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 Abstract 
Membrane technology has received significant attention in wastewater treatment. In this 
study, membranes were fabricated by the phase-inversion method from manganese 
ferrite/graphite nanohybrids embedded in a polyether sulfone membrane matrix. 
Manganese ferrite is synthesized from natural materials of iron sand with Mn using the 
co-precipitation method, which is then combined with 3-Aminoopropyl trimethoxy silane 
(APTES), while graphite is obtained from coconut shells. The membrane shows good 
performance, with a pure water flux value of 170.01 Lm-2h. The membrane also showed 
good methylene blue filtration capability with a flux value of 130.74 Lm-2h and a color 
difference from methylene blue.  
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1. Introduction 

Currently, membrane technology has received much attention in the fields of wastewater 
treatment, desalination, and drinking water treatment [1], [2] because it has high efficiency [2], [3], low 
energy consumption [4], low cost, good performance, and ease of use [1], [5]. Generally, polymer 
membranes are more widely used because of their good physical and chemical properties [6] and are 
available at low prices [1]. One of the polymers that is often used is polyether sulfone (PES) because it 
has good chemical and thermal stability [7], and good membrane formation capabilities [1], [7]. 
However, the hydrophobicity of PES can affect membrane performance, such as high color and salt 
rejection [6], low chemical resistance, and poor membrane fouling [8].  

There are several ways to reduce and prevent membrane fouling, one of which is by modifying 
the membrane using hydrophilic nanoparticles [1], [2], [6]. Membrane modification with hydrophilic 
components can increase hydrophilicity and permeability, as well as control membrane flux [1], [2]. 
Apart from that, the addition of hydrophilic nanoparticles can also increase the membrane's adsorption 
ability against dyes and heavy metals [3]. Some commonly used nanoparticles are Ag, TiO2, SiO2 [5], 
Al2O3, ZnO, and Fe3O4 [6]. Among these nanoparticles, Fe3O4 has attracted a lot of attention because it 
has been proven to be able to adsorb heavy metals and dyes in water [9]. Fe3O4 is also able to remove 
catalysts and toxic elements from industrial waste [8]. However, the low surface charge of Fe3O4 can 
cause aggregation and reduce membrane efficiency [6]. The addition of a higher concentration of Fe3O4 
in the membrane can also cause damage to the membrane structure, in the form of increasing pore size 
and increasing membrane roughness [7].  

Several studies have proposed ways to improve membrane structure, including nanohybrid [6] 
and doping Fe3O4 with other materials [10]. A nanohybrid is a combination of two different 
nanoparticles that leverages the special properties of both. In this research, graphite is used for the Fe3O4 
nanohybrid. Graphite is a natural layered inorganic material with abundant resources and easy to 
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produce at low cost. Graphite has excellent electrical conductivity, low density, strong environmental 
adaptability, and high temperature resistance [11]. Fe3O4/graphite can increase surface area via open 
pores. In addition, the strong magnetic dipole interaction between Fe3O4 nanoparticles and graphite can 
create high chemical stability [12].  

Doping Fe3O4 with various transition metals can provide significant changes in increasing the 
activation ability of H2O2 and electronic properties, so as to improve the adsorption performance of the 
material [13], [14] The magnetic spinel that is widely used is ferrite (MFe2O4; M= Ni, Zn, Co, Mn, Cu, 
Cr, or Mg) [14], [15]. In this research, Mn is used because Mn has a relatively the same atomic radius 
to Fe, apart from that, Mn has characteristics like Fe in the form of ferromagnetic properties [16]. The 
addition of Mn can also increase UV absorbance in Methylene Blue degradation [17]. 

In addition, the filtration membrane performance was improved by modifying the manganese ferrite 
with APTES. The silica groups in the APTES structure can react with the hydroxyl groups of manganese 
ferrite. Then, manganese ferrite is functionalized by NH2 groups on the surface. Another APTES 
structure reacts with carboxylic acids and hydroxyl groups on the graphite surface [6]. In this research, 
membrane fabrication will be carried out using the phase-inversion method with PES and manganese 
ferrite/graphite nanohybrid. manganese ferrite nanoparticles were synthesized from iron sand, and 
graphite nanoparticles were synthesized from coconut shells.  
 
2. Methods 
1.1. Materials 

Graphite powder from coconut shell, iron sand, sodium nitrate (NaNO3), sulfuric acid (H2SO4), 
potassium permanganate (KMnO4), hydrogen peroxide (HO), and distilled water. Hydrochloric Acid 
(HCl) 12 M Merck, Ammonium Solution (NH4OH) Merck, MnCl2 .4H2O, Dimethylformamide (DMF) 
Merck, N, N-dimethylacetamide (DMAc) Merck, ethanol Merck, and PES sigma.   

 
1.2. Synthesis of Manganese Ferrite/Graphite Nanohybrid 

Synthesis of the manganese ferrite/Graphite Nanohybrid begins with the synthesis of manganese 
ferrite nanoparticles using the co-precipitation method. A total of 20 grams of iron sand was reacted 
with 58 ml of HCl, as in our previous research [18]. The second stage is making graphite from coconut 
shells using the hummer method. A total of 5 grams of graphite and 5 grams of NaNO3 were dissolved 
in 120 ml of H2SO4 in an ice bath for 30 minutes. Then, KMnO4 was slowly added and stirred for 30 
minutes at a temperature of 20oC. Then, continued stirring for 3 hours at room temperature, followed 
by titration of 150 ml of distilled water at 95 oC and stirring for 3 hours. After that, 50 ml of hydrogen 
peroxide was added slowly. The solution was washed with 1M HCl and ethanol until neutral pH, then 
dried at 60oC for 6 hours.  

The third stage is the preparation of the manganese ferrite/Graphite nanohybrid. Before that the 
manganese ferrite nanoparticles are modified first using APTES. The manganese ferrite and APTES 
were dissolved in 200 ml of ethanol for 30 minutes, then the solution was slowly added to 40 ml of 
distilled water and stirred at 78 oC. The resulting precipitate was washed several times with distilled 
water and dried for 2 hours at 60 oC to obtain f-manganese ferrite nanoparticles. Preparation of the f-
manganese ferrite nanohybrid and graphite began by dispersing 1 g of graphite in DMF using an 
ultrasonic bath for 30 minutes, then adding f-manganese ferrite and sonicating for 30 minutes. Next, the 
solution was stirred for 4 hours at 105oC. The resulting precipitate was washed with ethanol then dried. 

 
1.3. Fabrication of manganese ferrite/graphite/PES 

The filtration membrane was fabricated using the phase-inversion method, in which 1 g of PES 
was dissolved in N, N-dimethylacetamide (DMAc). Then, the manganese ferrite/graphite nanohybrid 
nanoparticle powder was added and sonicated for 30 minutes until a black solution was formed. Once 
the mixture is homogeneous, it is printed onto a glass plate. The membrane was soaked in a coagulation 
bath containing distilled water for 24 hours. 
 
2. Results and Discussion 

The diffraction pattern of manganese ferrite/GO nanoparticles is shown in Figure 1. The sample 
shows diffraction patterns corresponding to the hkl planes (2 2 0), (3 1 1), (4 0 0), (4 2 2), (5 1 1), and 
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(4 4 0). This is in accordance with the diffraction pattern of the Fe3O4 sample. The sharp and strong 
diffraction peak around 2θ = 26.5° (0 0 2) confirms the presence of graphite material [12]. The 
characteristic peak shift indicates the interaction between manganese ferrite and graphite in forming the 
manganese ferrite/graphite nanohybrid [5], [19].  

The manganese ferrite/graphite nanohybrid was characterized by FTIR, as shown in Figure 2. 
There is a peak at 3615 cm-1, which corresponds to the O-H group. The peaks at 2931 cm-1 and 2805 
cm-1 indicate the functional group of C-H. The C=O group in carboxylic acids is shown at 1737 cm-1. 
The peaks at 1106 cm-1 and 1040 cm-1 are attributed to Si-O-Si stretching, indicating the presence of 
APTES in the nanohybrid. The transmittance peaks at 687 cm-1 and 555 cm-1 correspond to magnetite-
stretching Mn-O and Fe-O vibrations. When manganese and iron ions are evenly distributed in the 
spinel crystal lattice, there is a shift in the absorption peaks of the characteristic vibrations [20].  

The hysterisis curve of manganese ferrite/graphite nanohybrid is shown in Figure 3. Based on the 
figure, the manganese ferrite/graphite nanohybrid exhibits superparamagnetic properties as evidenced 
by an S-shaped hysteresis curve with remanent magnetization (Mr) and coercivity (Hc) values close to 
zero. The saturation magnetization of manganese ferrite/Graphite nanohybrid is 3.86 emu/g. The 
saturation magnetization properties of materials are directly proportional to the particle size, where 
increasing particle size causes an increase in saturation magnetization [21]  because the domain walls 
of large particles are easier to rotate [18].  

 

 
Figure 1. XRD Results for Manganese Ferrite/Graphite Nanohybrid. 

 

 
Figure 2. FTIR Results for Manganese Ferrite/Graphite Nanohybrid. 
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Figure 3. VSM Test Results for Manganese Ferrite/Graphite Nanohybrid. 

 
 

 
(a) 

 
(b) 

Figure 4. SEM Images of Membrane Viewed from (a) Top and (B) Cross-Section. 
 

 
Figure 5. Result of Methylene Blue Filtration. 
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The membrane was characterized by SEM to determine its surface and transverse structures. 
Figure 4 is the result of the SEM membrane test. Figure 4(a) shows that the pore size distribution is not 
uniform, with an average pore size of 0.026 μm. Figure 4 (b) shows that the membrane has a thickness 
of 16.78 μm. Apart from that, there is an asymmetrical structure of the membrane in the form of a 
selectively dense upper skin layer, and a thick porous sub-layer with finger-like pores called macro void 
cavities [2], [6] nanohybrids in the membrane solution where during the coagulation process there is a 
mass transfer between the solvent (DMAc) and non-solvent (water) phase [6], [22]. Macro void cavities 
and membrane thickness can influence the value of water flux, causing the membrane to have more 
water molecule permeation paths so that water flux increases. 

Membrane performance tests include pure water flux and the methylene blue rejection test. The 
pure water flux can be calculated from the amount of water that passes through the membrane with a 
surface area of 9 cm2, tested using distilled water and 50 ppm methylene blue at 1 bar every 5 minutes 
for 15 minutes. The pure water flux was 170.01 Lm-2h for pure water and 130.74 Lm-2h for the 
methylene blue solution. The difference in the flux values of pure water and methylene blue is caused 
by differences in the concentration of the solution that passes through the membrane. The greater the 
solution concentration, the lower the flux is because particles in the solution cannot pass through the 
membrane, causing fouling. The results of the methylene blue filtration test are shown in Figure 5. It 
can be seen that the filtered methylene blue has a brighter color than before filtering. 

3. Conclusion 
The filtration membrane was successfully fabricated using a nanohybrid of manganese 

ferrite/graphite and polyethersulfone (PES). The membrane has pores with a diameter of 0.026 μm. The 
membrane performance showed good results, with fluxes of pure water and methylene blue of 170.01 
Lm-2h and 130.74 Lm-2h, respectively.  
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