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 Humic acid-modified magnetite nanoparticle (MnP-HA) has been synthesized 
using the co-precipitation method and applied for removal of [AuCl4]−. 
Modifying of MnP-HA was prepared with the mass ratio of MnP-HA=10:1 and 
10:3. The HA was extracted from peat soil of Sambutan Village, East Kalimantan, 
Indonesia, by the recommended procedure of the International Humic 
Substances Society (IHSS). The saturation magnetization of MnP-HA was 
decreased compared to unmodified MnP. The interaction between MnP and HA 
was occurred due to the chemical bond between Fe from MnP with the carboxylic 
group from HA. The coating HA on the surface of MnP unchanged the formation 
of the crystal structure of MnP and increased the particle size. The optimum 
removal of [AuCl4]− on MnP and MnP-HA materials was optimum at pH 3.0. The 
Langmuir isotherm model with sorption capacity was 0.23, 4.85, and 4.65 mol 
g–1 for MnP, MnP-HA=10:1, and 10:3, respectively. Using a pseudo-second-order 
equation, the degradation of the kinetics model of [AuCl4]− on MnP, MnP-
HA=10:1 and 10:3 with adsorption rate constant (k) were 0.02, 0.07, and 0.06 
g.mol min–1. 

 

1. Introduction 

Gold is a metal that has high value because of its 
many utilizations. The deposition of gold (Au) metal is 
naturally in areas rich in peat soil, such as tropical peat 
soil in Kalimantan, Indonesia [1]. Due to the low 
concentration in nature, the extraction of Au is not an 
easy and cheap effort [2]. In some cases, the contents of 
Au in electronic Printed Circuit Board (PCB) wastes are 
higher than that in the ore itself [3]. Economically, 
recovery of Au from secondary sources such as electronic 
waste is more desirable than natural ore. Various 
methods that have been employed for the recovery of Au 
are co-precipitation [4], ion exchange [5], solvent 
extraction [6], and adsorption [7]. Among these 
methods, adsorption is one method of efficient, easily 
separated, and can be regenerated and reused [8]. 

Magnetite nanoparticle (MnP) is ferrit with the 
inverse spinel structure, nanosize, non-toxic, and 
therefore has many applications [9, 10]. They are widely 
used as nano sorbents not only in water-treatment 

technologies [11] but also in biomedical applications [12] 
or analytical chemistry [13] due to their excellent 
sorption ability, good mechanical properties, and facile 
separability with a simple magnetic process [9]. 
Unfortunately, magnetite nanoparticles are susceptible 
to air oxidation and easily aggregated in an aqueous 
solution. Thus, the stabilization of magnetite is desirable 
[14, 15]. Hence, surface modification is essential to 
enhance the stability of magnetite nanoparticles [16]. 

Humic acid (HA) is an essential fraction of natural 
macromolecular organics and contains a multi-
functional group, with the predominant functional 
groups being carboxyl and hydroxyl groups. The 
functional groups on HA possess different abilities in 
binding metal ions through complex formation [10, 14]. 
Humic acids can form stabilizing surfaces on MnP can 
effectively prevent the adhesion of colliding particles 
during thermal motion [17]. The coating HA and MnP 
have influenced the sorption properties of MnP because 
the bonding of HA gives a functional group on MnP, thus 
essentially altering the surface properties. Interaction 
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between HA and MnP has enhanced the stability of 
nanodispersion by preventing their aggregation [18, 19]. 

Recently, several studies have been conducted on 
the sorption of [AuCl4]− effectively on humate 
substances, e.g., humin [20], humic acids [21], and fulvic 
acid-magnetite [22]. In this study, Further detail MnP-
HA has been prepared with the mass ratio of MnP:HA 
=10:1 and 10:3, then applied to removal of [AuCl4]−. The 
functional groups, crystal structure, magnetic 
properties, and size distribution on MnP, MnP-HA=10:1, 
and 10:3 were characterized. The effect of pH, contact 
time, and initial concentration of removal AuCl4

-1 were 
also investigated. 

2. Methodology 

2.1. Materials and Instrumentations 

Peat soil from Sambutan village, Samarinda, East 
Kalimantan. The reagents of analytical grade, i.e., 
FeCl3.6.H2O, FeSO4.7.H2O, NH4OH 25%, HCl, HNO3, HF, 
NaOH, [AuCl4]− were obtained from Merck and N2. VSM 
type Oxford VSM 1.2 H, FT-IR spectrometer 8201 PC 
Shimadzu, X-ray diffractometer Shimadzu using CuKα 
radiation (λ=1.5406 Å) operated at 40kV and 30 mA. 
Scanning electron microscopy JEOL SSM-6510 LA, 
Atomic Absorption Spectrometer Perkin Elmer 3110. 

2.2. Extraction of Humic Acid (HA) 

Dry peat soil was added into NaOH solution 1.0 M 
with a weight (g) and NaOH volume (mL) ratio of 1:10 
and then shaken for 24 h under a nitrogen atmosphere. 
The mixture was centrifuged at the rate of 2500 rpm for 
30 min. After filtration, the supernatant was added 6 M 
HCl dropwise until pH 1 and followed by centrifugation 
at 2500 rpm for 30 min to precipitate crude HA. This 
crude HA was purified by a mixed solution consisting of 
0.1 M HCl and 0.3 M HF with shaking at room 
temperature for 24 h. The resulting mixture was 
centrifuged at 2500 rpm for 30 min and the separated 
suspended material from the supernatant. This 
purification procedure was repeated to obtain a clear 
transparent supernatant. 

2.3. Synthesis HA Modified MnP 

MnP-HA was synthesized by the co-precipitation 
method by dissolving 1.525 g FeCl3.6.H2O and 1.05 g 
FeSO4.7H2O, respectively, into 25 mL of distilled water. 
The two solutions were heated at 90℃, and into this 
mixed solution, NH4OH 25% was added until pH 11, and 
then 0.5 g of HA sodium salt, which was dissolved in 12.5 
mL of distilled water, was added rapidly. The mixture 
was stirred at 90℃ for 30 min and then cooled to room 
temperature. The black precipitate was separated from 
the solution and washed with distilled water until 
neutral pH was reached. The bare MnP was prepared 
with the same method as MnP-HA, except there was no 
HA addition. 

2.4. Characterization of HA, MnP, and MnP-HA 

The determination of total acidity and carboxyl 
content of HA and MnP-HA were carried out using 
Ba(OH)2 and Ca(CH3COO)2 method [23]. The functional 

groups of HA, MnP, and MnP-HA were characterized by 
Fourier transform spectrometer (FT-IR) 8201 PC 
Shimadzu. The crystal structure and size were analyzed 
by X-ray diffraction (XRD) Shimadzu using CuKα 
radiation (λ=1.5406 Å) operated at 40kV and 30 mA. 
Scanning electron microscopy (SEM) JEOL SSM-6510 LA 
is used to determine the surface morphology. The 
magnetic properties were analyzed by VSM type OXFORD 
VSM 1.2 H. 

2.5. Removal of [AuCl4]− on MnP-HA and MnP 

2.5.1. The Effect of pH 

Five mg of MnP was added into a series of 10 mL of 
[AuCl4]− solution 25 mg L–1 varies from 2 to 7. The 
mixture was shaken for 60 min, and then the filtrate was 
separated and followed by an analysis of [AuCl4]− content 
with Atomic Absorption Spectroscopy (Analytik Jena). 

2.5.2. Sorption Kinetics 

Five mg of MnP was added into a series of 10 mL of 
[AuCl4]− at 25 mg L–1 and optimum pH, and each mixture 
was shaken at different contact times, ranging from 0 to 
240 min. After filtration, the filtrate was analyzed of 
[AuCl4]− content using Atomic Absorption Spectroscopy 
(Analytik Jena). 

2.5.3. Sorption Isotherm 

Five mg of MnP was added into a series of 10 mL of 
[AuCl4]− solution at various concentrations ranging from 
5 to 150 mg L–1 at optimum pH and contact time. The 
mixture was filtered, and the filtrate was analyzed its 
[AuCl4]− content using AAS. 

3. Results and Discussion 

Humic acid-modified MnP were successfully coated 
using the co-precipitation method in alkaline conditions 
at pH 11 and heated at 90℃. The interaction between 
MnP and HA can be done under acidic or alkaline 
conditions. MnP is amphoteric, which can develop 
charge in the protonation and deprotonation reaction on 
the surface site of Fe-OH. 

 

Figure 1. Illustration of interaction between MnP and 
HA under alkaline conditions, ligand-exchange (a) and 

hydrogen bond (b) 

Mnl’-HA
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The illustration of the interaction between MnP and 
HA under alkaline conditions (pH>pHpZc) is shown in 
Figure 1. The surface charge MnP is negative, the binding 
between MnP and HA is occurring due to ligand-
exchange with the surface of hydroxyl and can form Fe-
carboxylic bonds (a). The interaction of MnP between HA 
can occur through the hydrogen bond between the 
hydroxyl group of MnP and the oxygen atom on the 
carboxyl group of HA (b) [24, 25]. 

Table 1. Total acidity, carboxyl, and hydroxyl content 
HA and MnP-HA 

Content (cmol kg-1) Stevenson (1994) HA MnP-HA=10:1 MnP-HA=10:3 

Total acidity 570-890 685 310 365 

Carboxyl 150-570 334 62 98 

Hydroxylphenolic 150-400 351 248 267 

Based on the determination of total acidity and 
carboxyl content of HA and MnP-HA, this shows that 
carboxyl and hydroxyl content in HA would decrease 
after modified MnP, as shown in Table.1. This indicates 
that some HA carboxyl and hydroxyl groups were used to 
bond MnP. 

 

Figure 2. FTIR spectra of HA (a) MnP (b),MnP-
HA=10:1(c)and MnP-HA=10:3 (d) 

The FTIR spectra of HA from Sambutan Village, East 
Kalimantan, was the appearance of O–H stretching 
vibration at 3425 cm-1, the functional group of C=O 
stretching vibration at 1720 cm-1 and aromatic C=C 
stretching vibration and 1629 cm-1 [26, 27]. The 
absorption bands for MnP at 3425 cm-1 and 575 cm-1 were 
O-H stretching of hydroxyl group and specific Fe–O 
stretching groups, respectively [19]. After HA modified 
MnP, new absorption C=O stretching vibration was 
shown at 1404 cm-1 and C–O free carboxyl groups at 1118 
cm-1. This indicates that the stretching vibration of C=O 
and C–O of free carboxyl groups of HA interacted with 

FeO of MnP. The FTIR spectra HA, MnP, and MnP-HA as 
shown in Figure 2. 

The XRD pattern of MnP and MnP-HA were similar 
diffraction peaks at 2θ = 30.1°, 35.4°, 43.1°, 57.0°, 62.68°, 
and 74.5° which corresponded to peaks characteristic of 
inverse cubic spinel structure(JCPDS 65-3107) [14, 25]. 
The HA-modified MnP did not change the crystal 
structure of bare MnP but decreased XRD peak intensity. 
XRD diffractogram of MnP, MnP-HA=10:1, and MnP-
HA=10:3 is shown in Figure 3. 

 

Figure 3. XRD diffractogram of MnP (a), MnP-HA=10:1 
(b), and MnP-HA=10:3 (c) 

The crystallite size was calculated using Debye-
Scherrer equations. This result shows crystallite size 
decreased with the increased content of HA, indicating 
that the coating HA on MnP was successfully dispersed 
in a smaller size. The MnP-HA has a smaller crystallite 
size than MnP. Crystallite size was obtained using 
Debye-Scherrer equations of MnP, MnP-HA=10:1, and 
MnP-HA=10:3, as shown in Table.2. 

Table 2. Crystallite size using Debye-Scherrer equations 
of MnP and MnP-HA 

Materials 2 θ FWHM (β) Average crystalline size(d=nm) 

MnP 35,69 0,587 13,455 

MnP-HA=10:1 35,56 0,769 10,274 

MnP-HA=10:3 35,71 0,844 9,357 

Figure 4 shows the SEM image of HA, MnP, MnP-
HA=10:1, and MnP-HA=10:3. The HA had an irregular 
shape structure with a smooth surface (Figure 5a), while 
MnP shows spherical homogenous-shaped with 
nanosize (Figure 5b). Morphology surface of MnP-
HA=10:1 and MnP-HA=10:3 shows the surface of HA 
appeared to be modified by rough-bright spherical of 
MnP (Figure 3c and 3d) [27]. 
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Figure 4. SEM image of HA 5000× magnification (a), MnP 10000× magnification (b), MnP-HA=10:1 10000× 
magnification (c), MnP-HA=10:3 10000× magnification (d)

The saturation magnetization value of MnP was 
71.25 emu.g–1, while MnP-HA=1:10 and MnP-HA=10:3 
were 57.80 and 38.39 emu.g–1, respectively. (Figure 5). 
The saturation magnetization of MnP decreased with the 
increased content of HA, but such a decrease was still 
adequate for the separation using magnetic field [17, 28]. 

 

Figure 5. Magnetization curve of MnP (a), MnP-
HA=10;1 (b) and MnP-HA=10:3 (c) 

The [AuCl4]− removal from MnP, MnP-HA=10:1 and 
10:3, were influenced by pH, and optimum removal of 
[AuCl4]− occurred at pH 3 as shown in Figure 6. 

 

Figure 6. Effect of initial pH on removal of [AuCl4]− 
using MnP (a), MnP-HA=10:1(b), and 

MnP-HA=10:3 (c) 

At very acidic conditions (low pH < 3.0), adsorbent 
has less stability. This means, with the decreasing pH led 
to less percentage of sorbed [AuCl4]−. At pH 3.0, the 
carboxyl group in MnP-HA was protonated and led to the 
complete sorption with the negative species of [AuCl4]− 
with hydrogen bonding. Above pH 3.0, more functional 
groups of MnP-HA were deprotonated to negatively 
charged. The repulsion between negatively charged 
MnP-HA and [AuCl4]− causing the sorbed of [AuCl4]− on 
MnP-HA was decreased with the increasing pH [17, 22]. 
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The effect of contact time removal of [AuCl4]− on 
MnP, MnP-HA=10:1 and 10:3 as shown in Figure 7. The 
removal was initially rapid at first 60 min and then 
slowed down with increasing contact time. In the early 
minutes, the carboxyl group of MnP-HA is the 
responsible functional group for the binding with 
[AuCl4]−. After equilibrium was reached, a decrease in the 
sorbed amount of [AuCl4]− was observed. 

 

Figure7. Effect of contact time on the removal of 
[AuCl4]− using MnP, MnP-HA=10:1 and MnP-HA=10:3 

The removal kinetics of [AuCl4]− on MnP, MnP-
HA=10 and 10:3 can be described by a pseudo-second-
order equation as Eq (1), where qt (mol g–1) is the amount 
of [AuCl4]− sorbed at a certain time t (minute), k 
(g/mol.min) is pseudo-second-order rate constant. If 
conditions t=0 (qt=0) to te (qt=qe) [29]. 

 𝑡

𝑞𝑡
=

1

𝑞𝑒
𝑡 +

1

𝑘.𝑞𝑒2
 (1) 

A linear relationship with high correlation 
coefficients was observed, indicating the applicability of 
Ho’s pseudo-second-order model, as shown in Table 3. 
The obtained k for removing [AuCl4]− on MnP, MnP-
HA=10:1 and 10:3 were 0.022, 0.077, and 0.057 g.mol–1 
min–1, respectively. The removal rate of [AuCl4]− on 
MnP-HA was higher than on MnP. 

Table 3. Kinetic parameters of the pseudo-first-order 
and pseudo-second-order for removal of [AuCl4]− on 

MnP, MnP-HA=10:1 and 10:3 

Models Parameters MnP 
MnP-

HA=10:1 
MnP-

HA=10:3 

Lagergren’s pseudo-
first-order 

R2 0.853 0.738 0.645 

qe (mol.g-1) 14.182 5.658 4.076 

k1 (min-1) 0.021 0.029 0.024 

Ho's pseudo-second-
order 

R2 0.999 0.999 0.999 

qe (mol.g-1) 12.821 12.987 12.500 

k2 (g.mol-1.min-1) 0.022 0.070 0.057 

The relationship between the removal of [AuCl4]− on 
MnP, MnP-HA=10:1 and 10:3 at the equilibrium as shown 
in Figure 8. The removal was rapid at the initial 
concentration from 0 to 40 mg L–1. The removal was then 

constant or decreased when the applied concentration of 
[AuCl4]− was between 40 and 150 mg L–1. 

 

Figure 8. Relationship between removal [AuCl4]− and 
[AuCl4]− concentration at the equilibrium 

To determine the sorption capacity of MnP, MnP-
HA=10:1 and 10:3 to removal [AuCl4]− were varied various 
of initial [AuCl4]− concentration and the data of [AuCl4]− 
sorbed at equilibrium (m, mol.g–1) and the equilibrium 
[AuCl4]− concentration (Ce, mol L–1) were fitted to the 
linear form of Langmuir isotherm model, as Eq (2) [18]. 

 𝐶𝑒

𝑚
=

1

𝐾.𝑏
𝑡 +

𝐶𝑒

𝑏
 (2) 

Where b is the sorption capacity, K is the 
equilibrium constant (L.mol–1). The result in Table 4, 
adsorption isotherm parameters of [AuCl4]− on MnP, 
MnP-HA=10:1 and 10:3 by Langmuir and Freundlich 
equations. The data fit well to the model with correlation 
coefficients (R2) 0.427, 0.985, and 0.983 and the sorption 
capacity of 0.226, 4.850, and 4.651 mol g–1 for MnP, 
MnP-HA=10:1 and 10:3 respectively. 

Table 4. Adsorption isotherm parameters of [AuCl4]− on 
MnP, MnP-HA=10:1 and 10:3 by Langmuir and 

Freundlich equations 

Models Parameters MnP MnP-HA=10:1 MnP-HA=10:3 

Langmuir 

R2 0.427 0.985 0.983 

b (mol.g-1) 0.226 4.850 4.651 

K(L.mol-1) 0.100 0.356 0.300 

E (KJ.mol-1) 6.368 2.573 2.794 

Freundlich 

R2 0.011 0.597 0.689 

Kf (mg.g-1)/(mg.L-1)n) 3.054 28.531 32.655 

n 18.519 10.101 12.195 

4. Conclusion 

Humic acid-modified magnetite (MnP-HA) was 
successfully done to form a bond between the carboxylic 
group of HA and Fe of MnP. The Coating HA on MnP 
unchanged the formation of the crystal structure of MnP 
and increased the particle size. The optimum removal of 
[AuCl4]− on MnP and MnP-HA=10:1 and 10:3 were 
optimum at pH 3.0 and followed the Langmuir isotherm 
model well. The adsorption rate of removal of [AuCl4]− on 
MnP-HA was higher than the bare MnP. 
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