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Abstract. Oil spills are one of the marine pollution events triggered by the results of tanker operations (air ballast), ship repairs and maintenance 
(docking), mid-ocean loading and unloading terminals, air bilge (drainage of water, oil, and engine-processed lubricants), ship scrapping, and the most 
common accidents/collisions of tankers. The impacts vary from the death of marine organisms, especially fish, changes in reproduction and behavior 
of organisms, plankton contamination, fish migration, as well as ecosystem damage, and economic loss. Bio-based absorbents such as biochar can be 
an environmentally friendly alternative to chemical sorbents that works to adsorb oil spills faster. In this study, the effectiveness of magnetic biochar 
in oil spill removal was investigated. It also includes the synthesisation of magnetic biochar from agricultural waste (bagasse, rice husks, and sawdust) 
using the hydrothermal method at a temperature of 200°C. Hydrothermal carbonization is considered a cost-effective method for biochar production 
because the process can be carried out at low temperatures around 180°- 250°C. Biochar characterization was carried out with a Scanning Electron 
Microscope and Energy Dispersive X-Ray (SEM-EDX), Fourier Transform Infrared Spectroscopy (FTIR), and X-Ray Diffraction (XRD). The Brunauer, 
Emmett, and Teller (BET) and Barrett–Joyner–Halenda (BJH) were used to analyse the surface area and pore size distribution. Based on the results 
of the SEM-EDX analysis, only biochar was made from rice husk and sugarcane bagasse which contained Fe elements, as a result of the FeCl3.6H2O 
reaction. This condition is also proven by the presence of the FeO on both samples based on FTIR. The three synthesized biochar are amorphous 
and categorized as mesopores due to pore size around 15 to 16 nm, which can absorb petroleum spills with a percentage of 81% for sugarcane 
bagasse-based biochar, 84% for rice husk-based biochar, and 70% for sawdust-based biochar. Biochar from rice husk has excellent adsorption 
effectiveness with an adsorption capacity of 0.21 g/g in 60 min due to its large functional group area and the excellent attachment of magnetic 
compound into the biochar surface to form magnetic biochar.  
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1. Introduction 

Oil spills are one of the marine pollution incidents that can 
be caused by the results of tanker ship operations (ballast 
water), ship repair and maintenance (docking), mid-sea loading 
and unloading terminals, bilge water (water drains, oil and 
engine-processed lubricants), scrapping ships, and the event 
often occurs is a tanker accident/collision. Oil spills have long-
term accumulation impacts that are harmful to life in the sea, 
sea coasts, and marine ecosystems. The impacts vary, ranging 
from the death of marine organisms, especially fish, changes in 
reproduction and behavior of organisms, plankton 
contamination, fish migration, ecosystem damage, and 
economic losses (AlAmeri et al., 2019; KKP, 2022; 
Madhubashani et al., 2021).  For cases of oil spills in open waters, 
the concentration of oil under slick is usually very low, and the 
maximum will be in the range of 0.1 ppm so as not to cause mass 
death of organisms, especially fish. The problem is, most cases 
of oil spills occur in coastal waters or deep waters (B. Zhang et 
al., 2018). Laboratory tests have shown that the reproduction 
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and behavior of fish and shellfish organisms are affected by the 
concentration of oil in the water. This hazardous waste will 
directly impact on organisms, especially when they are still in 
the egg and larval phases (Helle et al., 2020; Yuewen & Adzigbli, 
2018). It will be even worse when the location affected by the 
oil spill is a closed/semi-enclosed area such as a polluted bay 
(Honda & Suzuki, 2020; Singh et al., 2020). Coastal and marine 
ecosystems (mangroves, river deltas, estuaries, sea grasses, and 
coral reefs) have ecologically important functions and roles 
(Duke, 2016). The entry of hazardous and toxic waste into 
coastal waters can disrupt ecosystems, because the coastal area 
is a breeding area, providing habitat and food for adult 
organisms or other habitats around it.  Data from International 
Tanker Owners Pollution Federation Limited (ITOPF) shows 
that 6 oil spills of more than 7 tons were recorded as coming 
from tanker accidents. This condition improved slightly in 2020, 
but was comparable to the average in 2010. Large-scale oil spill 
incidents (over 700 tons) occurred in Asia in April 2021, 
including heavy crude oil. While the others are classified as 
medium-scale oil spill incidents, which include crude, slurry, 
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and non-persistent oils. The total volume of oil lost to tanker 
spills in 2020 is 10,000 tons, most of which were spilled in one 
major incident. This figure is higher than the previous two years 
(ITOPF, 2022). The data shows that from 2016 to early 2022 
there were eight oil spill accidents in Indonesian waters 
(Institute, 2022) and forty-three accidents in the world. 

Petroleum or crude oil is a mixture of several hydrocarbons, 
including polycyclic aromatic hydrocarbons and alkanes. Oil 
spill clean-up can be carried out using mechanical, chemical, or 
biological methods (Yi et al., 2020). The selection of an effective 
method is based on the amount and type of crude oil spilled 
(heavy or light), the location, and the cost of the spill. Although 
the mechanical method is widely used, it is expensive and 
requires special equipment. The biological approach is quite 
slow and requires more than one type of microorganism to 
degrade all organic compounds in an oil spill. Chemical 
dispersants are effective enough to remove up to 90% of crude 
oil spills (Graham et al., 2010). The use of chemical dispersants 
is quite large and they can harm marine ecosystems ((El 
Gheriany et al., 2020; Madhubashani et al., 2021; Rajabi et al., 
2021; Tao et al., 2019). 

Remediation of crude oil spills by adsorption method has 
developed in recent years (Piperopoulos et al., 2020). Various 
types of hydrophobic absorbents such as cellulose aerogels, 
polyurethane sponges, poly(alkoxysilane) organo-gels, 
graphene-wrapped sponges, micro fibrillated cellulose, 
Fe3O4/magnetic polystyrene nanoparticles have been 
investigated for their potential use for cleaning up crude oil spills 
(Sabir, 2015; Subrati et al., 2017). These materials generally have 
pore characteristics and can bind various types of oil by surface 
adsorption and adsorption in the pores. Bio-based adsorbents 
such as biochar can be an environmentally friendly alternative 
to chemical sorbents due to their high adsorption capacity and 
biodegradation potential (AlAmeri et al., 2019; Cai et al., 2019; 
Duan et al., 2021; Gurav et al., 2021; Tao et al., 2019; Wei et al., 
2020).  

Generally, pyrolysis is the most common technique for 
synthesizing biochar, at high temperatures (> 400°C) in the 
absence of oxygen (Leng & Huang, 2018; Li et al., 2017). Ahmed 
et al. conducted an experiment to synthesize biochar using 
sawdust from the furniture industry by pyrolysis with a 
temperature range of 400 - 600°C with maintaining the nitrogen 
flow rate (Ahmed et al., 2020). Biochar derived from pine 
needles was also produced through pyrolysis process up to 

800°C under oxygen-limited conditions (Ouyang et al., 2019). 
However, all of these processes is categorized as high energy 
consumption process. Meanwhile, there are other technique 
such as hydrothermal carbonization that is considered a cost-
effective method for biochar production because the process 
can be carried out at low temperatures around 180° - 250°C (Cai 

et al., 2019; Yaashikaa et al., 2020). The studies related to the 
hydrothermal production of biochar include Wu et al, who 
developed biochar from agricultural waste cassava slag by 
simple hydro-thermal carbonization treatment for Rhodamine B 
adsorption. The produced biochar possessed maximum biochar 
adsorption capacity of 105.3 mg/g (Wu et al., 2020). While 
Zhang et. al conducted an experiment to synthesize biochar and 
magnetic biochar from biosolids by the hydrothermal process to 
test the use of magnetic biochar as a support matrix for enzyme 
immobilization. The results show that magnetic biochar has the 
same surface area as biochar, but performs better as a support 
matrix (H. Zhang & Hay, 2020).   Almost all the research related 
to the synthesis of biochar uses various kinds of raw materials 
and different applications. In this paper the synthetization of 
biochar from various agricultural waste biomass (bagasse, rice 
husk, and sawdust) using the hydrothermal method were 
investigated, and its application as an adsorbent for petroleum 

spills were studied. This paper emphasized the use of 
hydrothermal method for magnetic biochar production for 
energy efficient technology in comparison to pyrolysis and the 
application of magnetic biochar from agricultural waste biomass 
for the adsorption of oil spills has not been widely carried out. 

2. Materials and Methods 

2.1 Materials 

Several materials were prepared including raw materials and 
reagents. Raw materials for biochar production used in this 
experiment originated from agricultural waste biomass such as 
sugarcane bagasse, rice husk, and sawdust which was 
purchased from traditional markets in Semarang, Indonesia. 
Biomass that has been purchased was re-selected to obtain 
material that is still in good condition and separated from its 
impurities. The biomass was then floured and dried in an oven 
at 80°C for 24 hours and stored in a desiccator until it was used 
for maintaining its consistency. Other chemicals such as 
hexamethyl diamine (HDA) (Merck) and FeCl3.6H2O (Merck) 
was used in the synthesis biochar. The reagents needed for 
adsorption analysis are NaCl (Merck), KCl (Merck) and also 
distilled water. Apart from making synthetic seawater, distilled 
water is needed for product washing. All chemical reagents used 
for hydrothermal processes and adsorption analysis were 
analytical grade and used without prior treatment. These 
chemicals were purchased through P.T. Merck Chemicals and 
Life Sciences as affiliated Merck KGaA, Darmstadt, Germany. 
The hydrothermal process conducted in this experiment is 
carried out in the Teflon-linked autoclaves as reactors. In 
addition, an orbital shaker was used to analyze the performance 
of biochar in adsorbing petroleum spills. Both tools are 
presented in Fig. 1. 

2.2 Experimental Procedures 

2.2.1 Magnetic Biochar Synthesis 

Biochar from raw material sugarcane bagasse, rice husk, and 
sawdust was synthesized by hydrothermal method. The process 
in general consists of three stages including the mixing of raw 
material with other reagents, the hydrothermal process, and the 
last stage that consist of washing, filtering and drying. First, 4.5 
g of prepared biomass was dispersed into 70 mL of distilled 
water, then 2.8 g of hexamethyl diamine (HDA) and 2.7 g of 
FeCl3.6H2O were added to the mixture. The mixture then stirred 
at 250 rpm at atmospheric temperature for 20 minutes. After 
that, the suspension was poured into 100 mL Teflon-linked 
autoclave and put in the oven to be processed with the 
hydrothermal method at a temperature of 200°C for 24 hours. 

 
 
Fig. 1 (a) Hydrothermal reactor to synthesize sugarcane bagasse-based 
biochar, rice husk-based biochar, and sawdust-based biochar)  (b) Rotary 
shaker for petroleum spills adsorption 
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After 24 hours, the hydrothermal reactor was cooled and the 
precipitate containing magnetized biochar then washed with 
distilled water 3 times, followed by drying at 60°C for 4 hours 
under vacuum conditions. Biochar based on the raw material 
named sugarcane bagasse-based biochar, rice husk-based 
biochar, and sawdust-based biochar. 
 
2.2.2. Characterizations 

Biochar samples were characterized by using several analytical 
tools, including Scanning Electron Microscopy-Energy 
Dispersive X-Ray (SEM-EDX) JEOL JSM-6510LA for surface 
area and element composition observation; X-Ray 
Diffractometer (SHIMADZU X-Ray Diffraction (XRD)-7000) for 
crystal structure investigation; and Fourier transform infrared 
spectroscopy (FTIR) PerkinElmer spectrum IR 10.6.1 in the 
wavenumber range of 400 - 4000 cm-1 for the functional groups 
study. Instrument Autosorb iQ Station 1 was used for analysis 
The Brunauer, Emmett, and Teller (BET) adsorption isotherms 
and Barrett–Joyner–Halenda (BJH) pore size distribution. N2 
adsorption and desorption isotherm was measured at 77.35 K.  

 
2.2.3. Petroleum Spill Adsorption 

The effectiveness of biochar in absorbing petroleum spills was 
analysed by observing the adsorption capacity of biochar on 
crude oil on the surface of synthetic seawater. Materials that 
need to be prepared for the adsorption test include sugarcane 
bagasse-based biochar, rice husk-based biochar, sawdust-based 
biochar, crude oil, and synthetic seawater which have 
previously been prepared using distilled water, NaCl and KCL 
in a certain ratio. The experiment was carried out on an 
Erlenmeyer containing 200 mL of synthetic seawater, and 1 g of 
petroleum. The mixture was stirred and further processed with 
the addition of 4 g of biochar. Then Erlenmeyer with the solution 
was placed on a rotary shaker for 60 minutes. The speed of the 
rotary shaker was set so that the process can run at speed 150 
rpm. Furthermore, biochar after the adsorption process is 
filtered and dried for 144 hours under atmospheric conditions 
and then weighed. The water adsorption ability of biochar was 
not considered in all experiments. The adsorption capacity of 
biochar in adsorbing oil spills and the adsorption effectiveness 
can be calculated using the following equation: 

𝑆 =  
𝑊𝑓−𝑊𝑖

𝑊𝑖
  (1) 

𝑅% = 
𝑊𝑓−𝑊𝑖

𝑊𝑜
× 100%  (2) 

Where S is biochar adsorption capacity (g.g-1), Wf is the dried 
weight of biochar after adsorption, Wi is the initial weight of 
biochar and Wo is the initial weight of petroleum that added to 
the system. R shows the effectiveness of biochar in adsorbing 
oil spills in percent.  

3. Result and Discussion 

3.1 Visual Characterizations of Biochar 

The visual appearance of biochar with different raw 
materials can be seen in Fig. 2 (a), (b), (c). The resulting biochar 
was processed with the same treatment using the hydrothermal 
method, resulting in a different physical appearance. Biochar 
made from sawdust will produce black biochar powder, while 
biochar made from rice husk and sugarcane bagasse will 
produce a color that resembles the color of the raw material, 
which is brown. Based on these results, it can be concluded that 
the color of the raw materials used in biochar synthesis with the 

hydrothermal method affects the color of the synthesized 
biochar. 

 
3.2 Physical and Chemical Characterizations of Biochar 

The structure morphology and element compositions of 
sugarcane bagasse-based biochar, rice husk-based biochar, and 
sawdust-based biochar were analyzed using Scanning Electron 
Microscope and Energy Dispersive X-Ray (SEM-EDX) and the 
result presented in Fig. 3 (a), (b), and (c), respectively. 

In the analysis of the Scanning Electron Microscope (SEM) 
an electron microscope is used which will produce an image of 
the sample by scanning the surface with a focused electron 
beam with a magnification of a certain scale. The electrons 
interact with atoms in the sample, generating various signals 
that contain information about the surface topography and 
composition of the sample. The Scanning Electron Microscope 
(SEM) images show the rough surface of all samples with 
various types of pores in the surface. The pores on the surface 
have different sizes and are distributed unevenly. Biochar 
derived from sugarcane bagasse (sugarcane bagasse-based 
biochar) is observed to have relatively small pores, while 
biochar originated from sawdust (sawdust-based biochar) tends 
to have moderate pores. The porous surface with a larger 
diameter of pores and higher numbers of pores were observed 
in biochar derived from rice husk (rice husk-based biochar). 
Elemental analysis for knowing element compositions on 
biochar was conducted by an Energy Dispersive X-Ray JEOL 
JSM-6510LA instrument with an energy range 0-20 keV. The 
analysis result is presented on Table 1 and the graph can be seen 
on Fig.3.  

Energy Dispersive X-Ray Analysis (EDX) uses the main 
principle that characterization ability is largely due to the basic 
principle that each element has a unique atomic structure that 
allows for a unique set of peaks in its electromagnetic emission 
spectrum. The element analysis showed that the major 
composition of biochar whether sugarcane bagasse-based 
biochar, rice husk-based biochar, and sawdust-based biochar 
consists of C and O with a percentage of 93.2% for sugarcane 
bagasse-based biochar and 99.93% for sawdust-based biochar. 
While rice husk-based biochar element composition only 
75.19% dominated with C and O with additional silica 
compounds with higher percentage compared to others. The 
element contained in sugarcane bagasse-based biochar is C, O, 
Si, Cl, and Fe. Oxygen and silica can form SiO2 compounds, 
whereas the interaction between oxygen and Fe resulting FeO 
compounds. Besides silica, rice husk-based biochar also 
contains Fe and a small amount of Al which can interact with 
oxygen to form Al2O3. Different things are shown by sawdust-
based biochar that the main constituents are C and O, and a 
little amount of Na to form Na2O and Al to form Al2O3. The result 
shows the attachment of magnetic compound was successfully 
conducted in sugarcane bagasse-based biochar and rice husk-
based biochar surface area. 

 
 

Fig. 2 Biochar from agricultural waste synthesized by hydrothermal 
method (a) sawdust-based biochar (b) rice husk-based biochar (c) 
sugarcane bagasse-based biochar  
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Fig. 3 Scanning Electron Microscope and Energy Dispersive X-Ray of 
(a) sugarcane bagasse-based biochar (b) rice husk-based biochar (c) 
sawdust-based biochar  

 
The X-Ray Diffraction (XRD) results of all samples 

synthesized from bagasse, risk husk, and sawdust are shown in 
Fig. 4. The basic principle of XRD is to diffraction light through 
a crystal gap. Diffraction of light by this lattice or crystal can 
occur if the diffraction comes from a radius that has a 
wavelength equivalent to the distance between atoms. The X-
Ray Diffraction (XRD) pattern of all the samples indicated the 
synthesized biochar was completely amorphous by the 
featureless diffractograms by means of amorphous carbon. The 
hydrothermal process was not significantly affected the 

crystallinity of the product. The appearance of a diffuse 
maximum for rice husk-based biochar at 23° indicate for 
amorphous silica (Asadi Zeidabadi et al., 2018), whereas a 
diffuse maximum for sugarcane bagasse-based biochar at 
66.82° and sawdust-based biochar at 21.8° is denoted as the 
graphitic structure of carbon which is the dominant element of 
sample (Armynah et al., 2018; Cai et al., 2019).  

Fourier transform infrared spectroscopy (FTIR) spectra of 
biochar from bagasse, rice husk, and sawdust is presented in 
Fig. 5. FTIR analysis needs to be carried out to determine the 
existence of functional groups that have an important role in the 
pollutant adsorption process. Based on analysis result, all 
sample almost has the same functional group but varied in 
percentage of transmittance. The highest percentage of 
absorbance was observed in the rice husk-based biochar 
spectra, followed by sugarcane bagasse-based biochar and 
sawdust-based biochar. The more absorbance in Fourier 
transforms infrared spectroscopy (FTIR) spectra indicated the 
presence of more specific bond numbers in the sample at a 
specific wavelength. Meanwhile, the functional group consist of 
hydroxyl groups (-OH), asymmetric and symmetric stretching 
(C-H stretching), carbonyl (C=O stretching) and alkoxy 
stretching vibration (C-O stretching). 

 
Fig. 4 X-Ray Diffraction (XRD) pattern of different biochar that 
synthesizes from bagasse (sugarcane bagasse-based biochar), rice husk 
(rice husk-based biochar), and sawdust (sawdust-based biochar) 

20 30 40 50 60 70

0

50

100

150

200

250

300

350

In
te

n
s
it

y
 (

a
.u

)

2 theta (degree)

 Saw dust based biochar

 Rice husk based biochar

 Sugarcane bagasse based biochar

Table 1  
Element compositions from Energy Dispersive X-Ray (EDX) analysis on sugarcane bagasse-based biochar, rice husk-based biochar, and sawdust-
based biochar 

Compositions 

(Mass %) 

Sugarcane Bagasse-Based Biochar Rice Husk-Based Biochar Sawdust-Based Biochar 

pure oxide pure oxide pure oxide 

C 51.96 83.41 44.54 54,73 59.86 99.74 

O 41.24 - 30.65 - 40.07 - 

Si 1.18 4.25 7.16 18,17 - - 

Cl 0.23 0.39 0.29 0.35 - - 

Fe 5.39 11.95 17.16 26.28 - - 

Na - - - - 0.01 0.01 

Al - - 0.21 0.48 0.07 0.25 

TOTAL 100 100 100 100 100 100 
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Fig. 5 FT-IR Spectra of biochar synthesizes from bagasse (sugarcane 
bagasse-based biochar), rice husk (rice husk-based biochar), and 
sawdust (sawdust-based biochar) 

Table 2 
Functional groups on sugarcane bagasse-based biochar, rice husk-based 
biochar, and sawdust-based biochar based on wavenumber (cm-1) 

Wavenumber (cm-1) 

Annotation Bagasse-
Based 

Biochar 

Rice Husk-
Based 

Biochar 

Sawdust-
Based 

Biochar 

432.98 432.98 434.01 N-H stretching vibration 

561.86  562.40 
C-H bending from 
aromatic ring or Fe-O 
stretching vibration 

- 672.5 - 
Si-O or Fe-O stretching 
vibration 

1027.71 1018.37 1029.64 

(C-O) stretching 
vibrations ester and 
aliphatic ether or Si-O 
stretching vibration 

1433.37 1457.16 1456.48 
(C=O) stretching 
vibrations 

1636.02 1635.62 1609.93 
(C=C) and (C=O) 
stretching compounds 

2916.51 2927.58 2928.29 
(C-H) stretching 
aliphatic compounds 
(CH3, CH2) 

3335.94 3342.73 3337.72 
(-OH) stretching 
vibrations 

 

The stretching vibrations of hydroxyl group showed the broad 
intense signal around 3335 cm-1 (Cai et al., 2019). The band 
around 2916 cm-1 ascribed to the symmetric and asymmetric 
stretching aliphatic compounds CH3 and CH2 (C-H stretching) 
(Creamer et al., 2014; El Gheriany et al., 2020; H. Zhang & Hay, 
2020). The aromatic rings (C=C bond) and carbonyl group (C=O 
stretching) visible approximately 1635 cm-1 (AlAmeri et al., 
2019). The signal around 1433 cm-1 corresponded with C=O 
stretching vibration (Duan et al., 2021). The band around 1027 
cm-1 can be contributed to alkoxy C-O stretching vibrations 
ester and aliphatic ether or Si-O stretching vibration due to silica 
content on sugarcane bagasse-based biochar and rice husk-
based biochar (El Gheriany et al., 2020; Lee et al., 2013). Si-O 
and Fe-O stretching also showed at 672,5 cm-1 for rice husk-
based biochar (He et al., 2017; Lee et al., 2013). Moreover C-H 
bending from aromatic ring or Fe-O stretching seen around 561 
cm-1 (Ahmed et al., 2020; Cai et al., 2019). The existence of amine 
group for hexamethyl diamine (HDA) also attributed to N-H 
stretching vibration at 432 cm-1 (Duan et al., 2021). All Fourier 

transform infrared spectroscopy (FTIR) data can be resumed on 
Table 2. 
 
3.2 Oil sorption Capacity 

To observe the adsorption capacity of biochar, an 
experiment was carried out by adding biochar to an Erlenmeyer 
containing synthetic seawater and oil spills. The adsorbed 
petroleum is obtained by weighing the biochar that has 
undergone the adsorption process for 60 minutes and removal 
of water content with slow atmospheric drying for 144 hours. 
Capacity and effectiveness of adsorption can be presented in the 
Fig. 6.  

Figure 6 shows that all sample possesses good adsorption 
capacity. Bagasse-based biochar can adsorb as much as 81% of 
petroleum spills. Meanwhile rice husk-based biochar has better 
adsorption ability, where this adsorbent is able to adsorb 
petroleum spill as much as 84%. Saw dust-based biochar also 
has good adsorption ability, where the adsorbed petroleum spill 
is 70%, but this value is not better when compared to bagasse-
based biochar and rice husk-based biochar. The adsorption 
ability of biochar and the formation of magnetized biochar is 
inseparable from the addition of HDA and FeCl3.6H2O. Adding 
hexamethyl diamine (HDA) enhance active side on surface of 
magnetized biochar, so the capability to adsorb adsorbate 
increase, besides FeCl3.6H2O also has a role to form iron oxide. 
By hydrothermal process, iron oxide advances the size of 
biochar pores (H. Zhang & Hay, 2020). This condition has been 
proven by Cai et al, that compare the adsorption capacity of 
biochar with including HDA and FeCl3.H2O in the synthesis 
process. The maximum adsorption capacity was obtained when 
biochar synthesize using both reagents than only adding HDA 
without FeCl3.H2O (Cai et al., 2019) or without the addition of 
both reagents at all. The formation mechanism of magnetized 
biochar can be explained as follow: 
 

2Fe3+ + 3H2N− (CH2)6 − NH2 + 6H2O → 2Fe(OH)3 +

3+H3N− (CH2)6 − NH3
+   (1) 

2Fe(OH)3
 hydrothermal 
→             ɤFe2O3 + 3H2O (2) 

R − C = O + 3H2N− (CH2)6 − NH2
 hydrothermal 
→             R − C =

N − (CH2)6 − NH2(Schiffbase) + H2O  (3) 

R − COOH+ 3H2N − (CH2)6 − NH2
 hydrothermal 
→             R −

CONH(CH2)6 − NH2 + H2O (4) 

 

 
Fig. 6 Absorption capacity of (a) sugarcane bagasse-based biochar, (b) 
rice husk-based biochar, (c) sawdust-based biochar in petroleum spills 
absorption application 
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In synthesized biochar, hexamethyl diamine (HDA) was added 
in the solution to bring out alkaline conditions that triggered 
hydrolysis Fe3+ to form Fe(OH)3 on the surface of the biomass. 
Throughout the hydrothermal process, Fe(OH)3 vastly 
dehydrates into ɤ-Fe2O3 and some of the cellulose and 
hemicellulose from the waste biomass hydrolyzes forming 
saccharides, which then dehydrate into molecules (R-C=O) 
(Kıvancc Aydıncak, Tugrul Yumak, Ali Sınag, 2012; Qin et al., 
2022; Ryu et al., 2010). Following the Mannich reaction, the two 
activated hydrogens of hexamethyl diamine (HDA) (H2N-
(CH2)6-NH2) and R-C=O generate a Schiff base, which can make 
C=N. The remaining portion of the biomass simultaneously 
undergoes hydrolysis, dehydration, and condensation to form 
aromatic-structured biochar with many carboxyl groups (R-
COOH) and hydroxyl groups (R-OH) (Kıvancc Aydıncak, Tugrul 
Yumak, Ali Sınag, 2012). Afterward, the R-COOH and 
hexamethyl diamine (HDA) undergo a condensation process to 
create amide (N-C=O). Therefore, carbonization, magnetization 
and amino-functionalization as one step simultaneously process 
could be realized (Cai et al., 2019). 

Rice husk-based biochar possesses excellent adsorption 
capacity than sugarcane bagasse-based biochar and sawdust-
based biochar. The Adsorption capacity of rice husk-based 
biochar is 84% with an effectiveness of 0.21 g/g within 60 mins. 
Referring to the SEM-EDX results, rice husk-based biochar has 
a more porous surface that is unevenly distributed than 
sugarcane bagasse-based biochar and sawdust-based biochar. 
In addition, this sample also contains silica and iron with a 
higher composition than the other samples. These two elements 
can interact with oxygen to form functional groups that increase 
the active site on biochar surface so it can adsorb more 
petroleum spill.  

Table 3  
The Brunauer, Emmett, and Teller (BET)  and Barrett–Joyner–Halenda 
(BJH) analysis result of sugarcane bagasse-based biochar, rice husk-
based biochar, and sawdust-based biochar 

Sample 
Surface 

area 
(m2/g) 

Total pore 
volume 
(cc/g) 

Average pore 
diameter 

(nm) 
Sugarcane 
bagasse-based 
biochar 

51.286 0.2077 16.196 

Rice husk-based 
biochar 

83.651 0.3331 15.926 

Sawdust-based 
biochar 

92.901 0.3883 16.718 

 
Fig. 7.  N2 adsorption and desorption isotherm of sugarcane bagasse-
based biochar, rice husk-based biochar, sawdust-based biochar and 
pore size distribution of biochar 

The Brunauer, Emmett, and Teller (BET) adsorption 
isotherms models and Barrett–Joyner–Halenda (BJH) pore size 
distribution curve is represented in Fig. 7, and a summary of the 
result is shown in Table 3. N2 adsorption and desorption 
isotherm was measured at 77.35 K. Surface area is an important 
morphological characterization of solid materials, especially in 
pore structures. Pores with dpore < 2 nm are classified as 
micropores, whereas pores with sizes between 2 and 50 nm are 
mesopores, and dpore > 50 nm are macropores. Based on the 
data presented in Table 3, all samples are categorized as 
mesopores due to pore size around 15 to 16 nm.  The IUPAC 
categorizes the adsorption isotherms into six types (isotherm 
types I to VI) and the hysteresis patterns into four types 
(hysteresis loops H1 to H4), which are both commonly used to 
characterize the physisorption mechanisms of porous solids.  

 

 

 
 
Fig. 8. Area functional group of (a) sugarcane bagasse- based biochar, 
(b) rice husk-based biochar, (c) sawdust-based biochar 
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Table 4 
Area functional group of sugarcane bagasse- based biochar, rice husk-
based biochar, sawdust-based biochar 

Functional 
group 

sugarcane 
bagasse- based 

biochar 

rice husk-based 
biochar 

sawdust-based 
biochar 

Peak 
No. 

Area 
Peak 
No. 

Area 
Peak 
No. 

Area 

N-H 1 0.494 1 6.230 1 0.274 

C-H 2 2.928  - 2 2.949 

Si-O - - 2 0.3862 - - 

C-O / Si-O 3 7.7301 3 18.132 3 2.7282 

C=O 4 1.7490 4 0.64 4 2.0738 

C=C / C=O 5 1.3271 5 1.9507 5 1.1736 

C-H 6 0.5564 6 0.5850 6 0.4516 

-OH 7 6.7672 7 6.0415 7 4.8901 

Total peak 
area 

 21.5528  33.9673  14.5416 

 
The N2 isotherm of biochar shows a type IV isotherm, where 

the interaction between absorbent mesopore surface and gas 
molecules induces capillary condensation that causes the 
desorption path will be different from the adsorption path, 
creating a hysteresis loop. The type of loop is generally related 
to pore shape. According to the N2 adsorption and desorption 
isotherm, the hysteresis loop for this study follows type H3 
(Bardestani et al., 2019). From Table 3, it can be shown that the 
largest surface area and total pore volume owned by sawdust-
based biochar, followed by rice husk-based biochar, and the 
smallest is sugarcane bagasse-based biochar. This condition is 
inversely proportional to the adsorption capacity, where rice 
husk-based biochar has the best adsorption capacity compared 
to the others. The adsorption capacity of a material is not only 
influenced by the surface area and pore volume. An excellent 
adsorption ability also can be attained when the materials have 
a large content of oxygen functional groups. Excellent biochar 
absorption capacity is also supported by the existence of a 
functional group. The Area of a functional group can be 
calculated using Origin Pro 2018, the graph and resulting data 
are shown on Fig.8 and Table 4. In determining the area of 
functional groups using Origin software, the first step is to 
convert transmittance data into adsorption data. Then 
determine the baseline on the graph that has been made. 
Baseline correction is an important pre-processing technique 
used to separate true spectroscopic signals from interference 
effects or remove background effects, stains or traces of 
compounds. The next step is selecting the method to be used in 
peak fitting. The peaks on the graphs are determined and then 
integrated. The software will automatically calculate the area of 
functional groups at each peak. According to Fig. 8 and data 
from Table 4, the type of functional group contained in all 
sample is almost the same. The significant difference in 
functional group area is found in the N-H and Si-O that are found 
in the rice husk-based biochar. The existence of the N-functional 
group in biochar comes from the use of hexametyldiamine in 
the hydrothermal process. Hexamethyldiamine is an organic 

compound consisting of a hexamethylene hydrocarbon chain 
terminated with an amine functional group. In the presence of 
HDA, a condensation reaction occurs which produces N-
functional groups in biochar according to the reactions that 
occur in equations (3) and (4). The existence of the N-functional 
group in sugarcane bagasse-based biochar and sawdust-based 
biochar is less due to the instability of these components during 
the reaction process thus they are easily decomposed to form 
other components such as NH3 which is volatile. The fewer N-
Functional groups that are formed, the smaller the area. The 
successful formation of the N-functional group in biochar is also 
influenced by several factors, one of which is the feedstock. 
Based on data by Leng et al. the more nitrogen contained in the 
biomass, the greater the nitrogen content in the biochar, thereby 
increasing the N-functional group and its area (Leng et al., 2020). 
Several studies have shown data related to the ultimate analysis 
of feedstock and biochar. If it is compared between the two 
biomass, rice husk contains Nitrogen 1.2% w and sawdust 
contains less nitrogen, only 0.41% w. After it is synthesized, the 
nitrogen content in rice husk biochar is 0.81% while sawdust-
based biochar is 0.56 % w (Abbas et al., 2018; Chellappan et al., 
2018). Likewise for the Si-O which is the dominant functional 
group in rice husk-based biochar. Rice husk has quite a lot of 
silica content of 18.3% so the formation of SiO functional groups 
in the product will be more than the others. The more Si-O 
functional groups formed, the larger the area (Battegazzore et 
al., 2014). Rice husk biochar contains 15-20% silica (Singh 
Karam et al., 2022). Excellent capability of sample in absorption 
can be achieved when the materials owned large functional 
groups content which provides more active sites, so it can easier 
absorb the absorbate into the surface (Nguyen-Phan et al., 2011). 
Based on the data above, it proves rice husk-based biochar has 
the capability to absorb petroleum spills in comparison to others 
because it possesses a wider functional group area, by means 
the availability of active site on the surface that has contact with 
absorbate is higher than sugarcane bagasse-based biochar and 
sawdust-based biochar.  

4. Conclusion 

Magnetic biochar has successfully been synthesized using 
sugarcane bagasse, and rice husk as raw material by 
hydrothermal method. This is based on the results of Scanning 
Electron Microscope and Energy Dispersive X-Ray (SEM-EDX) 
and also Fourier transform infrared spectroscopy (FTIR) 
analysis, where the two biochars contain iron oxide on their 
surface. The results of the X-Ray Diffraction (XRD) analysis 
showed that all biochar, both sugarcane-based biochar, rice 
husk-based biochar, and sawdust-based biochar, did not show 
any crystal formation so that all three were amorphous. 
Absorption capacity was observed using petroleum spills for 60 
minutes. The results indicate that all samples can absorb 
petroleum spills with a percentage 81% for sugarcane bagasse-
based biochar, 84% for rice husk-based biochar, and 70% for 
sawdust-based biochar. Based on The Brunauer, Emmett, and 
Teller (BET) adsorption isotherms models and Barrett–Joyner–
Halenda (BJH), all samples are categorized as mesopores due 
to pore size around 15 to 16 nm. Rice husk-based biochar and 
sugarcane bagasse-based biochar have a smaller surface area 
than sawdust-based biochar, but have better adsorption ability. 
The adsorption ability of an adsorbent is not only influenced by 
surface area but also because it has a larger functional group 
area. Rice husk-based biochar has the largest functional group 
area compared to sugarcane bagasse- based biochar and 
sawdust based-biochar, so it has the best adsorption ability The 
addition of hexamethyl diamine (HDA) and FeCl3.6H2O in the 
synthesis process also affects biochar adsorption capacity. The 
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best results are obtained with biochar derived from rice husk 
that is used to absorb petroleum spills as it has a larger 
functional group area and the excellent attachment of magnetic 
compound into the biochar surface to form magnetic biochar. 
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