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ABSTRACT 14 

The eco-friendly and non-toxic natural organic substance-insolubilized humic acid (IHA) was used to 15 

remove Mn(Ⅱ) from aqueous solutions. The adsorption characteristics were studied through a series of 16 

static adsorption tests. The results show that the conditions such as the dose, the pH of the solution and 17 

the initial concentration of Mn(Ⅱ) all effect removal efficiency, and the optimal pH value was 5.5. The 18 

sorption process for Mn(II) on IHA conforms to the pseudo-second-order adsorption kinetic model and 19 

intra-particle diffusion is not the only factor affecting the adsorption rate. Both Langmuir and Freundlich 20 

models can describe this adsorption behavior, and the experimental maximum adsorption capacity of 21 

IHA was 52.87 mg/g under optimal conditions. The thermodynamic analysis of adsorption shows that 22 
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the adsorption process is a non-spontaneous endothermic physical reaction. Fourier transform infrared 23 

spectroscopy (FTIR), scanning electron microscopy (SEM) and energy-dispersive spectroscopy (EDS) 24 

were used to characterize the samples, it is found that as IHA successfully adsorbed Mn(Ⅱ), the surface 25 

morphology of IHA changed after the adsorption reaction. The adsorption mechanism for Mn(II) on IHA 26 

is to provide electron pairs for carboxyl, phenolic hydroxyl and other functional groups to form stable 27 

complexes with Mn(Ⅱ). 28 

Keywords: insolubilized humic acid; Mn(II); adsorption characteristics; adsorption kinetics; adsorption 29 

isotherms 30 

INTRODUCTION 31 

Industrial wastewater and mine drainage are an important source of pollution from potentially toxic 32 

elements (PTEs). These elements entering the environment are fixed or enriched by physical or chemical 33 

interactions with organic matter in water, which affects their morphology, migration, transformation and 34 

wider ecotoxicity(Lan et al. 2017; Li et al. 2013). There are two types of bonding according to the 35 

properties of organic matter and metal ions(Schulten & Schnitzer 1993), one is the formation of ionic 36 

bond to alkali metal ions such as Na(Ⅰ), K(Ⅰ), and another is to generate complexes with heavy metal ions 37 

such as Cu(Ⅱ), Pb(Ⅱ) and Cd(Ⅱ). There have been a lot of researches on the reaction mechanism between 38 

organic matter and heavy metal ions such as Cu(Ⅱ), Pb(Ⅱ), Cd(Ⅱ), Zn(Ⅱ), etc.(El-Eswed & Khalili 2006; 39 

Oldham et al. 2017), and the mechanism of interaction between organic matter and manganese is still 40 

scarce. Manganese ion is extremely unstable and harmful in water. If the human body absorbs too much 41 

manganese, it will cause poisoning and affect the central nervous system. In severe cases, it can cause 42 

irritability, hallucinations, etc., resulting in manganese mania(He et al. 2005; Jiang et al. 2018).  The 43 

World Health Organization (WHO) limits the maximum concentration of manganese in drinking water 44 



to 0.5 mg/L. At present, the treatment methods of manganese-containing wastewater mainly include 45 

chemical oxidation, bioremediation, electrolytic, adsorption and coagulation sedimentation(Hou et al. 46 

2020; Patil et al. 2016; Yong et al. 2017). Among them, the adsorption method has the characteristics of 47 

easy operation, fast reaction speed, no introduction of other chemical substances, and avoiding secondary 48 

pollution, so it has a good application prospect(Huang et al. 2019). 49 

Humic acid is widely distributed as a component of natural organic substances. As a potential 50 

material for water treatment, it has the advantage of being environmentally benign, low-toxicity and cost, 51 

and contains a variety of functional chemical groups, such as carboxyl, alcoholic hydroxyl, phenolic 52 

hydroxyl, aldehyde, ketone, and ethers(Manzak et al. 2017). The existence of these active groups 53 

determines a high reactivity with metal ions in aqueous solution through adsorption or complexation. 54 

When manganese ions in the water interact with the functional groups of humic acid, they will be 55 

adsorbed in the network structure of humic acid macromolecule to form manganese-humic acid 56 

complexes(Oldham et al. 2017), strongly stabilized. Fawwaz Khalili et al.(Khalili & Al-Banna 2015) 57 

extracted insolubilized humic acid (NaIHA) from local soil to characterize it, and explored its adsorption 58 

properties for radioactive elements U(VI) and Th(IV). It is found that the adsorption characteristics of 59 

NaIHA for two metal ions conform to the Langmuir, Freundlich and Dubinin-Radushkevich (D-R) 60 

adsorption isotherm models, and the adsorption mechanisms include electrostatic adsorption and 61 

coordination. Li Chen et al.(Chen et al. 2020) investigated the adsorption-desorption characteristics of 62 

humic acid colloid (HAC) for vanadium (V) and the interaction between them through a series of 63 

experiments. It was found that six groups on HAC participated in V(Ⅴ) adsorption, the adsorption process 64 

follows Langmuir isotherm adsorption model and first-order kinetic model. However high solution pH 65 

(7~11) and temperature (20~40℃) will greatly reduce HAC adsorption capacity. 66 



In this study, eco-friendly and non-toxic insoluble humic acid (IHA) was used as adsorbent to 67 

remove Mn(Ⅱ) from aqueous solution. While exploring the adsorption effect and mechanism, it also 68 

proposed a low-cost and efficient method for the treatment of manganese-containing industrial 69 

wastewater. The effects of factors such as initial Mn(Ⅱ) concentration, pH and the dose of IHA on Mn(Ⅱ) 70 

adsorption by IHA were studied. The adsorption kinetics and model for isothermal adsorption of 71 

manganese on IHA were investigated. Solid phase characterization methods such as FTIR, SEM, and 72 

EDS are used to study the interaction between humic acid and metal manganese ions. 73 

MATERIALS AND METHODS 74 

Materials 75 

All chemicals used in this study were of analytical grade and were not further purified before use. 76 

All solutions were made up with deionized water. insolubilized Humic acid and Manganese(Ⅱ) sulfate 77 

monohydrate (MnSO4·H2O) were purchased from Sinopharm Chemical Reagent Co., Ltd. (China, 78 

Shanghai). Hydrochloric acid (HCl) and sodium hydroxide (NaOH) were purchased from XiLong 79 

Science Co., Ltd. (Shantou, China). 80 

Batch adsorption experiment 81 

The batch adsorption experiment was performed to determine the optimal conditions for the removal 82 

of Mn(II) from the aqueous solution by IHA and to explore its adsorption characteristics. Stock solutions 83 

of Mn(II) were prepared by dissolving Manganese(Ⅱ) sulfate monohydrate with deionized water, which 84 

was stored in cold storage away from light, subsequent adsorption experiments with different 85 

concentration Mn(Ⅱ) simulated surface water samples were to reserve solution made from according to 86 

certain ratio dilution. Add a certain amount of IHA to a series of 250mL conical flask, then add a certain 87 

volume of a known concentration of Mn(II) solution, and adjust the pH to 2.5~7.5 with HCl and NaOH 88 



solution (0.25 M). Adsorption experiments were performed at a fixed speed of 160 rpm on the 89 

thermostatic oscillating incubator shake with adjustable temperature. After the reaction, the mixed 90 

solution was filtered through a 0.45 μm filter membrane, and then the concentration of Mn(II) in the 91 

filtrate was measured with the flame atomic absorption spectrometer. The removal rate R(%) of Mn(Ⅱ) 92 

and the adsorption capacity (qt, qe (mg/g)) at any time t of the adsorption reaction and the equilibrium of 93 

the adsorption in the adsorption experiments of each group were calculated with the equations below: 94 

𝑅(%) =
𝐶0−𝐶𝑒

𝐶0
× 100                           （1） 95 

𝑞𝑡 =
(𝐶0−𝐶𝑡)⋅𝑉

𝑚
                              （2） 96 

𝑞𝑒 =
(𝐶0−𝐶𝑒)⋅𝑉

𝑚
                             （3） 97 

Where C0, Ce, and Ct represents the concentration (mg/L) of Mn(II) in the solution at the initial, 98 

equilibrium and any time, respectively; V is the volume (L) of Mn(II) solution and m is the dose of IHA 99 

(g). 100 

Solid phase Characterization  101 

The IHA before and after adsorption of Mn(Ⅱ) was dried and milled, and then KBr powder with a 102 

mass ratio of about 100:1 was added, after the mixture is fully milled again, it is pressed, and the FTIR 103 

spectrum of the samples were recorded by Thermo Fisher Scientific Nicolet 6700 FTIR spectrometer 104 

instrument in the scanning range of 400~4000 cm-1. SEM-EDS is obtained from Hitachi S-4800 scanning 105 

electron microscopy, which is also equipped with an energy dispersive spectroscope. 106 

RESULTS AND DISCUSSION 107 

Effect of pH on Mn(Ⅱ) removal 108 

The insolubilized humic acid with a dry weight of 1.00 g was added to a 200 ml simulated water 109 

sample with a Mn(Ⅱ) mass concentration of 100 mg/L. At a temperature of 298.15K, the effect of pH 110 



(2.5~7.5) on Mn(Ⅱ) adsorption by IHA was investigated (Fig. 1). 111 

It can be seen from figure that with the increase of pH, the removal efficiency and adsorption 112 

capacity of Mn(Ⅱ) gradually increased, from 23.17% to 61.69%, and 6.67 mg/g to 17.77 mg/g, 113 

respectively. The process of heavy metal ion forming complex with humic 114 

acid: 𝐻𝑚𝐴−𝑚𝐻+
𝐴𝑚−+𝑀𝑛+

𝑀𝐴𝑛−𝑚 is affected by the competition between HmA dissociation and MAn-m 115 

complex equilibrium(Li et al. 1997). At different pH, the degree of dissociation of carboxyl groups and 116 

phenolic hydroxyl groups contained in humic acid varies. Research have shown that pH greatly affects 117 

the complexation reaction between humic acid and metals, and its complexing ability and stability 118 

increase with increasing pH(Hu et al. 2017). When pH <4.5, the removal of Mn(Ⅱ) by IHA increased 119 

rapidly with the increase of pH, from 23.17% at pH=2.5 to 54.87% at pH=4.5, which may be because 120 

when the pH at lower levels, the high concentration of H+ in the solution is more competitive with the 121 

adsorption sites than Mn(Ⅱ), and it is more easily to react with the active groups on the surface of humic 122 

acid, so that the metal ions are easily dissociated from the complex. When the pH is 4.5~7.5, the removal 123 

efficiency increases slowly. On the one hand, the adsorption of H+ decreases and is released, at the same 124 

time, the H+ on the functional groups such as carboxyl group and hydroxyl group is also dissociated, 125 

therefore, the negative charge on the humic acid increases and the adsorption sites increases(Ding et al. 126 

2019), so that the humic acid and Mn(Ⅱ) can undergo a complex reaction to reduce the free Mn(Ⅱ) 127 

concentration in the solution. Also, the active functional group of humic acid tends to complex with 128 

manganese ions at higher pH, which is more conducive to the formation of humic acid-manganese 129 

complexes, thereby reducing the concentration of Mn(Ⅱ) in solution(Barnie et al. 2018). 130 

Effect of adsorbent dose on Mn(Ⅱ) removal 131 

Under the conditions of Mn(Ⅱ) mass concentration of 100 mg/L, pH=5.5, and temperature of 132 



298.15K, the effect of the dose of IHA (0.2~1.2 g) on Mn (Ⅱ) removal was investigated (Fig. 2). 133 

It can be seen from the figure that with the increased dose of IHA, the removal efficiency of Mn(Ⅱ) 134 

gradually increases, and the adsorption capacity gradually decreases. At low dose (0.20~0.80 g), the 135 

removal efficiency increased rapidly from 19.79% to 50.43%, with the adsorption capacity decreasing 136 

by 13.25mg/g. This is because insolubilized humic acid contains a large number of active functional 137 

groups, in which the hydrogen in the functional groups such as -COOH and -OH is ionized to make it 138 

negatively charged(Basu et al. 2019). The negatively charged colloid has a strong binding capacity with 139 

the metal Mn(Ⅱ) in the solution(Wei et al. 2019), so when the dose is gradually increased, the effective 140 

adsorption sites also relatively increase, so that the removal efficiency of manganese ions in the solution 141 

gradually increases. When the dose was 0.80~1.20 g, the removal efficiency increased slowly from 50.43% 142 

to 58.7%, and the adsorption capacity decreased by 4.4 mg/g. When the dose is high, the effective 143 

adsorption site is surrounded by a large number of insolubilized humic acid particles, and the electrostatic 144 

repulsion force between particles increases(Biswas et al. 2020), resulting in a decrease in the removal. 145 

However, due to the strong adsorption capacity of IHA, at high dose, a large number of adsorption sites 146 

can still effectively capture manganese ions(Cheng et al. 2015), thereby forming a complex of humic 147 

acid and manganese through coordination complexation, effectively reducing free manganese ions in 148 

solution. 149 

Influence of initial Mn(Ⅱ) concentration 150 

The simulated surface water sample was adjusted to pH=5.5, and insolubilized humic acid with a 151 

dry weight of 1.00 g was added into a series of simulated surface water samples containing Mn(Ⅱ) of 152 

different concentrations (10~200 mg/L). The adsorption experiments were carried out at 298.15K, 153 

308.15K and 318.15K, and the effect of initial concentration of Mn(Ⅱ) on the adsorption effect of IHA 154 



was studied (Fig. 3). 155 

As shown in Fig. 3, Both the temperature and initial concentration of the adsorption reaction will 156 

affect the adsorption performance of the adsorbent. At the same temperature, with the increase of the 157 

initial Mn(Ⅱ) concentration in the solution, the removal efficiency of manganese by IHA decreased, while 158 

the adsorption capacity increased. In addition, at the same initial concentration of Mn(Ⅱ), with the gradual 159 

increase of temperature, the removal efficiency of IHA on Mn(Ⅱ) is also gradually improved. It can be 160 

seen that higher temperature is conducive to the removal of Mn(Ⅱ) by IHA, which is assumed to be an 161 

endothermic reaction. When the concentration of Mn (Ⅱ) is low, the humic acid with negative charge 162 

combines with the Mn(Ⅱ) with positive charge, and the free Mn(Ⅱ) in the solution is surrounded by a 163 

large number of adsorption points with opposite charge, so the removal is high. After the initial stage 164 

which depends on the concentration of Mn(Ⅱ), the system slowly forms a stable complex of humic acid-165 

Mn(Ⅱ). When the concentration of Mn(Ⅱ) is high, the active sites on the surface of humic acid are 166 

occupied by a large number of Mn(Ⅱ), and gradually reach saturation. At the same time, the increase of 167 

the positive charge on the surface of humic acid molecules causes a repulsive force and reduces the 168 

complexing ability of humic acid with Mn(Ⅱ)(Li et al. 2019). Studies have shown that when the 169 

concentration of metal ions is high, the precipitation of humic acid-Mn(Ⅱ) complex will occur, which 170 

affects the molecular structure of humic acid and reduces its reaction with Mn(Ⅱ)(Engebretson & von 171 

Wandruszka 1998). 172 

Adsorption kinetics 173 

Aliquots of Insolubilized humic acid with dry weights of 0.6, 0.8, 1.0 and 1.2 g were added to a 174 

series of simulated surface water samples containing Mn(II) with initial concentration of 100 mg/L. The 175 

pH of the solution was adjusted to 5.5, and the adsorption kinetics experiment was carried out. 176 



Fig. 4 shows the relationship between the removal of Mn(Ⅱ) and the adsorption time. The efficiency 177 

of removal of Mn(Ⅱ) by IHA with the increase of contact time, and a higher removal efficiency can be 178 

obtained in a shorter time. Then with the increase of reaction time, the removal efficiency of IHA to 179 

Mn(II) increased slowly, the effective sites were occupied by Mn(II) gradually, and finally reached the 180 

adsorption equilibrium(Yang et al. 2014). The extremely fast adsorption rate in the initial stage indicates 181 

the strong affinity of IHA for Mn(Ⅱ), which may be due to the presence of a large number of functional 182 

groups(Guo et al. 2017). At the same time, the dose of IHA has a significant effect on the process of 183 

reaching equilibrium in the adsorption reaction. When the dose is 0.6, 0.8 g, the time required to reach 184 

equilibrium is 300, 420 min, respectively, while the dose of IHA was 1.0 and 1.2g, the time to reach 185 

adsorption equilibrium was 240min. It can be seen that with the increase of the dose, the time for the 186 

completion of the adsorption reaction is also reduced, leading to a more rapid equilibrium for the 187 

adsorption reaction. 188 

In order to further study the adsorption kinetics for Mn(Ⅱ) on insolubilized humic acid on, the 189 

pseudo-first-order kinetics model (4), pseudo-second-order kinetics model (5) and Weber-Morris model 190 

(internal diffusion model) (6) were used to fit the adsorption data. 191 

ln(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝐾1𝑡                      (4) 192 

t

qt
=

1

k2qe
2 +

t

qe
                          (5) 193 

qt = Kit
1

2⁄ + c                          (6) 194 

Where qe and qt represents the adsorption capacity (mg/g) for Mn(Ⅱ) by the adsorbent at equilibrium 195 

and any time, respectively ; K1 and K2 are the adsorption rate constants of the pseudo-firs order kinetic 196 

and the pseudo-second order kinetic, respectively; Ki is the internal diffusion rate constant 197 

(mg/(g·Min1/2)); C is the thickness constant related to the boundary layer. 198 

The results of the fit to the adsorption kinetic model are shown in Fig. 5, Fig. 6 and Tab. 1. It can be 199 



seen from Fig. 5 that the pseudo-first-order kinetic model fits the experimental data well in the initial 200 

rapid adsorption stage, but gradually deviates from the curve as the adsorption stage slows(Li et al. 2008). 201 

It can be seen from the Fig. 5 and the parameters in Tab. 1, that under the condition that the dose of IHA 202 

is 0.6, 0.8, 1.0 and 1.2 g, the simulation of humic acid adsorption Mn(Ⅱ) process by pseudo-second-order 203 

adsorption kinetic model is better than that by pseudo-first-order adsorption kinetic model, and the 204 

equilibrium adsorption capacities qe obtained by the pseudo-second-order kinetic equation are 20.77, 205 

19.04, 16.45 and 14.82mg/g respectively, which are closer to the measured values. It shows that the 206 

pseudo-second-order kinetic model can better reflect the adsorption process of IHA to Mn(Ⅱ), and it is 207 

speculated that the adsorption process is mainly chemical adsorption(Huang et al. 2009; Li et al. 2011). 208 

It can be seen from the fitting curve of the internal diffusion model in Fig. 6 that under different 209 

doses of IHA, the fitting of qt to t1/2 can be divided into two stages. In the initial stage, a large number 210 

of vacant active sites on IHA can be used to adsorb Mn(Ⅱ), at this time, the adsorption reaction is mainly 211 

controlled by the ion exchange between Mn(Ⅱ) and the functional groups on the surface of IHA and the 212 

diffusion of the external liquid membrane. The second stage is the slow adsorption, that is, as the binding 213 

sites are gradually occupied, a concentration gradient will form between the surface and the interior of 214 

the humic acid, which promotes the diffusion of Mn(Ⅱ) into the interior of the humic acid molecule, and 215 

the adsorption rate is controlled by the intraparticle diffusion rate(Yang et al. 2018). From the different 216 

slopes of the first and second stages, it is known that there is a gradual stage in the adsorption process, 217 

the surface adsorption process is controlled by the thickness of the boundary layer. The internal diffusion 218 

rate constant Ki2 is much smaller than Ki1, which shows that the internal diffusion rate of particles is 219 

slow(Li et al. 2013).Besides, the curve of qt to t1/2 is double-line in the whole time range, and the fitting 220 

curve does not pass through the origin, which shows that the adsorption process is not only affected by 221 



the internal diffusion of particles, but also under the common control of other adsorption stages(Li et al. 222 

2013). The adsorption rate of Mn(Ⅱ) by IHA is determined by the boundary layer effect and the external 223 

mass transfer effect(Dong & Wang 2016). 224 

Adsorption isotherms 225 

The adsorption isotherm is of great significance for the study of the interaction between adsorbent 226 

and adsorbate and the evaluation of the adsorption performance of adsorbent(Zhang et al. 2018). 227 

According to the results of adsorption kinetics, the adsorption of Mn(Ⅱ) by insolubilized humic acid 228 

reached equilibrium at 240 min. in order to ensure sufficient adsorption, 24 h was chosen as the 229 

adsorption equilibrium time. Freundlich (7) and Langmuir (8) isotherm adsorption equations were used 230 

to analyze the data at 298.15 K, 308.15 K and 318.15 K (Fig. 7a, Fig. 7b and Tab. 2). The Freundlich 231 

model is an empirical formula that is suitable for non-uniform multilayer adsorption(Piri et al. 2019), 232 

while the Langmuir model assumes that the adsorbent surface is uniform and is suitable for single-layer 233 

adsorption that occurs on the adsorbent surface(Saleh et al. 2017). 234 

qe = kFCe

1

n                             （7） 235 

1

qe
=

1

qm
+

1

kLqm

1

Ce
                          （8） 236 

Where qe and qm are the equilibrium adsorption capacity and maximum adsorption capacity 237 

respectively (mg/g); kF and kL are the adsorption coefficients in Freundlich and Langmuir; Ce is the 238 

concentration of Mn(Ⅱ) at the adsorption equilibrium (mg/L) ; 1/n is the parameter related to adsorption 239 

capacity and adsorption intensity in Freundlich. 240 

From Fig. 7a and Fig. 7b, it can be seen that both Freundlich and Langmuir equations can fit the 241 

adsorption process well. The correlation coefficient R2 in both models is greater than 0.99, which 242 

indicates that under this experimental condition, single-layer adsorption and heterogeneous surface 243 



adsorption coexist, and the adsorption process of insolubilized humic acid on Mn(Ⅱ) is complicated, 244 

involving a variety of adsorption mechanisms(Zheng et al. 2018). Under the temperature conditions of 245 

298.18 K, 308.18 K, and 318.18 K, the maximum adsorption capacity of insolubilized humic acid for 246 

Mn(Ⅱ) fitted by the Langmuir model for manganese ions is 41.81 and 48.30 and 52.87 mg/g, respectively, 247 

which is close to the actual adsorption capacity. At the same time, it can be seen that the increase of 248 

temperature is conducive to the adsorption reaction, the main reason is that the temperature increase 249 

causes the adsorption equilibrium to move to the right. In addition, the values of RL in the Langmuir 250 

model and 1/n in the Freundlich model are between 0 and 1, indicating that insolubilized humic acid has 251 

a higher affinity for Mn(Ⅱ)(Acar & Malkoc 2004; Zhang et al. 2018). 252 

Thermodynamic analysis 253 

The adsorption thermodynamics parameters ΔG, ΔH and ΔS are obtained by fitting the experimental 254 

data obtained at different temperatures, so as to better understand the influence of temperature on the 255 

adsorption process. ΔG, ΔH, ΔS and kd are calculated by equation (9), equation (10) and equation (11), 256 

respectively. 257 

ΔG = -RTlnkd                               (9) 258 

ln kd =
ΔS

R
−

ΔH

RT
                             (10) 259 

kd =
qe

Ce
                                 (11) 260 

Where ΔG is Gibbs free energy (KJ/ mol), R is the gas constant (J/(mol • K)), kd is the 261 

thermodynamic equilibrium constant, ΔH is the enthalpy change (KJ/mol), and ΔS is the entropy change 262 

(KJ/(mol • K)), linearly fit ln kd to 1/T by formula (10) to obtain ΔH, ΔS. 263 

The results of adsorption thermodynamic parameters are shown in Tab. 3. It can be seen from ΔG>0 264 

that the adsorption of Mn(Ⅱ) by insolubilized humic acid is a non-spontaneous reaction process, ΔH>0 265 

indicates that the adsorption process is an endothermic reaction(Kimuro et al. 2019), and the increase of 266 



temperature is conducive to the adsorption process, which also confirms that the adsorption capacity of 267 

IHA increases gradually with the increase of temperature during the experiment. When the initial 268 

concentration of Mn(Ⅱ) is 5 mg/L, ΔG<0, which indicates that the degree of freedom of Mn(Ⅱ) decreases 269 

on the solid-liquid interface, and Mn(Ⅱ) initially occupies the effective adsorption site on HA at low 270 

concentration, but with the increase of concentration, ΔG>0, which indicates that the disorder of solid-271 

liquid interface increases during the adsorption of Mn(Ⅱ) by IHA. Since the entry of Mn(Ⅱ) into the 272 

liquid phase is a process of increasing the degree of freedom, the rate of increase is greater than the rate 273 

of decrease in the degree of freedom caused by the adsorption of Mn(Ⅱ) on IHA. The water molecules 274 

on the IHA surface dissociate due to adsorption, which leads to the increase of free molecules in the 275 

whole system(Yang et al. 2018). 276 

CHARACTERIZATION 277 

FT-IR analysis 278 

The FT-IR spectroscopy of the IHA before sorption and after sorption were obtained in the 279 

wavenumber range of 4000~500 cm−1. The broad and strong characteristic absorbance peaks of IHA at 280 

3371.54 cm−1 is mainly caused by -OH stretching vibration on the carboxyl group, alcohol hydroxyl 281 

group and phenolic hydroxyl group(Chen et al. 2015). The characteristic peak of the functional groups 282 

changed after IHA adsorbs Mn(Ⅱ). -OH located at the wavelength of 3371.54 cm-1 can play a hydrogen 283 

bonding role when IHA adsorbs Mn(Ⅱ)(Boguta et al. 2019), after absorption, the intensity of the -OH 284 

stretching vibration peak in the complex of humic acid and manganese ions weakened, indicating that 285 

Mn(Ⅱ) reacted with -OH on IHA(Erdogan et al. 2007). It is speculated that the mechanism of 286 

insolubilized humic acid adsorption on Mn(Ⅱ) includes surface hydroxyl exchange. At 1579.28 and 287 

1383.38 cm-1, they are the antisymmetric stretching vibration peak and the symmetric stretching vibration 288 



peak of COO-, respectively. Compared with before and after adsorption, it is speculated that the carboxyl 289 

group participated in the complexation, and part of the COOH was transformed into the carboxylate 290 

COO-(Boguta & Sokołowska 2016). 1033.56 cm-1 is the characteristic peak of C-O low strength 291 

stretching vibration of ether(Zhang et al. 2015). The change in functional groups indicates that the 292 

carboxyl group and hydroxyl group participate in the adsorption of Mn(Ⅱ) on IHA. The present study 293 

agrees with the findings of Md. Aminul Islam et al(Islam et al. 2020). The adsorption of Mn(Ⅱ) on IHA 294 

includes chemical and physical effects, and combined with adsorption kinetics studies, this process is 295 

mainly chemical adsorption. 296 

SEM-EDS analysis 297 

Scanning electron microscope was used to observe the surface morphology of insolubilized humic 298 

acid before and after adsorption. Fig. 9 (a) is a sample obtained by adding IHA to a deionized aqueous 299 

solution containing no Mn(Ⅱ), after the same treatment time as the Mn(Ⅱ) adsorption experiment. It can 300 

be seen from Fig. 9 that the appearance and morphology of IHA before and after adsorption of manganese 301 

ions are significantly changed. It can be seen from Fig. 9 (a) that the surface of the adsorbent insolubilized 302 

humic acid is uneven, rough, and clustered between the particles, which increases the specific surface 303 

area of the adsorbent and helps it adsorb metal manganese ions(Zhang et al. 2020). Comparing Fig. 9 (a) 304 

and (b), it can be seen that after adsorption, insolubilized humic acid loses the full cluster structure formed 305 

by large particles, thus presenting the form of small particles, and a large number of small particles and 306 

fragments are produced. This is due to the adsorption reaction between Mn(Ⅱ) and insolubilized humic 307 

acid, and the functional groups on the surface of humic acid participate in the adsorption of Mn(Ⅱ)(Chen 308 

et al. 2020; Jiang et al. 2015). EDS spectra of HA-Mn(Ⅱ) complex surface is shown in Fig. 10. It can be 309 

seen that the content of C element in the sample is extremely high, and the appearance of elements such 310 



as Al and Si may be caused by impurities in the commercially available humic acid(Wang et al. 2020). 311 

At the same time, the appearance of Mn element in the spectrum shows that IHA successfully adsorbed 312 

Mn(Ⅱ) from aqueous solution. 313 

CONCLUSION 314 

In this study, insoluble humic acid (IHA), a natural organic substance with abundant reserves in 315 

nature, was used to remove Mn(Ⅱ) from aqueous solutions. Batch adsorption experiments showed that 316 

IHA has an excellent adsorption effect on Mn(Ⅱ), and pH had a significant impact on the adsorption 317 

performance of IHA. Under the condition of pH=5.6 and temperature of 298.15K, the maximum 318 

adsorption capacity of IHA was 52.87 mg/g. According to the results of adsorption kinetics and isotherm 319 

adsorption characteristics of IHA for Mn(Ⅱ), the adsorption process conformed to the pseudo-second-320 

order model and Langmuir model, the adsorption of Mn(Ⅱ) on IHA was mainly a chemical reaction. 321 

Thermodynamic analysis showed that the adsorption is a non-spontaneous endothermic reaction. FT-IR 322 

analysis showed that the functional groups on IHA reacted with Mn(Ⅱ). Due to the advantages of low-323 

cost and eco-friendly, IHA can be feasible for some certain practical wastewater treatment.  324 
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  476 



 477 
Tab.1 Kinetic parameters of Mn(Ⅱ) adsorption on IHA. 478 

model Parameter 

m(IHA)/g 

0.6 0.8 1.0 1.2 

Pseudo-first-

order model 

qe 20.49861 18.59564 16.26641 14.60372 

K1 0.15482 0.12049 0.16305 0.1573 

R2 0.76762 0.62763 0.80087 0.50704 

Pseudo-second-

order model 

qe 20.77106 19.04171 16.45022 14.82342 

K2 0.02849 0.01666 0.04214 0.03732 

R2 0.98328 0.95644 0.95741 0.87555 

Weber-Morris 

model 

Ki1 0.53431 0.62701 0.42106 0.30472 

C1 16.59632 13.5434 13.32928 12.11874 

R2 0.99196 0.99092 0.99215 0.57744 

Ki2 0.01794 0.06517 0.01656 0.01143 

C2 20.28162 17.64273 16.03645 14.50845 

R 0.42392 0.96276 0.69052 0.21228 

 479 

Tab.2 Fitting parameters of adsorption isotherm. 480 

Temperature 

/K 

Freundlich model Langmuir model 

1/n KF R2 qm KL R2 

298.15 0.7663 0.5153 0.9921 41.8145 0.0070 0.9991 

308.15 0.7839 0.5079 0.9950 48.2983 0.0061 0.9997 

318.15 0.8181 0.3962 0.9980 52.8676 0.0047 0.9994 

 481 

 482 

 483 

 484 

 485 

 486 

 487 

 488 

 489 

 490 



 491 
Tab.3 Thermodynamic parameters for the adsorption of Mn(Ⅱ) on IHA. 492 

Ce ΔH ΔS 
ΔG 

298.15K 308.15K 318.15K 

5 2.5471 -0.0025 3.2767 3.3164 3.3345 

10 3.7225 0.0009 3.3832 3.3924 3.3733 

15 5.2509 0.0053 3.5829 3.4983 3.4891 

20 6.8362 0.0101 3.7314 3.5404 3.5467 

30 7.0216 0.0104 3.8194 3.6204 3.6289 

60 4.9180 0.0027 4.0420 3.9856 4.0002 

100 3.4755 0.0034 4.4031 4.5244 4.4773 

 493 
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 495 

Figure 1. The effect of pH on Mn(Ⅱ) adsorption by IHA. 496 

 497 

Figure 2. The effect of IHA dose on the Mn(II) adsorption by IHA. 498 

 499 

Figure 3. Influence of Mn(Ⅱ) concentrations on Mn(Ⅱ) adsorption by IHA. 500 



 501 

Figure 4. The effect of contact time on the Mn(Ⅱ) adsorption by IHA. 502 

 503 

 504 

Figure 5. Kinetic curves for different doses of IHA in the adsorption of Mn(Ⅱ). 505 



 506 

Figure 6. Intraparticle diffusion model plots of Mn(Ⅱ) adsorption on IHA. 507 

 508 

 509 

Figure 7. Langmuir(a) and Freundlich(b) isotherms of for Mn(Ⅱ) by IHA. 510 



 511 

Figure 8. The FI-IR spectra of IHA before and after Mn(Ⅱ) adsorption. 512 

  513 

Figure 9. SEM mapping micrographs of IHA (a) and IHA-Mn(Ⅱ) (b). 514 

 515 

Figure 10. EDS image of IHA-Mn(Ⅱ). 516 
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