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ABSTRACT

In this paper activated carbon which was prepared from maize tassel was utilized to eliminate humic
acids (HAs) from aqueous solutions. Fourier transform infrared spectroscopy and X-ray diffraction
were employed to characterize the activated carbon. Batch adsorption technique was utilized to
investigate on the elimination of humic acids (HAs) by the generated adsorbent. Additionally, all
parameters affecting the elimination efficiency like pH, dose of adsorbent, and initial humic acids
(HAs) concentration were taken into consideration. Under optimum conditions, diverse isotherm
models were examined to fit the experimental equilibrium data. The appropriateness and applica-
bility of Langmuir model was confirmed by the obtained results. Kinetic models including pseu-
do-first-order and pseudo-second-order diffusion models confirmed that the second-order equation
model controls the kinetic of the adsorption process. Also, evaluation of thermodynamic parameters
of adsorption process (AG®, AH®, AS°) revealed little information. The negative AG® value revealed
that the process is practicable and adsorption spontaneous in nature. The exothermic nature of
adsorption was revealed by the negative AH® value. And finally the value of AS°® revealed the change
in the randomness of the active carbon from raw maize tassel solution interface during the sorption.
The whole adsorption process was exothermic and spontaneous in nature. The outcomes demon-

strated that HAs adsorption onto maize tassel might be a physical adsorption.
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1. Introduction

Humic substances (mainly humic acids and fulvic acids)
are present in almost all natural waters and often represent
a major proportion of organic pollution (known in the litera-
ture as natural organic matter-NOM) [1]. Humic substances
are complex high molecular weight organic compounds,
with an aromatic-aliphatic character, that contain carbon,
oxygen, hydrogen, nitrogen and sulfur. The relative molecu-
lar mass of humic substances ranges from a few hundred to
tens of thousands [2]. Humic acid may cause water to have
an undesirable taste and color. Moreover, it acts as a nutri-
ent for the growth of bacteria in water distribution systems.
Humic acid can cause blockage of membranes in membrane
treatment processes, and therefore, increase the operational
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costs. Furthermore, humic acid can form complexes with
chlorine, heavy metals, pesticides, and herbicides, creating
carcinogenic compounds [3,4]. The factors that determine
the composition of humic substances are location depen-
dent and include the source of the organic matter, the water
chemistry, temperature, pH, and biological processes, The
elementary composition of humic substances [5].

Since 1974, a number of epidemiological surveys have
confirmed the correlation between a variety of cancers in
humans and animals and drinking of or contact with the
chlorinated water. Humic acids (HAs) as the main chlorine
disinfection byproducts are toxic, carcinogenic, and muta-
genic [6]. The presence of organic compounds in water
resources provokes numerous troubles during treatment
processes specifically if conventional water treatments are
practiced. NOM can affect water treatment and the leading
effect of these materials is the creation of chlorination by
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products due to their reaction with chlorine. The direct rela-
tionship between the formation of chlorination by products
and the concentration of NOM as the most important pre-
cursor in the formation of these compounds has been con-
firmed. Only 30% of NOM precursors has been removed in
the conventional water treatment processes [7].

The presence of humic substances (mainly humic acids)
in almost all natural waters is often associated with major
proportion of organic contaminations (known in the litera-
ture as natural organic materials - NOM) [8].

Humic substances belong to a class of organic com-
pounds with high molecular weight and an aromatic/ali-
phatic character which contain carbon, oxygen, hydrogen,
nitrogen and sulfur.

The reported relative molecular weight of humic sub-
stances is from a few hundred to millions of daltons. Loca-
tion dependent factors like the source of the organic matter,
the water chemistry, temperature, pH, and biological pro-
cesses [9] are among the factors that ascertain the com-
position of humic substances. By surveying the chemical
characteristics of humic substances, the presence of carbox-
ylic acid and the hydroxy (phenol, alcohol), methoxy, and
carbonyl groups can be specified that along with the ali-
phatic side chains are bound to the nucleus [10]. Carcinoge-
nicity and toxicity of these substances have been confirmed
[11]. Therefore, reducing the content of humic substances
in water or changing the method of disinfection is indis-
pensable in order to halt the development of chlorinated
hydrocarbons.

Coagulation and flocculation followed by sedimen-
tation/flotation and filtration are the commonest, cost
effective and doable processes to abate NOM. Coagulation
is effective in removing most of the NOM, although obvi-
ously hydrophilic, low molecular weight fractions of NOM
(molecular mass up to 500) in comparison with hydro-
phobic, high molecular weight compounds are eliminated
less efficiently (some fractions cannot be eliminated at all).
Accordingly after coagulation, hydrophilic NOM and low
molecular weight fractions dominate the residual organic
matter. The best result is obtained in the treatment of humic
waters by clarification earlier in the acidic range (pH 4-6),
that produce large and well separated units [12].

However, as mentioned in the literature, high initial
investment and operation cost, obstruction, formation of a
large amount of sludge, abatement of water pH, generation
of corrosive water, and the exigency for reduction operation
are among the limitations presented if these methods are
employed [13]. Coagulation and ion exchange [14], adsorp-
tion [15], ozonation and Air Oxidation [16], activated car-
bon filtration [17], and biosorption [18] are conventional
wastewater treatment protocol based on physicochemical,
chemical, and biological processes. Amongst the mentioned
processes, adsorption is extensively employed for large
scale chemical, biochemical, purification and environmen-
tal recovery applications [19]. Using effective, non-toxic
and low-cost adsorbents along with simple design and ease
of operation made this technique beneficial and popular.
Appropriateness of the adsorbent depends on factors such
as elimination capacity, treatment cost, and operating con-
ditions [20]. Therefore, for the elimination of humic acids
(HAs) and their precursors it is essential to exercise suit-
able methods. Amongst variety of methods, the adsorption

process as a simple and standard method is considered
advantageous for the elimination of organic pollutants like
humic acid. Activated carbon in theory is the best adsorbent
for humic acids (HAs) elimination however; in practice it
exhibits low capacity for the elimination of high molecular
organic compounds such as NOM [21].

Recently, the use of cost effective adsorbents has been a
subject receiving close review since adsorbents are expensive
and their feasibility has been investigated [22,23]. Chemical
treatment and biodegradation procedures not only are based
on expensive and complex processes but also produce nox-
ious by-products. The derived activated carbon from maize
tassel is very cost effective, energy effective and non-toxic
because Cob as an agricultural tree grows in many regions.
The mentioned characteristics of this carbon in comparison
with the commercial activated carbon make it suitable for
the elimination of water contamination. On the other hand
elimination of humic acids (HAs) based on biological treat-
ment and chemical precipitation has low efficiency and is not
environmental friendly [24]. Therefore, preparing activated
carbon sprang from maize tassel as an alternative to exorbi-
tant or noxious adsorbents for the elimination of humic acids
(HAs) from wastewater attracted our attention. To charac-
terize this adsorbent, X-ray diffraction pattern and FTIR of
the activated carbon were employed. Investigating and opti-
mizing the experimental conditions including pH of solu-
tion, initial humic acids (HAs) concentration, contact time,
and adsorbent dosage as well as the dye removal percentage
as response were performed. Also investigation about the
extent to which the experimental factors interact with each
other was performed. The optimal conditions for the humic
acids (HAs) elimination for pH, contact time, initial humic
acids (HAs) concentration, and adsorbent dosage were esti-
mated to be 5, 65 min, 10 mg/L and 50 mg respectively. To
best fit the experimental equilibrium data, different isotherm
models like Langmuir, Freundlich, and Dubinin-Radush-
kevich were employed. The obtained outcomes demon-
strated the appropriateness and pertinence of the Langmuir
model. By applying the kinetic models of pseudo-first-order
and pseudo-second-order diffusion models, it was shown
that the pseudo-second-order model regulates the kinetic of
adsorption process. The effective use of the activated carbon
sprang from maize tassel to eliminate the humic acids (HAs)
from wastewater was confirmed.

2. Experimental procedure
2.1. Materials

The chemical compounds and reagents utilized in this
work were of analytical grade and bought from Merck
(Darmstadt, Germany). The stock solutions were watered
down with deionized water in order to obtain the standard
and experimental solutions. All through the study, deion-
ized water (DI-water) was utilized [25].

2.2. Provision of biomass

The maize tassel powder as a valueless agricultural
waste product was gathered. Maize tassel was removed
from the woody parts of the maize plant and completely
washed with water, and then it was sun dried for 5 d. The-
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dried biomass was grinded and then by means of 100-300
m analytical sieves was fractionated. Finally, it was washed
twice with 0.01 M HCI to ensure any metals removal that
might be on the biomass.

2.3. Provision of activated carbon

Based on the reported procedures, the provision of acti-
vate carbon was done [26,27]. Concisely, 200 g of the frac-
tionated maize tassel powder was weighed in a 1 L capacity
cleansed dry beaker containing (200 mL, 97% H,SO, for 24
h) followed by refluxing in a fume hood for 4 h. Filtration of
the reaction mixture was done after cooling and with ultra-
pure water the filtrate was washed over and over again and
then drenched in 1% NaHCO, solution to neutralize any
remaining acid. Thereafter, the sample was rinsed using
distilled water until the pH of the activated carbon was
between 6 and 7, dried overnight in an oven at 120°C, and
retained in a glass bottle until use.

2.4. Batch adsorption experiments

Batch adsorption experiments were performed to ascer-
tain the humic acids (HAs) adsorption isotherm onto active
carbon sprang from raw maize tassel and its thermody-
namic properties: after preparing 500 mL solution contain-
ing 10 mg/L concentration of humic acids (HAs), by the
help of 0.01 N HC1/0.01 N NaOH aqueous solution, the ini-
tial pH of the solution was adjusted with no further adjust-
ments during the experiments. The solution was divided
into 10 samples of 50 mL and was poured in ten 250 mL
flasks containing fixed adsorbent dose of 100 mg/L. Then
at a steady rate of 200 rpm and a maintained temperature at
25°C, the flasks were shaken on an orbital shaker. One of the
sample flasks was withdrawn from the orbital shaker after
fixed time intervals (5, 10, 20, 30, 40, 50, 60, 70, 80 min) and
analyzed for remaining humic acids (HAs) present in the
adsorbate solution. By filtration and via Whatman No. 42
filter paper, the derived active carbon from raw maize tas-
sel was separated from aqueous solution. With the help of
a”U-Visible Shimadzu 160 Spectrophotometer” equipped
with an air-acetylene flame, the analysis of the concentra-
tion of the humic acids (HAs) in solution samples was per-
formed. The humic acids (HAs) removal (%A) or removal
yield of humic acids (HAs) was assessed by the following
equation:

Ay — 4
0

In the above formula C; stands for the initial concen-
tration of humic acids (HAs) in solution (mg/L), and C, for
the final concentration of humic acids (HAs) in solution
(mg/L). The computation of the amount (mg/g) of humic
acids (HAs) adsorbed at equilibrium was done using the
ensuing equation:
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In which C, and C, show the initial ion concentration
and concentration of humic acids (HAs) at any time ‘t’. V
stands for the volume of solution in litters and W shows

the adsorbent dosage in mg/L. By adding 50 mg of derived
active carbon from raw maize tassel into 10 mL initial humic
acids (HAs) concentration ranging from 2 to 12 ppm in each
experiment, the thermodynamic properties of the adsorp-
tion process was assessed. Each solution was agitated con-
secutively for 65 min at 25°C.

The humic acids (HASs) concentrations, after the solu-
tions reached equilibrium, were estimated and then the
results of desorption were acquired. In the present study,
each experiment was performed in triplicate and the aver-
age results were presented.

3. Results and discussion
3.1. Physicochemical characteristics of activated carbon

The physicochemical characteristics like pH, moisture
content.

Bulk density, surface area, and loss of mass on ignition
are shown in Table 1. The bulk density affects the rate of
adsorption of humic acids (HAs) solution onto activated
carbon. In the present study, the bulk density was less than
2.0 indicating that the activated carbon materials are in fine
nature and hence enhanced the adsorption of humic acids
(HAs) solution from aqueous solution. The moisture con-
tent (0.3%) was determined, even though it does not affect
the adsorption power, dilutes the adsorbents, and therefore
necessitates the use of additional weight of adsorbents to
provide the required weight. The surface area of the pre-
pared activated carbon in the present research study was
250 m?/g and is higher than a low-cost adsorbent such as
palm pith carbon (188 m?/g) [28] but lower than peanut hull
carbon (354 m?/g) [29]. The X-ray diffraction pattern of the
activated carbon is shown in Fig. 1. The XRD spectrum of
activated carbon is a typical diffraction pattern of an amor-
phous material which gives a continuous function and had
two partially.

The FT-IR spectrum was obtained for treated activated
carbon before (a) and after humic acids (HAs) solution bio
sorption process (b) (Fig. 3). The comparisons of the FI-IR
spectra of activated carbon and after humic acids (HAs)
solution biosorption give the following bands and peaks.
The spectrum shows a band at around 3500 cm™, which
indicates the presence of hydroxyl functional groups on the
surface of maize tassel activated carbon. The peaks at 1630
cm™ and 1622 cm™ can be attributed to and 1388 cm™ car-
bonyl groups (C=0). The peaks at 1384 cm™ were due to
the presence of C=H aliphatic bending. The C=0O functional

Table 1
Characteristics of the activated carbon derived from maize
tassel

pH 5.0
Moisture (%) 0.3
Bulk density (g mL™) 0.52
Surface area (m?/g) 250
Particle size range (um) 100-300
Loss of mass on ignition 0.7




M. Ebrahimi et al. / Desalination and Water Treatment 160 (2019) 250-259 253

Grinding

Raw maize tassel

Maize tassel powder

Chembkal activation
ﬁ—
H2804 o

Activated carbon

Fig. 1. Schematic representation of the process involved in the derivation of activated carbon from raw maize tassel up to adsorption.
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Fig. 2. X-ray diffraction of activated carbon derived from maize
tassel.
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Fig. 3. FT-IR spectra of treated activated carbon (a) and humic ac-
ids (HAs) solution loaded activated carbon (b). defined resolved
peaks at about 2 = angle of 22.6 and 26.4 degrees, respectively.

groups have been reported to show very high coordination
with trace metals; hence it disappeared in the humic acids
(HAs) solution loaded [30]. For this reason, the presence
of these functional groups may be responsible for good
adsorptive behavior of the activated carbon towards the
humic acids (HAs) solution.

3.2. Impact of pH

The pH has been found to be one of the most leading
and effective parameter on humic acids (HAs) sorption.
Competition potentiality of hydrogen ions with humic
acids (HAs) to active sites on the biosorbent surface has
a direct relation with pH. Investigation about the impact
of pH on the biosorption of humic acids (HAs) onto
derived active carbon from raw maize tassel was done

at pH 3.0-10.0 which is shown in Fig. 4. The pH of 5.0
provided the highest biosorption for humic acids (HAs).
Therefore, this pH value was chosen to be the base pH for
the all remained biosorption experiments [31]. The phys-
io-chemical nature of the interaction of the solution was
reflected by the biosorption mechanisms on the derived
active carbon from raw maize tassel. When the whole
surface charge on the active sites at highly acidic pH
become positive, humic acids (HAs) and protons fight
for binding sites on active carbon from raw maize tassel
which culminates in lower uptake of humic acids (HAs).
Upon the increase in the pH of the solution from 5.0, the
biosorbent surface was more negatively charged. Depo-
rotonization of the functional groups of the active carbon
from raw maize tassel upon the increase in the make the
scene for the humic acids (HAs). Therefore the reduction
in biosorption yield at higher pH (=5) is not only per-
tain to the genesis of soluble hydroxylated complexes of
the humic acids (HAs) but also to the ionized nature of
the active carbon from raw maize tassel of the biosorbent
under the studied pH. Also based on the prior surveys,
the topmost biosorption yield of humic acids (HAs) on
biomass was detected at pH 5.0.

3.3. Impact of initial humic acids (HAs) concentration

Investigation about the adsorption uptake of humic
acids (HAs) was done for initial concentration range from 2
to 12 mg/L and exhibited in Fig. 5.

A rise in the initial concentration of humic acids (HAs)
provokes the increase in the adsorption yield of these humic
acids (HAs) by active carbon from raw maize tassel. The
requisite driving force is provided by the initial concentra-
tion to defeat the resistance to mass transfer of adsorbent
between aqueous and solid phases.

3.4. Impact of contact time

Over a time range of 5-80 min, the uptake of humic
acids (HAs) ion was investigated and the impact of contact
time on elimination yield demonstrated in Fig. 6. It was
revealed that a very large amount of humic acids (HAs) was
eliminated in the first 65 min and for this reason 65 min was
taken for granted to be adequate for humic acids (HAs) to
reach equilibrium.

3.5. Impact of temperature

Investigation about the adsorption of humic acids
(HAs) on derived active carbon from raw maize tassel as
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Fig. 4. Impact of pH on removal of humic acids (HAs) (conc = 10
mg/L; adsorbent dose = 50 mg, contact time = 65 min; stirring
speed = 200 rpm; temp = 25°C).
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Fig. 5. Impact of Initial humic acids (HAs) concentration on met-

al uptake of adsorbent; adsorbent dosage = 50 mg, pH of solu-
tion = 5.0, contact time = 65 min.
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Fig. 6. Impact of contact time on removal of humic acids (HAs)
by active carbon from raw maize tassel; Initial humic acids
(HAs) concentration = 10 mg/L, adsorbent dosage = 50 mg, pH
of solution = 5.0.

a function of temperature was performed and the topmost
uptake was achieved at 25°C. Trials were carried out at tem-
peratures of 25, 35, 45 and 55°C for the initial humic acids
(HAs) concentration of 10 mg/L and at constant adsorbent
dose of 50 mg and pH of 5.0. It was observed that with a
rise in temperature from 25 to 55°C,the adsorption reduced
from 80.0 to 60.0 % for the initial humic acids (HAs) concen-
tration of 30 mg /L (Fig. 7). Decreased surface activity can be
the main reason for this reduction proposing that adsorp-
tion between humic acids (HAs) and derived active carbon
from raw maize tassel is an exothermic process.
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Fig. 7. Impact of temperature for adsorption of humic acids
(HAs) by active carbon from raw maize tassel, initial humic ac-
ids (HAs) concentration = 10 mg/L, adsorbent dosage = 50 mg,
pH of solution = 5.0.

3.6. Kinetics study

In order to evaluate the biosorption kinetics of humic
acids (HAs) uptake onto derived active carbon from raw
maize tassel, parameters from two kinetic models, pseu-
do-first-order and pseudo-second-order were fitted to
experimental data.

3.6.1. Pseudo-first-order kinetics

The ensuing equation is the pseudo-first-order equation
of Lagergren [32]:

d
k(g - ©)
In which g, shows the sorption capacities at equilibrium
and g, shows the sorption capacities at time t (mg/g). K, in
the above equation is the rate constant of pseudo-first-or-
der sorption (1/min). The integrated form of equation after
integration and applying boundary conditions, g, =0 to g, =
g,att=0tot=tis expressed as follow [33]:

Lt (4)
2.303

In two ways, the equation fitting to experimental results
mostly differs from a true first-order equation: first, the
number of available sites is not represented by the parame-
ter k,(q, - g,); and second, the parameter Ing, is frequently not
found equal to the intercept of a plot of In (g, — g,) against ¢
while it is an adjustable parameter. Indeed in a true first-or-
der sorption reaction log, the equivalence of g, to the inter-
cept of In (g, - q,) against ¢ is definite. The sorption capacity
at equilibrium (g,) must be known to fit the equation to
experimental data.

When g, is unknown and as chemisorption is apt to
become excessively slow, the amount sorbed in com-
parison with the equilibrium amount is significantly
smaller. Based on the literature, in many cases the pseu-
do-first-order equation of Lagergren does not fit properly
for the entire range of contact time and is usually appli-
cable over the initial 5-50 min of the sorption process. In
addition, some means of extrapolating the experimental
data to t = oo should be found on regarding q, as an adjust-

ln(qe/exp —q)=Inqpcq —
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able parameter to be ascertain by trial and error. There-
fore, for analyzing the pseudo-first-order model kinetics,
attaining the equilibrium sorption capacity by trial and
error is necessary.

As it is shown in Fig. 8, obtaining the pseudo-first-order
rate constant is possible from the slope of plot between log
(g, - q,) against time (t). Table 2 summarizes the computed
values and their corresponding linear regression correlation
coefficient values. The value of R? = 0.8331 demonstrates
that this model cannot be employed to foretell the adsorp-
tion kinetic model.

3.6.2. Pseudo-second-order kinetics

The ensuing equation is the pseudo-second-order rate
expression which has been used for analyzing chemisorp-
tion kinetics rate [34]:

d
Tt — k(g - g,)?

) ©)

In which g, and g, stand for the sorption capacity at
equilibrium and at time ¢, respectively (mg/g), and k shows
the rate constant of pseudo-second-order sorption, (g/mg
min). The integrated formula of equation for the boundary
conditions toq, =0tog,=q,att =0tot =t (12) is expressed
as follow [35]:

t 1 t

1, Q
t que/cal e/ cal

In which ¢, g, and g, stand for the contact time (min),
the amount of the solute adsorbed at equilibrium (mg/g)
and at any time, ¢ (mg/g) respectively. Pseudo-second-or-
der kinetics is applicable if there exist a linear relationship
between the plot of t/g, and t of Eq. (13) from which g, and
k, can be recognized from the slope and intercept of the
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Fig. 8. Pseudo-first-order kinetics for humic acids (HAs) onto
active carbon from raw maize tassel.

Table 2
Adsorption rate constants by kinetic equation
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plot (Fig. 9). Table 2 demonstrates a list for the pseudo-sec-
ond-order rate constant k,, the computed ¢ value and the
relative linear regression correlation coefficient value. The
linear regression correlation coefficient R*at all initial metal
concentrations equals 0.9814. The higher values reveal that
pseudo-second-order kinetics can represent the adsorption
data properly.

3.7. Adsorption isotherm

Linear plots of the Freundlich, Langmuir, Temkin
and Dubinin-Radushkevich (DR) models for adsorption
of humic acids (HAs) on derived active carbon from raw
maize tassel are exhibited in Figs. 10-13 and in Table 3, the
parameters of these models are provided.

3.7.1. Langmuir isotherm

Monolayer adsorption on a homogeneous surface with
a limited number of adsorption sites is presumed for the
Langmuir isotherm [36]. No further sorption can transpire
at a site which is filled and when the maximum adsorption
takes place, the surface will finally reach a saturation point.
The ensuing formula expresses the linear form of the Lang-
muir isotherm model [37]:

@)

Fig. 10 exhibits the plots of C, versus C,/q, for humic
acids (HAs) and in Table 3, the linear isotherm parameters
q,.» b, and the correlation coefficient are presented. The
maximum sorption capacity g, —of humic acids (HAs) 3.0
mg/g onto derived active carbon from raw maize tassel
was observed.

5 y = 0.0558x + 0.5106
R= ?0.9814

t/qt (g/mg)

5 15 25 35 45 55 65 75 85
t

Fig. 9. Pseudo-second-order kinetics for humic acids (HAs) onto
active carbon from raw maize tassel.

Kinetic model ion Pseudo-first-order kinetic

Pseudo-second-order kinetic

q.(mg g™) K, (1/min) R

q,(mg g™ K, x 107 (g/mg min) R

Humic acids (HAs) 9.1 0.04

0.8331

18.0 6.1 0.9814
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Fig. 10. Langmuir plot for adsorption of humic acids (HAs) by
active carbon from raw maize tassel adsorbent dosage = 50 mg,
pH of solution = 5.0, contact time = 65 min.
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Fig. 11. Freundlich plot for adsorption of humic acids (HAs) by
active carbon from raw maize tassel adsorbent dosage = 50 mg,
pH of solution = 5.0, contact time = 65 min.
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Fig. 12. Temkin plot for adsorption of humic acids (HAs) by ac-
tive carbon from raw maize tassel adsorbent dosage = 50 mg,
pH of solution = 5.0, contact time = 65 min.

3.7.2. Freundlich isotherm

The well-known Freundlich isotherm model is the
earliest model that describes the adsorption process. For
adsorption on non-uniform surfaces with the interaction
between adsorbed molecules, Freundlich isotherm model is
applied. Also based on the Freundlich equation, sorption
energy shows a rapid decrease when the sorption centers
of an adsorbent is completed. This isotherm as an empiri-
cal equation is used to define non-uniform systems and is
expressed as follows in linear form [38]:

35 1
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Fig. 13. Dubinin-Radushkevich (DR) plot for adsorption of hu-

mic acids (HAs) by active carbon from raw maize tassel adsor-
bent dosage = 50 mg, pH of solution = 5.0, contact time = 65 min.

Table 3
Adsorption isotherms parameters and correlation coefficients

Isotherms Parameters Values
Langmuir q,, (mg/g) 3
K, (L/mg) 0.45
R? 0.9679
Freundlich n 0.4
K (mg)™"Lrg* 2.6
R? 0.995
Temkin AL (Lmg") 1.07
B, 21.441
R? 0.8906
Dubinin - Radushkevich q, (mg/g) 42
(DR) K, x 10 (mol/J) 1
E (kJ/mol) -700
R? 09714
1
Ing, =InKg +—InC, (8)
n

In the above formula K, stands for the Freundlich con-
stant pertain to the bonding energy. 1/7 is the heterogeneity
factor and 7 (g/L) is a quantity of the deviation from linear-
ity of adsorption [39].

The 1/7n and k,show the slope and intercept of the plots
In (C) vs. In (g,) (Fig. 11). In Table 3, the values of N fand k,
are demonstrated. The value of 1/# < 1 for both humic acids
(HAs) demonstrates desired adsorption. Sorption intensity
shows an increase for higher k. value. Thus, active carbon
from raw maize tassel is a suitable and favorable sorbent for
humic acids (HAs). The Freundlich isotherm with correla-
tion coefficient of R* 0.995 properly matched for adsorption
of humic acids (HAs) on derived active carbon from raw
maize tassel.

3.7.3. Temkin isotherm

In Temkin isotherm equation [40] it is presumed that the
heat of biosorption of all the molecules in the layer reduces
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linearly with coverage owing to adsorbent-adsorbate inter-
actions and that the adsorption is characterized by a homo-
geneous distribution of the binding energies up to some
topmost binding energy [41]. The linear form of the Temkin
isotherm is expressed as follows:

1 kh+1, 1 1

log(—) =log(-L"=) + =log —

g( qe) g( qum ) n 8 Ce (9)
In Fig. 12 the plots of In (C) versus g, for humic acids

(HAs) are exhibited and in Table 3, the linear isotherm

parameters b,, K, and the correlation coefficient are summa-

rized. The b, constant relative to heat of sorption for humic

acids (HAs) equals 21.441 J/mol.

3.7.4. Dubinin—Radushkevich (DR) isotherm

The biosorption nature of the sorbate on the biosorbent
and calculation of the mean free energy of biosorption is
described by the Dubinin—-Radushkevich isotherm [42].

Lng, = Lng,; — Kpe? (10)
where ¢ can be correlated

1
e=RTLn(1+ ) (11)

e

in which R shows the gas constant (8.314 ] /mol K). T shows
the absolute temperature (K). As shown in Fig. 13, from the
slope and intercept of the plot of In g, against &, the D-R iso-
therm constants b and g, _can be acquired. The computed
values are exhibited in Table 3. E or the mean free energy of
biosorption which is defined as the free energy alters when
1 mol of ion is conveyed to the surface of the solid from
infinity in solution and computed from the b value: [43].

16 -
14 ] *)
12 1

1]

08 4

In K

06

04

02

0 —
0.0028

L e L s S s S B s B ]
0.0031 0.0032 0.0033 0.0034 0.0035

T

T T
0.0029 0.003

Fig. 14. Plot of In K_vs. 1/T for the estimation of thermodynamic
parameters.

Table 4
The distribution coefficients at different temperature

E=-07Kp"° (12)

The plots of RT In(1+1/C)) versus In(g,) for humic acids
(HAs) are shown in Fig. 13 and the linear isotherm parame-
ters q,,, B, and the correlation coefficient are given in Table 3.

3.8. Adsorption thermodynamics

At diverse temperatures of 25, 35, 45, and 55°C, thermody-
namic parameters for adsorption of humic acids (HAs) onto
derived active carbon from raw maize tassel were acquired.
This was carried out via the ensuing equation to scrutinize the
spontaneous nature of the adsorption process [44].

AG,s =—RTLnK (13)

A graph (Fig. 14) is developed from a plot of InK against
1/T, from the slope of which AG can be procured. In Tables
4 and 5, the summary of the thermodynamic parameter
outcomes for the adsorption of humic acids (HAs) onto
derived active carbon from raw maize tassel at different
temperatures is shown.

Via applying the equation adsorption of humic acids
(HAs), the AG® values were computed. As shown in Fig. 14,
upon the increase in the temperature from 298 to 348K,
maize tassel adsorbent diminished and therefore the exo-
thermicity nature of the process was confirmed. The values
of the thermodynamic parameters (Tables 4,5) [45] were
computed using the plots. In the current study, the com-
puted value for the enthalpy change (AH®) was —15.0 kJ/
mol and for the entropy change (AS°) was —40.0 J/mol-K.
The feasibility and spontaneity nature of the process was
revealed by the negative value of AG°. The exothermicity
nature of adsorption was proven by the negative value of
AH° while the value of AS® was a good indication of change
in the randomness at the derived active carbon from raw
maize tassel solution interface during the sorption. The fact
that AG® values up to —2.25 k] /mol are accordant with elec-
trostatic interaction between sorption sites and the humic
acids (HAs) (physical adsorption) has been reported. The
obtained AG® values in this article for humic acids (HAs) are
<-5 kJ/mol suggesting the predominancy of the physical
adsorption mechanism in the sorption process.

Further applications

The use of activated carbon in solving environmental
problems affecting air and water is undeniable and since
the process of deriving activated carbon from raw maize
tassel is cost-effective, it is suggested to use it for remov-
ing other impurities from water. Also, the use of activated

Humic acids R? K,
(HAs) conen. (mg/L) 298K 308K 318K 328K 338K 348K
10 mg/L 0.936 40 26 233 2.03 1.87 15




258 M. Ebrahimi et al. / Desalination and Water Treatment 160 (2019) 250-259

Table 5

The thermodynamic parameters for the adsorption of humic acids (HAs) on maize tassel adsorbent
Humic acids AH° AS° AG?° (KJ/mol)
(HAs) conen. (mg/L) - (kJ/mol)  (kJ/mol K) 298K 308K 318K 328K 338K 348K
10 mg/L -15.0 -40.0 -3.44 -2.40 -2.25 -1.94 -1.63 -1.16

carbon from raw maize tassel as a filter for drinking water
should be tested. And since the subjects of decolorizing and
deodorizing waste water lies at the heart of a number of
many processes of water treatment, it is strongly suggested
to test the use of activated carbon from raw maize tassel in
decolorization and deodorization of waste water.

4. Conclusions

The prepared activated carbon from maize tassel was
utilized as a successful, economical and non-toxic natural
adsorbent for the elimination of humic acids (HAs) from
aqueous solutions. The impacts of pH, adsorbent dosage,
contact time, and initial humic acids (HAs) on the elimina-
tion of (HAs) were researched via batch experiments. After
assessing the isotherm models of Freundlich, Langmuir,
Temkin, and Dubinin-Radushkevich (DR) models for the
adsorption process, it was noted that Freundlich model
could properly describe the equilibrium data. The maxi-
mum sorption capacity (g, ) of 3.0 mg/g and R* of 0.995
in Langmuir isotherm of humic acids (HAs) was observed
onto maize tassel. The kinetics were detected to be ade-
quately fitted to the pseudo-second-order kinetic model.
The spontaneity of the adsorption of HAs at the tempera-
tures under study was confirmed. On the one hand, the fea-
sibility of the process and spontaneity of the adsorption was
confirmed by the negative value of AG®. On the other hand,
the exothermic nature of adsorption was confirmed by the
negative value of AH® while the value of AS® indicated the
alteration in the randomness at the derived active carbon
from raw maize tassel solution interface during the sorp-
tion. The aim of the current work is to generate economical,
accessible, and efficacious humic acids (HAs) adsorbents
from natural leavings as an alternative to existing com-
mercial adsorbents. Maize tassel showed a high adsorption
capacity when juxtaposed to other adsorbents for humic
acids (HAs) elimination from an aqueous medium.
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