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a b s t r a c t

Organic material, including humic acid, is a matter that affect water quality through increasing coag-
ulates and disinfectants and results in production of complex materials and increasing re-growth in 
distribution systems and provides a background for production of by-products resulted from disin-
fection. The aim of this study is to study the synthesis and efficiency of Mch/Fe-Zr nano-compos-
ite to remove humic acid from aqueous solutions. Synthesis of nano-composite was carried out as 
co-precipitation method and to identify its characterizations SEM, FTIR, XRD and VSM techniques 
were used. The effect of different variables including initial pH (3–11), contact time (0–120 min), 
initial concentration of pollutants (10–50 mg /L), adsorbent dosage (0.4–2 g/L) and temperature 
(15–35ºC) were studied. The results of the research indicated that highest efficiency of humic acid 
removal was in pH = 5 (100%). In addition, as the adsorbent dosage increases, adsorption efficiency 
increases and increased concentration results in decreased removal efficiency. Adsorption follows 
Freundlich isotherm and the kinetic model of the pseudo-second order. According to the obtained 
results, it was clear that synthesized adsorbent has high capability in humic acid adsorption and can 
be used as a cost effective and accessible adsorbent.
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1. Introduction

Water pollution is a basic environmental problem that 
has attracted global considerations during recent years, 
especially noticing that several pollutants enter water 
resources as a result or urbanization and industrialization 
[1]. Underground waters are important sources of drinking 
water, because they have high quality [2]. Considering that 
in many parts of the world underground resources are the 
source of drinking water, we are facing the crisis of water 
resources [3]. Worldwide water contains natural organic 

materials (NOM) that result from the interaction between 
the geospher, hydrosphere and biosphere cycle [4]. Nat-
ural organic materials including humic acid is a material 
that affects water quality through increasing coagulates and 
disinfectants and result in production of complex materials 
and provide a background for by-products resulted from 
disinfectant (DBP: disinfection by-products) [5]. Humic 
material include 50–80% of organic materials in soil and 
water [6]. Molecule weight of acid humic is different from 
some to several thousand g/mol (500–250000 g/mol) [7].
The structure of humic material include aromatic circles 
with carboxyl groups (COOH) and hydroxide groups (OH)
[8]. When the concentration of humic acid in aqueous envi-
ronments increases, it changes the aesthetic properties [8]. 
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Humic acid molecules ,make removal of existing contami-
nants in the water difficult [9]. Although humic acid com-
pounds are not carcinogenic, but create secondary problems 
in purification of drinking water including taste, color and 
smell in water [10], unfavorable effect on membrane per-
formance [11,12], corrosion of metal equipments [13] and 
re-growth of micro-organisms in water supply and water 
reservoirs [14]. 

Increasing use of disinfectants in water purification, 
reaction of humic acid compounds with disinfectants is the 
cause of 600 types of DBPs including halo acetic acid and 
tri halo-methans that cause cancer, among which colorec-
tal and bladder cancer are the most important [15]. Humic 
acid removal from drinking water is carried out by differ-
ent processes including adsorption, coagulation, advanced 
oxidation, membrane processes, ion exchange, chitosan 
adsorption. Due to easy design and operation, adsorption 
process is better than other methods [7]. Today, adsorption 
with adsorbents that produced from natural waste mate-
rial is cost effective, has high application in research works 
[16]. Chitosan is a polymer adsorbent that is obtained from 
sea crustaceans’ shell including the shrimp. Chitin and chi-
tosan are natural amino polysaccharides that have complex 
operations, unique structure and vast applications in indus-
trial and biotechnological fields [17]. Due to poly cationic 
characteristics of chitosan, amine groups can take part in 
adsorption reaction to anion materials including humic 
acids. Anyway, chitosan is tempted to closure and hard-
ening of aqueous solutions [18]. Results of similar studies 
for removal of organic material showed that chitosan is a 
suitable substitute for aluminum salts and with mixture 
of chitosan and Poly Aluminium Chloride with 1:1 ratio is 
suitable for elimination of humic acid [19].

In another study the adsorption of humic acid by chi-
tosan covered with granules was investigated, and results 
showed that it was a suitable adsorbent for elimination of 
organic compounds from aqueous solutions [20].

In another research that carried out by Saeedi et al., 
regarding cadmium adsorption by chitosan and nano chi-
tosan it was shown that both have good adsorption poten-
tial, but nano chitosan has higher adsorption capacity and 
follows from second order kinetic [21]. Soluble organic 
material have high tendency for adsorption on the miner-
als’ surface such as aluminum and iron oxides [22]. Chi-
tosan alone does not have magnetic property, so a material 
with magnetic property must be added to it, in order to sep-
arate chitosan from aqueous media. In recent years, modi-
fied zero-capacity iron nano-particles, with the size smaller 
than 100 nm are considered. Modified zero-capacity iron 
nano-particles have high surface energy and reactivity that 
is due to their high specific surface area [23]. In addition, 
Fe3O4 magnetic particles have high application due to con-
sistent biological and chemical stability and high magnetic 
property, so magnetic chitosan nano-particles are used as 
a promising adsorbent for elimination of material. These 
materials in addition to having hydroxyl and amine groups 
in chitosan chain have high nano-magnetic capability, 
therefore considering its magnetic properties, it can easily 
be separated in adsorption process by using magnetic field 
[24], so the aim of this research is to study the efficiency 
of Mch/Fe-Zr nano-composite for adsorption humic acid 
from aqueous environments.

2. Materials and methods

The materials used in this research were acetic acid, 
NaOH, HCl and Fe2SO4, FeCl3 and ZrOCl2 salts, all of them 
products of Merck Company. The apparatus used include 
Spectrophotometer (model UV/Vis T80+), FTIR (model 
AVATAR 370 made in America), with spectrometer range 
in 400–4000 cm–1 (UV/Visible), XRD (X Pert Pro, PANa-
lytical Company, Nederland) and FESEM (SIGMA VP-500, 
Zeiss, Germany) and VSM (model LAKE shore 7404 made 
in U.S).

2.1. Synthesis and preparation of Mch/Fe-Zr nano-composite 
(Mch/Fe-Zr)

In this study, in the first step FeCl2 and FeCl3 with the 
ratio of 1:2 were solved in a two-necked flask with a mag-
net, and then sodium hydroxide were added to solution, 
then was exposed to N2 for deoxidation in 80ºC. Then, 30 
ml of ZrOCl2 (0.5 M) was added and mixed for 8 h on a 
heater. The dark sediment is washed with deionized water 
and then dried in oven in 70ºC [25].

2.2. Preparation of Fe3O4@Zr(OH)4  nano-composite covered on 
chitosan bed(Mch/Fe-Zr)

In the first step, 4 g of chitosan was solved in 400 ml 
acetic acid 4% and was mixed with a shaker for 1 h. Then, 
2.5 g of magnetic nano-composite of Fe3O4@ Zr(OH)4 were 
added to chitosan gel.. Then this step was repeated so that it 
takes a slurry form. Sodium hydroxide (2 M) was added to 
this solution drop by drop by a glass syringe while mixing 
severely. We let the gel to stay stable for 1 h in NaOH solu-
tion. Then, it is washed with deionized water to neutralize 
the pH. Then, Mch/Fe-Zr nano- composite was dried in an 
oven in 40ºC for 24 h [26].

2.3. Adsorption tests

In order to determine the equilibrium time of the Fe-Zr/
chitosan nano-particle process, batch adsorption experi-
ments were performed at the room temperature (25±1ºC) 
and effect of different variable included the pH (3–11); 
Mch/Fe·Zr dose (0.4–2 g/L); humic acid concentration 
(10–50 mg/L), contact time (0–120 min), and temperature 
(15–35ºC) [27]. In each step one parameter were changed 
and others were fixed.

During the experiment steps, specified amount of 
Mch/Fe-Zr nano-composite was added to a 200°C of 
humic acid (10 ppm) and placed on the shaker at 250 rpm. 
To adjust Ph, HCl (0.1 M) and NaOH (1 M) were used. The 
residual humic acid concentration was achieved using a 
spectrophotometer at 254 nm wavelengths based on the 
standard methods [28]. To calculate removal efficiency 
(%R) and balance adsorption capacity (qe) of the adsor-
bent, Eqns. (1), and (2) were used.

%
( )

R
C C

C
o f

o
=

−
× 100 � (1) 

where, C0 and Cf are respectively initial and final concentra-
tion of humic acid (mg/L).
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where, qe is the equilibrium capacity of adsorbent mg/g, V 
is the  volume of solution (L), M: adsorbent mass (g), Cin 
and Cout, is the initial and final concentration of humic acid 
(mg/L), respectively.

In order to calculate thermodynamics of humic acid 
adsorption by synthesized nano-composite, Eqns. (3) and 
(4) were used. In Eq. (3), ΔG is variations of Gibbs free 
energy; R is gasses constant value and equal to 8.314 J/
mol/k, T temperature based on K and Kd thermodynamic 
balance constant. In Eq. (4), ΔS is standard entropy (J/mol 
K), ΔH standard enthalpy variations (KJ/mol) and R is gas-
ses constant value (J/mol K).

ΔG = –RT ln Kd � (3) 

Ln kd = ΔS/R – ΔH/RT �  (4) 

After calculation of thermodynamic balance constant 
for different temperatures and calculation of related free 
energy, ln Kd chart against 1/T was plotted. The slope and 
width of the origin of this graph are used to determine the 
values of ΔS and ΔH [28].

In order to study adsorption isotherms, experiment 
data were analyzed by Freundlich and Langmuir isotherm 
equations. Linear forms of these equations can be defined 
as follows:

C
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In these studies qe is the concentration of balancing pol-
lutant in solid phase in mg/g, qmax is maximum surface 
adsorption in mg/g, kL Langmuir surface adsorption balance 
constant in 1/mg, Kf Freundlich constant in mg1–1/nl1/n/g that 
indicates surface adsorption capacity and n is a constant 
indicating surface adsorption.

To study adsorption kinetic, two common models of 
pseudo-first order and pseudo-second order were used to 
survey balance data. Correlation coefficient (R2) was con-
sidered as a criteria of consistence between empirical data 
and two proposed models. pseudo-first order kinetic model 
or Lagergren 1989 equation is as follows [29]:

log logq q q K te t e−( ) = − 1 � (7)

In this equation qt and qe are respectively the amount 
of adsorbed material on adsorbent in time t and in balance 
time (mg/g) and K1 is pseudo-first order speed constant (1/
min).

log (qe – qt) chart in time t is used to determine k constant 
value and R2 coefficient. Pseudo-second order equation is 
as follows:

t
q K q qt e e

= +
1 1

2
2

� (8)

In this equation K2 is pseudo-second order adsorp-
tion speed constant (g/mg min). T/qt chart in time t is 
used to obtain speed parameters and the results propose 
consistence of this kinetic model with empirical data. qe 
and K2 values are plotted from calculation of slope and 
y-intercept [30].

3. Results and discussion

3.1. Determining the properties and structure of Fe-Zr/chitosan 
nano-composite

In order to study magnetic properties of Mch/Fe-Zr 
nano-composite, VSM (vibrating sample magnetometer) 
was used. 

Magnetic moment against magnetic field (M-H ring) 
for Mch/Fe-Zr is presented in Fig. 1. Magnetic curve shows 
that Mch/Fe-Zr is super-magnetic and its magnetic satu-
ration value is 12.77 emu/g synthesized adsorption are as 
disperse and can be redistributed. These particles have high 
magnetic properties and can be separated by means of a 
magnet.

By XRD(X-ray diffraction), crystalline structure of Mch/
Fe-Zr nano-composite was studied (Fig. 2).

According to Fig. 2, a characteristic peak at 2θ = 25º 
are observed which correspond to its amorphous shape 

Fig. 1. VSM curve of magnetic Mch/Fe-Zr nano-composite.

Fig. 2. XRD spectrum of Mch/Fe-Zr nano-composite.
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of Mch/Fe-Zr nano-composite, which is due to the pres-
ence of amino groups (NH2). Two peaks between 15 and 
25º refer to the crystalline structure of the biopolymer, as 
a result of packing the polymer chains due to their inter-
actions. The peak at 2θ = 35.72º refer to iron-oxide [31]. 
The results also indicate crystallization of Mch/Fe-Zr 
nano-composite particles.

FTIR (Fournier transform infrared spectroscopy) 
method was used to identify existing functional groups in 
the Mch/Fe-Zr nano-composite, as shown in Fig. 3. 

As shown in Fig. 3, existence of below frequencies 
approves the existence of considered functional groups 
in the structure of Fe-Zr/chitosan. Frequency in 3415.85 
cm–1 is related to O-H tension bond, 2924.4 cm–1 frequency 
is adsorption band resulted from tension bond of alkans 
(indicating sitting organic compounds on considered adsor-
bent), 1626.85 cm–1 frequency is the result of tension bond 
of C=C, 1377.73–1417.48 cm–1 frequency is contributed to 
strong alkans’ bond and 578.43 cm–1 is related to Fe-O cm–1 

tension bond in Mch/Fe-Zr nano-composite. The peaks at 
637 and 451.91 cm–1 can be related for the vibration of the 
Zr–OH and Zr–O–Zr, in the Mch/fe-Zr nano-copmosite 
respectively [32].

Scanning electron microscope (SEM) was used to study 
average diameter of the particles, shape and surface details 
that are shown in Fig. 4.

The shape and the size of magnetic nano-composite 
were determined by means of scanning electron microscope 
(SEM). Fig. 4 shows SEM figure related to these nano-com-
posite that are spherical Fe3O4 particles attached to the 
surface of Mch/Zr particles that have specifications such 
as high density and irregular shape. The size of magnetic 
nano-particles was in the range of 16.5–18.92 nm.

3.2. Results of humic acid adsorption process by Mch/Fe-Zr 
nano-composite

3.2.1. pH effect

In this study, the effect of the initial pH of the solu-
tion on the adsorption of humic acid by the Mch/Fe-Zr 
nano-composite, was investigated in the range pH (3–11)
[26], the results of which are shown in Fig. 5. The highest 
removal efficiency at pH = 5 was obtained (98.5%) and the 
lowest in pH = 11 (32%), and it became clear that by increas-
ing pH, adsorption efficiency decreased.

pH is one of the most important parameters in the 
removal process of various pollutants. The results of the 
pH test showed that the humic acid absorption efficiency 
on Mch/Fe-Zr nano-composite decreases by increasing pH, 
and the highest removal was obtained at pH = 5 (98.5%). 
The reason for these changes can be described as absorption 
of soluble ions in the environment being largely dependent 
on the protonation of carboxylic and amine groups found 
in chitosan nano-composite [33]. Humic acid have a high 
solubility in acidic conditions, which affects on adsorption 
process. Also, pH influences the adherence and surface den-
sity of nano-composite.

In addition, with increasing pH, the size of humic acid 
molecules is altered from spherical to linear shape, there-
fore, the adsorption of humic acid reduced [34]. Moreover 
at low pH values (3–5), the protonation of the amino groups 

Fig. 3. FTIR range of Mch/Fe-Zr nano-composite.

Fig. 5. Effect of pH variation by Mch/Fe-Zr nano-composite 
(concentration of humic acid 10 ppm, adsorbent dosage 1 g/L, 
temperature = 25ºC, and time = 30 min).

Fig. 4. FE-SEM spectrum of Mch/Fe-Zr nano-composite.



M. Khodadadi et al. / Desalination and Water Treatment 148 (2019) 170–177174

in Mch–Fe/Zr beads causes electrostatic attraction between 
RCOO− groups of humic acid and NH3

+ groups of Mch/
Fe-Zr nano-composite. AS a result adsorption rate of humic 
acid significant increased [35].

However at higher pH however, the concentration of 
H+ declined, thus humic acid adsorption decreased. The 
study conducted by Ghafoori and Naghizadeh showed 
that the optimum pH was 4 and at this condition, occurred 
higher adsorption of humic acid [28]. In a study performed 
by Saeedi et al, adsorption of cadmium by chitosan and 
nano chitosan, the results showed that highest adsorption 
capacity for chitosan and nano-chitosan are respectively 
at 153.85 mg/g (in pH = 7) and 357.14 mg/g (in pH = 4.6) 
[21]. In a study performed by Hanafiah et al., on adsorption 
of humic acid from aqueous solution on chitosan, results 
showed the maximum adsorption capacity was at pH = 6 
was 44.8 mg/g [35].

3.2.2 The effect of contact time

The comparison of various contact time on efficiency of 
humic acid adsorption and capacity of adsorption by Mch/
Fe-Zr nano-composite in pH = 5, humic acid concentration 
10 ppm, temperature 25ºC, adsorbent dosage 2 g/L were 
studied, that the results are provided in Fig. 6. It showed 
that by increasing contact time, elimination increases. Opti-
mum time of 60 min was selected and after that, adsorption 
efficiency was constant.

Generally, it is obvious that in the first moments absorp-
tion is fast and a steep slope is observed in the diagram, which 
is related to physical absorption, then the slope is slightly 
milder, which is also due to the resistance against penetra-
tion, so that after a while that empty sites are occupied by 
metal ions, repulsive forces are formed between the fluid 
bulk and the absorbing molecules, and the absorption effi-
ciency decreases, finally, the adsorption reaches to saturation, 
and after that, by increasing the time, adsorption does not 
increase. This is balance time and adsorption level is stable or 
slightly decreases after that, and the decrease in adsorption 
may be due to desorption [36]. The results showed that by 
increasing contact time from 15 to 60 min, adsorption effi-
ciency has increased, but after that, did not increase signifi-
cantly, so optimal time of 60 min was selected.

In a study performed by Liang Peng titled modifi-
cation of nano particles with humic acid for elimination 
of Rhodamine, the results showed that optimum time 
of rhodamine adsorption was 15 min with Fe3O4/HA 
nano-particles [37]. In the study of Hanafiah et al. subjected 
adsorption of humic acid from aqueous environment on 
chitosan, the optimum time was 50 min and maximum 
capacity was 44.8 mg/g [35]. These two studies are consis-
tent with the present research. 

3.2.3. The effect of initial concentration of humic acid on 
adsorption efficiency

In order to determine the effect of the initial concen-
tration of humic acid on adsorption efficiency, the concen-
tration of humic acid (10–50 mg/L) was selected. Based 
on Fig. 7, the changes in humic acid concentration with 
Fe-Zr/chitosan concentration have a reverse relation with 
the adsorption efficiency. The more pollutant concentration 

in a contact time and absorbent dose at optimum pH, the 
removal efficiency will be reduced.

The initial humic acid concentration results in decreased 
absorption. At low concentrations, all humic acid ions react 
to adsorption sites, but there are still free adsorption sites at 
the adsorbent surface. In higher concentrations, the absorp-
tion capacity is almost constant, which is due to the satura-
tion of adsorption sites [38]. In a study by Zareie et al. on 
the removal of copper using nano-chitosan, the range was 
10–100 mg and with the increase of pollutant concentra-
tions, the removal efficiency has decreased [39]. In another 
study performed by Caliani et al. adsorption of copper ions 
by chitosan/perlite combination were studied. According 
these results by increasing pollutant concentration, adsorp-
tion capacity has increased [40].

3.2.4. The effect of adsorbent dosage of Mch/Fe-Zr  
nano-composite on adsorption of humic acid

In order to determine the effective dose of adsorbent, 
the absorbance dose was in the range of 0.4–2 g/L and the 
highest adsorption rate in adsorbent dose 2 g/L (81.7%). 
Fig. 8 shows the variations in nano-composite dosage on 
humic acid adsorption.

Fig. 6. Effect of contact time on efficiency of humic acid adsorp-
tion by Mch/Fe-Zr nano-composite (pH = 5, humic acid concen-
tration = 10 ppm, temperature = 25ºC, adsorbent dosage = 2 g/L).

Fig. 7. Comparison of concentration variations by Mch/Fe-Zr 
nano-composite (temperature = 25ºC, adsorbent dosage = 2 g/L, 
time = 60 min and pH = 5).
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By increasing adsorbent dosage, adsorbent surface has 
increased and as a result pollutant removal increases. By 
increasing adsorbent dosage from 0.4 to 2 g/L, adsorp-
tion capacities are respectively 17.4 and 4.48 mg/g and by 
increasing adsorbent dosage, removal percentage increases 
respectively as 63.4% and 81.7%.

In a study performed by Khodadadi et al. the removal 
of heavy metals by Fe-Zr/chitosan were investigated, 
the results showed that by increasing adsorbent dosage, 
removal efficiency increased from 63 to 96% [41]. In another 
study performed by Daifullah the results indicated that by 
increasing adsorbent dosage, elimination level increases 
due to increasing adsorption surface [42].

3.2.5. The effect of temperature and thermodynamic  
parameters of humic acid adsorption by Mch/Fe-Zr  
nano-composite

The results of the effect of solution temperature on effi-
ciency of humic acid elimination process are presented in 
Fig. 9. As it is shown, increasing solution temperature has 
led to increasing adsorption of humic acid that indicates 
endothermic reaction of humic acid removal.

Fig. 9 shows the effect of temperature and thermo-dy-
namic of humic acid adsorption by Fe-Zr/chitosan. After 
calculation of the constant of thermo-dynamic balance for 
different temperatures and related free energy, ln kd dia-
gram against 1/T was plotted. If by increasing temperature, 
adsorption increases as well, it indicates endothermic reac-
tion of removal of humic acid. As can be observed, in this 
experiment by increasing temperature from 15 to 35ºC, effi-
ciency of humic acid adsorption increased, that is approved.

3.2.6. Kinetic and thermodynamic survey of humic acid 
adsorption by Mch/Fe-Zr nano-composite

According to Table 1 the value of ΔS is 65.1 1 J/mol·k 
and ΔH value is 0.016 kJ/mol. The negative sign of the 
Gibbs free energy variations (ΔG) indicates that the adsorp-
tion process is spontaneous [43]. The positive values of ΔS 
represent the adsorbent tendency to the absorbing mate-
rial in the solution and some structural changes in adsor-
bent and absorbing. The positive value of ΔH represents 
that absorption process is endothermic and the absorption 
capacity increases with increasing temperature. 

Kinetic parameters obtained from studying adsorption 
process are presented in Table 2. As can be seen in the table, 
considering comparison of R2 correlation values in two 
kinetic models, adsorption process can be better defined by 
pseudo-second order model.

In Table 2, calculated thermo-dynamic parameters of 
humic acid adsorption by Mch/Fe-Zr nano-composite fol-
lows from pseudo-second order model. In this study the 
potential of application of pseudo-first order kinetic model 
in different times was surveyed by kinetic study.

In this study, the applicability of the pseudo-first and 
pseudo-second-order kinetics models was investigated by 
kinetic study at different initial concentrations of adsorbent 
material. Comparison of the values ​​of the R2 coefficient in 
the two studied kinetic models indicates the consistency of 
the adsorption of humic acid by the adsorbent studied from 
the pseudo-second order equation. Also, according to the 
results obtained (Table 2), adsorption capacity calculated 
according to kinetic equations in the pseudo-second order 
equation is closer to the adsorption capacity obtained from 
the adsorption experiments. This also confirms the adher-
ence of the adsorption process to the pseudo-second-order 
kinetic model. Therefore, chemical adsorption is the process 
limiting step which is suggested to evaluate the reaction 
speed of this model.

In pseudo-first order kinetic model, ln (qe – qt) diagram 
against t was used to determine k1 constant and R2 coeffi-
cient and against t. t/qt diagram was applied to calculate 
speed parameters in pseudo-second order model. qe, k2 
values were determined to calculate y-intercept and slope 
of this diagram [40]. Comparison of the values of R2 coeffi-
cient values in two studied model, indicates consistence of 

Fig. 8. Effect of adsorbent dose variations by Mch/Fe-Zr na-
no-composite (humic acid concentration 10 ppm, temperature = 
25ºC, time = 60 min and pH = 5).

Fig. 9. Linear presentation of In kd in 1/T for surface adsorption 
of humic acid on Mch/Fe-Zr nano-composite.

Table 1
Constants of acid humic adsorption kinetic model parameters 
by Mch/Fe-Zr nano-composite

ΔH (kJ/mol)ΔS (J/mol°k)ΔG (kJ/mol)(Kd)T (k)

0.01665.1–15.648.8288
–17.629.41298
–18.549.54308
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adsorption process with pseudo-second order model. The 
result of the study of Naghizadeh et al. showed adsorption 
kinetic and thermo-dynamic of elimination of Hydrophobic 
organic material from aqueous solutions by multi wall car-
bon Nano-tubes followed by pseudo-second order [44]. In 
addition, in a study by Wang titled humic acid adsorption 
from aqueous solution with polyaniline/attapulgite com-
posite, humic acid adsorption followed from pseudo-sec-
ond order model [45].

Based on Table 3, the study of the adsorption isotherms 
of Mch/Fe-Zr nano- composite in the elimination of humic 
acid showed that the data obtained follow from the Freun-
dlich formula. Freundlich isotherm is an absorption iso-
therm that is empirically obtained and unlike the Langmuir 
model enthalpy absorption variation is independent from 
cover fraction and is based on heterogeneous absorption 
and multi-layer absorbing material on absorbent. Accord-
ing to the concentration of the study R2 = 0.95 shows the 
value of the Freundlich regression, which is more suitable 
for this experiment.

According to the results of isothermic studies of the 
adsorption of humic acid by adsorbent in this study, the 
correlation coefficient of the Freundlich isotherm equation 
shows the best interpretation of the pollutant by the adsor-
bent. Therefore, the results indicate that the adsorbent sur-
face is non-homogeneous or heterogeneous and has uneven 
and non-uniform energies. The parameters of 1/n and n 
in the Freundlich equation can determine the desirabil-
ity of the adsorption process. If 1/n is less than 1 and n is 
between 1 and 10, it indicates the desirability of the adsorp-
tion process by the Freundlich isotherm model. According 
to Table 3, in the adsorption of humic acid by the adsorbent, 
the value of n is between 1 and 10 also, the value of 1/n is 
less than one, which indicates the appropriate adsorption of 
humic acid by the two studied adsorbents.

The parameter n in the Freundlich equation can deter-
mine the desirability of the adsorption process. If n is 
between 1 and 10, it indicates that the adsorption process is 
desirable by the Freundlich isotherm model, which is con-
firmed by the calculations.

In the study of Malekutian and Kalankesh titled “sur-
veying the efficiency f silicon nanoparticles in adsorption 

of water humic acid”, the results showed that adsorption 
of humic acid follows from Freundlich isotherm, the speed 
of which follows from second order kinetic with correlation 
coefficient respectively 0.8872 and 0.9936 [46]. In addition in 
a study performed by Khodadadi et al. about elimination of 
heavy metal by Fe-Zr/chitosan, it followed both isotherm 
models, but Freundlich isotherm was better [41].

4. Conclusion

Based on the results obtained, it can be concluded that 
Mch/Fe-Zr nano-composite, due to the presence of carbox-
ylic and amine groups and having a high surface area can 
be effective in removal of humic acid. In addition, chitosan 
due to its environmental compatibility, non-toxicity and 
high absorption capacity has lots of applications. Chitosan 
is also used due to its flocculation properties in the indus-
trial wastewater, which causes the trapping of contaminant 
from the solution. Variables such as adsorbent amount, pH, 
and initial concentration of humic acid affect on adsorp-
tion capacity and removal efficiency. Maximum removal of 
humic acid was at (pH = 5, adsorbent amount 2 g/L, con-
centration 10 mg/L, was equal to 98.5%), so it is cost-effec-
tive and suitable for adsorption of humic acid from aqueous 
solutions.
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