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ABSTRACT

Humic acid materials (humic acid and fulvic acid) form the most important section of natural organic
materials in water resources. These materials cause a lot of secondary problems, when drinking
water is under treatment. Many different methods have been considered for removal of humic acid
from aqueous solution. Adsorption process is a common method for removal of humic acid that
seems attractive for many experts. The aim of present study is to examine and compare the adsorp-
tion of humic acid by graphene and graphene oxide nanoparticles. This experimental research has
been done in a bath condition. The effects of various parameters such as pH, contact time, initial
concentration of humic acid, adsorbent dosage, and temperature on the removal of humic acid by
graphene (G) and graphene oxide (GO) adsorbents have been examined. The maximum amount of
humic acid removal by these adsorbents occurred when pH = 3 and initial concentration = 10 mg/L.
Also, the adsorption capacity for graphene and graphene oxide in removal of humic acid in optimum
experimental conditions were 41.4 and 39.3 mg/g, respectively. The results of adsorption isotherms
showed that adsorption of humic acid by G and GO adsorbents follows the Freundlich and Langmuir
model, respectively. The results show that the pseudo-second-order kinetic model correlates well
with experimental data. The results of examining the thermodynamics of reaction showed that the
removal of humic acid is an exothermic reaction.
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1. Introduction

Humic acid materials (humic acid and fulvic acid)
form the most important section of natural organic mate-
rials in water resources that consists of the decomposition
of animal and plant material breakdown [1,2]. The struc-
ture of humic acid includes a chain of alkyl groups and
aromatic units with reactive carboxylic groups, hydroxyl
and quoin groups [3]. Fig. 1 shows the chemical structure
of humic acid.

In water treatment, humic acid react with chlorine
antiseptics in water environments and produces disinfec-

*Corresponding author.

tion by products (DBPs), and it has been confirmed that
these byproducts can cause cancer [5]. These materials cause
a lot of secondary problems, when drinking water is under
treatment, some of these problems including unpleasant
effects on color and taste, increasing the presence of heavy
metals and poisonous materials, decreasing the effects of
water treatment methods such as coagulation and adsorp-
tion processes, negative effects on operation of mem-
branes, increasing of the microorganisms growth in water
supplies and water distribution networks and also increas-
ing the consumption of disinfectant materials [6,7]. There-
fore, it is very important to identify and remove these
materials from water sources.
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Fig 1. Chemical structure of humic acid [4].

Various methods including, electrocoagulation [8],
photocatalysis [9], filtration [10], advanced oxidation [11],
adsorption [12] and etc for removal of humic acid have been
used. Among these methods, adsorption has been widely
used because of its simple, effective, low cost, flexibility and
simplicity of design and easy operation [13,14].

Many adsorbents such as activated carbon [15], ben-
tonite [16], zeolite [17] and chitosan [18] for the removal
of humic acids from water have been developed. Suitable
adsorbents should have features such as strong adsorption
of pollutants, large surface area, and high pore volume
with more binding sites [19]. Also, Specific surface area and
small size of adsorbent particles are two important factors
that determine the efficiency of adsorption process. There-
fore in recent years, nano adsorbents (such as nano carbons,
carbon nanotubes, carbon nanotubes, nano oxides and etc),
have been widely used in order to removal of environ-
mental pollutants [20-22]. Various types of efficient, low-
cost and environmentally friendly nanomaterials for use
in detoxification of industrial wastewater, groundwater,
surface water and drinking water have been reported [23].
Meanwhile, graphene and graphene oxide nanomaterials
are adsorbents that have been investigated for application
in waste water treatment [23,24].

Graphene, a two-dimensional (2D) honeycomb mate-
rial with a C-C bond length of 0.142 nm, has been identi-
fied and analyzed in recent years [25]. Nano graphene as
a new appearing has special physical, chemical, electrical
and mechanical properties [26]. Also, it has a huge specific
surface area (theoretical value 2630 m?/g). Graphene has
special physical properties. Finding the room-temperature
quantum hall effect [27], fast electron mobility, high charge
carrier density [28], high thermal conductivity, flexibility
[29], large accessible surface area and excellent mechanical
strength [30] are important features of graphene.

Because high quality sheets of graphene is often pre-
pared by chemical vapor deposition [31], which requires
expensive equipment, many groups have looked at using
graphene oxide as a solution process able alternative for the
preparation of graphene like materials [32]. Also, graphene
is generally considered to be non-polar and hydrophobic.
In return, Graphene oxide (GO), contains much more polar
moieties, such as hydroxy, epoxy, and carboxy groups,

and so has a more polar and hydrophilic character than
graphene [33]. Graphene oxide has a single layer of carbon
structure that features such as high surface area, density
and crystalline state has a honeycomb lattice. The presence
of epoxide, carboxyl and hydroxyl groups in the surface of
graphene oxide and the high surface area of this compound
have caused much attention to this adsorbent to remove
various pollutants in water and waste water [34].

Due to the numerous advantages of this method, so it
has been attracted many experts. Omri et al. performed a
study in 2013 entitled removal of humic acid by activated
carbon synthesized from almond shell as a method for
purification of industrial solution of phosphoric acid. The
results of their study showed activated carbon prepared
from almond shell seems to be an effective, low-cost, and
good adsorbent precursor for the removal of humic acid
from commercial phosphoric acid solution [35]. Hartono
et al. performed a study in 2009 entitled removal of humic
acid from aqueous solution by graphite oxide nanoparti-
cles. The results of their study showed that when the pH
increases, then the efficiency of adsorption decreases, and
when the adsorbent dosage increases, then the amount of
adsorption increases as well [21]. Yang et al. conducted a
research entitled “Graphene oxide-iron oxide and reduced
graphemeoxide-iron oxide hybrid materials for the removal
of organic and inorganic pollutants “, in which it was found
that the RGO-iron oxide material was a good adsorbent
for 1-naphthol and 1-naphthylamine but not for Pb(II),
whereas the GO-iron oxide material was a good adsorbent
for Pb(II) but not for 1-naphthol and 1-naphthylamine due
to oxygen-containing groups on the surface [36].

The aim of this study was to examine the effectiveness
of graphene (G) and graphene oxide (GO) adsorbents for
removal of humic acid from aqueous solution. We also
examined the thermodynamics, isotherms and kinetics of
the process.

2. Materials and method
2.1. Materials

In this study, the effectiveness of G and GO adsorbents
for removal of humic acid from aqueous solution at lab-
oratory scale was investigated. Iranian nanotechnology
research center of petroleum industry provided the G and
GO adsorbents for this research. The required chemical
materials of this study such as HCl, NaOH were purchased
from MERK Company productions. The humic acid with
purity of 55% was prepared from Acros Company. UV-vis-
ible spectrophotometer (UV/VIS spectrophotometer T80,
PG Instrument Ltd) was used for detect the humic acid at
254 nm wavelength. pH meter (pH-meter Knick, 765 Cal-
iamatic) was used to determine the pH . Shaker incubator
(COMBI- SHAKER, Model NB-101MT) was used to mix the
samples.

2.2. Adsorption experiments

A specific amount of humic acid powder was added
to one liter of deionized water in order to prepare humic
acid stock solution of 400 mg/L. Then this solution was
diluted in order to have solutions with initial humic acid
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concentrations of 2, 5 and 10 mg/L. Various parame-
ters such as pH (3, 5, 7, 9 and 11), initial concentration of
humic acid (2, 5 and 10 mg/L), contact times (5, 10, 15, 30
and 45 min), adsorbent dosage (0.1, 0.2, 0.3 and 0.4 g/L)
and temperature (15, 25 and 35°C) for both adsorbents
were separately examined and the results were compared
with each other at the end of the experiments. In order to
examine the effects of each parameter, the specific parame-
ter were changed in all levels of the experiment and other
parameters were kept fixed.

Finally, adsorption capacity of humic acid was calcu-
lated by Eq. (1):
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where C: Initial concentration of humic acid in the solution
(mg/L), C,: Final concentration of humic acid after contact
time (mg/L), q: Adsorption capacity (mg/g), V: Volume of
solution (ml) and m: Adsorbent dosage (g) [37].

2.1.1. pH effect on adsorption

The pH effect on the process of adsorption humic acid
onto G and GO was performed by changing the pH of
the humic acid solution in the range of 3-11. Solutions of
NaOH and HCI (1 and 0.1 N) were used for adjusting and
modifing the various pH values. Then, the effect of pH was
investigated by using of 0.01 g of G and GO in 100 mL of
humic acid solution (10 mg /L). The solutions were put on
the shaker for 60 min with 240 rpm. Finally these solutions
passed through 0.2 micrometer filters and measured by
spectrophotometer at wavelength of 254 nm.

2.1.2. Effect of initial concentration of humic acid and contact
time on adsorption

At this stage, time and initial concentration of humic
acid were changing but all other parameters were kept
fixed. The adsorption amount of humic acid was examined
with different concentrations (2, 5 and 10 mg/L) at differ-
ent contact times (5, 10, 15, 30 and 45 min) while the pH
value and optimal amounts of adsorbent were determined
in previous stages. Then the sample passed through the 0.2
micrometer filters and finally the sample was measured by
spectrophotometer at wavelength of 254 nm.

2.1.3. Effect of adsorbent dosage on adsorption

At this stage, the effect of adsorbent dosage (0.1, 0.2,
0.3 and 0.4 g/L) by maintaining the optimum conditions
obtained from the previous steps on the removal of humic
acid was investigated. Finally, as in the previous steps,
after passing the sample from the 0.2 micrometer filter, the
concentration of humic acid was measured by spectropho-
tometer.

2.1.4. Adsorption thermodynamics

In order to examine the effects of temperature on
humic acid removal efficiency, humic acid solution with

initial concentration of 10 mg/L were prepared. In this
stage, the pH and adsorbent dosage was adjusted to the
optimal values that determined in the previous stages.
Then this solution was shaken and mixed inside shaker
incubator for 60 min at different temperatures (15, 25 and
35°QC).

In the study of thermodynamics, determination of
parameters such as enthalpy change (AH), entropy change
(AS) and Gibbs free energy change (AG) is essential. To
determine these parameters, the following equations were
used:

9.
k, ==
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where K, is the thermodynamics equilibrium, AG® is Gibb’s
free energy, AS° is entropy, AH® is enthalpy, R is the univer-
sal constant of the gasses (8.314 J/mol-K), T is the absolute
temperature [38].

2.1.5. Adsorption isotherms

In this research, the experimental data on adsorption
equilibrium with Langmuir and Freundlich isotherms were
investigated. The Langmuir and Freundlich isotherms were
calculated using the following equations, respectively:

_ QmKLCe
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where Q is the maximum amounts of humic acid adsorbed
(mg/g), K, is the constant of Langmuir equation and C,
(mg/L) is the concentration of remaining humic acid in
equilibrium [39].

1

7. =K,Cr (6)

where g, (mg/g) is the amount of humic acid adsorbed of
the adsorbent at equilibrium, C, (mg/L) is the equilibrium
concentration of adsorbate and K. is Freundlich isotherm
constant [39].

2.1.6. Adsorption kinetics

The adsorption kinetics was studied with pseudo first
and pseudo second order kinetic models that generally pre-
sented in the following equations, respectively:

d
dzt =K, (% - %) @)
d
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where ge is the amount of humic acid adsorbed on adsor-
bent at equilibrium and g is amount of humic acid adsorbed
on adsorbent at various times (mg/g), k, and k, are the rate
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constant of the pseudo first-order model (1/h) and the
rate constant of the pseudo second-order model (g/mg-h),
respectively [40].

3. Results and discussion
3.1. Characterization of the adsorbents

Fig. 2 show SEM and TEM images for G and GO adsor-
bents. For determination of the accurate diameter of G and
GO adsorbents bundles, the SEM method was used. This
technique gives information mainly regarding surface mor-
phology of the G and GO samples. The TEM was used for
measurement of G and GO diameter in the bundle [41,42].
From the TEM image it is possible to determine directly the
diameter of one nanoparticle and bundle diameter. Using
this information the number of G and GO in the bundle can
be found. According to Fig. 2 the thickness of the layers of
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1 | 1 | 1 I 1 I 1 I 1
5.00um

(©)

Gused in this study was 2-18 nm. Furthermore the thick-
ness of the layers as well as the number of layers of GO
adsorbent was 3.7-4 nm and 6-10, respectively.

3.2. The effects of solution pH on the removal of humic acid

The results of examining the effects of pH values of the
solution on the humic acid adsorption by G and GO adsor-
bents are shown in Fig. 3. Regarding to this figure, with
increasing the pH of the solution from 3 to 11, the humic
acid removal efficiency decreases. At pH = 3 the adsorption
capacities of G and GO were 23.78 and 28.58 mg/g, respec-
tively. Therefore, there is a reverse relationship between the
pH values and adsorption capacities.

The results showed that with increasing the pH values,
adsorption capacity decreases. In acidy pHs, humic acid
has a high solubility and this has effects on its adsorption.
Also, pH has effects on the surface density and therefore

2.00um

S4700 10.0kV 11.2mm x20.0k

(d)

Fig. 2. (a) SEM and (b) TEM images of G adsorbent (c) SEM and (b) TEM images of GO adsorbent.
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Fig. 3. Effects of pH on removal of humic acid by the G and GO
adsorbents (dosage adsorbent = 0.1 g/L, initial concentration of
humic acid = 10 mg/L, contact time = 45 min).

has effects on the adhesion force between the particles.
in the adsorption process, H* ad OH™ are two important
ions and determining ions for the surface charge [20]. The
type of humic acid ion affects on the reaction between the
humic acid and adsorbent. In other words if the surface
charge of adsorbent is positive, then its tend to adsorb
anions increases and electrostatic adsorption takes place.
Therefore the pH of the solution affects on both the sur-
face charge of the adsorbent and the humic acid charge
and these conditions control the humic acid adsorption.
In higher pHs, the surface charge of the adsorbent is neg-
ative and so the adsorbent tend to adsorb the anions by
the electrostatic process decreases. the adsorption process
is dependent to some factors like the number of silanol
(Hydoxil groups that exists on the adsorbent surface, com-
position of solution ions, chemical and physical character-
istics of humic acid [43,44]. In addition, it is probable that
with increasing the pH, the spherical shape of humic acid
molecules becomes linear and this decreases the humic
acid adsorption in higher pHs [21]. Similar results were
observed in the study of Omriand et al. [35].

3.3. The effects of contact time and initial concentration
on the removal of humic acid

Effects of contact time and initial concentration of humic
acid on the efficiency of removal of humic acid are shown
in Figs. 4 and 5. As shown in these figures, the removal of
humic acid by increasing the contact time for up to 10 min
has been increased. Also, the results show that at humic
acid concentrations of 2, 5 and 10 mg/L in contact time 10
min, the adsorption capacities of G adsorbent were 6.85,
18.78 and 27.48 mg/g, respectively. Also the adsorption
capacities of GO adsorbent at mentioned initial humic acid
concentration were 7.19, 19.83, 31.01 mg/g, respectively.

According to Figs. 4 and 5, there is a reverse relation-
ship between the contact time and removal of humic acid.
Adsorption kinetics is highly dependent on the adsorp-
tion surface. In the first minutes, the maximum amount
of free surfaces on the adsorbent exists and this is com-
patible with the results of this study. The results show

—=—(C0=2mgL —=—-C0=5mgL C0=10mgL

U

qe (ng/g)
(=]
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Fig. 4. Effects of reaction time and initial concentration of humic
acid on the efficiency of removal process by G adsorbent (pH =
3, adsorbent dosage = 0.1 g/L).
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50
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Fig. 5. Effects of reaction time and initial concentration of humic
acid on the efficiency of removal process by GO adsorbent (pH
=3, adsorbent dosage = 0.1 g/L).

that the amount of humic acid adsorption is a function
of its initial concentration. With increasing the initial
concentration of humic acid, the adsorption capacity
increases as well the results of experiments in this stage
confirm the studies of Wang and et al. Their study was
about removal of fulvic acid from aqueous solution by
modified zeolite. Their results showed that with increas-
ing the concentration, the removal of fulvic acid by mod-
ified zeolite increases as well and when time reaches 120
min, the concentration reaches to equilibrium. The results
show that adsorption amount of fulvic acid is a function
of its initial concentration. Also, increasing the initial
concentration, causes the interaction between adsorbent
and fulvic acid to increase [44]. In this study, the maxi-
mum amount of adsorption occurred in the first 10 min
and for G in higher contact times, adsorption capacities
decreased. But for GO, the maximum absorption capacity
was 10 min and after that it was almost constant. These
changes in higher contact times are probably because
that in initial contact times, most sites on the adsorbent
surface are empty and concentration changes of the pol-
lutant in liquid phase are higher and with increasing the
time, less of these empty sites on the adsorbent surface
exist. Therefore the speed of pollutant concentration
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changes in liquid phase decreases and consequently
the speed of adsorption decreases. On the other hand,
with increasing the time, the repulsive force between
the adsorbed molecules of humic acid on the surface of
adsorbent increases and therefore the adsorption in the
empty sites of adsorbent surface takes place with a lower
speed. This causes the adsorption process to take more
time, or in the other words, the amount of adsorption
versus the time decreases [44]. Generally, surface adsorp-
tion of humic acid on adsorbents such as graphene and
graphene oxides is described by mechanisms such as
electrostatic interactions, hydrophobic interactions (such
as van der Waals forces), n-n reactions, and hydrogen
bondings. Due to the graphite structure of graphene and
graphene oxides, in many cases its characteristics are sim-
ilar to those of activated carbon. Adsorption and desorp-
tion between hydrophobic humic acid and graphene and
graphene oxides due to their surface charge type, van
der walls forces in will also occur due to the hydrophobic
surfaces of the graphene and graphene oxides. The n-n
reactions are also due to the aromatic rings present in
humic acid. Hydrogen bonds Because of humic acid may
act as hydrogen donors, they are used to describe the
adsorption of humic acid on adsorbents such as graphene
and graphene oxides. The cause of the effect of hydrogen
bonds is the presence of a large number of carboxylic or
phenolic groups of humic acid [45]. Lu and Su studied
the adsorption of natural organic matters (NOM) by car-
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Fig. 6. Effects of various adsorbent dosage on the efficiency of
humic acid removal by G and GO adsorbents (pH = 3, initial
concentration = 10 mg/L, contact time = 10 min).

Tablel

bon nanotubes. Their results showed that with increas-
ing the initial concentration of NOM and ionic power
of solution, the amount of NOM adsorption by carbon
nanotubes increased, but with increasing the pH, adsorp-
tion decreased [12].

3.4. Effects of dosage adsorbent on the removal of humic acid

The results of effects of various dosage of adsorbent
G and GO adsorbents (0.1, 0.2, 0.3 and 0.4 g/L) on the
removal of humic acid in pH = 3, equilibrium time =
10 min can be seen in Fig. 6. Regarding this figure, the
optimal concentration for G and GO adsorbents was
calculated to be 0.1 g/L. In this stage, with the opti-
mum amounts of adsorbent, the adsorption capacity of
G adsorbent was 23.62 mg/g and this number for GO
adsorbent was 30.84 mg/g.

The results of studying the effects of optimum dosage
of adsorbent on the humic acid adsorption are in Fig. 6.
According to the results, with increasing the adsorbent
dosage from 0.1 to 0. 4 g/L, the adsorption capacity of
humic acid onto G and GO decreases. This is because of
some factors such as active surface area of the adsorbent
and some dynamic factors such as an increasing in inter-
actions and free bands on the adsorbent surface. In such
conditions, there is a competition between the molecules
of the pollutant to fill the empty surfaces of the adsor-
bent and therefore the adsorbent surfaces are used in an
unsaturated manner and so all of adsorbent capacities are
not used optimally. Therefore, the amount of pollutant
adsorption decreases. These results were confirmed by the
results of Moriguchi and et al about application of silica
nanoparticles modified with heavy metals for removal of
humic acid [20].

3.5. Effects of temperature and thermodynamic studies

The results of examining the effect of reaction tem-
perature on the removal process of humic acid by two
mentioned adsorbents are shown in Table 1. It can be seen,
increasing the solution temperature decreases the amount
of humic acid adsorption by both adsorbents. This shows
that the removal process of humic acid by both adsorbents
is an exothermic reaction.

With increasing the temperature from 288 to 308 K,
the efficiency of G and GO adsorbents for removal of
humic acid decreased. Also, the negative amounts of AH®
show that the process is exothermic and with decreas-
ing the environment temperature, the adsorption capac-

Thermodynamic parameters for humic acid adsorption on G and GO adsorbents

T(K) GO
g (mg/g) AG AH AS q (mg/g) AG AH AS R?
(kJ/mol) (kJ/mol)  (J/mol K) (kJ/mol) (kJ/mol)  (J/mol K)
288 4143 -2.49 -21.96 —67.94 094 39.31 -2.28 -3.28 -3.46 0.98
298 3148 -1.51 3847 -2.27
308 2811 -1.15 372 -2.21
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ity increases. Also according to Table 1 the negative
amounts of AG° shows that the removal of humic acid by
two mentioned adsorbents can be done in stoichiometry
manner and this reaction is done spontaneously. Nega-
tive amounts of AS® show the humic acid molecules at
the solid-liquid interface are more organized than those
in the bulk solution phase [4,46,47].
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Fig. 7. Langmuir isotherm for removal of humic acid by G and
GO adsorbents.
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Fig. 8. Freundlich isotherm for removal of humic acid by G and
GO adsorbents.
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3.6. Adsorption isotherms

The results of Langmuir and Freundlich models for
adsorption of humic acid onto G and GO adsorbents are
shown in Figs. 7 and 8 and also Table 2.

As shown in Figs. 7 and 8 and Table 2, adsorption of
humic acid by G adsorbent with R?= 0.99 follows the Fre-
undlich model and this shows that the surface of G adsor-
bent is heterogeneous and the adsorption of humic acid on
G occurred layer by layer [24,49]. But adsorption of humic
acid on GO adsorbent with R?= 1.00, followed the Lang-
muir model and according to this model, the humic acid
adsorption was single layer and homogenous [24,49].

3.7. Adsorption kinetics

To investigate the mechanism of humic acid adsorp-
tion on G and GO adsorbents, the pseudo-first-order and
pseudo-second-order equations were used to find out the
adsorption mechanism. The results of kinetic parameters
for adsorption of humic acid onto G and GO adsorbents are
shown in Table 3.

Regarding Table 3, by comparing the amounts of R?
for G and GO, it is clear that the adsorption of humic
acid for these adsorbents follows the pseudo second
order kinetics. On the other hand, with studying the
pseudo second order equations, it can be seen that there
is little difference between capacity of adsorption under
empirical equilibrium conditions (g,_,) and the capacity of
adsorption under calculation based conditions (4,,). So,
pseudo second order kinetic model can be used properly
for explaining the kinetics of humic acid with G and GO
adsorbents. The findings of Naghizadeh and et al. con-
firm these results [4].

3.8. Comparison of the G and GO adsorbents with other
adsorbents

The comparison of the maximum adsorbed capacity
in this study is important with other amounts of reported
adsorbents. For this reason, the capacity adsorption of
humic acid using G and GO adsorbents has been compared
with other adsorbents, as shown in Table 4.

Comparison of the pseudo-first-order and pseudo-second-order models for different initial humic acid concentrations

Adsorbents C, (mg/L) Pseudo-first-order Pseudo-second-order Donp
K, 9, (Mg/g) R K, Docal R? (me/8)
(min™) (g/mg min) (mg/g)
G 2 0.03 097 0.22 0.20 3.44 0.99 7.05
5 0.01 1.33 0.03 0.13 17.00 0.99 18.98
10 0.03 1.32 0.39 0.16 22.83 1.00 27.69
GO 2 0.06 0.51 048 0.05 5.76 091 12.39
5 0.05 0.73 0.46 0.03 25.33 091 32.03
10 0.02 0.80 043 0.05 45.63 1.00 49.04
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Table 4
Comparison of the G and GO adsorbents with other adsorbents
Adsorbent C, (mg/L) T (K) q, (mg/g) Reference
Graphene 2-10 288 414 This study
Graphen oxide 2-10 288 39.3 This study
Carbon prepared from almond shell 10-100 318 169.5 [35]
Magnetic chitosan nanoparticle 3-30 298 32.6 [50]
Walnut shell 10-30 298 35.2 [4]
Walnut shell modified with titanium dioxide 10-30 298 40.2 [4]
Walnut shell modified with zinc oxide 10-30 298 379 [4]
Crosslinked chitosan—epichlorohydrin beads 10-50 300 44.8 [51]
10 - +C0=2mg/ W CO=5mg/| Co=10mg/l 14.0 - ,co:ngﬂ ICO:Smg/\ CO:lOmg/I
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10 - +C0=2mg/l  WMCO=5mg/| C0=10mg/| Time(min)
08 4
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T 02+
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Fig. 9. Pseudo-first-order kinetics for adsorption of humic acid '
onto (a) G and (b) GO adsorbents. 50
Time(min)
4. Conclusion (b)

In this study, the G and GO adsorbents were used as
adsorbents for removal of humic acid from aqueous solu-
tion. At pH of 3, the highest amounts of removal were
observed. Also it was observed that increasing the initial
concentration of humic acid and decreasing the adsor-
bent dosage caused the adsorption to increase. According
to the results, it can be clearly seen that GO adsorbent
have a higher efficiency than G adsorbent for removal of
humic acid. The results of adsorption isotherms showed
that adsorption of humic acid by G and GO adsorbents
follows the Freundlich and Langmuir model, respec-
tively. Also, the results show that the pseudo-second-or-
der kinetic model correlates well with experimental
data. The thermodynamic studies also showed that the

Fig. 10. Pseudo-second-order kinetics for adsorption of humic
acid onto (a) G and (b) GO adsorbents.

removal of humic acid by G and GO adsorbents was exo-
thermic and spontaneous.
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