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Abstract: The extraction of Fe3O4 from iron sand frequently utilizes a highly 
concentrated HCl solution, which is hazardous to the environment. The high-
energy ball milling method of separating Fe3O4 from iron sand might produce 
Fe3O4 without acids and maintains its magnetic characteristics with a yield of 
81.87%. The FTIR results suggest that the Fe3O4 separation procedure with 
high-energy ball milling effectively eliminated the silica pick after activation 
with 2 M NaOH, which was confirmed by SEM-EDS data indicating there was 
no silica on the material's surface. Fe3O4 was separated, allowing use as an 
adsorbent to treat textile industry waste, such as Remazol Turquoise Blue G-
133 and Remazol Red RB-133. The adsorption of Fe3O4 on these two dyes 
occurred at pH 5, and as adsorbate concentration, contact time, and 
adsorption temperature of Fe3O4 were raised, the adsorption capacity 
increased. Remazol Turquoise Blue G-133 and Remazol Red RB-133 have 
qmax values of 16.75 and 1.43 mg/g, respectively. The isothermal adsorption 
of Fe3O4 for the two dyes follows the Freundlich isothermal with KF values of 
1.87 and 0.42 L/g and n values of 2.17 and 1.22; respectively, results suggest 
that the adsorption process occurs physically and forms a multilayer 
adsorption surface. These results are supported by data obtained from the 
adsorption kinetics, which shows that it follows the first-order adsorption 
kinetics. The dyes thermodynamics also showed positive results for ΔHo and 
ΔGo, indicating that the adsorption process was endothermic and not 
spontaneous, but to the degree of disorder (ΔSo), Remazol Turquoise Blue 
G-133 outperformed Remazol Red RB-133. 
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INTRODUCTION 

The extraction of Fe3O4 with HCl is still a 
common way to isolate Fe3O4 [1, 2, 3]. Although this 
extraction technique is affordable and extremely 
effective, it also has the drawback of not being 
environmentally friendly. Another possibility is to use 
high-energy ball milling. This method was used to 
create nanomaterials without chemical solutions, 

developing suitable material structures for application 
[4, 5]. 

Free solvent Isolation Fe3O4 using high-
energy ball milling has the advantage of maintaining 
the material's magnetic characteristics and might be 
utilized as a magnetic adsorbent to handle industrial 
wastewater from the mining and textile sectors. The -
OH group on the Fe-OH surface of Fe3O4 will act as a 
binding agent to adsorb the adsorbate molecules. 
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Wastewater from the textile industry can be handled 
more effectively and economically by using 
adsorbents. Synthetic dyes are used in the 
development of the textile industry, which frequently 
results in major environmental issues if they are not 
managed adequately before being released into the 
aquatic environment. 

The textile industry uses chemical dyes in all 
production processes. It produces liquid waste residue 
from these chemical dyes, which must be treated 
before entering the aquatic environment. Today, azo 
dyes like Remazol Turquoise Blue G-133 and Remazol 
Red RB-133 are frequently used in the textile sector [6, 
7]. These two dyes are commonly used because the 
colors created are more eye-catching and remain 
longer even after several washes. Due to the fact, 
these colors are non-biodegradable in the 
environment, their use is extremely hazardous if waste 
is not controlled [7]. This research aimed to compare 
the adsorption properties of Remazol Turquoise Blue 
G-133 with Remazol Red RB-133 on Fe3O4 separated 
via high-energy ball milling. 
 
RESEARCH METHODOLOGY 
Materials 

Iron sand from Bugel Beach, Kulonprogo, 
Yogyakarta, Indonesia  NaOH (R&M Chemicals), dyes 
Remazol Red RB-133 (Merck) and Remazol Turquoise 
Blue G-133 (Merck), Ethanol (Merck) and distilled 
water. 
 
Tools for Analysis 

Fourier Transform Infrared Spectrophotometer 
(IRPrestige-21, SHIMADZU Tokyo, Japan), UV–vis 
spectroscopy (Shimadzu 2450, Japan), and A Zeiss-
EVO emission scanning electron microscope SEM-
EDS (model Carl Zeiss, USA). 
 
Methods 
Fe3O4 Isolated from Iron Sand using High-energy 
Ball Milling 
 

100 grams of iron sand were dried for 8 hours at 
105

o
C before being separated with an external 

Neodymium N50 magnet to get magnetic material 
(MM). 30 grams MM was break and shatter utilizing 
high-energy ball milling at 3500 revolutions per minute 
for 72 hours, and washed with 2 M NaOH and distilled 
water, respectively. Fe3O4 was dried with oven for 8 
hours at 105

o
C before being impregnated with 70% 

ethanol and dried in an oven for 5 hours at 105
o
C. 

 
Adsorption Study 
 

The study of adsorption Fe3O4 against Remazol 
Turquoise Blue G-133 and Remazol Red RB-133 with 

variations of pH solution, concentration, contact 
duration, and temperature of adsorption. The batch 
approach was used for the adsorption procedure, 
decanted with an external magnetic field (Neodymium 
N50 magnet). The adsorption test solution was 
examined using a UV-Vis Spectrophotometer to 
determine adsorption capacity (qe), adsorption 
efficiency (EA), isothermal, Kinetics and 
thermodynamics adsorption. 
 

   
(     )

 
     (1)

  

   
(     )

  
        (2) 

 
where C0 and Ce initial and equilibrium 

adsorbate concentration (mg/L), V volume of the 
solution (L), and m adsorbent mass (mg), qe (mg/g), 
EA (%), 

RESULTS AND DISCUSSION 

Adsorbent Fe3O4 Isolation 

The high-energy ball milling utilized to isolate 
Fe3O4 from MM iron sand has the advantage to create 
nano-sized materials without using many chemicals 
and acid solutions. Impurities of SiO on the surface of 
iron sand are the second-most abundant ingredient in 
iron sand than FeO might be removed using NaOH [8]. 
The average yield obtained when Fe3O4 was extracted 
from iron sand by high-energy ball milling was 81.87%, 
as shown in Table 1. 

Table 1. The yield of Fe3O4 from MM iron sand. 

No. MM (g) Fe3O4 (g) Yield (%) 

sample 1 30 25.28 84.27 

sample 2 30 24.42 81.40 

sample 3 30 23.98 79.93 

average  24.56 81.87 
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Figure 1. Physical form of (a) Iron sand and (b) Fe3O4. 

Characterization of adsorbent 

Infrared spectra (IR) analysis 

FTIR spectra of Iron sands (Fig. 2.) the bending 
and stretching vibrations of Fe-O at wave numbers 352 
and 492 cm

-1
, respectively, and have a vibration of 

SiOSi and -OH at 1052 and 3454 cm
-1

, respectively. 
After isolation using the method of high-energy ball 
milling the vibration of the silica oxide has disappeared 
and there has been a shift in the bending and 
stretching vibrations of Fe-O at wave numbers 382 and 
572 cm

-1
, in the spectra of Fe3O4, respectively, which 

was confirmed by the presence of Fe-O-Fe vibrations 
at wave number 892 cm

-1
 and Fe-OH at wave number 

1071 cm
-1

, which is consistent with the findings of 
study Elmobarak and Almomani [9]. 
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Figure 2. Functional groups characterization utilizing 
FTIR of (a) Iron sand and (b) Fe3O4

.  

Figure 3. SEM Surface Morphology of Fe3O4 adsorbent (a) Lens shift of 1.000 times, (b) Lens shift of 10,000 
times, and (c) EDS spectrum. 
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SEM-EDS analysis 

To explore the surface morphology of Fe3O4, this 
research uses SEM characterization. Figure 3. shows 
that at a reduced magnification, a structure with lots of 
large grains can be seen (Figure 3.a). The precise 
structure of Fe3O4 might be observed clearly at higher 
magnification (see Fig. 3.b), where Fe3O4 is made of a 
spherical structure. 

The elemental composition of Fe3O4 was 
investigated using EDS, with peaks corresponding to 
Fe and O found in the EDS spectrum. Figure 3.c 
depicts the EDS spectrum for the Fe3O4 structure, 

exhibiting typical elements such as Fe and O, with 
compositions as high as 65.30±0.21 and 34.70±0.12%, 
respectively. This appearance of SEM was similar to 
the result reported by Gunanto, et al [1], recovered 
Fe3O4 using HCl. 

Figure 4.a. exhibits the SEM-EDS scan mapping 
of the Fe3O4 adsorbent material. The surface 
resembled a massive bulk made up of several 
microscopic particles. Figure 4.b-c shows the plane 
scan findings for the elements O and Fe; all elements 
are appropriately distributed on the surface. 

 

 

Figure 4. Plane scan analysis with SEM-EDS of Fe3O4 (a) SEM images (region of plane scan), (b) O content and 

(c) Fe content. 

Adsorption study 

The pH Effect 
The illustrated in Fig. 5.a the quantity of solute 

adsorption from pH 2 to 5 has increases with rising 
rapidly pH and decreases when reaching a neutral to 
alkaline pH range (pH 6 to pH 9). The optimum pH for 
adsorption of Remazol Turquoise Blue G-133 and also 
Remazol Red RB-133 was pH 5, with qe values of 6.96 
and 6.14 mg/g and EA values of 27.87 and 25.65%, 

respectively. Higher adsorption at lower levels of pH 
might be explained by the protonation characteristics 
of the adsorbent increased quantity of hydrogen ions, 
neutralization of negative charges on the surface of 
interior spots, and the development of the surface 
produced a positive charge for anionic adsorption 
Remazol Turquoise Blue G-133 and Remazol Red RB-
133 dye adsorption. A similar pattern of behavior has 
been seen for dye adsorption at several adsorbents 
[10, 11, 12]. 

  

Figure 5. Capacity adsorption (qe) and efficiency adsorption (EA) of Remazol Turquoise Blue G-133 and 
Remazol Red RB-133 utilizing Fe3O4 with variation of (a) pH and (b) concentration 
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Scheme 1. Adsorption process of Remazol Turquoise Blue G-133 and Remazol Red RB-133 utilizing Fe3O4.

The effect of dye concentration 

The impact of initial concentration on the 
quantity of adsorption and dye removal efficiency is 
shown in Fig. 5.b. Remazol Turquoise Blue G-133 and 
Remazol Red RB-133 absorption efficiency reached 
up to 26.05% and 53.06% at lower concentrations (5 
mg/L), respectively, before decreasing to 16.09% and 
14.0% at higher concentrations (100 mg/L). As a result 
of the adsorbent's availability of binding sites, the 
removal effectiveness of Remazol Turquoise Blue G-
133 and Remazol Red RB-133 was higher at low initial 
concentrations. Due to various practically complete 
absorption of the binding sites at high dye 
concentrations, the EA color removal decreases with 
increasing dye concentrations of Remazol Turquoise 
Blue G-133 and Remazol Red RB-133.  

The amount of dye Remazol Turquoise Blue G-
133 and Remazol Red RB-133 adsorbed at equilibrium 
increased from 1.32 to 17.19 mg/L and 2.73 to 14.45 
mg/g with initial dye concentrations increasing from 5 
to 100 mg/L, respectively. The dye concentration 
provides the necessary driving capacity to overcome 
dye molecule mass transfer resistance between the 
aqueous and solid phases. The interaction between 
Remazol Turquoise Blue G-133 and Remazol Red RB-
133 and materials is also enhanced by increasing the 
initial dye concentration. As the driving power of the 
concentration gradient increases, so does the dye 
concentration. A similar pattern was seen in the methyl 
orange adsorption process dye onto mesoporous 
carbon [13, 14]. 
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Figure 6. Capacity adsorption (qe) and efficiency adsorption (EA) of Remazol Turquoise Blue G-133 and 
Remazol Red RB-133 utilizing Fe3O4 with variation of (a) Contact time and (b) Temperature

The Influence of Contact Time 
 
As seen in Fig. 6.a, the time has a significant influence 
on dye adsorption. In the first 60 minutes, dye 
adsorption was relatively quick, then increased 
gradually with a contact time extension. There was no 
significant difference in adsorbed dye after 120 
minutes of contact time. Based on these results, In 
batch adsorption studies, the equilibrium process was 
determined to be 120 minutes. 

Effect of Temperature adsorption 

The temperature has a substantial effect on dye 
adsorption, as seen in Fig. 6.b. The qe and EA 
adsorption of Remazol Turquoise Blue G-133 and 
Remazol Red RB-133 increased when the temperature 
rises from 293.15 to 323.15 K. The qe of Remazol 
Turquoise Blue G-133 increased from 69.95 mg/g at 
293.15 K to 8.79 mg/g at 323.15 K, whereas the EA 
increased from 27.23 to 34.46 mg/g. Whereas qe and 
Fe3O4 in Remazol Red RB-133 are lower than in 
Remazol Turquoise Blue G-133, optimal qe and EA 
occur at 323.15 K with values of 6.48 mg/g and 
25.76%, respectively.  

   

Figure 7. Isothermal adsorption of Remazol Turquoise Blue G-133 and Remazol Red RB-133 utilizing Fe3O4 of 
(a) Isothermal Langmuir, (b) Isothermal Freundlich and (c) Isothermal Temkin 

Isotherm of Adsorption 

Adsorption isotherms are useful for examining such 
interactions and predicting the retention mechanism 
[15]. The adsorption isotherms of Remazol Turquoise 
Blue G-133 and Remazol Red RB-133 using Fe3O4 
more strongly resemble the Freundlich Isotherm for 
both dyes with values R

2
 0.9859 dan 0.9792, 

respectively, with KF values of 1.87 and 0.42 L/g and n 

values of 2.17 and 1.22, respectively. The qmax values 
of Remazol Turquoise Blue G-133 and Remazol Red 
RB-133 were 16.75 and 1.43 mg/g, respectively, 
based on Langmuir isothermal data. According to the 
acquired data, adsorption is closely follows the 
Freundlich isotherm, which might imply the creation of 
multilayer, and the adsorption process occurs 
physically [16]. 
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Table 2. Isothermal coefficients of adsorption Fe3O4 against Remazol Turquoise Blue G-133 and Remazol Red 
RB-133  

 
Isotermal models Isothermal coefficient Fe3O4 

Langmuir model: 
 

   
 

 

      

 

   
 

 

    
 

 
linear plot: 1/qe vs 1/Ce [17]. 
 

Remazol Turquoise Blue G-133  
KL (L.mg

-1
) 2.15x10

-2
 

qmax (mg.g
-1

) 16.75 
Remazol Red RB-133  

KL (L.mg
-1

) 8.16 

qmax (mg.g
-1

) 1.43 

Freundlich model: 

              
 

 
        

 
linear plot: log qe vs log Ce [17]. 

Remazol Turquoise Blue G-133  
KF (L.g

-1
) 1.87 

N 2.17 
Remazol Red RB-133  

KF (L.g
-1

) 0.42 
N 1.22 

Temkin model: 

   
   

  
       

   

  
      

 
linear plot: qe vs ln Ce [17]. 

Remazol Turquoise Blue G-133  
KT (L.g

-1
) 7.31x10

-1
 

bT (kJ.mol
-1

) where T (300 K) 7.72x10
-1

 
Remazol Red RB-133  

KT (L.g
-1

) 2.32x10
-1

 
bT (kJ.mol

-1
) where T (300 K) 5.30x10-1 

 

Kinetics Adsorption 

Adsorption kinetics also influences adsorption 
rate, which determines the time required for the 
adsorption mechanism to reach equilibrium. Kinetic 
studies might provide insight on adsorption transfers 
and the processes that might be work. This study 
could be useful to process development and 
adsorption design process. [18]. 

According to Figure 8, the adsorption kinetics of 
Fe3O4 on Remazol Turquoise Blue G-133 and 
Remazol Red RB-133 match the first-order reaction 
kinetics with R

2
 values of 0.9883 and 0.9415, 

respectively. Remazol Turquoise Blue G-133 has q1 
and K1 values of 6.15 mg/g and -3.92x10

-2
 min

-1
, 

respectively. On the other hand, Remazol Red RB-133 
has q1 and K1 values of 6.10 mg/g and -2.10x10

-2
, 

respectively. For the two dyes that follow more 
pseudo-first order kinetics, so that it further 
strengthens the results obtained from the adsorption 
isotherm which more closely follows the Freundlich 
isotherm that the adsorption process is physical. which 
means that the adsorption process does not depend 
on the amount of adsorbent but on the short length of 
the adsorption contact time [19]. 

 

    
 
Figure 8. Kinetics adsorption of Remazol Turquoise Blue G-133 and Remazol Red RB-133 utilizing Fe3O4 of (a) 
Pseudo first-order, (b) Pseudo second-order, (c) Interparticle diffusion and (d) Elovich kinetics model 
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linear plot: log (qe-qt) vs t [20, 21].

 
Remazol Red RB-133  

q1
 
(mg.g

-1
) 6.10 

k1 (min
-1

) -2.10x10
-2

 

Pseudo second-order model: 
 

  
 

 

    
 
 
 

  
  

 
linear plot: t/qt vs t [20, 21]. 

Remazol Turquoise Blue G-133  
q2 (mg.g

-1
) 7.56 

k2 (g.mg
-1

 min
-1

) 1.61x10
-2

 
Remazol Red RB-133  

q2 (mg.g
-1

) 7.20 
k2 (g.mg

-1
 min

-1
) 7.78x10

-3
 

Intraparticle diffusion model: 

       
       

 
linear plot: qt vs t

1/2 
[20, 21].

 

Remazol Turquoise Blue G-133  
C (mg.g

-1
) 1.21 

kid (mg.g
-1

 min
-1/2

) 6.21x10
-1

 
Remazol Red RB-133  

C (mg.g
-1

) 4.15x10
-1

 
kid (mg.g

-1
 min

-1/2
) 5.88x10

-1
 

Elovich kinetics model: 

   (
 

 
)   (  )   (

 

 
)   ( ) 

 
linear plot: qt vs ln t [20, 21]. 

Remazol Turquoise Blue G-133  
α (    

-1
. min

-1
) 1.85 

β (    
-1

) 6.88x10-1 
Remazol Red RB-133  
α (    

-1
. min

-1
) 1.31 

β (    
-1

) 1.47 
 

Thermodynamics Adsorption 

The determination of Remazol Turquoise Blue G-133 
and Remazol Red RB-133 adsorption thermodynamics 
using Fe3O4 serves to evaluate the relationship 
between heat, work, and temperature, as well as its 
interaction with energy, radiation, and physical 
properties of Fe3O4. That is, adsorption 
thermodynamics is concerned with the movement of 
energy from one region to another and from one form 
to another [20, 22]. The following equations allow us to 
calculate the thermodynamic parameters: 

                (3) 

  
  

  
 
   

 
 
    

 
 
 

 
       (4) 

With: R: universal gas constant (8.314 J/mol.K), T: 
absolute temperature (K), ΔG

o
: standard Gibbs free 

energy (J/mol), ΔH
o
: standard enthalpy (J/mol), ΔS

o
: 

entropy (J/mol.K). 
According to Table 4. The thermodynamics of 

Fe3O4 adsorption against Remazol Turquoise Blue G-
133 and Remazol Red RB-133 has a positive value for 
ΔH

o
 and ΔG

o
, This indicates that the adsorption 

process with Fe3O4 was endothermic and not 
spontaneous. on the other hand, the dyes Remazol 
Turquoise Blue G-133 and Remazol Red RB-133, had  

 

 

values of ΔS
o
 21.98 and 2.55 J/mol.K, respectively. A 

positive ΔS
o
 value reflects the degree of disorder in the 

adsorption process; Remazol Turquoise Blue G-133 
has a higher ΔS

o
 value than Remazol Red RB-133. 

 
Figure 9. The Van’t Hoff plots for Remazol Turquoise 
Blue G-133 and Remazol Red RB-133 utilizing Fe3O4

Table 4. Adsorption Thermodynamics coefficients of Fe3O4 against Remazol Turquoise Blue G-133 and Remazol 
Red RB-133. 

y = -1074.1x + 2.644

R² = 0.9213

y = -438.25x + 0.3071

R² = 0.9634

-3

-2

-1

0

0.003 0.0031 0.0032 0.0033 0.0034 0.0035

ln
 K

c 

1/T

Blue

Red
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Dyes (10 mg/L) T (K) ln (qe/Ce) R
2
 Thermal 

ΔS
o
 

(J/mol.K) 
ΔH

o 

(J/mol) 
ΔG

o 

(J/mol) 

Remazol Turquoise Blue G-133 

293.15 -0.4269 

0.9213 21.98 8929.23 

2485.15 
303.15 -0.4085 2265.33 
313.15 -0.3554 2045.50 
323.15 -0.2792 1825.68 

Remazol Red RB-133 

293.15 -1.1982 

0.9634 2.55 3643.61 

2895.13 
303.15 -1.1260 2869.60 
313.15 -1.0851 2844.07 
323.15 -1.0585 2818.53 

 

CONCLUSION 

Fe3O4 was effectively separated using high-
energy ball milling with an 81.87% yield. The 
reduction of silica pick on iron sand following 
activation with 2 M NaOH indicated the 
effectiveness of Fe3O4 separation, which was 
validated by SEM-EDS. The optimum pH in the 
adsorption test with Remazol Turquoise Blue G-
133 and Remazol Red RB-133 was pH 5, with 
isothermal and adsorption kinetics quite following 
closely the Freundlich isothermal and Pseudo 
First order kinetics indicating that the adsorption 
process occurred physically, which was confirmed 
in adsorption thermodynamics by the ΔG

o
 value 

being positive, indicating that the adsorption 
process would not occur spontaneously. 
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