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 Rice husk (RH) is an agricultural waste that contains cellulose. Rice husk fiber (RHF) 
can be used as a source of fiber in the manufacture of magnetic nanoparticle 
biocomposite. The purpose of this study is to synthesize and characterize magnetic 
nanoparticle biocomposite used as an adsorbent and evaluate its performance on the 
adsorption of  Mn2+ ions and Total Suspended Solid (TSS) in peat water. Rice husk fiber 
was delignified to eliminate lignin levels. Furthermore, the biocomposite was made 
through the solvothermal method with and without the addition of hexanediamine. 
The products produced are two types of adsorbents, namely magnetic nanoparticle 
biocomposite with an amino group (RHB-MH) and rice husk fiber biocomposite 
without an amino group (RHB-M). These biocomposites were used to adsorb Mn2+ ions 
in peat water. Evaluations were carried out at pH 5, 6, 7, and 8 with an optimum 
adsorption time of 60 minutes. The solutions at the time of adsorption were evaluated 
to determine the optimum conditions of the adsorption process carried out. The 
observation of magnetic nanoparticle biocomposite based on the analysis of Scanning 
Electron Microscopy (SEM) shows magnetic nanoparticles formed on the surface of 
rice husk fiber with a diameter of 30-50 nm. X-Ray Diffraction (XRD) analysis showed 
that the delignification of rice husk increased Crystallinity Index (CrI) by 64.98% and 
reduced silica content by 78%. Fourier Transform Infra-Red (FT-IR) spectrometer 
show absorption peak at 570 cm-1 for Fe-O bonds and Fe3O4 peak around 1627 cm−1, 
indicating the presence of N-H bending. The optimum condition for Mn2+ adsorption 
was achieved at pH 5 and 60-minutes duration with an adsorption capacity of 54.7 
mg/g and 190.78 mg/g for RHB-M and RHB-MH. The TSS reduction achieved the 
effectiveness of 60.2% and 90.3% for BSP-M and BSP-MH, respectively. 

 
1. Introduction 

South Kalimantan is a region with a vast area of 
swamps or peatlands. This peat water is murky, smelly, 
and brackish, in which one of the causes is the high level 
of manganese metal ions (Mn2+) present in the water. Peat 
water holds high levels of metal ions such as ferrous (Fe) 
and manganese (Mn) metals. Due to the presence of 
manganese deposits, stain will generally develop on 
white materials. Based on the effect caused by the 
conditions of the peat water, treatment is, therefore, 
necessary to be done to transform peat water into a 

suitable form for various uses. One of the processing 
techniques available is the use of adsorbents that can bind 
metal ions and reduce the level of turbidity and acidity of 
peat water. 

The ability of adsorbents to bind metal ions is 
strongly influenced by their characteristics. An approach 
to construct a suitable adsorbent is the manufacture of 
absorbent in the form of composites. Composite is a 
macroscopic mixture of two or more materials to produce 
new material. Composite materials have substantial 
advantages such as its lightweight and better mechanical 
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properties, especially as a part of constituent materials in 
the aircraft industry [1]. Another advantage of composite 
materials is that the technology used in the manufacture 
is relatively simple, with low production costs that can 
minimize the use of basic and generic materials. 
However, composites harbor weaknesses such as the high 
cost of raw materials, sensitive to moisture and 
temperature, and are susceptible to damage in its single 
layered area [2, 3]. 

One of the materials that can make up a composite 
material is magnetic nanoparticles. The properties that 
the material possesses ground composite material to have 
more value as a result of its consequent size in the 
nanometer range and larger surface area while other 
materials added function as a matrix or magnetic 
dwelling for deposited nanoparticles to form a composite. 
Magnetic nanoparticles have been used in several fields 
such as magnetic storage [4], immunoassay [5], and as an 
adsorbent [6]. Production of magnetic nanoparticles 
through the solvothermal method produces stable 
particles, uniform in size, and has a high degree of 
magnetification, demonstrating its potential to be further 
developed [7, 8]. The use of biomass-based adsorbents is 
an effective form of waste utilization because it can easily 
be obtained and is widely available in nature [9, 10]. 

The use of modified rice husk as an ingredient as an 
adsorbent has been investigated for Fe, Cu and Ni ions 
[11]; thus, a further study of the ability of adsorption for 
other ions, especially manganese ions (Mn2+), is 
imperative. The ability of magnetic nanoparticle 
biocomposites to adsorb Mn2+ ions can be assessed in 
terms of various pH conditions of peat water and the 
ability to degrade TSS contained in peat water. 

2. Methodology 

2.1. Materials 

The materials used in this experiment are rice husks 
and peat water taken from the Peat area, Banjar Regency, 
South Kalimantan, ethylene glycol (C6H6O2, pa), sodium 
acetate anhydrous (C2H3NaO2, pa), manganese (II) 
chloride tetrahydrate (MnCl2.4H2O, pa) hexanediamine 
(pa), and sodium hydroxide (NaOH, pa) from Sigma 
Aldrich. Besides, hydrochloric acid (HCl, technical) and 
ethanol (C2H5OH, technical) produced by UPT BPPTK LIPI. 

2.2. Delignification of Rice Husk 

Rice husk was washed and dried for seven days, then 
crushed using a blender and sieved to 60 mesh in size. Dry 
rice husk powder was then soaked for 2 hours in 1% NaOH, 
heated at 80˚C and stirred at 100 rpm for 2 hours. The 
powder was later washed until the filtrate reached a 
neutral pH and dried. The produced fiber is indicated as 
RH-D. 

2.3. Synthesis of Magnetic Nanoparticle Biocomposite 

Ethylene glycol (24 mL) added with sodium acetate 
anhydrous (1.6 g) and iron (III) chloride (0.8 g) were 
stirred for 10 minutes at 50oC. Into the mixture, 1,6-
hexanediamine (7 mL) and rice husk cellulose (0.5 g) were 
added, followed by stirring for 5 minutes. The mixture 
was placed in a Teflon Stainless Steel Autoclave and then 

put in an oven at 200oC for 6 hours. Once the process was 
done, the reactor was cooled to room temperature, and 
the mixture was washed with distilled water and ethanol 
to remove any residual chemicals that did not part take in 
the reaction. The biocomposite product with the addition 
of hexanediamine (RHB-MH) was stored in the distilled 
water, ready for use. Iron (III) chloride was added as a 
precursor in the formation of magnetic nanoparticles that 
would subsequently form a composite with rice husk 
cellulose. A biocomposite as a comparative control was 
synthesized through the same process, though without 
the addition of hexanediamine (RHB-M). The process of 
separating the magnetic nanoparticle biocomposite from 
the solution involved the use of an external magnet, in 
which the biocomposite interacted, approached, or 
attached to a magnetic source coming from outside 
because of the attraction between the magnetic poles. 
SEM, XRD, and FT-IR characterizations were carried out 
at each stage of the process to determine morphological 
and structural changes that occurred. 

2.4. Adsorption Process 

Peat water samples (200 mL) with varying pH (5, 6, 7 
and 8) condition were combined with magnetic 
nanoparticle biocomposite adsorbent (0.15 g) and placed 
on a shaker at a speed of 100 rpm for 15, 30, 60, 120 and 
240 minutes for the two types of adsorbents synthesized. 
After the set adsorption time was reached, the solution 
was separated and was analyzed for its manganese ion 
content through the Atomic Absorption Spectroscopy 
(AAS) method. At this stage, the optimum adsorption 
time was determined to be then used for all pH variations 
(5, 6, 7, and 8). As a control, a rice husk fiber adsorbent, 
which has been delignified, was also used. 

2.5. Characterization 

Characterizations of magnetic nanoparticle 
biocomposite were carried out through Scanning Electron 
Microscope (SEM, JEOL, JSM-6500 LV), X-Ray 
Diffraction (XRD, Rigaku D/MAX-B X-ray 
diffractometer) with Cooper K-alpha (Cu Kα) beam, 2θ = 
10-40° and a scan rate of 2° min-1. Analysis through 
Fourier Transform Infra-Red spectroscopy (FT-IR, Bio-
rad, Digilab FTS-3500) was also done at a wavelength of 
4000-400 cm-1 with a scan rate of 8. 

2.6. Total Suspended Solid (TSS) Analysis 

Analysis of TSS content with ASTM D 5907-09 
Standard Test Method for Filterable and Nonfilterable 
Matter in Water was done through filtering as much as 50 
mL sample with filter paper that had been weighed. The 
filter paper would then be cooled in a desiccator and 
weighed. The same procedure was repeated until the 
weight produced was constant. 

 TSS = 
(𝐴−𝐵)

𝑉
 (1) 

Descriptions: 
TSS = Total Suspended Solid (%); 
A = mass of filter paper + dry residue (mg); 
B = mass of filter paper (mg); 
V = sample volume 
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3. Results and Discussion 

3.1. Characterization of Magnetic Nanoparticle 
Biocomposite 

Rice husk (RH) is a type of lignocellulose that 
possesses a complex structure. The delignification 
process done to the rice husk would produce a different 
color to the rice husk. Where the initial brown rice husk 
would turn gray after the delignification process, as 
shown in Figure 1. 

  

a b 

Figure 1. Rice husk powder (a) before treatment and (b) 
after treatment 

Based on the SEM results, the surface of the rice husk 
fiber (Figure 2a) formed a lump identified as silica, which 
is concentrated at a certain point [12]. The delignification 
of rice husk fiber resulted in the decomposition of silica, 
lignin, and hemicellulose contained in lignocellulose. The 
silica contained in rice husk decreased from 29% to 3.6% 
after the delignification process, as identified with an 
Energy Dispersive X-Ray Analyzer (EDX) obtained 
concurrently in SEM analysis. This made the surface of 
the rice husk fiber smoother. The results of the elemental 
analysis of each sample with EDX are shown in Table 1. 

 

 

Figure 2. SEM image of rice husk fiber (a) before 
treatment and (b) after treatment 

Table 1. EDX analysis results of RH, RH-D, RHB-M, and 
RHB-MH 

Sample 
Element (Mass %) 

Si C N O Fe 

RH 29.0 23.63 - 47.37 - 

RH-D 3.60 50.65 - 45.75 - 

RHB-M - 14.91 - 35.73 49.36 

RHB-MH - 19.01 2.44 36.38 42.17 

Figure 3 shows the morphological structure of 
magnetic nanoparticle biocomposite with and without 
the addition of hexanediamine, where Fe3O4 particles 
have formed on the surface of RHB-M and RHB-MH. The 
addition of hexanediamine gave a different result in the 
Fe3O4 particles, which are smaller in size at around 30 nm 
(Figure 3b). The results obtained are in accordance with 
previous researches in magnetite formation [8, 13, 14]. In 
the process of the formation of Fe3O4, hexanediamine 
plays an essential role in defining the particle size. The 
amino group contained in hexanediamine inhibits the 
growth of Fe3O4 from FeCl3. When Fe3O4 is formed, amino 
groups are deposited on the particle surface and inhibit 
the growth of Fe3O4 because it hampers ferric ions from 
entering the particle nucleus [13]. The formation of 
magnetic nanoparticles in biocomposites was analyzed by 
EDX in which ions contained in RHB-M was 49.36%, and 
RHB-MH was 42.17%. The addition of hexanediamine 
was indicated by the N content of RHB-MH at 2.44%. 

 

 

Figure 3. SEM images of (a) rice husk biocomposite fiber 
without an amino group (RHB-M) and (b) rice husk fiber 

biocomposite with an amino group (RHB-MH). 

Cellulose crystal structure and Crystallinity Index 
(CrI) of rice husk before and after delignification can be 
analyzed by XRD. Cellulose crystal at an angle of 2θ 
between 20o-80o displays dominant peaks [15]. XRD data 
were used to calculate CrI, where the highest crystal 
intensity was taken in each sample between said angles. 

a

b

a

b
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Meanwhile, the amorphous characteristic can be seen at 
2θ angle between 0o-20o since at that angle XRD pattern 
of the cellulose show wide diffraction [16]. Rice husk fiber 
containing cellulose fiber has a peak characteristic at 
2θ(o) = 16.2° (cellulose I) in its amorphous form and 22.4° 
(cellulose II) in its crystal form. Rice husk fiber delignified 
with NaOH can increase the intensity or crystalline 
structure of the rice husk fiber [15]. This is due to the loss 
of lignin and hemicellular content after delignification. 
Table 2 shows that rice husk fiber has increased CrI value 
after the delignification process from 62.28% to 64.98%. 
The increased intensity of the crystalline peak identifies 
that crystalline cellulose had been formed as the 
amorphous peak shows a reduced polysaccharide 
structure shown through the broad peak [17]. 

Table 2. Characteristics of SP, SP-D, BSP-M, and BSP-
MH 

Sample 
Characteristic Peak 

CrI (%) 
Amorph (16.2o) Crystal (22.4°) 

RHF 745 1209 62.28 

RHF-D 771 1272 64.98 

RHB-M 208 297 42.78 

RHB-MH 123 166 34.95 

The formation of Fe3O4 particles in the biocomposite 
was detected with a specific peak at 36o. This result is in 
accordance with the standard pattern of crystalline 
magnetite (JCPDS card 39-0664). In RHB-MH, Fe3O4 
particles have a peak that is larger than RHB-M since 
RHB-MH has smaller and evenly distributed particles 
affecting the diffraction of light passed on the 
biocomposite, causing the reading intensity to become 
more significant. XRD patterns in RH and biocomposite 
are shown in Figure 4. 

 

Figure 4. X-Ray Diffraction (XRD) of rice husk fiber 
before delignification, after delignification and magnetic 

nanoparticle biocomposite. 

Figure 5 shows the FT-IR spectra of RH, RH-D, RHB-
M, and RHB-MH. Vibration for C-H stretching on RH and 
RH-D is shown at the peak in the wavenumber of 2920 
cm-1. For peak 570 cm-1 showing the stretching of the Fe-
O component in Fe3O4, the peak was not detected in the RH 
and RH-D samples. Modification of amino groups in the 
RHB-MH can be detected at the 1627 cm-1 peak for N-H 
bending vibration. At wavenumber 1084 cm-1, Si-OH and 

O-H bend can be identified, and at wavelength 2920 cm-1 
C – H stretching is shown [18]. 

 

Figure 5. FT-IR spectra of rice husk fiber before 
delignification, after delignification and magnetic 

nanoparticle biocomposite 

3.2. Adsorption of Manganese Ions (Mn2+) with 
Magnetic Nanoparticle Biocomposites as an 
Adsorbent 

In the adsorption process, it is necessary to 
determine the optimum contact time for the Mn2+ ions. 
Thus, an experiment was carried out to test out contact 
time using RHB-M and RHB-MH. The results obtained 
can be seen in Figure 6. The ability of RHB-M and RHB-
MH to bind Mn2+ ions increased during the 0 - 30 minutes 
duration, reaching an adsorption capacity of 54.7 mg/g 
for RHB-M and 190.78 mg/g for RHB -MH. Furthermore, 
the amount of Mn2+ ion adsorbed starts to become 
constant at 60 minutes of the adsorption process. This is 
due to the saturation condition achieved, along with a 
dynamic equilibrium between the adsorption rate, where 
there are no more Mn2+ ions adsorbed or released or 
dissolved back into the adsorbate because the equilibrium 
point has been reached [19]. RHB-MH as an adsorbent is 
better; its absorption is 2.5 times compared to RHB-M. 
This is because BSP-MH has a smaller particle size (50 
nm) that can expand the surface of the adsorbent, high 
permeability, and stable mechanical and thermal 
properties causing better adsorption process to take place 
[20]. 

 

Figure 6. Graph of the capacity of Manganese (Mn2+) ion 
absorption against the adsorption contact time. 

Conditions: pH 5, 100 rpm, sample volume 200 mL 
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The absorption capacity of an adsorbent is influenced 
by the pH of the solution. This is in relation to the 
protonation or deprotonation of the surface of the active 
site of the adsorbent [21, 22]. According to Huang et.al. 
[23], pH can affect the adsorbent surface charge, the 
degree of ionization and the species that can be absorbed 
in the adsorption process. For the adsorption by magnetic 
materials, pH below 5 is not carried out, since, at that pH, 
Fe leaching into the solution occurs [7]. The ability of 
RHB-M and RHB-MH adsorbents to absorb Mn2+ ions can 
be seen in Figure 7. 

 

Figure 7. The relation of manganese ion (Mn2+) 
adsorption capacity to solution pH variations with RHB-

M and RHB-MH adsorbents. Conditions: 100 rpm, 60 
minutes, 200 mL sample volume 

Figure 7 shows the optimum pH of 5 for the two 
adsorbents with an absorption capacity of 54.7 mg/g and 
190.8 mg/g, respectively. In this condition, a dynamic 
equilibrium occurs between the adsorption rate, reaching 
the equilibrium point. At pH above 5 the adsorption 
capacity decreased due to the positively charged 
adsorbent surface preventing interactions with 
manganese ions [24]. The decrease that occurred is 
because the Mn2+ ion reacts with NaOH to form MnOH 
when the solution was set to have an alkaline or basic 
condition. In Figure 8, we can see the comparison of 
manganese ion absorption of RH-D, RHB-M, and RHB-
MH adsorbents for the same conditions. Rice husk fiber 
after the delignification process has an adsorption 
capacity of 30.27 mg/g as rice husk fiber contains about 
40% cellulose. It is composed of cellulose and lignin, in 
which when it is delignified, it has an active – OH group 
that has the ability to bind ions in liquid waste. 

 

Figure 8. Comparison of manganese ion absorption for 
different types of adsorbents. Conditions: pH 5, 100 rpm, 

60 minutes, 200 mL sample volume 

Under the same conditions as the adsorption process, 
TSS was calculated for different pH conditions of the 
solution, which were 5, 6, 7, and 8. Figure 9 shows that at 
pH 8, the highest TSS reduction occurred; for RHB-M at 
60.2% and RHB-MH at 90.3%. This is because, in the 
condition of a basic solution, the coagulation process of 
organic and inorganic compounds in peat water occurs 
optimally, causing the suspended substances to form 
flocks, which are then coagulated. The occurrence of 
sediment in these basic conditions helps increase the 
percentage of TSS reduction. 

 

Figure 9. Effectiveness of TSS reduction under varying 
pH. Conditions: 100 rpm, 60 minutes, 200 mL sample 

volume 

Descriptions: 

BSP-M = RHB-M 

BSP-MH = RHB- MH 

4. Conclusion 

Biocomposite produced from a combination of rice 
husk fiber and magnetic nanoparticles through the 
solvothermal method has a good adsorption ability for 
manganese ions in peat water. The largest adsorption 
capacity of the biocomposite synthesized with 
hexanediamine was 190.78 mg/g. In addition to the ability 
of adsorption, the resulting biocomposite is able to reduce 
TSS in solution up to 61.6% at pH 5. Magnetic 



 Jurnal Kimia Sains dan Aplikasi 22 (6) (2019): 220–226 225 

nanoparticle biocomposite made from the biomass can be 
developed as an adsorbent for other metal ions. The 
processes required in the synthesis and adsorption are 
simple and effective. 
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