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 Stability improvement of humic acid (HA) through modification of HA by chitin (HA-
chitin) followed by a coating of HA-chitin on magnetite has been successfully 
performed. The coated magnetite (magnetite/HA-chitin) was conducted by the co-
precipitation method, and the synthesized magnetite/HA-chitin was characterized by 
FT-IR, XRD, SEM-EDX, and VSM. The successful coated-magnetite by HA-chitin was 
proved by the appearance of a new band at 1627 cm-1 (FT-IR), the formation of a 
crystalline phase with characteristic 2θ of magnetite: 30.259° [220]; 35.64° [311]; 
42.590° [400]; 57.280° [511]; and 62.896° [440] (XRD), an increasing of carbon content 
in magnetite/HA-chitin (SEM-EDX), and the ease of magnetite/HA-chitin being 
attracted to external magnetic fields with magnetic saturation strength 29.3 emu/g 
(VSM). Stability tests at pH 2.0 - 10.0 prove that magnetite/HA-chitin remains stable 
as a solid sorbent on average above 80%. Its application to Hg (II) sorption occurred 
optimum at pH 7.0, where 75.89% Hg (II) is sorbed on 0.1 g of sorbent and agreed well 
to the pseudo-second-order kinetics model of Ho. 

 

1. Introduction 

Humic acid (HA) is a macromolecular compound of 
functional groups that is stable at the acidic condition. HA 
(humus) is the end of lignin decomposition, which is 
abundantly found in peat soils [1]. HA has been reported 
to possibly interact with more than 50 chemical 
compounds ranging from heavy metals, organic 
compounds, and radioactive [2]. HA is an excellent 
sorbent for heavy metals because of its high capacity and 
sorption rate [3]. In the perspective of environmental 
management, this excellence makes HA widely developed 
because of its high affinity with metal cations. Compared 
to activated carbon [4, 5], bentonite [5, 6], and metal 
oxides [7, 8], HA shows a higher capacity and sorption 
rate than those materials [9]. 

The weakness of HA as a solid material is its stability, 
which only occurs at pH < 2.0. At pH > 2.0, HA slowly 
starts to dissolve due to deprotonation in HA function 
groups which is dominated by carboxylates and phenolics 
to a maximum of pH=5.0, and 90% HA is dissolved at pH 
7.0 [10]. Consider its low stability at pH > 5.0; several 
studies have been performed to improve the stability of 
HA through several modification techniques. Chitin 

immobilized to HA has been shown to enhance the 
stability of HA as a solid sorbent up to pH=12.0 [11]. 
Besides, chitin also provides additional nitrogen groups 
as potential active sites for binding metal cations. 
However, the application of HA-Chitin still requires 
impractical filtration steps after the sorption process. 

This study aims to improve the stability of HA by 
modifying it with chitin. Then the HA-chitin is coated 
onto magnetite to obtain easy handling separation after 
the sorption process by an external magnet. The resulting 
sorbent material (magnetite/HA-chitin) was then 
characterized by Fourier Transform-Infra Red 
Spectrophotometer (FT-IR), Scanning Electron 
Microscopy-Energy Dispersive X-ray (SEM-EDX), X-Ray 
diffractometer (XRD), and vibrating sample 
magnetization (VSM). Magnetite/HA-chitin was also 
applied to remove harmful heavy metal cations of Hg(II) 
in the solution. Furthermore, the characterization of 
magnetite/HA-chitin and previous composer (HA, chitin, 
and magnetite) and the sorption parameters of Hg(II) will 
also be profoundly discussed in this paper. 
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2. Methodology 

2.1. Materials 

All reagent used in this work was analytical grades 
(pro-analyst) provided by E. Merck, i.e., NaOH pellets, 
concentrated HCl, FeCl3.6H2O powder, FeSO4.7H2O 
powder, concentrated HF and HgCl2 as a source of Hg(II). 
Peat soil as a source of HA was taken from the Londerang 
Forest, Jambi, Indonesia. Chitin was isolated from the 
waste shrimp shell of a seafood restaurant in Yogyakarta, 
Indonesia. 

2.2. Instrumentation 

Instrumental analysis of functional group was 
performed by Shimadzu Prestige 21 (FT-IR); morphology 
and elemental analysis by JSM-6510LA (SEM-EDX); 
crystal analysis by Rigaku Miniflex600 with Cu light 40 
kW 15 mA (XRD), and magnetic characterization by 
OXFORD VSM 1,2H (VSM). 

2.3. Extraction and purification of HA 

HA extraction was conducted based on IHSS 
(International Humic Substance Society) 
recommendations [12] through 200 mesh 100 g of dry 
peat soil powder was acidified to pH=1.0 using 4 M HCl. 
After 24 hours, the mixture was separated to take the 
residue. The solid residual was mixed with 1 L NaOH 1 M 
and stirred for 24 hours. The suspension was centrifuged 
at 5000 rpm for 15 minutes to separate HA (solid) and 
fulvic acid, FA (filtrate). The HA resulted from 
centrifugation was then dried at 60°C. Purification of HA 
was carried out with HCl/HF (1:3) method to remove silica 
minerals. FT-IR then characterized the purified HA. 

2.4. Isolation of chitin 

Chitin isolation was performed according to No et al. 
[13] method, which consists of deproteination and 
demineralization steps. Deproteination was conducted 
through refluxing 25 g of shrimp shell powder in 250 mL 
NaOH 3.5% (w/v) at 65°C for 2 hours. The result was 
cooled, and then the residue was filtered. The residue was 
washed with distilled water to a neutral pH and then dried 
at 60°C. Protein-free shrimp's shell was reacted with 1 M 
HCl at a ratio of 1:15 (w/v) and stirred for 30 minutes at 
room temperature, then filtered and washed with 
distilled water to neutral pH. Isolated chitin was 
characterized by FTIR and shrimp shell as chitin's raw 
material was characterized by SEM-EDX. 

2.5. Immobilization HA on chitin (HA-Chitin) 

Forty grams of chitin were put into 250 mL of 0.5 M 
HCl to form a very thick solution (activated chitin). Chitin 
activated afterward was reacted with 4 g HA in 500 mL 
NaOH 0.5 M. The reaction was run for 24 hours while 
stirring, the formed solids were separated, filtered, and 
dried at 40°C to a constant weight. FTIR, SEM-EDX, and 
XRD characterized the formed HA-Chitin. 

2.6. HA-chitin magnetization 

HA-chitin magnetization was synthesized using the 
co-precipitation method [14]. 1.525 g FeCl3.6H2O and 1.05 
g FeSO4.7H2O were dissolved in 25 mL of distilled water 

and heated to 90°C. 10 mL of 25% NH4OH was added 
together with a mixture of 0.25 g HA-chitin in 1 M NaOH 
and 12.5 mL of distilled water for 24 hours. The mixture 
was stirred at 90°C for 30 minutes and cooled to room 
temperature. The black precipitate was then separated 
from the solution and washed to neutral using distilled 
water. HA-chitin magnetic characterization was carried 
out using FTIR, XRD, SEM-EDX, and VSM. 

2.7. Sorbent Stability test in various medium acidity 

A total of 50 mg of sample was put into a solution 
with a pH of 2.0 to 10.0, then stirred for 2 hours then left 
for 24 hours until everything in the sorbent dissolved. The 
content of humic acid released into the solution was 
determined by weighing the remaining insoluble solids. 

2.8. Optimum pH of Hg (II) sorption 

A total of 0.1 g of the sample interacted separately 
with each 50 mL 100 mg/L metal ion solution which varied 
at pH 3.0; 4.0; 5.0; 6.0 and 7.0 then stir for 120 minutes. 
The mixture was then filtered, and the filtrate was taken. 
Metal ion concentrations before and after sorption were 
analyzed by Mercury Analyzer (Lab Analyzer 254). The 
optimum pH of sorption was determined by looking at the 
highest amount of adsorbate sorbed. 

2.9. Sorption kinetics 

A total of 0.1 g of the sample has interacted with 50 
mL of 380 mg/L metal ion solution at optimum pH. This 
mixture was then stirred with time variations of 15, 30, 
60, 90, and 120 minutes. After reaching the specified time 
limit, each suspension was filtered, and the filtrate was 
taken. Hg (II) concentrations before and after sorption 
were analyzed by Mercury Analyzer. 

3. Results and Discussion 

3.1. Characterization of Magnetite/HA-Chitin 

FT-IR spectroscopy has been used for analysis HA, 
chitin, HA-chitin, magnetite, and magnetite/HA-chitin 
functional groups from synthesis (Figure 1). HA and HA-
chitin provide sharp band absorption at 1710 cm-1, which 
indicates the carboxylic group. However, only HA, chitin, 
and HA-chitin provide absorption at approximately 1419 
cm-1, which is specifically associated with the bending of 
a C-O-H carboxylic group. The carboxylate levels 
determined using the IAr/ICOOH ratio (ratio of intensity at 
1510 cm-1 to the intensity at 1419 cm-1) show that chitin 
has the most significant ratio (Table 1). However, 
compared to chitin, HA has the highest IAr and ICOOH 
values, although it produces IAr/ICOOH ratio that is slightly 
smaller than chitin [15]. 

Another significant absorption band is at 1627 cm-1 
caused by stretching the aromatic C=C group or stretching 
C=O from the conjugated hydrogen ketone and quinone 
bonds. This absorption appears with high intensity for HA 
and chitin but does not appear in magnetite. Another 
aromatic absorption is seen at 1510 cm-1 caused by 
stretching C=C aromatic lignin residues whose intensity 
is minimal, even in HA. Low lignin residues indicate that 
lignin has transformed into HA. This claim is supported 
by IAr/IAl ratio data (ratio of intensity at 1510 cm-1 to the 
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intensity at 2924 cm-1) used to estimate aromaticity. The 
IAr/ IAl ratio (Table 1) shows that HA aromaticity is highest 
compared to other materials. Absorption of broadband 
centered around 3448 cm-1 indicates the O-H stretching 
of various functional groups connected by hydrogen 
bonds between molecules. The appearance of the aliphatic 
chain is observed at 3000-2800 cm-1. The presence of 
aliphatic groups is expressed by the band at 2924 cm-1, 
which is associated with the asymmetric C-H strains of 
the methylene group [15]. The band around 2850 cm-1 is 
related to the C-H strain of the group -CH2- which also 
appears as a deformation band at 1072 cm-1 [15, 16]. 

 

Figure 1. FT-IR spectra of (a) HA, (b) chitin, (c) HA-
Chitin, (d) Magnetite, and (e) Magnetite/HA-chitin 

Table 1. The ratio of carboxylate (IAr/ICOOH) and 
aromaticity (IAr/IAl) degree of the synthesized material 
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HA 33.94 33.13 12.53 1.02 2.71 

chitin 31.98 26.31 12.52 1.22 2.55 

HA-chitin 36.22 35.21 30.81 1.03 1.18 

Magnetite 28.57 29.14 13.67 0.98 2.09 

Magnetite/HA-chitin 23.88 25.70 16.63 0.93 1.44 

The all sharp and intensive HA, HA-chitin, and 
magnetite/HA-chitin spectra at 1558 cm-1 indicate a 
secondary amide group. Some authors consider the band 
at around 1660 cm-1 to be an indicator of a protein-like 
substance [17]. The main difference between HA and 
chitin spectrum is the appearance of absorption in 1419 
and 1558 cm-1. The first region is characterized by a sharp 
band at 1419 cm-1 which indicates aromatic skeletal 
vibration combined with CH in-plane deformation for 
cellulose-like compound [18] and a relatively intense 
band at 1558 cm-1, which is a stretching vibration of N-H 

in amides [17]. Compared with chitin, HA has not shown 
spectra at 1419 and 1558 cm-1. Widened peaks at 
wavelengths less than 650 cm-1 are associated with 
minerals such as kaolinite, silica and other minerals. 

The successful coating of HA-chitin on magnetite is 
shown by the constant absorption at 895 and 795 cm-1 on 
magnetite/HA-chitin (Figures 1(d) and 1(e)) which are 
typical Fe-O absorption of magnetite [16, 17, 18, 19]. The 
IR spectra shows the C=O strain of magnetite/HA-chitin 
at ~ 1627 cm-1, which shows the interaction of carboxylic 
anions with FeO surfaces, such as C=O free from 
carboxylic acids above 1700 cm-1, where this absorption is 
not found in magnetite spectra which indicates bonding 
occurs due to ligand exchange. UV-vis analysis of Illés and 
Tombácz [20] showed a redshift reinforces the alleged 
binding of HA to the surface of Fe3O4 by ligand exchange. 
Similar results were revealed by Zarghani and 
Akhlaghinia [21] that the -COO group is a group that plays 
an essential role in the complexation of metal cations. 
FT-IR revealed that the -COO- and N-acetyl groups are 
groups involved in the sorption of Cr(III) in the sorbent 
HA-chitin (HA-chitin) immobilized. Before, the sorption 
of HA-chitin showed a typical absorption of chitin at 1419 
cm-1, which is symmetrical and asymmetric bend of C-
CH3; and 1558 cm-1, which is a characteristic of the N-C 
strain (Figure 1(b)). The disappearing of the absorption 
peak, indicating the reaction between HA and metal in the 
replacement of C=O, was observed at 1710 cm-1. 

Analysis of magnetite/HA-chitin crystallinity using 
XRD shows that magnetite/HA-chitin is crystalline with 
2θ characteristics for magnetite at 30.259° [220]; 35.64° 
[311]; 42.590° [400]; 57.280° [511]; and 62.896° [440] 
(Figure 2b) [22, 23]. The XRD peak corresponds to the 
characteristic peak of the inverted cubic spinel structure 
(JCPDS 65-3107) [24]. These results indicate that the 
crystalline structure of Fe3O4 did not change after being 
modified using HA-chitin. HA-chitin coating on the 
surface of Fe3O4 relatively increases the intensity of the 
diffractogram peaks, which indicates that the coating of 
HA-chitin increases the crystallinity and stability of the 
magnetite [25]. The opposite results from the decrease in 
2θ peak intensity were also reported by Krisbiantoro et al. 
[24], who coated magnetites with fulvic acid and humic 
acid [26]. These results suggest that the presence of chitin 
in AH can improve the crystallinity of magnetite in 
magnetite/AH-chitin. 

The magnetite and magnetite/HA-chitin saturation 
were measured at 37.6 and 29.3 emu/g, respectively 
(Figure 2a). Separation of magnetite/HA-chitin from the 
dispersion of the solution can be conducted using an 
external magnet in a relatively short time. A simple 
qualitative test for the magnetic properties of 
magnetite/HA-chitin was performed by an external 
magnetic field attraction test. Figure 5(a) shows the 
dispersion of magnetite/HA-chitin being attracted by an 
external magnet and then dispersed again in solution 
after the magnetic field disappears. 
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a.  b.  

Figure 2. (a) Magnetization saturation analysis of magnetite and magnetite/HA-chitin; and (b) Diffractogram of 
magnetite/HA-chitin, HA-chitin, and magnetite 

 

Figure 3. Morphological analysis by SEM (a-d) 5000 × magnification and elemental analysis by EDX (e-f) of shrimp 
shells (a and e); HA-chitin (b and f); Magnetite (c and g); and Magnetite/HA-chitin (d and h).

The attraction of magnetite/HA-chitin to an external 
magnetic field shows that AH coating on the magnetite 
surface reduces the magnetic strength of the magnetite 
but is still relatively strong enough to be attracted by the 
external magnetic field in a short time, less than 2 
minutes [27]. The black suspension of pure magnetite can 
be easily oxidized to a brown suspension without 
magnetization. Peng et al. [28] reported that the 
synthesized magnetite/HA-chitin did not experience 
significant color changes and magnetization saturation 
after being stored in distilled water for one month. These 
results indicate that AH coating on magnetite can prevent 
oxidation and maintain the saturation value of 
magnetization. 

The morphological appearance of shrimp shells and 
HA-chitin are irregularly shaped with obtuse and webbed 
angles with sizes of 10-20 µm (Figures 3a and 3b). While 
magnetite is almost the same size, it has a fractal shape 

with sharp angles and agglomerates (Figure 3d). HA-
chitin coating on magnetite appears to increase the size 
of magnetite particles so that magnetite/HA-chitin tends 
to be larger than magnetite because of the successful 
coating of HA-chitin on the surface of the magnetite [29]. 
EDX analysis showed that HA-chitin (Figure 3f) is 
dominated by elements C (53.40%), O (35.92%), and a 
small amount of iron, Fe (0.25%). Meanwhile, magnetite 
(Figure 3g) is dominated by Fe (70.28%), O (26.00%), and 
a small amount of C (3.08%). The HA coating on 
magnetite is observed to reduce the composition of Fe 
magnetite to 68.79% and increase carbon and oxygen to 
6.12% and 21.97% respectively (Figure 3h). This evidence 
confirms that the coating of AH-chitin on magnetite was 
successfully performed. 
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3.2. Effect of pH on Stability and sorption of Hg (II) 
onto Magnetite/HA-chitin 

The HA coating on the magnetite surface can 
increase the stability of Fe and HA ions (Figure 4a). 
Magnetite is less stable at low pH because Fe2+ ions from 
magnetite will be released and oxidized to form γ-Fe2O3, 
which has smaller magnetic properties [25, 26] whereas 
HA is less stable at high pH (above 5.0) due to 
deprotonation of the –OH phenolate and –COOH 
functional groups. The HA coating on magnetite improves 
stability so that magnetite/HA-chitin is stable at both low 
and high pH [20]. Figure 4(a) shows that magnetite/HA-
chitin shows relatively high stability as a solid in the pH 
range 2.0 - 10.0. There is an anomaly at pH 4.0 - 6.0 where 
the stability decreases, which is presumed because both 
the magnetite material and HA-chitin are at stability that 
is equally weak and does not reinforce each other. 

The effect of pH on the sorption of Hg(II) by 
magnetite/HA-chitin is shown in Figure 4(b). The 
absorption of Hg (II) on magnetite/HA-chitin is 
significantly affected by the pH at which optimal sorption 
occurs at pH 7.0. This shows that the change in pH of the 
solution results in a magnetic surface charge that is 
different from magnetite/HA-chitin. When the pH is 
relatively high, the surface of the magnetite/HA-chitin 
has a negative charge due to the deprotonation of the 
carboxylic and phenolate HA functional groups and 
causes strong interactions with the Hg(II) ions [30]. If the 
pH condition is deficient, the protonation of the 
magnetite/HA-chitin magnetic function group is very 
strong so that the sorbent surface is positively charged 
and a repulsion occurs between the magnetite/HA-chitin 
functional group with Hg(II) which causes a decrease in 
the absorption of Hg(II) at acidic pH. 

a.  

b.  
Figure 4. (a) Magnetite/HA-chitin stability at pH 2.0 - 

10.0; (b) Effects of pH on sorption of Hg (II) on 
magnetite/HA-chitin (50 mL Hg(II) 100 mg/L; 0.1 g 

sorbent) 

3.3. Hg(II) sorption kinetics on magnetite/HA-chitin 

The absorption of Hg(II) on magnetite/HA-chitin 
occurs rapidly in the first 40 minutes then slows down 
until the sorbed Hg(II) reaches equilibrium after 120 
minutes (Figure 5b). Lagergren pseudo-first-order 
kinetics model and Ho pseudo-second-order model were 
used to analyze the Hg(II) sorption kinetics on 
magnetite/HA-chitin. The Lagergren pseudo-first-order 
model can be written as [31]: 

 log(𝑞𝑒 − 𝑞𝑡) = log(𝑞𝑒) − 𝑘𝐿𝑎𝑔𝑡 (1) 

Where qe and qt are the amounts of Hg(II) sorbed at 
equilibrium at time t per gram of sorbent (mg/g), and kLag 
is the rate constant of the Lagergren reaction (min-1). The 
theoretical kLag and qe values are determined from the plot 
log (qe-qt) vs. t by calculating the slope and intercept 
values of the linear regression equation (1) (Figure 5c). 

The pseudo-second-order kinetics model of Ho is 
written as [32]: 

 𝑡

𝑞𝑡
=

1

𝑘𝐻𝑜𝑞𝑒
2 +

1

𝑞𝑒
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Where qe and qt are the amounts of Hg(II) sorbed at 
equilibrium at time t per gram of sorbent (mg/g), and kHo 
is the rate reaction rate of Ho (g mg-1 min-1). The 
theoretical kHo and qe values are determined from the plot 
of t/qt vs. t by calculating the slope and intercept values of 
the linear regression equation (2) (Figure 5d). The kinetic 
parameters of the linear relationship of the Lagergren and 
Ho plots are tabulated in Table 2. 
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c.  

d.  

Figure 5. (a) Qualitative test of the magnetite/HA-chitin 
magnetic properties attracted by the external magnetic 

field; (b) Hg(II) sorption profile on magnetite/HA-chitin 
as a function of time; (c) Plot model of Lagergren 

pseudo-first order adsorption; and (d) Ho pseudo-
second order Hg(II) on magnetite/HA-chitin  (sorbent 

weight 0.1 g; 50 mL Hg(II) 380 mg/L; pH 7.0; RTP). 

Table 2. Kinetics parameters of Lagergren pseudo-first-
order plot and Ho second-order sorption of 50 mL Hg(II) 

380 mg/L at 0.1 g magnetite/HA-chitin  
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qe (mg/g) 121.12 

kLag (×10-4 min-1) 280.97 

R2 0.9094 
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r qe (mg/g) 196.08 

kHo (×10-4 g mg-1 min-1) 5.00 

R2 0.9992 

 

 

Linearity (R2) of the Ho second-order model is better 
agreed well than the Lagergren pseudo-first-order 
(Table 2). This condition indicates there is no significant 
difference between the amount of Hg(II) and the active 
site on the surface of magnetite/HA-chitin. However, 
because the R2 of the Lagergren pseudo-first-order is 
quite high, the system can approve more Hg(II) than the 
active site on the magnetite/HA-chitin surface. The 
theoretical qe value of the Ho second-order model, which 
is closer to the experimental qe value (185.25 mg/g), 
confirms that the kinetics sorption of Hg(II) on 
magnetite/HA-chitin follows the Ho second-order 
model. Similar results were also reported, among others, 
by Wang et al. [33] who conducted a study of Hg (II) 
sorption kinetics on magnetic Fe3O4@SiO2-SH 
nanoparticles; Rezgui et al. [34] who conducted a study of 
Hg(II) sorption on lignocellulose; and Caner et al. [35] 
who conducted a study of Hg(II) sorption on chitosan-
coated diatoms. 

4. Conclusion 

The coating of AH-chitin on the surface of magnetite 
has been shown to increase magnetite stability under 
various acidity conditions and prevent oxidation from 
magnetite. The successful coating of AH-chitin on 
magnetite is proven by functional group analysis using 
FT-IR (appearance of spectra at 1627 cm-1 on 
magnetite/HA-chitin), crystallinity analysis using XRD 
(crystalline phase of magnetite/AH-chitin with 2θ typical 
magnetite on 30,259° [220]; 35,64° [311]; 42,590° [400]; 
57,280° [511] and 62,896° [440]), SEM-EDX analysis (an 
increase in carbon content in magnetite/HA-chitin), and 
VSM analysis (magnetite/HA-chitin has a magnetic 
saturation strength of 29.3 emu/g). Stability tests in the 
range of pH 2.0 - 10.0 prove that magnetite/HA-chitin 
remains stable as an adsorbent solid on average above 
80%. Application of magnetite/HA-chitin to Hg(II) 
sorption was optimum at pH 7.0, where 75.89% Hg(II) 
was sorbed at 0.1 g sorbent and followed the Ho pseudo-
second-order kinetics model. 
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