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Abstract 

Methylene blue is a popular dye used in the batik industry; however, it potentially causes environmental problems in view of the residual MB 
content in the liquid waste, which is difficult to naturally degrade. This study aims to synthesize Fe3O4-TD using tea dregs from household waste 
and its application as an adsorbent for methylene blue dye. The synthesis was carried out using the reverse co-precipitation method with water 
as a solvent at room temperature. Fe3O4-TD was characterized using FTIR, XRD, and PSA. The adsorption of methylene blue (MB) on Fe3O4-
TD was studied at various pH, reaction time, and concentration to determine the kinetic model and MB adsorption isotherm on Fe3O4-TD and 
the interactions occurred between MB and Fe3O4-TD. FTIR spectra and X-Ray diffractogram showed that the magnetite formed in a pure state 
was not mixed with other iron oxides. The crystal and particle size of Fe3O4-TD was 18.92 nm and 26.70 µm, respectively. MB adsorption on 
Fe3O4-TD occurred at pH > 3 and followed Ho's pseudo-second-order kinetics model and the Freundlich isotherm model. The rate constants (k) 
and the initial adsorption rate (h) of MB adsorption on Fe3O4-TD were 5.0 x 10-4 g/mg.minute and 5.0 x 104 mg/g.minute. Meanwhile, the 
amount of MB adsorbed at equilibrium (qe) was 1.0 x 104 mg/g and the maximum adsorption capacity of MB on Fe3O4-TD was 10.21 mol/g. 
The MB and Fe3O4-TD interacted through electrostatic interactions, hydrogen bonds, and π-π interactions. 
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1. Introduction  

 Methylene blue is a synthetic dye widely used in the batik 

industry considering its advantage to make the batik color 

sharper, brighter, and longer-lasting. About 45% of the dye is 

attached to the batik cloth in the dyeing process, and the rest is 

decolorized in the washing process [1]. Liquid waste that 

contains dye from the washing process, however, potentially 

causes environmental problems because synthetic dyes are non-

biodegradable, toxic, and highly soluble [2]. 

Various studies related to the synthetic dye processing 

have been carried out, including regarding the ozonation 
method [3], coagulation and flocculation [4], biological 

treatment using bacteria [5], electrochemistry [6], and 

oxidation [7]. However, some weaknesses in these studies are 

found still. Ozonization and electrochemical methods are 

unfavorable to apply in batik industry considering the high 

costs. Coagulation and filtration methods produce a new 

problem in the form of sludge in relatively large quantities. 

Also, biological treatment is often ineffective because bacteria 

are unable to adapt to the dye's complexity. The adsorption 

method is eloquently suitable to treat dye waste as it is a low-

cost and fast process to apply with simple equipment in the 
batik industry. However, producing waste in the form of 

adsorbents that have bound dyes has led to new issues. Despite 

the production of adsorbent waste, it can be regenerated by 

carrying out the desorption process so that the adsorbent and 

adsorbate can be reused. The selection of stable, inexpensive, 

and easy-to-synthesize regenerated adsorbents is foremost to be 

investigated. 

In recent years, magnetic adsorbents have been developed 

[1,10,18]. They can facilitate the separation process between 

the post-adsorption adsorbent and the filtrate using an external 

magnetic field to minimize the use of filter paper and save 
separation time [1,8,16]. The most widely developed magnetic 

compound is magnetite (Fe3O4) because of its stability and 

paramagnetic properties.  

This research synthesized magnetite (Fe3O4) adsorbent 

based on tea dregs waste from household waste. Tea dregs 

contain secondary metabolites that are phenolic compounds, 

such as catechins, i.e. flavonoids, flavanols, and polyphenols 

[20,28]. It also contains cellulose, hemicellulose, lignin, and a 

little protein. The presence of phenolic compounds in tea dregs 

and solubility in water provokes the action as a reducing agent 

and a capping agent in synthesizing Fe3O4. In addition, organic 
compounds are reported to have hydrophobic properties and 

steric barrier effects enabling them to control particle growth 

and prevent agglomeration during Fe3O4 synthesis [8]. The 

hydroxy group contained in tea dregs can also enrich the active 

site of Fe3O4-TD particles to increase the ability of Fe3O4-TD 

as an adsorbent. In addition, the utilization of tea dregs is an 
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exciting thing to study because it can help to overcome 

environmental pollution. Tea dregs waste discharged into the 

environment without processing will be able to pollute the 

environment. In fact, it becomes one of the household wastes 

produced every day. 
The magnetic properties of Fe3O4-TD cause Fe3O4-TD 

adsorbent to be easily regenerated. In addition, the adsorption 
process can be carried out more easily and quickly with the help 
of an external magnetic field. Costs can be diminished for 
requiring no filter paper to separate the adsorbent and filtrate. 
The straightforward process will cut off the long time to 
complete the filtration process. 

In this study, the synthesis of Fe3O4-TD was carried out by 

the reverse co-precipitation method and applied as an adsorbent 

of methylene blue (MB). The effects of pH dye on MB 

adsorption on Fe3O4-TD were studied at various pH ranges. In 

addition, MB adsorption kinetics and isotherms on      

Fe3O4-TD were also studied. 

2. Materials and Methods 

The materials used in this study were purchased from 
Merck Co. (proanalytical grade), including iron (II) sulfate 
heptahydrate (FeSO4·7H2O) and iron(III)chloride hexahydrate 
(FeCl3·6H2O), sodium hydroxide (NaOH), and methylene blue. 
The solvent used for the material preparation stage was 
aquabidest from PT. Ikapharmindo Putramas, while the dye 
solvent used aquadest. Meanwhile, tea dregs were obtained 
from household waste. 

2.1. Preparation of tea dregs extract (TDE) 

The tea dregs from household waste were dried using an 

oven at 60°C for 2 hours. Dried tea dregs were then mashed 

using a blender. The extract was prepared by heating 10 g of 

tea dregs with 100 mL of aquabidest solvent at 60°C for 20 

minutes. Next, the mixture was filtered using Whatman paper 

No. 1. The filtrate subsequently was stored in the refrigerator 

before being used in the next step. 

2.2. Preparation of Fe3O4-TD 

Fe3O4-TD preparation was conducted by making a 

solution of Fe3+, Fe2+, and NaOH. Fe3+ and Fe2+ solutions 

(molar ratio Fe3+/Fe2+=2:1) were prepared by dissolving 0.556 

g FeCl3·6H2O and 1.082 g FeSO4·7H2O in 50 mL of distilled 
water. NaOH 1 M solution, meanwhile, was prepared by 

dissolving 0.8 g of solid NaOH into 20 mL of distilled water. 

Furthermore, Fe3+ and Fe2+ were mixed before being slowly 

dropped into the NaOH solution. After all, the Fe3+ and Fe2+ 

solutions were dripped, 15 mL of tea dreg extract, cooled at 

room temperature, was poured quickly into the solution. 

Furthermore, stirring was carried out for 60 minutes at room 

temperature. The precipitate formed was decanted using an 

external magnetic field and dried in an oven at 60°C for 60 

minutes. 

2.3. Characterization of Fe3O4-TD 

Fe3O4-TD was characterized using several instruments, 

such as the FTIR Spectrophotometer (Nicolet Avatar 360 IR) 
in the transmission mode using the KBr method for all powders 

and X-Rays diffraction pattern (XRD) using a Bruker D2 

diffractometer with Cu Ka radiation (λ = 0.1546 nm), and 

particle size analyzer (PSA) Horiba LA 350. Characterization 

using FTIR was to determine the content of functional groups 

and characterization using XRD was scanned in the two thetas 

(2θ) in the range of 25° to 65° with a count of 4 seconds per 

step. The crystallinity and size of the Fe3O4-TD were generated 

from the XRD diffractograms. Meanwhile, PSA 

characterization was to determine the particle size of Fe3O4-

TD. 

2.4. Methylene blue adsorption studies 

The adsorption of methylene blue on Fe3O4-TD was carried 

out using the batch method with variations in the pH of the 

methylene blue solution, reaction time, and the concentration 

of methylene blue. 

2.4.1. pH optimization of methylene blue 

 

10 mg Fe3O4-TD was added to 25 mL of MB dye solution 

15 ppm at various pHs 2, 4, 6, 8, and 10. The mixture was 

shaken using a shaker for 60 minutes at room temperature. 

Then, the residue and filtrate were separated using an external 

magnetic field. The MB concentration in the filtrate was 
analyzed using a UV-Vis spectrophotometer. The adsorbed MB 

concentration referred to the difference between the MB 

concentration in the control solution and the remaining MB 

concentration in the filtrate. 

2.4.2. Time optimization and adsorption kinetics studies 

 
10 mg Fe3O4-TD was added to 25 mL of MB dye solution 

with optimum pH, and the mixture was shaken using a shaker 
at room temperature with time variations of 15, 30, 60, 90, and 
120 minutes. The residue and filtrate were separated using an 
external magnetic field. The MB concentration in the filtrate 
was analyzed using a UV-Vis spectrophotometer. The adsorbed 
MB concentration was the difference between the MB 
concentration in the control solution and the remaining MB 
concentration in the filtrate. The optimum time for MB 
adsorption on Fe3O4-TD was obtained based on the highest % 
of MB adsorbed. The adsorption kinetics models of MB onto 
Fe3O4-TD studied in this study were Lagergren's pseudo-first-
order kinetics model and Ho's pseudo-second-order kinetics 
model.  

 

2.5.3. Adsorption isotherm study 

 
MB adsorption isotherm model on Fe3O4-TD was studied 

using Langmuir and Freundlich isotherm model. A total of 10 
mg of Fe3O4-TD was added to 25 mL of MB solution with 
various concentrations of 5, 10, 15, 20, and 25 ppm. The 
reaction was carried out at the optimum pH and time. The 
precipitate and filtrate were separated using an external 
magnetic field. MB remaining in each solution was determined 
using a UV-Vis spectrophotometer. 

3. Results and Discussion 

3.1. Characterization of Fe3O4-TD 

Fe3O4-TD was synthesized using the reverse co-

precipitation method with NaOH as the precipitating agent. The 
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concentration of NaOH solution was adjusted so that the pH of 

the reaction medium was above pH 12. The goal was that the 

resulting Fe3O4 did not mix with other iron oxides, such as 

hematite (Fe2O3) or goethite (FeOOH). According to the 

simplified pourbaix diagram, the iron-water system at 77°F 

(25°C), Fe3O4 and Fe(OH)2 were stable at pH > 8, while Fe2O3 

was stable at pH > 3. The characterization using FTIR and XRD 

spectrophotometers was essential to prove whether Fe3O4-TD 

was not mixed with Fe(OH)2 and Fe2O3. 

Figure 1 shows the spectra of Fe3O4, tea dregs, and Fe3O4-

TD. In the Fe3O4 and Fe3O4-TD spectra, absorptions appeared 

in the area around 570 cm-1 and 410 cm-1, typical absorptions 

for Fe-O bonds to Fe3O4. The structure of Fe3O4 had Fe3+ and 

Fe2+ ions and 32 oxygen ions. Fe3+ ions were located in the 
center of the tetrahedron for each part of the tetrahedral, and 

oxygen ions occupied the four corners. Meanwhile, Fe3+ and 

Fe2+ ions for the octahedral part were located in the middle of 

the octahedron, and the six corners were occupied by oxygen 

ions [9]. In the FTIR spectra, the stretching vibration of Fe-O 

was bound in the tetrahedral unit  indicated by the appearance 

of absorption in the 570 cm-1 area. In contrast, the Fe-O strain 

vibration in the octahedral unit was characterized by the 

appearance of absorption in the area around 410 cm-1 [10-12]. 

The presence of two absorptions in this area in the Fe3O4 and 

Fe3O4-TD spectra indicated that Fe3O4 and Fe3O4-TD have 
been successfully synthesized. To determine whether Fe3O4 

was not mixed with Fe2O3 and Fe(OH)2, characterization was 

carried out using XRD. TD contains phenolic compounds such 

as catechins, a group of flavonoids, flavanols, and polyphenols 

[20,28]. The functional groups of these compounds were -OH 

groups, -CH alkanes, -CH aromatics, -C=O, and -C-O 

carboxylic acids. Figure 1 shows strong absorption in the 3400 

cm-1 regions in both the TD and Fe3O4-TD spectra, which 

indicated the presence of a phenolic -OH group. The absorption 

at the wavenumber 2365 cm-1 indicated the presence of the C=C 

group. Meanwhile,  the presence of aryl ketone groups was 
indicated by the appearance of absorption in the area around 

1600 cm-1. The absorptions in the Fe3O4-TD spectra were a 

combination of TD and Fe3O4 absorptions, indicating that 

Fe3O4-TD has been successfully synthesized. Fe2+ was very 

easily oxidized to Fe3+, causing the molar ratio of Fe3+/Fe2+ ≠ 

2:1. The abundant -OH group in tea dregs can act as a reducing 

agent that maintains the balance of the molar ratio of Fe3+ and 
Fe2+ in solution = 2:1 to produce magnetite (Fe3O4) with higher 

purity [8,12,17]. 

 

Fig. 1. FTIR spectra of pure Fe3O4, tea dregs, and Fe3O4-TD 

Figure 2 shows the XRD Fe3O4-TD diffractogram. The 

peaks occurred at 2θ = 30.3°, 35.7°, 43.3°, 53.7°, 57.3°, and 

62.9°, which could be indexed to (220), (311), (400), (422), 

(511), and (440) planes. This peak corresponded to the pure 

Fe3O4 peak, according to the Joint Committee on Powder 
Diffraction Standards (JCPDs No. 19-0629). The synthesized 

Fe3O4-TD did not mix with other iron oxides, such as Fe2O3. 

The magnetic properties of Fe3O4-TD are evidenced from 

Figure 3. Based on the XRD diffractogram, the average crystal 

size of Fe3O4-TD can be determined using Debye–Scherrer's 

equation based on full width at half maximum (FWHM = 

0.461) of the (311) reflection. Table 1 presents the comparison 

of the crystal size of Fe3O4-TD with the crystal size of other 

magnetic particles. The crystal size determined the crystallinity 

of Fe3O4-TD. The smaller the crystal size, the better the 

crystallinity of the particles [13,14,15]. 

Table 1. Comparison of the crystal size of Fe3O4-TD with the crystal size of 

other magnetic particles 

Plant extract Synthesis condition 
The average 

crystal size (nm) 

Archidendron pauciflorum 

peel extract (JPE) [8]  

pH 11–12, 60 min, 

60 °C 

 

17.6 - 20.90 

Persicaria bistorta root 

extract [16]  

pH 11, 120 min,       

70 °C 

47.0 

 

Tea dregs extract (this 

study) 
pH 11, 60 min, 60 °C 18.92 

Fe3O4 pH 11, 60 min, 60 °C 14.99 

 
Fig. 2. XRD patterns of Fe3O4-TD 

 

 

Fig. 3. Image of Fe3O4-TD attracted by an external magnetic field 
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Fig. 4. Particle size of Fe3O4-TD using particle size analyzer (PSA Horiba LA 

350 ) 

Figure 4 presents the particle size of Fe3O4-TD. The 
average particle size of Fe3O4-TD was 2670.37 nm, much 

larger than the magnetic particle previously synthesized. The 

plant extract used in this study was tea dreg extract sourced 

from household waste. The content of active compounds in tea 

dregs extract was not as much as the content of active 

compounds in plant extracts or other wastes. The tea dregs have 

gone through the brewing stage causing many active 

compounds lost [20,28]. The active compounds in plants acted 

as capping agents that could control particle growth and prevent 

agglomeration during Fe3O4 synthesis. 

Table 2. Comparison of the particle size of Fe3O4-TD with the crystal size of 

other magnetic particles 

Plant extract Synthesis condition 

The 

average 

particle 

size (nm) 

Leaf extract of Zanthoxylum 

armatum DC. [17]  
pH 10, 60 min, 80°C 17 

Seaweed (Sargassum 

muticum)  

Aqueous Extract [18] 

60 min at 25°C 18.04 

Archidendron pauciflorum 

peel extract (JPE) [8]  

pH 11–12, 60 min, 60°C 

 
318.3 

Tea dregs extract (this study) pH 11, 60 min, 60°C 2670.37 

3.2. Effect of pH of MB solution on MB adsorption on Fe3O4-

TD 

It was prominent to study the effect of the pH of MB 
solution on MB adsorption on Fe3O4-TD because the surface 

sites of the adsorbent and adsorbate are affected by pH. In this 

study, the effect of the pH of MB solution on MB adsorption 

on Fe3O4-TD was studied in the range of 2-10. Based on Figure 

5, the adsorption ability of MB adsorption on Fe3O4-TD at pH 

4 was seen very good with % MB adsorption ~100%. The MB 

adsorption ability of Fe3O4-TD at pH = 2 was only about 48%. 

In this condition, the -OH groups on the surface of Fe3O4-TD 

were protonated to -OH2
+. While, MB dyes were cationic at pH 

2, so the electrostatic interactions were difficult. The surface 

condition of the protonated and deprotonated adsorbent was 
determined by pHzpc Fe3O4-TD. In this study, the pHzpc Fe3O4-

TD was not measured but based on previous studies, the pHzpc 

Fe3O4 synthesized without using plant extracts was in the range 

of pH 5-8, dependent upon the synthesis method [19,20]. 

The presence of organic compounds on the surface of 

Fe3O4 caused the pHzpc Fe3O4 to decrease below pH 3 [19]. If 

the interaction between MB and Fe3O4-TD was through 

electrostatic interaction, then the adsorption ability of MB on 

Fe3O4-TD was lower below pH 3 and higher above pH 3. 
However, below pH 3, about 48% MB adsorbed on Fe3O4-TD. 

It was suspected that there was another interaction mechanism 

between MB and Fe3O4-TD. The alleged interaction was via 

hydrogen bonding and phi-phi interaction [2,20,21,27]. 

 
Fig. 5. Effect of pH of MB solution on MB adsorption on Fe3O4-TD 

3.3. Effect of reaction time on MB adsorption on Fe3O4-TD 

The variation of MB adsorption time on Fe3O4-TD was 

carried out to study the adsorption kinetics of MB on Fe3O4-

TD. As shown in Figure 6, during the initial minutes of the 

reaction until the 15th minute, MB adsorption on Fe3O4-TD was 

very fast and continued to increase with time. In the early 

minutes, the surface of Fe3O4-TD was still not filled or not 
saturated, making it easier to interact with MB. After the 30th 

minute, the reaction rate slowed, and equilibrium reached the 

90th minute. After 90 minutes, there was no increase in the 

percentage of MB adsorption on Fe3O4-TD because the surface 

of Fe3O4-TD was already saturated. 

 
Fig. 6. Effect of reaction time of MB adsorption on Fe3O4-TD 

3.4. Kinetic study of MB adsorption on Fe3O4-TD 

The adsorption rate constant (k) is important in studying 

kinetics. It is a constant that is specific for each adsorption and 

has certain dimensions for each reaction order. The MB 

adsorption rate constant on Fe3O4-TD was determined using a 

kinetic model of pseudo-first-order Lagergren and pseudo-

second-order Ho. 
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(b) 

 
(a) 

Fig. 7. Lagergren's pseudo first-order (a) and Ho's pseudo-second 

order (b) adsorption kinetics plots of methylene blue adsorption 

onto Fe3O4-TD 

Lagergren pseudo-first-order kinetics model [22] MB 

adsorption on Fe3O4-TD was studied by making a linear graph 

of t against ln(qe-qt) based on equation (1). The graph shows 

the value of k (-slope) and qe (calculated from the intercept). 

Figure 7 illustrates the first-order pseudo kinetics graph, 

according to Lagergren from the results of this study.  

 

In(qe − qt) = − k1t + lnqe               (1) 

                                                                                                                                                                                                                  

The pseudo-second-order adsorption kinetics model 

proposed by Ho [23] was based on the adsorption capacity in 
the solid phase, as expressed by equation (2). From the graph 

between (t/qt) vs t, it obtained the value of qe (calculated, which 

was the amount of MB absorbed at equilibrium) and h (initial 

adsorption rate) resulting from the equation h = kqe
2, so that the 

value of adsorption rate constant (k) obtained MB on Fe3O4-

TD). The second-order pseudo kinetics graph, according to Ho 

from the results of this study, is presented in Figure 7. 

 
t

qt
=

1

qe
t +

1

k2qe
2                 (2) 

 

As shown in Figure 6, the R2 value of the MB adsorption 

kinetics model curve on Fe3O4-TD, according to Lagergren's 

pseudo-first order, was very low, i.e. 0.4665. While the R2 

value of the pseudo-second-order kinetic model curve Ho was 

1. These indicated that MB adsorption on Fe3O4-TD followed 

the pseudo-second-order Ho. The pseudo-second-order Ho 

model showed that the adsorption of MB on Fe3O4-TD 

involved two surface sites, and the solid capacity of Fe3O4-TD 

affected the adsorption process more than the concentration of 

MB solution. The interaction mechanism between MB and 
Fe3O4-TD occurred through chemosorption [24,25]. 

Meanwhile, Lagergren's pseudo-first-order kinetics 

model assumes that the concentration of the MB solution 

influences the adsorption process. This model is more suitable 

for the earliest step in the adsorption process because, at a later 

stage, there is a change in the concentration of the solution, 
which is directly proportional to the decrease in the number of 

available active sites, so this model is less applicable to MB 

adsorption on Fe3O4-TD [26]. When compared with previous 

studies with the same method [8], the initial adsorption rate of 

MB on Fe3O4-TD (tea dregs) was higher than the initial rate of 

MB adsorption on JMNPS (Jengkol peel). Likewise, the 

amount of MB absorbed in equilibrium at Fe3O4-TD (tea dregs) 

was higher than that of MB absorbed in equilibrium at JMNPS 

(jengkol peel). It was because the number of active sites in 

Fe3O4-TD (tea dregs) was fewer than the number of active sites 

in JMNPS (jengkol peel) in which the competition between 

active sites in interacting with MB was low. 

3.5. Study of MB adsorption isotherm on Fe3O4-TD 

The MB adsorption ability of Fe3O4-TD and the 

prediction of the interaction mechanism between MB and 

Fe3O4-TD can be studied through the adsorption isotherm 

model. The adsorption isotherm describes the relationship 

between MB in a given amount of Fe3O4-TD under equilibrium 

conditions and the initial concentration of MB in solution at a 

constant temperature. The adsorption isotherm models used in 

this study were the Freundlich isotherm and the Langmuir 

isotherm. 

Langmuir isotherm assumes that the adsorption occurs in 

only one layer of adsorption (monolayer). If the adsorbate has 
covered the number of active sites on the adsorbent surface, the 

next adsorption process is hindered. Langmuir adsorption 

isotherm model is expressed by equation (3). 

 
Ce

qe
 = 

1

qmaxKL
+ 

Ce

qmax
                (3) 

                                                                            

The amount of MB adsorbed at equilibrium (mg g-1) is 

expressed as qe, Ce is the concentration of MB in solution at 

equilibrium (mg L-1), qmax is the maximum adsorption 

capacity (mg g-1), and KL is the Langmuir constant (L mol-1), 

which corresponds to the adsorption energy. Based on equation 

3, a straight line is obtained from the graph of Ce/qe against Ce. 

From the straight-line equation, the slope and intercept are 

obtained. The KL value is 1/slope, while the intercept is 1/qmax. 

The Freundlich isotherm equation describes the non-ideal 

adsorption process on heterogeneous surfaces. Heterogeneity 
can be caused by differences in functional groups on the 

adsorbent surface. This isotherm model does not show the 

maximum amount of adsorption, so this model is suitable for 

the growth of an unlimited amount of adsorbed with increasing 

Ce concentration. Freundlich's isotherm model can be 

expressed by equation 4. 

 

log qe = log KF  +  1/n  log  Ce         (4)   

 

where qe refers to the amount of MB adsorbed per gram of 

Fe3O4-TD at equilibrium (mg g-1), Ce is the concentration of 
MB in solution at equilibrium (mg g-1), KF is the Freundlich 

constant associated with adsorption capacity, and 1/n is the 

heterogeneity factor. The values of KF and n are obtained from 

the slope and intercept of the straight-line equation of the graph 
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of log qe against log Ce. The value of n measures the deviation 

of adsorption from linearity. 

 

 
(a) 

 
(b) 

Fig. 8. Langmuir (a) and Freundlich (b) adsorption isotherms plots of 

methylene blue adsorption onto Fe3O4-TD 

 As seen in Figure 8 and the calculation results presented 

in Table 3, the MB adsorption isotherm on Fe3O4-TD followed 

the Freundlich adsorption isotherm model. It meant that the 

growth of MB adsorbed was not limited by the increasing 

concentration of Ce MB. MB adsorption on Fe3O4-TD was non-

ideal adsorption on heterogeneous Fe3O4-TD surfaces. The 

surface heterogeneity of Fe3O4-TD was due to the organic 

compounds in tea dregs. Following the Freundlich adsorption 
isotherm model, the maximum adsorption capacity of MB on 

Fe3O4-TD could not be determined. From Table 4, the value of 

1/n ˂ 1 indicated that the adsorption capacity of MB on Fe3O4-

TD increased, and new adsorption sites were formed. It was the 

preferred adsorption model. These results were similar to 

previous studies using plant extracts in magnetite (Fe3O4) 
synthesis. 

3.6. MB adsorption onto Fe3O4-TD mechanism 

Based on the adsorption studies started from the effect 

of pH and kinetics studies to reveal the adsorption isotherms, 

Figure 9 presents the alleged interaction mechanism between 

MB and Fe3O4-TD. The most dominant interaction between 

MB and Fe3O4-TD was through electrostatic interactions. 

Above pHzpc Fe3O4-TD (pH 3), MB adsorption on Fe3O4-TD 

was very good because, at this pH, the -OH group on the surface 

of Fe3O4-TD was deprotonated to -O-, while MB was a cationic 

dye. The lower percent of MB adsorbed at pH below three was 

caused by the protonation of -OH group into -OH2+, making it 

difficult for the the interaction between MB and Fe3O4-TD 

(Figure 5). 

Based on the kinetics and adsorption isotherms studies, 

other alleged interactions occurred through hydrogen bonds 

and phi-phi interactions. Hydrogen bonding occurred between 

the H atom of the Fe3O4-TD active group molecule and the N 

atom of the MB molecule or between the O atoms of the Fe3O4-

TD active group molecule and the H atom of the MB molecule. 

The phi-phi interaction was a non-covalent interaction that did 

not involve sharing electrons, so it was included in 

physisorption. It followed the adsorption isotherm model, 

namely the Freundlich isotherm model. The phi-phi interaction 

involved the delocalization of the plane charge distribution 

interactions of the conjugated aromatic ring on the Fe3O4-TD 

surface with the phi bonds on the MB aromatic ring. 

The explanation of the MB adsorption mechanism on 

Fe3O4-TD was confirmed by post-adsorption FTIR spectra 

(Figure 10). No new absorption wave appeared, indicating the 

interaction between MB and Fe3O4-TD was not through a 

chemical interaction. 

  

Table 3. Kinetic fits and parameters for MB adsorption 

Adsorbent 

Lagergren’s pseudo first-order equation Ho’s pseudo first-order equation 

R2 
qe                   

(mg/g) 

k    

(minute-1) 
R2 

qe                

(mg/g) 

h   

(mg/g.minute) 

k    

(g/mg.minute) 

Fe3O4-TD       

tea dregs     (the 

current research) 

0.4665 1.83 0.0089 1.0000 10000.0 50000 0.00050 

JMNPS     

jengkol peel [3] 
0.766 1.09 0.0143 0.9996 1428.6 2000 0.00098 

Activated carbon 

derived from waste 

orange and lemon 

peels [29] 

0.447 

 

0.03 

 

0.086 

 

0.999 

 

25.062 

 

58.41 

 

0.093 

 

Humic acid [32] 0.912 11.139 0.020 0.980 11.139 - 0.002 

Activated carbon of 

Coriandrum sativum 

[31] 
0.913 

 

62.677 

 

0.037 

 

1.000 

 

79.365 

 

- 7.94 × 1011 
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Fig. 9. Suggested mechanism for MB adsorption onto Fe3O4-TD 

Fig. 10. FTIR spectra of Fe3O4-TD, before and after MB adsorption 

 

4. Conclusion 

 
 Fe3O4-TD with good crystallinity has been 

successfully synthesized using tea dregs through co-
precipitation method at room temperature. The particle size 
obtained was 26.70 µm. This result was found greater than the 

particle size of Fe3O4 from previous studies using fresh plant 
extracts. This difference might be due to the presence of active 
compounds in the tea dregs, reduced due to brewing for 
household consumption. However, the performance of    
Fe3O4-TD as an adsorbent for MB dye was very good. The 
adsorption capacity of MB on Fe3O4-TD was 10.21 mol/g. 
Interaction between MB Fe3O4-TD was through physisorption, 
allowing the adsorbent of Fe3O4-TD to be easily regenerated. It 
is necessary to do further research related to the reuse of Fe3O4-
TD adsorbent.  
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