol. 19, no. 1, pp. 11-14, 

2016,  

doi: 10.14710/jksa.19.1.11-14. 

[9] P. Hidayati, I. Ulfin, dan H. Juwono, 

“Adsorpsi Zat Warna Remazol Brilliant 

Blue R Menggunakan Nata de coco: 

Optimasi Dosis Adsorben dan Waktu 

Kontak,” Jurnal Sains & Seni, vol. 5, no. 2, 

2016,  

doi: 10.12962/j23373520.v5i2.18153. 

[10] N. Wahyuni, I. H. Silalahi, dan D. Angelina, 

“Isoterm Adsorpsi Fenol oleh Lempung 

Alam,” Jurnal Teknologi Lingkungan 

Lahan Basah, vol 7, no. 1, 2019,  

doi: 10.26418/jtllb.v7i1.34363. 

[11] J. Shu, R. Liu, H. Wu, Z. Liu, X. Sun, and 

C. Tao, “Adsorption of methylene blue on 

modified electrolytic manganese residue: 

Kinetics, isotherm, thermodynamics and 

mechanism analysis,” Journal of the 

Taiwan institute of Chemical Engineers, 

vol. 82, pp. 351-359, 2018,  

doi: 10.1016/j.jtice.2017.11.020.  

[12] Buhani, D. Herasari, Suharso, and S. D. 

Yuwono, “Correlation of ionic imprinting 

cavity sites on the aminosilica hybrid 

adsorbent with adsorption rate and 

capacity of Cd2+ ion in solution,” Oriental 

Journal of Chemistry, vol. 33, no. 1, pp. 

418-429, 2017,  

doi: 10.13005/ojc/330149. 

[13]  U. A. Guler and M. Sarioglu, “Mono and 

binary componentbiosorption of Cu(II), 

Ni(II), and Methylene Blue onto raw 

andpretreated S. cerevisiae: equilibrium 

and kinetics,” Desalination and Water 

Treatment, vol. 52, pp. 25-27, 2014,  

doi: 10.1080/19443994.2013.810359. 

[14] S. Z. Aisyahlika, M. L. Firdaus, and R. 

Elvia, “Kapasitas Adsorpsi Arang Aktif 

Cangkang Bintaro (Cerbera odollam) 

terhadap Zat Warna Sintetis Reactive 

Red-120 dan Reactive Blue-198”, 

ALOTROP, J. Pendidik. Dan Ilmu Kim., 

vol. 2, no. 2, pp. 148–155, 2018,  

doi: 10.33369/atp.v2i2.7483. 

[15] A. Shofiyani, Y. Rahmiyati, & T. A. 

Zaharah, “Nanosilika Berbahan Dasar 

Batu Padas Sebagai Adsorben Zat Warna 

Sintetis Rhodamin B,” Indonesian Journal 

of Chemical Science, vol. 9, no. 3, pp. 187-

193, 2020,  

doi: 10.15294/IJCS.V9I3.42027. 

https://ejournal.undiksha.ac.id/index.php/MKG/article/view/21151
https://www.mdpi.com/2073-4441/15/7/1339
https://link.springer.com/article/10.1007/s11814-017-0008-2
https://asianpubs.org/index.php/ajchem/article/view/2799
https://www.sciencedirect.com/science/article/pii/S0011916410006855
https://ejournal.undip.ac.id/index.php/ksa/article/view/18737
https://ejurnal.its.ac.id/index.php/sains_seni/article/view/18153
https://jurnal.untan.ac.id/index.php/jmtluntan/article/view/34363/0
https://www.sciencedirect.com/science/article/pii/S1876107017306120
https://www.orientjchem.org/vol33no1/correlation-of-ionic-imprinting-cavity-sites-on-the-amino-silica-hybrid-adsorbent-with-adsorption-rate-and-capacity-of-cd2-ion-in-solution/
https://www.tandfonline.com/doi/abs/10.1080/19443994.2013.810359
https://ejournal.unib.ac.id/index.php/alotropjurnal/article/view/7483
https://journal.unnes.ac.id/sju/index.php/ijcs/article/view/42027


382 L.Mahardiani  et al, Modification of Polyethylene Glycol ………. 

[16] L. Mahardiani and P.W. Septianing, P.S. 

Lesana, S. Saputro, and S. Pranolo, 

“Nanofiber Fabrication from Palm Fiber 

Waste for Sustainable Water 

Remediation,” Moroccan Journal of 

Chemistry, vol. 10, no. 2, 2022,  

doi: 10.48317/IMIST.PRSM/morjchem-

v10i2.32648. 

[17] S. Biranje, P. Madiwale, and R. V. 

Adivarekar, “Electrospinning of 

chitosan/PVA nanofibrous membrane at 

ultralow solvent concentration,” Journal of 

Polymer Research, vol. 24, no. 92, 2017, 

pp. 1-10,  

doi: 10.1007/s10965-017-1238-z. 

[18] S. Nadaek, J. M. Hasibuan, L. W.  

Naibaho, & M. S. Sinaga, “Pemanfaatan 

Limbah Cangkang Telur Ayam sebagai 

Adsorben pada pemurnaian Gliserol 

dengan Metode Asidifikasi dan Adsorpsi,” 

Jurnal Teknik Kimia, vol. 8, no. 1, 2019,  

doi: 10.32734/jtk.v8i1.1872. 

[19] R. A. Ilyas, S. M. Sapuan, R. Ibrahim et al., 

"Sugar palm (Arenga pinnata (Wurmb.) 

Merr) Cellulosic Fibre Hierarchy: A 

Comprehensive Approach from Macro to 

Nano Scale," Journal of Materials 

Research and Technology, vol. 8, no. 3, 

pp. 2753-2766, 2019,  

doi: 10.1016/j.jmrt.2019.04.011. 

[20] F. A. Perdana, M. Baqiya, Mashuri, 

Triwikantoro and Darminto, “Sintesis 

Nanopartikel Fe3O4 dengan Template 

PEG-1000 dan Karakterisasi Sifat 

Magnetiknya,” Jurnal Material dan Energi 

Indonesia, vol. 1, no. 1, 2011,  

doi: 10.13057/ijap.v5i01.256. 

[21] E. Yulianti, R. Mahmudah, A. Ma'rifah, and 

U. Azmiyani, “Adsorpsi Logam Ni dan Cu 

pada Limbah Cair Laboratorium Kimia 

menggunakan Biosorben Batang Jagung 

Termodifikasi Asam Sitrat,” Journal of 

Chemistry, vol. 7, no. 1, 2019,  

doi: 10.18860/al.v7i1.7933. 

[22] E. Yulianti, R. Mahmudah, S. N. Khalifah, 

A. Prasetyo, A. S. Irviyanti, A. F. 

Romadhoni, and G. P. Yudisputra, 

“Modification of corn stalk using citric acid 

as biosorbent for methylene blue and 

malachite green,” IOP Conference Series: 

Earth and Environmental Science, vol. 

456, no. 1, p. 456, 2020,  

doi: 10.1088/1755-1315/456/1/012015. 

[23] S. Zulichatun, J. Jumaeri, and E. 

Kusumastuti, “Pembuatan Karbon Aktif 

Ampas Tahu dan Aplikasinya sebagai 

Adsorben Zat Warna Crystal Violet dan 

Congo Red,” Indonesian Journal of 

Chemical Science, vol. 7, no. 3, 2018, pp. 

228-235.  

doi: 10.15294/ijcs.v7i3.21970.  

[24] A. D. Wibowo, N. Augiselvia, R. M. Yusuf, 

K. Sumandar, and Joeliasningsih, “Kajian 

Pengaruh Konsentrasi Katalis dan 

Konsentrasi Metanol pada Sintesis Metil 

Ester Sulfonat,” TECHNOPEX, 2018 

[25] H. Herlina, A. Falahudin, I. Gustian, A. M. 

Putranto, M. Adfa, and Y. S. S, “Membran 

Alginat Padina sp. - Polietilen Glikol (AP-

PEG): Preparasi, Karakterisasi dan 

Aplikasinya sebagai Enkapsulan,” Jurnal 

Penelitian Kimia, vol. 17, no.1, 2021,  

doi: 10.20961/alchemy.17.1.41713.63-73. 

[26] A. Y. Aryanti, R. Hastuti, and Khabibi, 

“Pengaruh Penambahan Polietilen Glikol 

(PEG) pada Selulosa dalam Serbuk 

Tongkol Jagung (Zea mays) terhadap 

Adsorpsi Ion Logam Timbal (Pb2+),” Jurnal 

Kimia Sains dan Aplikasi, vol. 17, no. 1, pp. 

1-5, 2014,  

doi: 10.14710/jksa.17.1.1-5. 

[27] H. N. Izzati and F. N. Munasir, “Sintesis 

dan Karakterisasi Kekristalasn Nanosilika 

berbasis Pasir Bancar,” Jurnal Inovasi 

Fisika Indonesia, vol. 2. no. 3, 2013,  

doi: 10.26740/ifi.v2n3.p%25p. 

[28] H. Yousefi, V. Azari, and A. Khazaeian, 

“Direct mechanical production of wood 

nanofibers from raw wood microparticles 

with no chemical treatment,” Industrial 

crops and products, vol. 115, pp. 26-31, 

2018,  

doi: 10.1016/j.indcrop.2018.02.020. 

https://revues.imist.ma/index.php/morjchem/article/view/32648
https://revues.imist.ma/index.php/morjchem/article/view/32648
https://link.springer.com/article/10.1007/s10965-017-1238-z
https://talenta.usu.ac.id/jtk/article/view/1872
https://www.sciencedirect.com/science/article/pii/S2238785418308688
https://jurnal.uns.ac.id/ijap/article/view/256
https://ejournal.uin-malang.ac.id/index.php/Kimia/article/view/7933
https://iopscience.iop.org/article/10.1088/1755-1315/456/1/012015
https://journal.unnes.ac.id/sju/index.php/ijcs/article/view/21970
https://jurnal.uns.ac.id/alchemy/article/view/41713
https://ejournal.undip.ac.id/index.php/ksa/article/view/18144
https://ejournal.unesa.ac.id/index.php/inovasi-fisika-indonesia/article/view/4278
https://www.sciencedirect.com/science/article/pii/S092666901830116X


 JKPK (JURNAL KIMIA DAN PENDIDIKAN KIMIA), Vol.8, No. 3, 2023,  pp. 271-383         383 

[29] K. Sari, A. B S. Utomo, P. L. Toruan, and 

A. Khoryanton, “Kajian Hasil Pengujian X-

Ray Diffraction (XRD) Dan Konstanta 

Dielektrik Membran Polimer 

Kitosan/PEG4000 dengan Lithium Triflat 

(LiCF3SO3),” Jurnal Ilmiah Matematika dan 

Ilmu Pengetahuan Alam, vol. 18, no. 2, pp. 

169-174, 2021,  

doi: 10.31851/sainmatika.v18i2.6717. 

[30] J. Ding, R. Lai, W. Chen, M. He, G. Zhu, S. 

Huang, and G. Yin, “Environmentally 

friendly biological nanofibers based on 

waste feather keratin by electrospinning 

with citvapor modificationric acid,” Applied 

Polymer Science, vol. 138, no. 18, 2020,  

doi: 10.1002/app.50348. 

[31] L. D. Nurfitriningsih, D. Purwonugroho, 

and M. M. Khunur, “Modifikasi Gugus Aktif 

Permukaan Biomassa Azolla microphylla 

melalui Reaksi Ekterifikasi dengan Asam 

Sitrat,” Kimia Student Journal, vol. 2, no 2, 

pp. 527-533, 2014.  

[32] R. Zein, N. Wardana, Refilda, and H. Aziz, 

“Kulit Salak sebagai Biosorben Potensial 

untuk Pengolahan Timbal(II) dan 

Cadmium(II) dalam Larutan,” Chemica et 

Natura Acta, vol. 6, no. 2, pp. 56-64, 2018,  

doi: 10.24198/cna.v6.n2.17857. 

[33] A. B. Baunsele, E. G. Boelan, A. M. Kopon, 

M. M. Taek, G. D. Tukan, and H.  Missa, 

“Penggunaan Sabut Kelapa Teraktivasi 

NaOH sebagai Adsorben Metilen Biru,” 

Jurnal Riset Kimia, vol. 9, no. 1, pp. 43-54, 

2023,  

doi: 10.22487/kovalen.2023.v9.i1.16274. 

[34] L. Ifa, F. R. Pakala, R. W. Burhan, F. Jaya, 

and R. A. Majid, “Pemanfaatan Sabut 

Kelapa Sebagai Bioadsorben Logam 

Berat Pb (II) pada Air Limbah Industri,” 

Journal of Chemical Process Engineering, 

vol. 5, no. 1, pp. 1–7, 2020,  

doi: 10.33536/jcpe.v5i1.476. 

[35] T. Huda, and T. K. Yulitaningtyas, Kajian 
Adsorpsi Methylene Blue Menggunakan 
Selulosa dari Alang-Alang. Indonesian 
Journal of Chemical Analysis, vol. 1, no. 1, 
pp. 9-19, 2018,  
doi: 10.20885/ijca.vol1.iss1.art2. 
 

[36] S. Sultana, K. Islam, Md. A. Hasan, H. M. 

J. Khan, M. A. R. Khan, A. Deb, Md. Al 

Raihan, Md. W. Rahman, “Adsorption of 

crystal violet dye by coconut husk powder: 

Isotherm, kinetics and thermodynamics 

perspectives,” Environmental 

Nanotechnology, Monitoring and 

Management, vol. 17, pp. 100651, 2022, 

doi: 10.1016/j.enmm.2022.100651. 

[37] M. Gayathiri, T. Pulingam, K. T. Lee, A. T. 

Mohd Din, A. Kosugi, K. Sudesh, 

“Sustainable oil palm trunk fibre based 

activated carbon for the adsorption of 

methylene blue,” Scientific Reports, vol. 

13, pp 22137, 2023,  

doi: 10.1038/s41598-023-49079-0. 

 

 

https://jurnal.univpgri-palembang.ac.id/index.php/sainmatika/article/view/6717
https://onlinelibrary.wiley.com/doi/abs/10.1002/app.50348
https://jurnal.unpad.ac.id/jcena/article/view/17857/0
https://bestjournal.untad.ac.id/index.php/kovalen/article/view/16274
https://jurnal.teknologiindustriumi.ac.id/index.php/JCPE/article/view/476
https://journal.uii.ac.id/IJCA/article/view/11322
https://www.sciencedirect.com/science/article/abs/pii/S2215153222000113
https://www.nature.com/articles/s41598-023-49079-0
https://www.nature.com/articles/s41598-023-49079-0

