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ABSTRACT

The objective of our study is to test the performance of the commercial powdered activated carbon
(PAC) in the elimination by adsorption of two di-azo dyes, Congo red (CR) and Naphthol blue
black (NBB), were used directly without any treatment. The PAC was characterized using X-ray
diffraction, Fourier transform infrared spectroscopy, Brunauer-Emmett-Teller, and the pH point
of zero charges (pH,,.). The adsorption studies were conducted on a batch process and under
the effect of various operational parameters such as contact time, pH, and initial concentration of
the tested dyes. The adsorption mechanism with nonlinear equations, such as pseudo-first-order,
pseudo-second-order, intraparticle diffusion, Elovich kinetics, Langmuir, Freundlich, and Dubinin-
Radushkevich isotherm was also studied. The adsorption process occurred rapidly for NBB than
CR. However, the maximum adsorption capacity was obtained with CR (53.17 mg/g). The find-
ings showed that CR and NBB’s adsorption processes favor the pattern of pseudo-first-order. The
maximum removal of two dyes was achieved under acidic condition. The adsorption efficiency
also decreased with the initial increase in the contents of the CR and NBB. The Langmuir isotherm
offered the best fit to experimental data suggesting homogeneous dispersion of adsorption sites.

Keywords: Adsorption; Congo red; Naphthol blue black; Powdered activated carbon; Kinetic;
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1. Introduction

Water pollution is an unfavorable change in physi-
cal, chemical or biological properties, or any discharge of
liquid, gaseous or solid substances into the water to cre-
ate a nuisance or to make this water dangerous for use.
Water pollution is mainly caused by human activities as
well as natural phenomena. In this context, we find that
industries represent the greatest polluters, with the textile
industry generating high liquid effluent pollutants due
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to the large quantities of water used in fabric processing.
In this industry, wastewaters of varying composition are
produced, from which colored water released during the
dyeing of fabrics may be the most problematic. Since a
small quantity of dye is highly visible due to its color and
can cause a series of several pollution problems [1].

The textile industry generates highly polluting waste-
waters and their treatment is a very serious problem due
to high total dissolved solids, presence of toxic heavy met-
als, and dyes are chemically stable and non-degradable
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which are aesthetically and environmentally unaccept-
able [2,3]. For these reasons, the textile industry has been
listed as the most important source of pollution of water.

Many studies have revealed, that dyes have toxic
effects, which may seriously harm the environment, like
the destruction of the water system and damaging the
aquatic communities. It is well acknowledged that dyes are
severely harmful to human health and other living organ-
isms. They are known to cause nausea, vomiting, skin prob-
lems like irritation, dermatitis, allergies, even reported to
be carcinogenic and mutation agents in human [2-6]. In
the same context a study carried out by Mittal [7] on per-
missible synthetic food dyes in India, pointed out several
researches have been repeatedly made that artificial dyes
cause serious side effects, such as hyperactivity in children
as well as cancer and allergies. Therefore, the elimination
of colored effluent is an absolute requirement before its
discharge into the aquatic environment.

There are many processes available for the removal
of dyes by conventional treatment technologies includ-
ing biological and chemical oxidation, coagulation and
adsorption, but they cannot be effectively used individually.
Adsorption is widely acknowledged as the most promis-
ing and efficient method because of its low capital invest-
ment, simplicity of design, ease of operation, insensitivity
to toxic substances and ability to remove pollutants even
from diluted solutions [2-5]. Moreover, the performance is
dependent on the type of carbon used and the character-
istics of the wastewater. Due to its highly porous nature,
activated carbon has a much larger surface area, and hence
has a higher capacity in terms of the adsorption [3].

It is important to note that the textile dyes have been
classified according to their chemical structure (azo dyes,
nitro dyes, indigo dyes, anthraquinone dyes, phtha-
lein dyes, triphenylmethyl dyes, nitrated dyes, etc.) [8]
Azo dyes are the largest class of synthetic dyes that are
characterized by the presence of one or more azo bonds
(R1-N=N-R2). Congo red (Direct red 28) and Naphthol blue
black (Amido black 10B) are among the widely known azo
colorants used in the textile industry. While the adsorption
using different adsorbent materials can be used to eliminate
these two dyes, their negative effects and toxicity remain of
concern as mentioned by many studies [5,9,10]. In this con-
text, the activated carbon may serve as an ideal adsorbent
because of its low-cost. It has relatively large specific surface
area, excellent physical and chemical stability. In addition,
the activated carbons are not only capable of sequester-
ing contaminants with varying molecular size, but also
have considerably high adsorption capacities, and other
advantageous structural and surface properties [2,3].

Therefore, the present work explores the performance of
the commercial powder activated carbon in the elimination
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Fig. 1. Structure of CR and NBB.

of the two di-azo dyes, Congo red (CR) and Naphthol blue
black (NBB). To realize our goals and to highlight the treat-
ment performances of the powdered activated carbon,
various operational parameters like, the effect of the agita-
tion time, pH, the variation of the mass of adsorbent will
be studied. In addition, the kinetics of adsorption (effect of
the variation in contact time) and the variation in the mass
of the adsorbent will be crowned by the application of
the different models.

2. Materials and methods
2.1. Adsorbate

In this research work, the used dyes of CR and NBB
have obtained from Sigma-Aldrich and used without any
purification. The location for the company are respectively
product by India and USA. These two colorants are anionic
dyes that are a part of the class of azo are anionic dyes.
The CR characterized by a dye content >35%, molecular
formula: C,,H,,N.O,S,Na, and molecular weight: equal to
696.66 g/mol. The NBB marked by 80% dye content, molec-
ular formula: C,,H,,N . Na,O,S, and molecular weight equal
to 616.49 g/mol. Their molecular structures are schemati-
cally presented in (Fig. 1). A stock solution of the studied
dyes (CR and NBB) was prepared by dissolving 1 g of dye in
distilled water and then making the volume up to 1,000 mL
with water, then stored in a volumetric flask. Samples of
different concentrations of dyes were prepared from the
stock solution by dilution. The calibration curves of CR and
NBB solutions were obtained by measuring the absorbance
of these samples at the maximum absorbance wavelength
of A__ =500 nm for CRand A__ =618 nm for NBB using a

max

UV-Vis spectrophotometer (Optizen).

2.2. Adsorbent

The studied powdered activated carbon (PAC) has
been provided by Riedel-de Haén chemicals laboratory
and the company product by Germany. This adsorbent
was directly applied without further grinding and siev-
ing. PAC’s structure was characterized by X-ray diffrac-
tion (XRD) using the pert high score plus of a PANalytical
X. Over a range of 20 and scanning rate were 2°-70° and
2°min, respectively. The PAC surface functional groups
are studied using Fourier transform infrared (FTIR) spec-
troscopy (Shimadzu IRAffinity-1S), the manufacturer loca-
tion for the company product by Japan. FTIR spectrums
were recorded with KBr disk method in wavenumber
range of 400-4,000 cm™. Nitrogen adsorption—desorp-
tion isotherms were obtained by Micromeritics ASAP
2010 V5.00 instrument giving the textural characteristics
of PAC samples at 77.30 K, the manufacturer location for
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the company product by USA. Furthermore, the point of
zero charge (pH,,.) was determined by a classical method
[11] that consists of preparing 50 mL NaCl (0.01 M) solu-
tions and changing their pH to correct values from 2 to
11 by adding NaOH or HCI (0.1 M). Then 0.5 g of adsor-
bent was applied to each solution. Before determining the
final pH (pH,, ), the suspensions were stirred at room

temperature for 24 h. The pH,,. was determined using
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the curve of pH, - pH, . = fipH,,.) The obtained

results are presented in Figs. 2a—e, respectively.

2.3. Description of adsorption tests

The elimination trials of CR and NBB, on PAC were
performed in batch experiments at room temperature,
on a magnetic stirrer by contacting a synthetic solution
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Fig. 2. Characterization of PAC sample: (a) XRD patterns, (b) FTIR spectra, (c) scanning electron microscopy (SEM) micrographs,
(d) nitrogen adsorption and desorption isotherms (at 77.30 K, equilibration interval: 5 s), and (e) pH point of zero charges of PAC sample.
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of these two dyes (30 mg/L of CR and 20 mg/L for NBB),
with a constant mass of activated carbon powder (0.5 g).
Each sample is filtered by vacuum using 0.45 um of mem-
brane porosity. For each filtered sample was measured
the residual content of CR and NBB by a UV-Vis spectro-
photometer at A__ =500 nm for CR and A__ = 618 nm for
NBB. Our tests were conducted in distilled water, without
any pH adjustment. Different parameters were tested for
examining the impact of the elimination of CR and NBB on
powdered activated carbon: the stirring time (2 min-5 h),
the pH ranged from 2 to 12 with the successive adjust-
ment of the pH, by adding hydrochloric acid to obtain
the acid pH and sodium hydroxide (NaOH) to obtain the
basic (alkaline) pH. The solution pH was kept constant
during the agitation (equilibrium time). The effects of the
variation of the initial concentration of NBB and CR were
also studied.

Our study was also crowned by the application of
various nonlinear models that are very useful in the field
of adsorption, such as pseudo-first-order [12], pseudo-
second-order [13], Elovich [14] and intraparticle diffu-
sion models [15] for the kinetics study. Langmuir [16],
Freundlich [17], and Dubinin—-Radushkevich [18] for
isotherms study. The formulas of the above-mentioned
models nonlinear are generally expressed by Eqs. (1)—(7):

The pseudo-first-order model is expressed as:

g, =4.(1-¢™) 0

The pseudo-second-order is
following equation:

represented by the

2k t
qt — 1 qe 2 (2)
+q,k,t

The Elovich model is defined as follows:
1
q[:Bxln(lxaxth) (3)

The intraparticle diffusion model is expressed by the fol-
lowing equation:

9, =K +C 4)

The Langmuir model is illustrated by the following
equation:

Ql("J[\an Ce
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1+k,C,

The Freundlich model is described by the following
equation:

q, =k:C (6)

The Dubinin-Radushkevich model is in the following
equation:

q, = qDRe_KDMZ (7)
Fo_ 1 ®)
2K

DR

2.4. Error function analysis

To determine the suitability of a model equation to
experimental results, an evaluation of the error function
is normally needed. The best-fitting sorption kinetic and
equilibrium isotherm models were validated using three
different statistical error functions namely coefficient of
determination (R?), adjusted coefficient of determination
(R? o), and Chi-square (x?). Noting that, if the q, experimen-
tal values are similar to the g, model values, x? is close to
zero. A high x? value suggests a strong disparity between
the values of the experimental and the measured model.

The equations of all the employed error functions are
as follows [Egs. (9)-(11)]:

Z(qe,exp e cal )2

RP=1- )
% (4 cp ~ o)
-1
R, =1 —[(1_ RZ)X[HZAH (10)
= z (qe,exp T cal )2 a1

-1 Ge,cal

where g, mean is the mean of the g, values; n is the num-
ber of experiments, and p is the number of parameters
in the selective model.

3. Results and discussion
3.1. Characterization of PAC

The different characteristics of the tested adsorbents
are grouped in Fig. 2. XRD patterns of PAC, Fig. 2a show
the presence of broad peaks around 23° and 43°, attributed
to Bragg reflections (002) and (100) of amorphous carbon.
They signify the partially graphitic structure of the acti-
vated carbon sample [19] while the presence of similar
peaks signifies a high degree of disorder and typical of
carbonaceous materials. Other researchers working on
produced activated carbon from agricultural wastes have
obtained similar results [20]. Fig. 2b reveals the qualitative
details about the functional groups present on the PAC
surface. The strong bands at about 3,442 cm™ were related
to stretching hydroxyl group (-OH) vibrations in alcohol
groups, phenol groups or adsorbed water groups. The
peaks at about 2,360 cm™ suggest the presence of a triple
bond carbon-carbon (C=C) in disubstituted alkynes [21,22].

Further, bands appearing between 1,600 and 1,560 cm™
were ascribed to C—C vibrations in aromatic rings. The char-
acteristics of carboxylic and lactonic groups (C-O) groups
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were endorsed by the presence of peaks at around 1,384 cm™
[21,23]. The C-O stretching vibrations of cellulose structure
are responsible for the sharp bands at around 1,033 cm™.
Finally, the bands observed between 1,000 and 500 cm™ were
due to the out-of-plane deformation mode of C-H for alkene
aromatic rings.

The results of the PAC scanning electron microscopy
(SEM) showed a porous surface structure as displayed in
Fig. 2c while the availability of pores and the internal surface
is required for an effective adsorbent. The presence of large
pores permits greatly the adsorption of the CR and NBB to
the pores. Besides, in the presence of large pores, there is a
good chance of the CR and NBB to be adsorbed to the pores.

The presence of carbon in the sample is further illus-
trated by the energy-dispersive X-ray micrograph showing
the presence of C (92.54%) and O (7.17%), and small amounts
of Ca (0.10%) and Na (0.19%). Because of these facts, it can be
concluded that the PAC presents an adequate morphology
for CR and NBB adsorption [22].

The specific surface analysis of this adsorbent was
found to be 1,147.48 m*/g. As shown in Fig. 2d, the PAC
adsorption—desorption isotherms belong to the form I
isotherm typical of activated carbons as described by
the International Union of Pure and Applied Chemistry
(IUPAC). The type I isotherm demonstrates a narrow pore
size distribution (average pore diameter was found to be
equivalent to 1.71 < 2 nm) with a small external surface area
[24]. This is well consistent with the textural properties of
the PAC sample. Micropore (S, ) and external (S, ) surface
areas ranged from 840.61 and 306.87 m?/g, respectively.

In general, the hysteresis loop is present in the adsorp-
tion/desorption isotherms (Fig. 2d). Hysteresis appearing
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in the multilayer range of physical adsorption at the pres-
sure rate (P/P;) between 0.4 and 0.8 which is related to
the presence of mesoporous in the materials, that is
associated with narrow slit-like pores [25].

pH point of zero charges (pH,,.) was determined by
curve in Fig. 2e. It was found that pH_,. of PAC was 6.5.
The pH,,. of PAC refers to the pH of the solution at which
its net surface charge is zero. When the pH of the solution
>pH,,., the adsorbent reacts as a negative surface and as a

positive surface when the solution pH is <pH,,. [26].

3.2. Adsorption kinetics studies
3.2.1. Effect of stirring time

The effect of the contact time on the adsorption of
two tested dyes, namely NBB and CR are illustrated in
Fig. 3a. From these results, we can say that the adsorp-
tion on powdered activated carbon, of NBB and CR dyes,
is effectively evaluated by increasing in the contact time.
The maximum retention is achieved after 45 min of con-
tact time for NBB and 180 min for the CR. The maximum
amount adsorbed g, (mg/g) was 29.33 mg/g (percentage
removal % = 73.33) and 53.17 mg/g (percentage removal
% = 88.64) for NBB and CR respectively. After this opti-
mum adsorption an almost equal equilibrium appeared,
proves the saturation of the active sites of the adsorbent.
Whereas, the adsorption phenomenon of NBB and CR on
activated carbon was quite rapid because not less than 60%
of the dye present in the solution was sequestered on the
surface of the adsorbent support after 10 min. This could
be due to the specific surface area of the PAC, which is
quite large (of the order of 1,147.48 m?/g). In the same way,
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Fig. 3. Effect of contact time on the adsorption of PAC towards CR and NBB dyes (experimental conditions: co. of CR = 30 mg/L,

co. of NBB =20 mg/L, PAC=0.50 g).
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the dose of the adsorbent in solution is quite sufficient, so
that makes it possible to ensure an equivalent number of
adsorption sites for the tested dyes. In addition, the high
affinity of CR and NBB with respect to PAC.

It is important to note that our results could be con-
firmed by Somasekhara et al. [11], during the elimination
of CR by adsorption on a biomaterial, they recorded that
the equilibrium attains approximately at 1, 1.5, 2 and 2.5 h
for dye concentrations 25, 50, 75 and 100 mg/L, respectively.
Hu et al. [27] and Somasekhara Reddy [28] studied and
reported that the adsorption equilibrium of CR on cattail
root and tamarind fruit shell took 3 h and 7 h respectively.
Venkat and Vijay Babu [29], registered that the kinetics of
adsorption on sawdust of CR is a gradual process with qua-
si-equilibrium attained in 4 h. Ghasemian and Palizban [30]
findings after the comparison of the azo dye adsorption on
activated carbon (AC) and silicon carbide nanoparticles
(SiCNP) loaded on AC revealed that SiCNP-AC had a rea-
sonably good adsorption potential of 78.74 mg/g for methyl
orange and 40.16 mg/g for CR. Therefore, they showed that
equilibrium was achieved after 50 min and assumed that
the equilibrium being due to the saturation of the active
site, at which time further adsorption cannot take place.

As stated by Akram et al. [9], during the removal of the
azo dye (Acid red 18), from aqueous solution by adsorption
onto activated carbon prepared from almond shell, reg-
istered the maximum adsorption capacity (44 mg/g) that
occurred at 2 h contact time, and 42.4% of the adsorption
capacity was reached for 60 min of the equilibrium time.
Meantime, Vasuki and Karthika [4] found the adsorption
efficiency of coconut shell (CSC) and palmyra fruit nutshell
(PFSC) for Naphthol blue black-B dye for at an equilibrium
time 60 min, the percentage of removal of 22.4% and 40.11%
respectively. Thus, the efficiency of adsorption by palmyra
carbon is twice that of coconut carbon. A study conducted
by Karthika and Vasuki [6], on the adsorptive removal
of synthetic dye effluent using sago waste as low-cost
adsorbent, indicated that 79.2% of Naphthol blue black-B
dye removed at 40 min.

According to other studies findings by Munagapati et
al. [8]; Kaur and Kaur, [10], Ghasemian and Palizban, [30]
and Yadav et al. [31], the equilibrium time is linked to the
initial concentration of the dye; it increases with increas-
ing concentrations and vice versa. Since the stirring speed
is constant, the diffusion of the dye molecules towards
the active surface of the adsorbent material is affected by
the initial concentration of the dye. As a result, the rise in
dye concentration accelerates the latter’s diffusion due to the
increase in the concentration gradient’s attraction powers.

3.2.2. Adsorption kinetic study

The pseudo-first-order, pseudo-second-order, Elovich,
and intraparticle diffusion models [Eqgs. (1)-(4)] were used
to describe the adsorption rate of CR and NBB onto PAC.
The results of the cited models are presented in the curve of
Figs. 3a and b and in Table 1.

* As seen in Fig. 3a and Table 1, very good correlation
coefficients that were obtained were close to unity for
the four tested models, which indicates the simultaneous

Table 1
Kinetic parameters for adsorption of CR and NBB onto PAC

Models CR NBB
Pseudo-first-order
Tpenr M/ 53.95 29.33
0w ME/S 52.85 28.91
k 1/m 1.71 1.95
R? 4 0.998 0.998
R? 0.998 0.998
2 0.217 0.068
Pseudo-second-order
Dy mg/g 53.95 29.33
q,cr M8/ 52.76 28.50
k 1/m 8.89 1.97
R? ¢ 0.997 0.994
R? 0.997 0.994
X2 0.36 0.25
Elovich
B, mg/g 1.972 3.67
o, mg/g min 1.85 8.89
R2 " 0.999 0.995
R? 0.999 0.995
X2 0.0865 0.210
Intraparticle diffusion
First stage
Kp, mg/g/m'”? 0.372 0.134
C, mg/g 50.734 28.38
R? 0.960 0.967
Second stage
Kp, mg/g/m'”? 0.003 0.046
C, mg/g 53.13 29.17
R? 0.94 0.97

occurrence of physical diffusion and chemical adsorption
between respectively CR and NBB on PAC.

* The mean x? values of pseudo-first-order, pseudo-sec-
ond-order, and Elovich nonlinear kinetic model var-
ied from 0.086-0.36 and 0.069-0.20, respectively for
NBB and CR. In this case, for CR, the Elovich model
represents the experimental data better as compared
to other pseudo-first-order and pseudo-second-order.
However, the pseudo-first-order for the NBB was better
than the pseudo-second-order and Elovich.

¢ Our results show at first that, the g, experimental
(63.17 mg/g) for CR and (29.33 mg/g) for NBB was
closer to the g, calculated values for the pseudo-first-or-
der model (CR = 52.85 mg/g and NBB = 28.90 mg/g)
than the value of the pseudo-second-order (52.76 and
28.86 mg/g), respectively for CR and NBB. On the
other hand, a higher R’ (0.998), R* values (0.998), and
lower x* (0.068 and 0. 217) respectively for NBB and CR
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confirmed that the adsorption process was best described
by the pseudo-first-order.

e The diffusion phenomenon was demonstrated by car-
rying the quantity adsorbed of CR and NBB (g, (mg/g)
as a function of #2 as shown in Fig. 3b and Table 1.

* According to Weber and Morris [15], if the curve g,=f(t'?)
does not pass through the origin, “C” will be differ-
ent from zero. This proves the existence of the effect of
the diffusion boundary layer (that is, the adhesion to
the surface of the external diffusion and the adsorbate
to the external surface of the adsorbent). Thus, intra-
particular diffusion is not the only controlling stage in
adsorption and the rate of adsorption is controlled by
another mechanism.

In this context, the obtained lines (Fig. 3b) do not
pass through the origin and the double linearity is well
observed on the curve g, = f(t'?) for the powdered activated
carbon tested for CR as well as for NBB. Table 1 presents
the parameters of the intraparticle scattering model. The
recorded values of the diffusion rate constants during the
first step were higher than the second step, which indicates
that the speed of the first phase of the kinetics is fast.

3.2.3. Determination of the effect of initial pH

The pH of the solution (pH, . ) plays a very import-
ant role in the degradation of chemical pollutants because
it modifies their physical properties by ionization of the
functional groups. However, certain dyes, in particular the
colored indicators, change color depending on the pH of
the medium. To reach our objective, the tests were carried
out in the presence of a constant concentration of NBB
(20 mg/L), CR (30 mg/L) and 0.5 g/L of PAC. While varying
the pH of the medium in a range from 2 to 12. The pH, .
is kept constant during the 120 min and 45 min of agitation
(equilibrium time) for the CR and the NBB respectively. At
equilibrium, the obtained results are presented in Fig. 4.

Fig. 4 shows that the adsorption of NBB and CR dyes
depends on the pH, . . In the pH, . = ranging from
2 to 4, a high percentage of elimination of the two dyes
was observed (>90% and >80%, respectively for CR and
NBB at pH,, ...)- The acid medium was favorable to the
adsorption process of NBB and CR.

e The adsorption capacity is high for two tested dyes at
PH uion < PH,,. Because, this medium (acid) leads to
an increase in the concentration of H* ions in solution,
which gives the material a positive surface charge.
Strong electrostatics attractions appear between the
positive surface sites of the adsorbent and the anionic
charges of the molecules of CR and NBB dyes, hence the
high adsorption capacity which greatly exceeded 50%.

¢ Deprotonation occurs at pH,, . > pH,,. hence, diffu-
sion and adsorption decrease, which automatically leads
to a decrease in the removal rate of the discoloration.

Therefore, our observed results were consistent with
previous studies [9,10,32] that were conducted on the effect
of pH, ..., during the removal of dyes regardless of the
type of adsorbent material.

As aforementioned, a study on the influence of pH,, .
on the chemical treatment of two dyes was tested, and the
coloring of NBB solutions remained stable regardless of the
variation in pH,, . . Though the CR observed with the vari-
ation of the pH,, . from 2 to 10, and the solution changes
from red to dark blue. These findings are compatible with the
study of Ait Ahsaine et al. [32], who suggested that the CR
diazo dye (free pH, .. =7) changes from red to dark blue,
as well as at pH, greater than 10.

Solution

3.2.4. Determination of the effect of the initial concentration of
CR and NBB with a fixed dose of PAC

In order to study the effect of the initial concentration of
CR and NBB, batch experiments have been conducted at a
fixed PAC dose of 0.5 g/L by increasing the concentration of
CR and NBB from 10 to 100 mg/L. The CR and NBB residual
contents of the treated samples were measured after 45 min
and 180 min of contact time for NBB and CR respectively. All
of our results are presented on the curves of Figs. 4a and b
respectively for removal percentages of CR, NBB, and non-
linear isotherms equations.

The results of Fig. 4a display that the concentration of
dye has a definite effect on the rate of discoloration (elimina-
tion of color). As, the higher the pollutant concentration, the
slower the discoloration, which is expected. After 45 min and
180 min of treatment, the dicoloration is noted with PAC at
a rate of 82.70%-88.64% and 60.72%-73.33% respectively for
concentrations 10-30 mg/L for CR and 10-25 mg/L for NBB.

115 [ Yields (R%) - & —gt (mg/g) for CR attamgiy; 9
105 L —e— NBB Yileds %
* - - __ —8—CR Yields % - 33
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Fig. 4. Effect of pH

Solution

on the removal of CR and NBB by adsorption on PAC ([CR] =30 mg/L; [NBB] =20 mg/L; PAC=0.5g).
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Fig. 5. Effect of initial dye concentration on adsorption for CR and NBB (a) and isotherm for adsorption of CR and NBB onto PAC (b).

For concentrations higher than 30 and 25 mg/L until
100 mg/L, there is a less remarkable decrease in the effi-
ciency of the process in both for CR and that of NBB. In
this case, a low concentration of dye can be noticed;
there will be unoccupied binding sites on the surface of
the adsorbent. The initial concentration of dye increased
which may cause insufficient sites for the dye molecules to
adsorb 0.5 g/L of PAC and so, the efficiency of dye removal
decreased. Similar research on the removal of Acid red 18
(azo dye) from aqueous solution by adsorption on activated
charcoal prepared from the almond shell was observed by
Akram et al. [9].

However, our findings are in agreement with the all
previous studies of [6,11,29,31], which underlined, that the
initial concentration of the dye in the liquid phase signifi-
cantly affects the adsorption process. The impact depends
on several parameters, such as the nature of the dye and
the liquid medium, the presence or the availability of the
functional groups on the surface of the adsorbent, and the
adsorption capacity of the dye. In most cases, the increase
in the initial concentration of dye results in an increase
for dye adsorbed per unit mass of adsorbent until a pla-
teau is reached or when an overall decrease in efficiency
elimination appears.

3.2.5. Adsorption isotherm study

The adsorption isotherm is to investigate the rela-
tionship between the amount of dye adsorbed at constant
temperature and its concentration in equilibrium solu-
tion. Many isotherms describe sorption such as Langmuir,
Freundlich, Brunauer-Emmett-Teller, Toth, Temkin,
Redlich-Peterson, Sips, Frumkin, Harkins-Jura, Halsey,
Henderson, and Dubinin—-Radushkevich. According to the
models of Langmuir [16], Freundlich [17], and Dubinin—
Radushkevich [18], the isotherms in their nonlinear forms

were chosen in this study to interpret our experimental data.
All the equations of the mentioned isotherm models are as
expressed [Egs. (5)—(7)].

Allisotherm models are graphically demonstrated in Figs.
5a and b respectively for CR and NBB with good correlation
(R:;>0.80 =1). It indicates the high affinity of PAC adsorbent
toward CR and NBB in solution, and the isotherm parame-
ters are listed in Table 2. From all our results, we can say:

¢ The Langmuir isotherm model (R?, 0.993) is more
appropriate as compared to R?, value of Freundlich
and Dubinin—-Radushkevich. The Langmuir isotherm
model agrees to the formation of monolayer adsorp-
tion in between CR and NBB on the surface of PAC. The
maximum adsorption capacity (g, = 70.90 mg/g for
NBB and 95.70 mg/g for CR) is higher than Dubinin-
Radushkevich has shown in Table 2. The calculated
R, values were 0.075-0.46 and 0.034-0.26 respectively
for NBB and CR, this range is between 0 and 1, which
indicated, that the adsorptions of both tested dyes were
favorable for the PAC.

e For the Freundlich isotherm model, it was observed
that the value of n is 0.243 and 0.302 respectively for CR
and NBB, which is less than 1. This parameter shows
favorable adsorption of adsorbate and adsorbent. In
the same way, the values of k, (Freundlich constant)
greater than 1, indicate that the adsorption is favorable
and physical.

e For the Dubinin-Radushkevich model, the adsorp-
tion energy on PAC of the two tested dyes at a tem-
perature of T =293 + 1 K, were 0.310 and 0.605 kJ/mol
respectively for the NBB and RC. These values indicated
the predominance of physical adsorption reactions,
because (E < 8 kJ/mol) suggested the physical nature of
the adsorption interactions. Once again, we confirmed
what was obtained with the Freundlich model (k, > 1).
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Table 2
Isotherms parameters for adsorption of CR and NBB onto PAC

Isotherms CR NBB
Langmuir

0 o mglg 95.70 70.64
k,1/mg 0.2864 0.120
R? 4 0.993 0.936
R? 0.956 0.942
¥ 21.466 11.691
Freundlich
k., ((mg/g)/(mg/L))" 36.515 18.794
n 0.2430 0.302
R? 4 0.833 0.886
R? 0.85 0.896
x> 75.13 20.89
Dubinin-Radushkevich
Jop ME/S 83.706 57.623
K mol’/KkJ? 1.3645 x 10°° 5.188 x 10
R? ¢ 0.958 0.865
R? 0.961 0.877
x> 18.988 24.712
E, kJ/mol 0.605 0.310

Several other studies reported, if the value of E is less
than 8 kJ/mol the adsorption follows physical sorption.
If the value of E is between 8-16 k]/mol, the adsorption
showing chemical ion-exchange and above 40 kJ/mol
presenting chemisorption mechanism [20,26].

4. Conclusion

The current study shows that FTIR results confirmed
the existence of hydroxyl and carboxyl functional groups in
powdered activated carbon. The Brunauer—-Emmett-Teller
results show that the adsorbant is a microporous material.
The microporous character of powdered activated carbon
was attributed to the activation process during the synthesis
process.

Our findings suggest that the powdered activated car-
bon is more suitable adsorbent for Congo red removal than
the Naphthol blue black in batch experiments. Moreover, we
pointed out that:

® The elimination of Congo red and Naphthol blue black
recorded very good efficiency accompanied by a rel-
atively fast equilibrium time for Naphthol blue black
(45 min) in comparison with that of Congo red (180 min).
Kinetic studies revealed that, the adsorption of both dyes
onto powdered activated carbon was best described by
the pseudo-first-order model.

® The adsorption was shown to depend on the solution pH
and the optimum pH value for the better adsorption was
found in the interval from 2.0 to 4.0 (pH,_, ... << PH,,0)-

e The adsorption efficiency also decreased with an

increase in the concentration of Naphthol blue black and

Congo red.

e The adsorption isotherms showed that the adsorption
of Naphthol blue black and Congo red dyes onto PAC
fits well to the Langmuir.

To sum, this study permitted to demonstrates that the
powdered activated carbon has a remarkable effect on the
adsorption of anionic di-azo dyes and has a good application
prospect in the treatment of wastewater and dye pollution.
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Symbols

— Amounts of dye adsorbed at equilibrium, mg/g

— Amounts of dye adsorbed at time ¢, min

Rate constant for the pseudo-first-order, min™

— Rate constant for pseudo-second-order, g/min mg

— Initial sorption rate, mg/g/min

Desorption constant (gm/g) related to the extent

of surface coverage and activation energy for

chemisorption

Constant related to the thickness of the boundary

layer, mg/g

Intraparticle diffusion rate constant, mg/g min'?

Maximum monolayer adsorption capacity of the

adsorbant, mg/g

—  Equilibrium concentration of dye solution, mg/L

Langmuir constant, L/mg

— Initial concentration of dye solution, mg/L

k, —  Freundlich constant, (mg/g)/(mg/L)"

n — Dimensionless Freundlich intensity parameter

dox ~— Maximum sorption capacity, mg/g

K — Constant related to the mean sorption energy,
mol?/kJ?

— Polanyi potential

Mean adsorption energy, kJ/mol
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