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 Andisol has a large surface area, is mesoporous, and contains the active 

groups' silanol (Si-OH) and aluminol (Al-OH). Besides andisol, cellulose is 

a good adsorbent, because microcrystalline cellulose has an active hydroxyl 

group (OH). The number of active adsorbent groups can be enhanced by 

chemically modifying the surface area (increment), or adding other 

materials. These modifications included alkaline modified-andisol with the 

addition of NaOH to increase pore size, cellulose hydrolysis with HCl to 

increase surface area, and andisol modification with the inclusion of other 

materials, mainly cellulose, to increase surface area. After the adsorption 

process is complete, the adsorption capacity of andisol-microcrystalline 

cellulose (AMS) to auramine O (AO) is known. As an adsorbent for AO, the 

surface area of BET andisol is 25.92 m2/g and the pore diameter is 14.40 nm, 

while the surface area of microcrystalline cellulose and AMS adsorbent are 

26.60 m2/g and 18.60 m2/g, respectively. The maximum AO adsorption 

conditions by AMS were at pH 7, optimum at a contact time of 5 minutes, 

and maximum at a concentration of 40 mg/L with an adsorbent ratio of 1:1. 

The adsorption kinetics and isotherm more closely followed the pseudo second-

order and Langmuir isotherm with an adsorption capacity of 5.24 mg/g.  
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1. INTRODUCTION  

The textile industry is a major contributor to dye waste. A total of 700,000 tonnes of dye are 

produced each year, with roughly 100,000 tonnes accessible for commercial use. This extensive use and 

production on a huge scale have the potential to pollute the environment and cause serious health issues [1]. 

Annually, over 200 billion liters of waste are generated and disposed of directly into the environment. Dye 

disposal in water raises chemical oxygen demand (COD) and leads to eutrophication of the water surface [1], 

[2]. The hydrochloride salt of auramine O (AO) (4, 4'-dimethylaminobenzophenonimide) [3] is a commonly 

used dye for dyeing paper, leather, silk, linen, cotton, textiles, and bamboo. AO can induce cancer and has a 

negative impact on kidney and liver function [4]. Therefore, a method for treating waste such as AO dye is 

needed. 

The adsorption method is one of the waste treatment processes with a simple, low-cost, effective, 

efficient, and reusable process for the next waste treatment cycle [5]. A good adsorbent is selected from a 

material that is insoluble in water, and has good mechanical stability, chemical stability, and thermal 

stability. Active groups on the surface of the adsorbent are also needed to interact with pollutants [1].  

Andisol can be used as an adsorbent because it has a mesoporous size [6], can be found easily, is 

relatively inexpensive [7], has an active group, and has a high cation exchange capacity [7]. Andisol is a clay 

https://creativecommons.org/licenses/by-sa/4.0/
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with a large surface area that contains silanol (Si-OH) and aluminol (Al-OH) active groups. Andisol's active 

group interacts with positively charged metal ions [8]. Aside from andisol, cellulose is a natural adsorbent 

that is widely available, tough fiber, biodegradable, biocompatible, protective of plant cell walls, and 

insoluble in water. Cellulose has three hydroxyl groups in its glucopyranose unit, which gives it the  

above-mentioned properties. This hydroxyl group is useful for ion exchange, so cellulose can be used as an 

adsorbent [9], [10]. The hydroxyl active group of the negatively charged CH2OH compound becomes  

CH2O- and then binds to the positive charge of the dye or metal ion [11]. 

The adsorption performance can be improved in several ways including increasing the pore size  

[6], increasing the surface area and adding active groups [8]. The pore size of activated andisol can be up to 

5.46 nm [12], which can be increased by treating andisol in acidic (pH 4) or basic (pH 10) pH as activation 

using HCl or NaOH [6]. Cellulose is not a porous material, so to increase its adsorption performance, 

increase the number of active groups. The active group will increase as the surface area increases.  

The surface area of activated andisol can have a size of up to 142.40 m2/g [12], while the surface area of 

microcrystalline cellulose is 1.32 m2/g and the pore size including mesopores is 22.72 nm. The surface area is 

increased by reducing the particle size of the adsorbent or modifying it. Enzymatic hydrolysis using acid is 

easier to remove the amorphous phase of cellulose. This results in shorter and more numerous crystals, 

thereby reducing the degree of polymerization [13]. Another factor that can improve the adsorption 

performance is by modifying the adsorbent. Adsorbent modification can be done by chemical modification or 

adding other materials. Modifying the adsorbent can increase the pore size and increase the adsorption 

capacity [14]. 

Andisol modified with other materials had a higher adsorption capacity than without modification. 

An example is the modification of andisol with several other materials such as sugar palm fiber as an 

adsorbent for Fe (III) [15], Bekonang soil for adsorption of Cu (II) metal [16], and Agrobacterium sp. for the 

bioremediation of Fe (III) metal [9]. Cellulose modified with clay also has an adsorption efficiency of more 

than 90% [11]. For example, in nanocellulose modified with montmorillonite for methylene blue adsorption 

[17], modified cellulose with kaolinite for adsorption of congo red [18], and cellulose and clay as 

bionanocomposites to absorb Drimarine yellow HF-3GL [19]. 

Therefore, this study will discuss the surface area and pore diameter of andisols, the surface area of 

microcrystalline cellulose from Typha angustifolia, and andisol-microcrystalline cellulose (AMS) adsorbent 

for the adsorption of AO dye. pH, contact time, solution concentration, and AMS adsorbent ratio. Finally, to 

determine the adsorption capacity of AO by AMS adsorbent. 

 

 

2. RESEARCH METHOD  

2.1. Isolation of microcellulose 

Microcellulose was made by cutting the narrow leaf cattail plant (Typha angustifolia L.) into cubes, 

then dried in the sun to dry and turn brown in color. Lembang plants were blended to become powder and 

sieved to a size of 20 mesh. 

Typha angustifolia L. powder was taken as much as 30 grams and then added with 4% NaOCl up to 

two times for 4 hours at 80 °C with stirring, where after each addition of NaOCl, it was neutralized first with 

distilled water to pH 7. The next step was stirring with the addition of NaOH 17.5% for 3 hours at 45 °C, 

then neutralizing with distilled water. Furthermore, the hydrolysis process was done by adding 4 M HCl for 3 

hours at a temperature of 65 °C under hydrothermal conditions. Neutralization was carried out again to pH 7. 

Furthermore, the cellulose was sonicated for up to 10 minutes, then dried in an oven at 50 °C. 

 

2.2. Andisol activation 

Andisol soil was cleaned by washing it with water, then drying it in the open air. Andisol was 

ground until smooth, then sieved to 150 mesh. The treatment was continued with immersion into distilled 

water and filtered again. Then dried at 105 °C for 4 hours. Then it was mixed with 250 ml of 3 M NaOH at 

70 °C for up to 5 hours. Andisol soil was washed with distilled water until neutral and then calcined for  

3 hours at a temperature of 400 °C. 

 

2.3. Modification of AMS  

Adsorbent ratios were made in several comparisons namely AMS1 (1:0), AMS2 (2:1), AMS3 (1:1), 

AMS4 (1:2), AMS5 (0:1). AMS 1:1 is made from andisol as much as 100 mg was dispersed in 2 ml of 

acetone with constant stirring (200 rpm) for 30 minutes until smooth. Then 100 mg microcellulose in 2 ml 

acetone was added slowly with constant stirring. The mixture was stirred for up to 12 hours under stirring, 

then dried. The resulting suspension was rinsed with distilled water and dried in an oven at 40-45 °C to 

dryness, finally left at room temperature. AMS, andisol, and microcellulose materials were characterized 
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using Fourier transform infrared (FTIR) Shimadzu Type IRprestige21, x-ray diffraction (XRD) Bruker D2 

Phaser, scanning electron microscope (SEM) JEOL JSM-6510LA, surface area analyzer (SAA) 

Quantachrome instruments type nova 1200e. 

 

2.4. Test method 

Microcellulose was isolated from narrow leaf cattail plant (Typha angustifolia L.), then modified 

with andisol soil to adsorb AO. Several variations were carried out under certain conditions, including pH 

variations carried out at pH 5, 6, 7, and 8 and contact times 5, 10, 30, 50, 70, 90, and 120 minutes. The 

adsorption isotherm requires variations in concentration, which are at concentrations of 20, 40, 60, 80, and 

100 mg/L. The concentration of remaining AO was determined using UV-Visible Spectrophotometry (UV-

1900 Series).  

 

 

3. RESULTS AND DISCUSSION  

3.1. AMS materials characterization 

Figure 1 shows Fourier transform infrared (FTIR), and Figure 1(a) is a presentation of FTIR data 

from andisol. The Si-OH/Al-OH bond is shown at a wavelength of 3500.95 cm-1, 1668.42 cm-1 for the H-OH 

bond, a peak of about 1010.74 cm-1 is Si-O-Si, and for a peak of about 572-439 cm-1 is for Si-O/Al-O bonds. 

While the peak of 2315, 1668, and 715 cm-1 in activated andisol is an impurity that enters the andisol [16]. 

Peaks of 1609 and 2907 cm-1 indicate O-H and C-H stretch, respectively [20], [21]. The peak in the 

3400-3300 cm-1 region is the O-H bond of water. The peaks around 1368, 1160-1050, and 899 cm-1 are 

absorption peaks from stretching CH and CO (polysaccharide ring), COC and CO (pyranose ring) and CH 

oscillation of β-glycosidic bonds [20], [3], [22] The above-mentioned peaks are present in all spectrums of 

cellulose that have gone through the process of alkalization and hydrolysis as shown in Figure 1(b). 

AMS FTIR analysis data are shown in Figure 1(c). The peaks of AMS are similar to those of andisol 

and microcellulose. The peak at about 3350.50 cm-1 is the hydroxyl group of microcellulose. In the AMS 

spectra, there were peaks at 2910.71 cm-1; 1058.97 cm-1; 558.42 cm-1; and 468.72 cm-1 showing stretching of 

C-H bonds, overlapping Si-O and C-O bonds, and vibration bending of Si-O-Si bonds and bending of Al-O-

Al [15].  

 

 

 
 

Figure 1. FTIR of (a) andisol, (b) microcellulose, and (c) AMS 

 

 

Figure 2 shows an XRD graph of AMS, microcrystalline cellulose, and andisol, based on Figure 2(a) 

shows the diffractogram of the AMS has similar peaks between microcellulose (Figure 2(b)) and andisol 

(Figure 2(c)). The peaks similar to microcellulose in the AMS were (2θ) 21.98° (crystalline cellulose I) [22], 

while the peaks similar to andisol in the AMS were (2θ) 27.81° (allophane); and 30.29°; 35.52° 51.55° 

(kaolinite) [15].  

 

c) 

a) 

a) andisol 
b) microcellulose 

c) AMS 
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Figure 2. XRD graph of (a) AMS (b) microcrystalline cellulose, and (c) andisol 

 

 

Andisol and microcrystalline cellulose are expected to be able to intercalate, where intercalation is 

the insertion of compounds in the interlayer space of a solid while maintaining its layered structure. This 

method will enlarge the pores of the material because the intercalation (inserted compound) will shift the 

layers or open between layers to expand [23]. Intercalation will affect the hydrogen bonding of the adsorbent. 

Cellulose is a material that is more likely to be deprotonated at the CH2OH to CH2O- group than andisol. 

Andisol have van der waals bonds, so water can easly enter. Then, andisol will be protonated at OH group in 

silanol or aluminol to become OH2
+. Hence, CH2O- ion of cellulose binds to OH2

+ ion of andisol [17]. 

However, andisol and microcrystalline cellulose cannot be composites, this can be seen from the FTIR and 

XRD data which is indicated by the absence of new peaks on the AMS adsorbent graph, which means that 

there is no chemical bond between the two materials. Figure 3 shows the SEM data of AMS in which long-

shaped microcrystalline cellulose (3.2 µm) cannot be adsorbed into spherical andisols due to the smaller pore 

diameter of andisol, which is nanometers compared to the size of microcrystalline cellulose, which is 

micrometres [24]. This indicates that there is no physical interaction between andisol and microcrystalline 

cellulose. 

 

 

 
 

Figure 3. SEM data of AMS 

 

 

Table 1 shows the data from the SAA andisol, microcrystalline cellulose, and AMS. The surface 

area of BET AMS was not higher than that of andisol and microcrystalline cellulose. The surface area of 
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AMS is smaller than the other two adsorbents due to its largest particle size. Therefore, the larger particle 

size causes a decrease in the adsorption ability [14]. A large surface area does not guarantee high reactivity, 

but the distribution of pore size also has an effect. Large pore volume and pore diameter also affect the 

increase in adsorption capacity [25]. Therefore, although the surface area of AMS is lower than that of 

andisol and microcrystalline cellulose because the volume and diameter of the pores have almost the same 

size, the adsorption capacity is also the same or there is no significant difference. 

 

 

Table 1. SAA analysis of andisol, microcrystalline cellulose, and AMS 

Material SBET 

(m2/g) 

VBET 

(cc/g) 

DBET 

(nm) 

SBJH 

(m2/g) 

VBJH 

(cc/g) 

DBJH 

(nm) 

Andisol 25.92 0.093 14.40 29.23 0.094 3.82 

Microcrystalline cellulose 26.60 0.034 5.14 15.72 0.027 3.77 
AMS 18.60 0.056 11.96 21.00 0,058 3.78 

 

 

3.2. Discussion AO adsorption by AMS 

3.2.1. Variation of adsorbent ratio 

Figure 4 describes the results of the adsorption process of various adsorbent ratios. All adsorbents 

used had a mass of 0.1 g for each comparison. AO solution is known to be at a concentration of  

20 mg/L and a contact time of 30 minutes. The data from the adsorption process of AO on the variation of the 

adsorbent ratio did not have optimum results. All adsorbents have good efficiency and can adsorb more than 

90% of AO. The use of AMS1 and AMS5 has no difference when used as AO adsorbents. The adsorbent that 

adsorbs the least AO is AMS4, then for the next variation, the adsorbent which absorbs the most AO is the 

ratio of AMS3 as much as 96.51% with an adsorption capacity of 3.86 mg/g. In this study, the adsorption 

capacity value by AMS can be said to have the same value as the adsorption capacity of andisol and 

microcrystalline cellulose. AMS does not have a high adsorption capacity because cellulose cannot enter the 

pores of the andisol so the active group of this adsorbent does not increase. So, the results cannot be almost 

the same, then the adsorption capacity is also the same value or there is no significant difference, it increases 

significantly. 

 

 

 
 

Figure 4. AO adsorption at the different adsorbent ratio 

 

 

3.2.2. Variations of pH 

The adsorption conditions at various pH were 0.1 gram (mass ratio of AMS adsorbent 1:1), 20 mg/L 

AO, and 30 minutes for contact time. Figure 5 is a graph of AO adsorption results at different pH conditions. 

The optimum condition occurs at pH 7, which is as much as 99.22% (4.15 mg/g) AO is adsorbed. This is 

because the H+ and OH- ions are equal so there is no competition between AO and H+ ions. At pH 5, 31.48% 

(1.10 mg/g) AO was adsorbed, which was the least compared to other pH conditions, where highly acidic 

adsorption conditions would cause competition between hydrogen ions and AO when bound to AMS. AO is 

adsorbed up to 98.38% (5.01 mg/g) at pH 6, but to facilitate this research, pH 7 will be used as the pH 

condition in the next variation. Alkaline conditions, namely pH 8 AO which was adsorbed down, but still 

more than 50% (1.44 mg/g). At alkaline pH, OH- ions will be slightly more than at pH 7, therefore, OH- ions 

will also bind to AO. Then, when filtering was carried out, the AO which was bound to the OH- ion was still 

soluble in the solution or was not entangled on the filter paper because it did not bind to AMS [1]. Figure 6 

describes the adsorption reaction of AO by AMS. 
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Figure 5. AO adsorption at different pH variations 

 

 

 
 

Figure 6. AMS reaction during the AO adsorption process [1] 

 

 

3.2.3. Variations of contact time 

Figure 7 shows the results of the variation in contact time of AMS with AO. The adsorption process 

at various contact times has a pH of 7, an adsorbent mass of 0.1 grams, 20 mg/L AO, and a contact time of 5-

120 minutes. The time required for adsorption does not take a long time, namely 5 minutes, which reaches an 

efficiency of 92.73% (3.88 mg/g). Thus, the variation of concentration using a contact time of  

5 minutes. The adsorption process with a contact time of up to 2 hours still has a good efficiency of 90%. The 

contact time that most adsorbed AO was 30 minutes, which was 98.2% (4.08 mg/g). During the first  

5 minutes, the active sites of AMS were still unfilled and the availability of dye ions was still high, therefore 

the adsorption increased rapidly. Then, the longer the contact time, the active site has been filled and 

unbound dye ions will remain [13]. 

 

 

 
 

Figure 7. AO adsorption at different contact time variations 
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3.2.4. Variations of concentration 
Figure 8 shows the results of the adsorption of AO at pH 7, a contact time of 5 minutes, and a 

solution volume of 20 ml. Each AO at a concentration of 20, 40, 60, 80, and 100 mg/L. At 20 mg/L AO 

concentration, the efficiency obtained was 93.4% (3.90 mg/g). The maximum concentration that can be 

adsorbed is at a concentration of 40 mg/L, which is 98.745% (8.05 mg/g). As the concentration increases, the 

adsorption strength of the AMS adsorbent will decrease, due to the excess of AO molecules that cannot be 

adsorbed, in which the number of active sites is limited and has been filled [13]. The concentration of  

100 mg/L has the lowest efficiency value of 24.662% (6.81 mg/g).  

 

 

 
 

Figure 8. AO adsorption at different concentrations 

 

 

3.2.5. Adsorption kinetics 

Adsorption kinetics is used to determine the effect of contact time and the mechanism that occurs in 

the adsorption process. The adsorption kinetics can be determined by pairing the results obtained with first-

order, second-order, pseudo-first-order, and pseudo-second-order equations. From the following Figure 7 and 

Table 2, it can be seen that a straight graph has been produced. It can be inferred from the adsorption kinetics 

data that the adsorption process follows the pseudo-second order model. This means that the adsorption 

process that occurs is dependent on the adsorption ability of each solid phase. It can be explained that the 

adsorption capacity obtained is directly proportional to the active site owned by the adsorbent used [26]. The 

pseudo-second-order model also explains that each AO ion is adsorbed by both adsorption sites which allows 

for a binuclear bond to occur [27]. The adsorption time required to reach equilibrium in the first-order model 

is faster than in the second-order pseudo model. The adsorption capacity value of the pseudo second order 

model is 4.0 mg/g.  

 

 

Table 2. Adsorption kinetics equations 
Adsorption Kinetics Equation Explanation 

First order 𝑙𝑛 𝐶𝑒 = 𝑙𝑛 𝐶0 – 𝑘𝑡 Ce = concentration at t 
C0 = concentration at t = 0 

k = kinetic constant (minute-1) 

t = time (minute) [29]. 
Second order 

1

𝐶𝑒

−
1

𝐶0

= 𝑘𝑡 

Pseudo-first-order (𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛 𝑞𝑒 – (𝑘1𝑡) qe and qt = the amount of adsorbate 

adsorbed at equilibrium and a certain time, 

k1 = adsorption rate constant (minute) 
k2 the unit is g/mg/min [26]. 

Pseudo-second-order 
𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒2
+

𝑡

𝑞𝑒
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Figure 7. First order, second order, pseudo-first-order, and pseudo-second order adsorption kinetics model 

 

 

3.2.6. Adsorption isotherm  

The adsorption isotherm can explain the relationship between the adsorbate concentration and the 

adsorbate concentration remaining in the liquid at equilibrium time [28]. The adsorption isotherm can be 

determined by using the results of the adsorption process of AO by AMS at various concentrations. 

Experimental data are included in the Langmuir and Freundlich equations which are shown in Table 3.  
 

 

Table 3. Adsorption isotherm equations 
Adsorption Isotherm Equation Explanation 

Langmuir 
1

𝑞𝑒

=
1

𝑄
+ (

1

𝑄𝑏

)
1

𝐶𝑒

 
qe = equilibrium adsorption capacity (mg/g) 

Q = maximum amount of adsorption to form an entire 
monolayer on the adsorbent surface(mg/g) 

Ce = adsorbate concentration (mg/L) 

b = Langmuir's constant relating to binding site affinity 
KF and n = Freundlich parameter [29], [30] 

Freundlich 𝐼𝑛 𝑞𝑒 = 𝐼𝑛 𝐾𝑓 +
1

𝑛
𝐼𝑛 𝐶𝑒 

 

 

The adsorption isotherm used in this study is the Langmuir and Freundlich isotherm. The adsorption 

isotherm can be seen in Figure 8 that the adsorption isotherm model follows the Langmuir model, where the 

R2 value is 0.8678 (adsorption capacity = 5.23 mg/g), while the Freundlich isotherm model has an R2 value = 

0.0295 (adsorption capacity = 5.83 mg/g). However, the adsorption capacity of the Freundlich model is 

higher than that of the Langmuir model. The AO adsorption process by AMS tends to follow the Langmuir 

isotherm model. This shows that the adsorption process of AO on the AMS takes place chemically and the 

absorption mechanism is a monolayer on the surface of the adsorbent [30], [31]. The active sites on the 

surface of microcellulose, namely OH and Si-O or Al-O from andisol are the most important in this 

adsorption process.  
 

 

 
 

Figure 8. Langmuir and Freundlich adsorption isotherm model 
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4. CONCLUSION  

The conclusion of this research is that the surface area of BET andisol is 25.92 m2/g while 

microcrystalline cellulose has a surface area of BET 26.60 m2/g. Then, the AMS adsorbent has a BET 

surface area of 18.60 m2/g with a pore diameter of 14.40 nm. The maximum yield of AO adsorption by 

AMS3 was at pH 7, the optimum contact time was 5 minutes, the maximum concentration was 40 mg/L, and 

the maximum adsorbent ratio was AMS3 (andisol-microcrystalline cellulose 1:1). The adsorption capacity of 

AMS3 to AO was 5.24 mg/g. Although andisol and microcrystalline cellulose cannot be composites, this 

study can explain that andisol or microcrystalline cellulose is a good adsorbent for AO. 
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