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Abstract 

Palm fiber has the potential to be synthesized into nanofiber because it contains high 

enough cellulose, about 40-60%. The synthesis of nanofibers was carried out by 

chemo-mechanical methods. Chemical processes included delignification by alkali, 

acid hydrolysis, and bleaching. Meanwhile, the mechanical process consisted of 

grinding. Modifications were also made to the formed nanofibers, namely nano oxide 

coating. This study aimed to determine (1) the synthesis of nanofiber materials with 

palm fiber waste as adsorbent, (2) the crystallinity of the nanofiber structure, (3) the 

adsorption capacity of nanofiber adsorbents against congo red and methylene blue. 

FTIR characterization showed that the nanofiber material had been successfully 

synthesized, marked by specific peaks indicating the cellulose-forming functional 

group, namely -OH group at the peak of 3415.12 cm-1, -CH group at the peak of 

2897.21 cm-1, -CO group at the peak of 1635.71 cm-1, and -CH2 at peak 1431.24 cm-1. 

The crystallinity of the nanofibers reached 74.933% based on XRD results. Besides, 

this nanofiber had high adsorption power for cationic dyes (methylene blue) and lower 

adsorption power for anionic dyes (congo red). The maximum adsorption capacity 

(mg/g) of Nf HCl, Nf HCl + Fe 3%, Nf HCl + Fe 5% with contact temperatures of 

30oC, 40oC, 50oC to methylene blue was 9.973; 9.959; 9.539; 9.924; 9.904; 9.698; 

9.952; 9.931; 9.636; respectively. Meanwhile, the maximum adsorption capacity 

(mg/g) of Nf HCl, Nf HCl + Fe 3%, Nf HCl + Fe 5% with temperatures of 30oC, 40oC, 

50oC against congo red respectively was 8.579; 9.421; 9.711; 8.184; 8.921; 9; 8.947; 

8.342; 7.263. This results will be beneficial as a strategy to utilize the palm fiber waste 

for dyes removal from the aquatic ecosystem.   
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1. Introduction  

Today, there are many environmental pollution cases. Environmental pollution is the entry or inclusion of living 

things, substances, energy, and/or other components into the environment by human activities so that they exceed the 

established environmental quality standards [1]. Pollution can occur on land, air, or water. Pollution of water areas can 

be sourced from industrial waste, agricultural waste, household waste, and others. Polluted water bodies are 

characterized by changes in color, changes in pH, gas generation, high organic matter content, low dissolved oxygen 

levels, and the death of animals in these waters [2]. One example of water pollution occurs in the Bengawan Solo 

River. According to research conducted by Roosmini et al. [3], the Bengawan Solo River has been polluted from 

upstream. This condition was related to industrial and domestic activities in the upstream watershed. The upstream 

Bengawan Solo River was classified as lightly and moderately polluted, with the most standard river parameters being 

Total Suspended Solid (TSS) and the least being Total Dissolve Solid (TDS). In addition, the poor status of water 

quality in this river was indicated by the parameters of biological oxygen demand (BOD), total phosphate, oil, and fat, 

which still exceed the quality standard. Pollutants originating from domestic waste, industrial waste, and agricultural 

waste contained organic, inorganic, and other components. The amount of this pollutant load was not proportional to 

the natural purification process, resulting in an oxygen deficit and a decrease in water quality [4]. In addition, the 

relatively common water pollutant comes from textile industry waste. Textile waste produced has the potential to 

pollute the environment because dyes dominate it with high concentrations and various chemical compounds [5]. The 

dyes generally used up to 80% of the processing process in the textile industry are azo dyes (Zolinger et al., 1987 in 

Sudha) [6]. Azo dyes are still used in the textile and paper industry due to their low cost and easy use [7]. In fact, azo 

dyes are classified as wastes difficult to decompose (degraded) and are toxic and carcinogenic at certain levels [8]. 

One type of this azo dye is congo red and methylene blue. Congo red and methylene blue dyes generally consist of azo 

compounds and their derivatives in the form of a benzene group. Azo compounds have the general structure R-N=N-

R', where R and R' are the same or different organic chains. This compound has a -N=N- group, which is called the 

azo structure [9]. Congo red is also one type of anionic dye. Congo red is synthesized by combining bis-diazotized 

benzidine with two naphthenic acid molecules, salted using sodium chloride to form a red disodium salt [10]. 
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Figure 1. Congo Red Structure 

 

Congo red (CR) is an azo dye [1-napthalenesulfonic acid, 3,3′-(4,4′-biphenylene bis(azo)) bis (4-amino-) disodium 

salt] in asymmetric form, included in azo sulfonate dye, and entered into a dye that can bind proteins. The presence of 

CR in a free environment can disrupt aquatic ecosystems, especially for aquatic plants and fish, because it blocks light 

from entering the water. CR is also a dangerous and toxic dye because it can cause kidney cancer, liver cancer, and 

bladder cancer. Direct contact with the eyes can also cause allergies, skin irritation, respiratory system, and mucous 

membranes [7]. Meanwhile, methylene blue (MB) is one type of cationic dye, often used as a basic dye [11]. 

Methylene blue is a sulfur-containing and toxic aromatic heterocyclic compound with very strong adsorption capacity 

and is commonly used as a dye for silk, wool, paper, and cosmetics. This compound is a dark green crystal. When 

dissolved in water or alcohol, it produces a blue-colored solution. Methylene blue has a molecular weight of 319.86 

g/mol, a melting point of 105oC, and a solubility of 4.36 x 104 mg/L [12-15]. This dye is difficult to decompose, stable 
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against chemical reactions, and toxic [16]. Furthermore, if the MB level in the water is too high, it can cause adverse 

effects on the environment and health if the water is consumed. The effects of methylene blue on health include 

irritation, nausea, vomiting, burns, anemia, and hypertension [15,17].  
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N(CH3)2
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Cl-

 

Figure 2. Methylene Blue Structure 

 

In the regulation of the Minister of the Environment, the threshold for congo red and methylene blue dyes has been set 

at 5 mg/L [18]. On the other hand, several methods can be used to overcome dye pollutant, including chemical 

precipitation, ion exchange, membrane separation, electrolysis, extraction, and adsorption. Specifically, the adsorption 

process is quite effective for removing dye from wastewater [19]. This adsorption is a substance absorption on the 

solid surface. The advantages of the adsorption method are low cost, high efficiency in aqueous solutions, 

minimization of sludge formation, and ease of regeneration process [20]. In the adsorption process, an adsorbent is 

required. An adsorbent is a solid substance that absorbs specific components of a fluid phase. One of the adsorbent 

materials that can be used is nanofiber from palm fiber, in addition to activated carbon [21], zeolite [22], hydrotalcite 

[23]. In this regard, the palm tree is one of the multifunctional plants because almost all the physical and production 

parts of the palm tree can be utilized and have economic value. Usually, palm trees are used as fuel and building 

materials by taking a little of the outer bark. Along with the technological development, people can now use the palm 

stems in the pith to make flour [24].  

 

Aren or palm sugar (Arengga pinata) is also a plant that produces industrial materials. There are five main products 

produced by palm trees: brown sugar, kolang-kaling, house roofs, water infiltration filters, and raw materials for 

making flour. Palm flour is obtained from starch extracted from mature palm tree trunks. Palm tree trunks contain 26-

37% starch. In addition, the palm flour produced has a low protein and fat content so that it can be used as a food 

ingredient [25]. Moreover, the inner palm stem is usually ground to extract the starch and is commonly used to make 

vermicelli. The production process of palm stem milling produces liquid and solid waste. Solid waste in the form of 

bark and dregs in the form of fibers leftover from palm flour juice [26]. The dregs in the form of palm fiber are almost 

not used at all and are left to rot or dry out and then burned [27]. In comparison, the remaining milled fibers can be 

utilized to make nanofibers as an advanced adsorbent material. Nanofiber (Nf) has a long structure, large surface area, 

high porosity, and an interconnected pore structure. On the other hand, iron oxide (Fe3O4) has a large adsorption 

capacity, abundant presence, and is friendly to the environment [28]. Modification of nanofiber with iron oxide 

(Fe3O4) makes it stronger physically [29] and increases its adsorption capacity, making it suitable for treating water 

pollution by dyes [28]. Therefore, this study aimed to determine the nanofibers’ characteristics synthesized from palm 

fiber waste, modified by nano-sized oxides as dye adsorbents, such as congo red and methylene blue. 

 

2.  Experimental 

2.1. Chemical and Materials  
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The material used in this research was palm fiber waste, obtained from one of the palm flour manufacturing sites in 

Klaten. Meanwhile, the chemicals used consisted of NaOH, HCl, NaClO2, glacial acetic acid, methylene blue, and 

congo red were all bought from PT. Merck Chemicals and Life Sciences, Indonesia. 

2.2. Methods  

2.2.1. Palm Fiber Preparation 

The preparation of palm fiber began with washing the palm fiber using distilled water. After that, the palm fiber was 

dried. After drying, the palm fiber was cut into small pieces using scissors. 

  

2.2.2. Isolation of Cellulose Nanofibrils  

Palm fiber that had been washed and dried was then cut to reduce its size. After that, as much as 3 g of palm fiber cut 

into small pieces was soaked in 5% NaOH solution at 50oC for four hours. Then, it was rinsed until neutral. Acid 

hydrolysis was carried out by soaking the palm fiber in a 3.5M HCl solution at 50oC for 24 hours. The fibers were then 

rinsed to neutral to remove the acid. Next, the fibers were ground to a slurry form and delignified again by soaking 

them in 5% NaOH solution at 50oC for four hours. It was continued by rinsing until neutral and soaked again in 5M 

HCl solution for 24 hours. Delignification was then carried out by a bleaching process, using a mixture of NaClO2 and 

glacial acetic acid in a ratio of 4: 1. After bleaching, the fibers were washed with deionized water until neutral. This 

method of isolation of cellulose nanofibrils referred to the method already carried out by Chandra et al. [30] with a 

few modifications. 

a. NaOH 5%, 50oC, 4 h

b. HCl 3.5M, 50oC, 24 h

a. grinding

b. NaOH 5%, 50oC, 4 h

c. HCl 3.5M, 50oC, 24 h

4:1 NaClO2 / CH3COOH

60oC, 2 h

Dried and kept 

in desiccator 

① ②

③
④

Nanofiber

(NF)

After delignification 

and activation

Bleaching 

process

After Bleaching 

process
 

Figure 3. Nanofiber Synthesis Process from Palm Fiber Waste 

 

2.2.3. Nanofiber Coating Method 

The nanofiber that had been formed was taken 1 g to be put in a beaker, then 10 mL of Fe(NO3)3 3% solution was 

added, and in another 1 g of nanofiber, 10 mL of 5 Fe(NO3)3 5% solution was added. It was stirred until evenly 

distributed while heated at a temperature of 100oC. After the solution was absorbed into the nanofiber, the nanofiber 

was oven-dried at 100oC for 30 minutes. After drying, the next step was to calcinate at a temperature of 200oC. 

 

2.2.4. Adsorptivity Test  

The adsorption stage started with adding 0.1 g of adsorbent into 100 mL of dye solution with a concentration of 10 

ppm. The solution was stirred with temperature variations of 30oC, 40oC, and 50oC for 120 minutes, with intervals of 
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0, 15, 30, 45, 60, 90, 120 minutes. The solution taken was then filtered before measuring the absorbance. Furthermore, 

the percentage of adsorbed dye was carried out by processing the absorbance data. 

 

2.2.5. Characterization 

The characterization of the synthesized nanofibers was carried out using a Fourier Transformed Infrared (FTIR) 

spectrometer (Shimadzu IR-Prestige21) to determine the functional groups contained in the nanofiber material. 

Meanwhile, for material crystallinity analysis, X'pert PRO PANalytical type X-ray diffraction (XRD) was utilized. 

 

3. Results and discussion 

3.1. FTIR Analysis 

 

Figure 4. Spectra of Nanofiber and Nanofiber with Iron Oxide (Fe3O4) Coating 

 

From the FTIR characterization results in figure 4, it can be seen that all nanofiber samples showed functional groups 

forming cellulose, namely OH groups, C-O groups, and C-H groups. In the FTIR spectra, the nanofiber samples 

activated by HCl and did not receive any coating treatment had a peak at 3415.12 cm-1, indicating OH stretching. It is 

due to the vibration of the hydrogen bonds in the hydroxyl groups of cellulose [31-34]. The peak at 2897.21 cm-1 is 

related to the presence of C−H symmetrical stretching in cellulose [34-36]. In addition, there was also a peak at 

1635.71 cm-1, which signifies that the OH bending is related to the hydrophilic characteristics of the fiber [37,38]. The 

peak at 1431.24 cm-1 is related to the C–H deformation vibration of the lignin [32,39]. Furthermore, the presence of 

peaks in the range of 1112.97-1370.48 cm-1 is related to the bending frequency of CH, OH, or CH2, which specifies 

deformation bands in cellulose, lignin, and hemicellulose [40-43]. The peak at 1058 cm-1 denotes C–O stretching 

[43,44]. Meanwhile, the peak at 895.97 cm-1 is characteristic of β-glycosidic linking glucose units in cellulose. The 

nanofiber sample, which was activated with HCl and treated with Fe 3% coating, showed an OH group at the peak of 

3364.96 cm-1. The wavelength region of 800-1500 cm-1 is the unique fingerprint region of cellulose [34]. The peak at 

1554.69 cm-1 indicates the presence of aromatic ring vibration [32,39]. Besides, the peak at 1375.30 cm-1 signifies a C–
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H asymmetric deformation [40].  The peak at 933.59 cm-1 denotes vibrations from C–O stretching [43]. In addition, the 

Fe-O functional group indicated by the presence of a peak ranged 700 cm-1, namely at the peaks of 529.48 cm-1 and 

445.58 cm-1 [45]. Meanwhile, the nanofiber samples, which were activated with HCl and treated with Fe 5% coating, 

revealed an OH group at the peak of 3363.99 cm-1. The wavelength region of 800-1500 cm-1 is the unique fingerprint 

region of cellulose [34]. The peak at 1544.08 cm-1 means aromatic ring vibration [32,39]. Then, the peak at 1380.13 

cm-1 implies a C–H asymmetric deformation [40]. The peak at 927.80 cm-1 indicates vibrations from C–O stretching 

[43]. In addition, the Fe-O functional group indicated by the presence of a peak in the range of 700 cm-1, namely at 

the peaks of 529.48 cm-1and 445.58 cm-1 [45]. Moreover, the absorption band in the range of 3300-3500 cm-1 observed 

in all treatment variations showed the O-H strain vibration of the hydrogen bonding hydroxyl group. It can also be 

observed that the maximum absorption of the water peak slightly shifted to lower wavenumber (3415.12 cm-1 shifted 

to 3364.96 cm-1), with reduced humidity due to the calcination process at 200oC for two hours on Fe metal coating 

treatment. From these results, it can be seen that the iron oxide (Fe3O4) coating process on nanofibers has been 

successfully carried out.  

3.2 XRD Analysis 

 

Figure 5.  Diffraction of Nanofiber and Nanofiber Coated with Iron Oxide 

 

In figure 5, the blue color spectra displayed the uncoated nanofiber characteristics, which were analyzed using an 

XRD instrument. Based on figure 5, it can also be seen that this sample produced few peaks with wide and high 

characteristics. The distribution and peak intensity can be observed in table 1. 

 

Table 1. Distribution and Peak Intensity of Nanofiber Characterization Results without Coating Using XRD 

Pos. [°2Th.] Height [cts] FWHM Left [°2Th.] d-spacing [Å] Rel. Int. [%] 

14.8194 304.25 0.8029 5.97796 89.88 

16.4423 337.20 0.4015 5.39139 99.62 

22.7909 338.50 0.0900 3.89867 100.00 
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34.4874 52.19 0.5353 2.60068 15.42 

 

Based on table 1, this sample produced four peaks, and three of them had high intensity, namely at position 2 

14.8194; 16.4423; and 22.7909. Phase analysis of nanofiber samples without coating in this study was based on the 

nanofibers’ characteristics by Yousefi et al. [46].  

Based on this reference, WNF was a nanofiber isolated from wood micro-particles (WMP). WMP and WNF showed 

peaks at 2 from 15; 16; 22.5 dan 35 associated with cellulose Iβ. Among the chemical compounds of wood, cellulose 

fibers were crystalline and showed peaks on the XRD graph. However, other components, including lignin and 

hemicellulose, were amorphous polymers with peak widths at 2 from 18-21o [47]. Qualitatively, the characteristics of 

the uncoated nanofibers (figure 5, blue spectra) are similar to those of the reference nanofibers. The similarity of the 

two samples was indicated by the presence of a peak with high intensity and wide at 2 22o. In addition, figure 5 red 

and black color spectra displayed the nanofibers’ characteristics with 3% and 5% iron oxide coatings, which were 

analyzed utilizing XRD instruments. Phase analysis of nanofiber coated with iron oxide in this study was based on the 

nanofibers’ characteristics by Liu et al. [28]. From this reference, XRD characterization of Fe3O4/PAN composite NFs 

samples showed the same diffraction peak of Fe3O4 at 2, namely at 30.2o, 35.6o,43.4o,57.2o, and 63.0o [28]. By 

comparing the XRD characterization results of Fe-coated nanofiber samples in this study with references, it can be 

seen that there were similarities in the characterization results of samples of Nf HCl + Fe 3% and Nf HCl + Fe 5%, 

namely the presence of strong peaks in each sample of 35.49 and 35.54. The similarity of these peaks indicates the 

presence of Fe3O4 in each nanofiber sample coated with iron oxide (Fe3O4). According to the Debye-Scherrer formula, 

the mean crystal size was estimated based on the expansion of the X-ray diffraction peak according to equation 1 

below. 

          (1) 

Where D is the crystal size (nm); 𝜆 is the wavelength of X-ray radiation (Cu Kα = 0.154060 nm); K is the Scherrer 

constant (K= 0.9); β is the value of FWHM; and  is the X-ray diffraction angle. The crystal size of nanofiber samples 

without coating, nanofiber + Fe 3%, and nanofiber + Fe 5% was 33.888 nm, 36.363 nm, and 31.455 nm, respectively. 

Meanwhile, the degree of crystallinity of nanofiber samples without coating, nanofiber + Fe 3%, and nanofiber + Fe 

5% respectively was 74.933; 34.446; 34.578. From the XRD results in figure 5, it can be observed that the synthesis of 

nanofibers from palm fiber had been successfully carried out. The mean size of the resulting nanofiber was 33.902 nm. 

Also, the best degree of crystallinity in the uncoated nanofiber was 74.933. 

 

3.3. ADSORPTION 

Congo red and methylene blue adsorption process used nanofiber adsorbents with a mass of 0.1 grams, with variations 

in contact temperature of 30oC, 40oC, and 50oC and contact time variations of 0, 15, 30, 45, 60, 90, and 120 minutes. 

  

3.3.1. Congo Red 

3.3.1.1. Effect of Contact Time 

The contact time of adsorbent nanofiber HCl without coating, Nf HCl + Fe 3%, and Nf HCl + Fe 5% to congo red dye 

waste affected the power of the adsorption process. Determination of the optimum contact time was intended to 

determine how long the adsorbent could maximally adsorb congo red dye until an equilibrium state was reached 

between the adsorbed and released dye. In this study, the contact time of the nanofiber adsorbent was varied with HCl 

without coating, Nf HCl + Fe 3%, and Nf HCl + Fe 5% against congo red dye. Variations in contact time were carried 
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out at 0, 15, 30, 45, 60, 90, and 120 minutes, with the study results shown in Figure 6. In addition, the adsorption of 

congo red by HCl nanofiber adsorbent without coating (Fig. 6a) at a temperature of 30oC increased adsorption 

capacity from 15 minutes to 120 minutes, so the optimum time at 30oC was at 120 minutes with an adsorption capacity 

of 8.58 mg/g. At a temperature of 40oC, the adsorption capacity increased from the 15th minute to the 90th minute, 

then decreased to the 120th minute. It can be determined that the optimum time at a temperature of 40oC was at 90 

minutes with an adsorption capacity of 9.71 mg/g. At a temperature of 50oC, the adsorption capacity increased from 

the 15th minute to the 90th minute, then decreased to the 120th minute. It can be stated that the optimum time at a 

temperature of 50oC was at 90 minutes with an adsorption capacity of 9.71 mg/g. 

 

 

 

Figure 6. Adsorption capacity (mg/g) of CR using (a) Nf HCl without coating, (b) Nf HCl + Fe 3%, (c) Nf HCl + Fe 

5% under various of temperatures 

 

a 

c 

b 
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Adsorption of congo red by adsorbent Nf HCl + Fe 3% (Fig. 6b) at a temperature of 30oC decreased adsorption 

capacity from 15 to 120 minutes. It was concluded that the optimum time at a temperature of 30oC was at 15 minutes 

with an adsorption capacity of 8.18 mg/g. At a temperature of 40oC, there was also a decrease in adsorption capacity 

from the 15th minute to the 120th minute. Thus, it can be determined that the optimum time at a temperature of 40oC 

was at 15 minutes with an adsorption capacity of 8.92 mg/g. At a temperature of 50oC, there was a decrease in 

adsorption capacity from the 15th minute to the 90th minute, then an increase in the 120th minute. It can be specified 

that the optimum time at a temperature of 50oC was for 15 minutes with an adsorption capacity of 9.0 mg/g. 

Furthermore, the adsorption of congo red by the adsorbent Nf HCl + Fe 5% (Fig. 6c) at a temperature of 30oC 

increased adsorption capacity from 15 to 30 minutes, then decreased adsorption capacity to 120 minutes. It was 

inferred that the optimum time at a temperature of 30oC was at 30 minutes with an adsorption capacity of 8.89 mg/g. 

At 40oC, the adsorption capacity also decreased from the 15th minute to the 60th minute, then increased at the 90th 

minute, and fell again at the 120th minute. It can be determined that the optimum time at a temperature of 40oC was 

for 15 minutes with an adsorption capacity of 8.42 mg/g. At a temperature of 50oC, there was a decrease in adsorption 

capacity from the 15th minute to the 120th minute, so that it can be stated that the optimum time at a temperature of 

50oC was at 15 minutes with an adsorption capacity of 7.26 mg/g. The decrease in the adsorption capacity of the 

adsorbent was because the adsorbent used was saturated and exceeded the maximum capacity of the compound that 

could be adsorbed. Thus, if the contact time is extended, it will not increase the adsorption capacity and tend to 

decrease the desorption and adsorption capacity [48]. 

 

3.3.1.2 Effect of Temperature 

One of the factors affecting the adsorption capacity is the solution temperature [49]. In this experiment, the 

temperature variation of the congo red solution was carried out to determine the temperature’s effect on the adsorption 

process of congo red with nanofiber adsorbents HCl without coating, Nf HCl + Fe 3%, and Nf HCl + Fe 5%. 

Variations were done at temperatures of 30oC, 40oC, and 50oC. From the three graphs (Fig. 6), it can be observed that 

when the temperature was increased, the adsorption capacity of the HCl nanofiber without coating increased with the 

increase in the congo red solution’s temperature; likewise, in Nf HCl + Fe 3%. It is because when the temperature is 

increased, the adsorption will also increase, indicating that the adsorption is endothermic. As the temperature increases 

(heating), the water molecules will be released due to molecular exchange between the dye molecules and the 

functional groups of the adsorbent surface [50]. Meanwhile, in the Nf HCl + Fe 5% adsorbent, the adsorption capacity 

decreased with the increase in the congo red dye solution’s temperature. Moreover, the best CR adsorption using Nf 

HCl adsorbent without coating was at a temperature of 50oC, while the best CR adsorption using Nf HCl + Fe 3% was 

at 40oC, and for CR adsorption using Nf HCl + Fe 5% adsorbent, the best was at 30oC. If looking at the adsorbents Nf 

HCl + Fe 3% and Nf HCl + Fe 5%, there was a decrease in adsorption capacity each time the contact time increased. It 

was probably due to the presence of Fe residue released into the CR solution. In a study conducted by Liu et al. [28], if 

the acidity is high, H+ ions will react with Fe3O4 and cause the release of Fe ions into the solution. 

 

3.3.2. Methylene Blue 

3.3.2.1. Effect of Contact Time 

In this study, the contact time of the nanofiber adsorbent was varied with HCl without coating, Nf HCl + Fe 3%, and 

Nf HCl + Fe 5%, with methylene blue dye at 0, 15, 30, 45, 60, 90, and 120 minutes. It was done to know the optimum 

time of the methylene blue adsorption process with the three types of adsorbent variations. In the adsorption of 

methylene blue by HCl nanofiber adsorbent without coating (Fig. 7a) at a temperature of 30oC, there was a significant 
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increase in adsorption capacity from 45 to 60 minutes, while at 90 minutes to 120 minutes, there was a slight decrease 

in adsorption capacity. Thus, the optimum time at 30oC was 60 minutes with an adsorption capacity of 9.973 mg/g. 

Meanwhile, at a temperature of 40oC, there was an increase in adsorption capacity from the 30th minute to the 45th 

minute, then stuck until the 60th minute, and after 60 minutes, the adsorption capacity decreased. It can be determined 

that the optimum time at 40oC was 45 minutes with an adsorption capacity of 9.959 mg/g. At a temperature of 50oC, 

there was a decrease from the 15th minute to the 120th minute. Thus, the optimum time at a contact temperature of 

50oC was 15 minutes with an adsorption capacity of 9.539 mg/g. Furthermore, on the adsorption of methylene blue by 

the adsorbent Nf HCl + Fe 3% (Fig. 7b) at a temperature of 30oC, there was an increase in adsorption capacity at 30 to 

45 minutes, then a decrease in adsorption capacity at the 60th minute to the 120th minute. It was concluded that the 

optimum time at 30oC was 45 minutes with an adsorption capacity of 9.924 mg/g. At a temperature of 40oC, from the 

15th minute to the 30th minute, the adsorption capacity remained constant, then decreased from the 45th minute to the 

120th minute. Thus, the optimum time at 40oC was 15 minutes with an adsorption capacity of 9.904 mg/g. At a 

temperature of 50oC, there was an increase in adsorption capacity from the 15th minute to the 30th minute; however, 

at the 45th minute to the 60th minute, there was a decrease in the adsorption capacity. Then, there was a significant 

increase in the 90th minute and a drastic drop in the 120th minute. Thus, the optimum time at the contact temperature 

of 50oC was 90 minutes with an adsorption capacity of 9.698 mg/g. 

 

 

a 

b 
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Figure 7. Adsorption capacity (mg/g) of MB using (a) Nf HCl without coating, (b) Nf HCl + Fe 3%, (c) Nf HCl + Fe 

5% under various temperatures 

 

Moreover, the adsorption of methylene blue by the adsorbent Nf HCl + Fe 5% (Fig. 7c) at 30oC decreased the 

adsorption capacity from the 15th minute to the 120th minute. It could be denoted that the optimum time at 30oC for 

this adsorbent was 15 minutes with an adsorption capacity of 9.952 mg/g. At 40oC, the adsorption capacity also 

decreased from the 15th minute to the 45th minute, then increased at the 60th minute, and increased significantly again 

at the 90th minute. However, after that, it decreased in the 120th minute. Thus, the optimum time at 40oC was 90 

minutes with an adsorption capacity of 9.931 mg/g. At a temperature of 50oC, there was an increase in adsorption 

capacity from the 15th minute to the 45th minute, and then a drastic decrease occurred at the 120th minute. Thus, the 

optimum time for the 50oC contact temperature was 45 minutes with an adsorption capacity of 9.636 mg/g. The 

decrease in the adsorption capacity of the adsorbent was caused by the adsorbent used was saturated and exceeded the 

maximum capacity of the compound that could be adsorbed. Therefore, if the contact time is extended, it will not 

increase the adsorption capacity and tend to decrease the desorption and adsorption capacity [48]. 

 

3.3.1.2. Effect of Temperature 

One of the factors affecting the adsorption capacity is the solution’s temperature [49]. From the three graphs (Fig.7), it 

can be seen that in HCl nanofibers without coating, Nf HCl + Fe 3%, and Nf HCl + Fe 5% capacity, the adsorption 

decreased as the methylene blue solution’s temperature increased. It denotes that the adsorption process is exothermic. 

The reduction of the adsorption rate by increasing the temperature may be since the methylene blue dye molecules at 

higher temperatures have a great ability to be desorbed and pass to the liquid phase [16]. In this case, MB adsorption 

using adsorbent Nf HCl without coating, Nf HCl + Fe 3%, and Nf HCl + Fe 5% was best at a temperature of 30oC. 

 

4. Conclusion 

Palm fiber waste has been successfully utilized as a nanofiber adsorbent. It was indicated by the presence of functional 

groups forming cellulose, namely OH groups, C-O groups, and C-H groups in the three synthesis products. In 

addition, the coating of iron oxide (Fe3O4) on nanofibers has also been successful, as revealed by the presence of Fe-O 

functional groups in the range of 700 cm-1, namely at the peaks of 529.48 cm-1 and 445.58 cm-1. In addition, the mean 

size of the resulting nanofiber was 33.902 nm, and the best degree of crystallinity for the nanofiber without coating 

was 74.933. 

Moreover, the addition of an iron oxide (Fe3O4) coating could increase the adsorption capacity. However, this 

adsorbent was more optimal for absorbing basic dyes (MB) than acid dyes (CR). Due to the acidic conditions, it would 
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allow the release of Fe residues into the solution. It is because if the acidity is high, H+ ions will react with Fe3O4 and 

cause the release of Fe ions into the solution. 
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