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ABSTRACT: This investigation deals with the potential use of new activated carbon as an
adsorbent. This later was prepared from wormwood residues consisting of Artemisia vulgaris
pharmaceutic plant by-product. This carbon was characterized using a Scanning Electron
Microscopy(SEM) and Fourier Transform InfraRed (FT-IR) techniques before and after treatment
with phosphoric acid. Batch adsorption experiments were conducted to study the adsorbent
effectiveness in removing a cationic dye, basic yellow 28, from an aqueous solution. The effects
of adsorbent dosage, dye concentration and initial pH on the elimination of the dye were analyzed.
The results show that the equilibrium data were correctly represented using the Langmuir adsorption
isotherm. The adsorption capacity of activated carbon toward the cationic dye was 357.14 mg/g
obtained at 20°C. The kinetic study indicates that the adsorption process of dye on activated carbon
follows a pseudo-second-order equation. The efficiency of this process was tested for real effluent;
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the adsorbent was able to reduce the concentration of total organic carbon.
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INTRODUCTION

Wastewater from textile, paper and some other
industries contains residual dyes, which are not readily
biodegradable. Adsorption and chemical coagulation are
two common techniques used to treat such wastewater.
The presence of synthetic dyes in wastewater could
destroy the natural quality of the aquatic environment and
also cause detrimental long-term health and environmental
effects [1, 2]. Since these dyes are generally recalcitrant,
biodegradation is not instantaneous due to the complexity
of their aromatic molecular structures. Thus, these

synthetic dyes can not be completely degraded by
conventional treatment processes [3-6].

The removal of color from dyestuff manufacturing
industry wastewater represents a major environmental
concern. The strongest impact of this kind of wastewater
on the environment is related to primary water
consumption (80-100 md/ton of finished textile) and
wastewater discharge (115-175 kg of chemical oxygen
demand [COD]/ton of finished textile), organic chemicals,
color and salinity [7].
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Recently, natural inorganic and agricultural
adsorbents have attained significant appeal [8-11].
Alternative adsorbents, including wood sawdust [12],
agroindustrial waste [13], zeolite [14], bentonite [15],
peat [16], clays [17], fish waste [18], pistachio nutshells [19]
and ash [20], have gained the interest of researchers
in the dye removal field. Compared with conventional
processes, the adsorption processes for wastewater
treatment possess numerous advantages, such as low
initial  investment  requirement,  simplicity  of
implantation, no toxicity of resulting compounds and
superior efficiency [21-24].

The main objective of the present study is to investigate
the efficiency of a new Activated Carbon (AC) derived from
agricultural waste Wormwood for the removal of BY28, as
cationic dye, from aqueous solutions. Characterization of
AC was performed using Scanning Electron Microscopy
(SEM)and  Fourier Transform InfraRed (FT-IR)
techniques. For this purpose, various influence
parameters namely the adsorbent dosage, the initial dye
concentration and the solution pH were examined. The
equilibrium data were tested with the Langmuir and
Freundlich isotherm models. Also, different kinetic models
for the adsorption of dye were presented. In order to
investigate the efficiency of the prepared AC, the adsorption
of real tannery effluent solution was finally studied.

EXPERIMENTAL SECTION
Preparation of activated carbon

The residues of a pharmaceutic plant (wormwood)
were washed with distilled water to remove unwanted
residues, crushed and dried at 100°C for 24 hours to
reduce the moisture content. The obtained product
is called the precursor. In order to increase its surface area
and porosity, this precursor was impregnated with
a chemical reagent (HsPO.). Afterwards, the precursor was
carbonized in a muffle furnace at 600°C for 1.5 h.
The carbonaceous residue was then washed with distilled
water and heated at 100°C for 24 hours in an oven. The
resulting product consisting of the AC was used in our
experiments. AC characterization was achieved using (1)
Fourier Transform InfraRed (FT-IR) for surface
morphology analysis, (2) point of zero charge
measurements, (3) SEM for determining porosity and
morphological structure, and (4) Brunauer-Emmett-
Teller (BET) to measure the surface area.
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Adsorbate

BY28, provided by Textile Algerian Company (Textile
Processing Industry of Bab-Ezzouar, Algiers, Algeria),
was used without any purification. Its chemical structure
and other characteristics are listed in Table 1. A stock
solution of 200 mg/L was prepared by dissolving
the required amount of BY28 dye in distilled water.
The pH of the solution was adjusted to the desired value
using 1.0 M HCI or NaOH solutions.

Real effluent

Supplied by the Textile Algerian Company, the real
effluent contains not only BY28 dye, but also other dyes,
chemical substances and auxiliaries used in the dyeing
process. The different characteristics of the real effluent
after dilution and the results of the adsorption test
are presented in Table 7. The COD of the textile effluent
before CODg and after CODs adsorption was measured
by an automated COD analyzer. The conductivity, the pH
and the turbidity of the real effluent were measured using
a conductimeter (Consort 861 K), pH-meter (Hanna pH 211)
and turbidity-meter  (Merck  Turbiquant  1500T)
respectively. Otherwise, the TOC measurement allowed
determining the mineralization efficiency of the process.
TOC values were determined by catalytic oxidation using
a Shimadzu VCSH TOC analyzer. Before the adsorption,
the real effluent was centrifuged (3000 rpm, 30 min)
to remove the suspended solids. Thereafter, the liquid
was diluted 10 times because of the high COD (1632 mg/L).
The conductivity and the pH of the solution were 2.3
mS/cm and 5.21 respectively.

Adsorption studies and analytical method

The adsorption processes of AC in the aqueous
solutions of BY28 were carried out using different
operating parameters, after which the equilibrium
concentrations were determined at the maximum
absorbance wavelength of 400 nm. The sorption capacity
g:(in mg/g) at any time t was obtained as follows:

g = (Co— Co)-— @)

Co and C: (mg/L) are, respectively, the liquid-phase
concentrations of solutes initially and at a given time t, v (L)
is the solution volume and m is the mass of the catalyst (g).

The amount of adsorption at equilibrium, ge, is given

by:
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Table 1:Characteristics of BY28 dye.

4 Characteristics of BY28 dye )
Name Cl Type Amax(NM) M (g.mol™) Chemical structure
-+ / \
. H,C—N CH=N—N
Sandocryl Gold yellow Basic Yellow L 3 Q | @
B-GRL 300% o8 Cationic 440 433 ) CH,
CH,SO,
\o J
Table 2: Textural characteristics of the activated carbon.
( Sample SN, (m?/g) Vporeux (CMQ) lodine number (mg/g) PHpzc Bulk density Humidity (%) ]
L AC 1584 0.19 925 41 0.609 8.62 J
g = (Co — C,). = (2) shows a porous nature with a predominant microporous
m

C. (mg/L) is the BY28 concentration at equilibrium.

The decrease in the concentration of cationic dye BY28
was followed via its characteristic absorption wavelength
at 440 nm using a UV-visible spectrophotometer (UV-
SOFAS-MONACO). Most of the experiments were performed
in triplicate, and the arithmetic average is given. The
percentage removal (R%) of BY28 is determined from the
relation:

Co—Ct

R% = =—2%100 3)
Co

C: (mg/L) is the concentration of BY 28 at the time (t).

RESULTS AND DISCUSSION
Characterization of AC adsorbent

To study the texture -characterization of AC,
the nitrogen surface area was obtained by applying the BET
method to the N adsorption isotherms at -196°C.
The values for SN, the pore volume Vpoe and pHzero
are depicted in Table 2.

Scanning electron micrographs realized on raw (NDS),
carbonized plant and AC at 600°C for 1.5 h are shown in
Fig. 1. The SEM micrographs of carbonized precursor
(carbonized plant) and AC are illustrated in Fig. 1a and 1b,
respectively. SEM has been used as the primary tool for
characterizing the surface morphology. Examination of the
carbonization revealed a gradual porosity (Fig. 1a). This
porosity grew more after activation for 2 h (Fig. 1b). A
comparison of Figs. 1a and 1b indicates clearly that a
regular porosity and a rather homogeneous surface are
obtained by activation and carbonization at 600°C for 1.5 h.
The morphology of AC attests to the substantial changes
generated by HsPOs, and the adsorbent surface clearly
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character, which are responsible for the increased surface
area.

The EDX analysis (Fig. 1a) indicates that AC has high
phosphorus content. This is due to both precursor chemical
composition and the activating agent (HsPOas). Both
parameters promote depolymerization, dehydration and
redistribution of constituent biopolymers, inducing
important changes in the pyrolytic decomposition of
the lignocellulosic material.

The FT-IR spectra of AC, carbonized plant and AC
after sorption in the range of 4000- 400 cm™ are presented
in Fig. 2 (a and c¢). The spectra show many absorption
bands that are specific to the various functional groups.
The strong band at 3444 cm™ reflects the OH-stretching
vibrations of carboxylic acids groups on the surface of AC,
while the band at 2924 cm™ corresponds to the CH stretch
[25-26]. The distinct band at 1624 cm™ was the result of
the stretching vibration of C=0. The absorption bands at
1100 cm™ and 1110 cm™ are the characteristic peaks of
symmetric and asymmetric C—O groups, respectively. The
band at 1622 cm™ could be attributed to the stretching
vibration of C=C [27]. The same peaks are noted in the
spectra of the treated plant, carbonized plant and treated plant
after sorption, as shown in Fig. 2a (a-c). These results
confirm that the structure of the plant is preserved after
treatment. The pHp;c indicates the acidic or basic character
of the carbon surface. The combined influence of all functional
groups of AC allows determining pHp.. This latter
consists in the pH at which the net surface charge on
carbon is zero [28]. The pHp,c was determined by the
method described by Valliammai [29]. The initial and final
pH values after 48 h contact time with AC solutions (0.1 g
per 25 mL) were measured.
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Fig. 1: SEM picture and EDX microanalysis of : (a) carbonized precursor and (b) activated plant.
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Fig. 2: FTIR spectra of AC (a), carbonized precursor (b),
AC after sorption (c).
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The pHp;c corresponds to the point at which the initial and final
pH values are equal. Experimental results revealed that the pHpz.
of the dye is 4.1.

Effect of experimental parameters on adsorption
Effect of adsorbent dose

To examine the effect of AC dose on BY28 adsorption,
different concentrations of AC (varying from 0.25 to 1.5 g/L)
were added to 100 mg/L BY28 solution; the other
parameters consisting in  pHpawra( without any pH
adjustment) and stirring rate 400 rpm were kept constant.
The effect of adsorbent dose on BY 28 adsorption is shown
in Fig. 3. With increasing the adsorbent dose, the BY28
removal rate increases from 30.94 to 99.65 % due to the
increased availability of active sites of AC for the dye
adsorption. For AC concentrations more than 1 g/L, the
removal rate remains practically constant.
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Fig. 3: The effect of adsorbent dose on the removal adsorption
of BY28.

Otherwise, the increase in adsorbent dose from 0.25 to
1.25 g/L leads to the adsorption capacity decreases from 165.28
to 79.56 mg/g. This may be attributed to the decrease in total
adsorption surface area available to dye ions resulting from
overlappingor aggregation of adsorption sites. Similar
observations have been previously reported by some
researchers [28]. For further adsorption experiments, AC
dose of 1 g/L was chosen to study the influence of the dye
concentration.

Effect of pH

The pH of an aqueous solution has been reported
as having a significant influence on the adsorptive uptake of
dye molecules due to its impact on both the surface binding
sites of the adsorbent and the ionization process of the dye
molecule [28]. For this purpose, the BY28 adsorption has
been measured at initial pH values in the range of 2 to 10.8.
In fact, the pH values were adjusted by drop-wise addition
of 0.1 M HCI and 0.1 M NaOH solutions. The absorbent
initial concentration, the shaking time, the temperature and
the amount of adsorbent were fixed at 100 mg/L, 120 min,
20°Cand 1 g, respectively. The results are presented in Fig.
4. This later reveals that pH has a very slight effect on the
removal efficiency of the dye, indicating a high amount of
acidic group’s on the exterior surface of AC. A similar
observation is reported by Regti et al., 2016 for the BY28
removal from aqueous solution by activated carbon from
medlar species.

Effect of initial dye concentration

The initial concentration provides an important driving
force to overcome the mass transfer resistance of all of the
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Fig. 4: The effect of initial pH of dye solution on adsorption
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molecules between the aqueous and solid phases [30]. To
examine the effect of initial BY28 concentration,
1L solution of initial dosages of 40, 50, 75 and 100 mg/L
were agitated with 1 g of AC at pHyawrel. The corresponding
results giving the BY 28 absorbance as function of contact
time are depicted in Fig. 5.

From this figure, the BY28 adsorption increases
abruptly during the initial period of contact time and
slightly elsewhere before reaching the adsorption
equilibrium. The rapid adsorption at the contact time
beginning can be attributed to the availability of active
sites on the surface. The low rate increase of adsorption
is probably due to the slow pore diffusion of the adsorbate
molecule into the bulk of the adsorbent [31].

In the adsorption process, dye molecules first
encounter the boundary layer film, diffuse then onto
the adsorbent surface and finally diffuse into the AC porous
structure [30]. However, the adsorbed amount of BY28
was smaller at lower initial concentrations and greater
at higher initial ones. It was also seen that an increase
in initial concentrations resulted in increased dye
uptake.

As shown in Fig. 5, the required time to reach
equilibrium is 40 min, which was selected as the contact
time for further experiments. The adsorption capacity
at equilibrium (qge) increased from 39.68 to 97.55 mg/g
with an increase in the initial BY28 concentration from
40 to 100 mg/L. This may be attributed to the increase
in the driving force of the concentration gradient
resulting from the increase in the initial concentration
of adsorbate [31].
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Fig. 5: Effect of initial dye concentration on the adsorption of
BY28.

Adsorption Kinetic

To investigate adsorption Kinetics, pseudo-first-order
and pseudo-second-order models using experimental data
have been developed. The best fit model has been selected
according to the linear regression correlation coefficient
(R?) values.

The pseudo-first-order kinetic model can be given as
[32,33]:

d
d_?=k1<qe_qt) 3)

Where ki(min?) is the constant rate of adsorption,
and q: and g are the adsorbed amounts at a given time t and
at equilibrium (mg/g), respectively.

After integration between 0 and a given time t, the
model becomes [34]:

In (L‘qt] -kt @
qge

The pseudo-second-order model kinetic equation is
[33,35]:
dg 2
a:k2'<qe_qt) ®)
where k; is the rate constant of the pseudo-second-
order equation (g/mg/min).
Integration leads to:
t t t

+— (6)
d k,0.> e

The linearized method was used to determine
the parameters of the kinetic models. These parameters
were calculated from the slope and intercept of their
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respective plots. Table 3 lists the results of the kinetic
parameters of models at different BY22 concentrations.
For all studied parameters, the correlation coefficients
for the first-order model are relatively lower than those
obtained for the second-order kinetic model for the various
pH, the initial BY28 concentrations and the AC doses.
The good agreement between the experimental and
the calculated values of the maximum adsorption
capacitiesstands in favor of the second-order kinetic model
(Table 4). Indeed, the second-order kinetic model can be
correctly applied to predict BY28 adsorption onto AC.
Because the pseudo-first-order and pseudo-second-
order kinetic models cannot identify the diffusion mechanism,
the kinetic results were then analyzed using the intra-particle
diffusion model. The mechanism of the adsorption process
is usually demonstrated by four steps: (i) bulk diffusion;
(i) film diffusion; (iii) pore diffusion or intra-particle
diffusion; and (iv) adsorption of adsorbate on the adsorbent
surface. The rate-controlling steps mainly depend on either
surface or pore diffusion [28]. The Weber and Morris
model given by Eq. (7) is widely used in intra-particle
diffusion to predict the rate-controlling step [36,37]:

1

Note that kinetic parameters of the above-mentioned
model are already given in Table 3.

Fig. 6 shows the plot of intra-particle diffusion of
BY28 onto AC. According to the obtained results, it could
be concluded that the intra-particle diffusion model shows
a good fit, indicating that diffusion of dye into the pores of
adsorbents has a significant influence on the adsorption
mechanism. The data showed two linear evolutions. The
first one consists in a linear increase, while the second is
represented by a constant level. The first linear trend is due
to the intra-particle diffusion of adsorbate through the
solution. The constant level corresponds to the equilibrium
stage. It is due to the low adsorbate concentration
remaining in the solution.

In fact, the slope of the first linear portion gives
the intra-particle rate constant (kid), and the intercept of this
portion is proportional to the thickness of the boundary
layer [29]. The dependences q; vs. t*? are linear and
do not pass through the origin. Therefore, intra-particle diffusion
is not the rate-determining step, and boundary layer control
may be involved in the adsorption process.
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Concentration of BY28 (mg/L) )
Kinetic model parameters
40 50 75 100
ks 0.242 0.477 1.439 2.1
Pseudo-first-order Rz
0.9643 0.9469 0.9293 0.9801
3
ko(10°) 135 24.2 211 3.1
Pseudo-second order Rz
0.9698 0.9998 0.9999 0.9998
Ky 2.6114 2.8727 3.8383 15.451
Pore diffusion RZ
S 0.9946 0.9879 0.9946 0.9879 )
Table 4: Calculated values of the maximum adsorption capacities.
(" Concentration of BY28 (mg/L) )
Kinetic model parameters 40 50 75 100
geexp (ma/g) 40.65 50.25 74.07 101.01
Pseudo-first-order getheo (mg/g) 26.57 33.07 46.40 82.92
L pseudo-second order getheo (mglg) 39.68 49.81 73.65 99.57
120 - .
+40 W0 A7E @100 adsorbent surface [40,41]. The Langmuir linearized
100 —e— 9 form may be written as:
A
& p e_1, % 8
§ . 7;44 — e b b ° ®)
£ 60 - . -
o ] g mA . where b (L/mg) is the binding constant and qo(mg/g)
40 .;4—04 — refers to the maximum adsorption capacity, evaluated
0 by potting the Ce/ge against Ce.
The Freundlich isotherm is derived by assuming
00 ; ., - : " a heterogeneous surface with a non-uniform distribution
TV2(mint?) of heat of adsorption over the surface. The

Fig. 6: Intra-particle diffusion plot for the removal of BY28.

The same results were also obtained by Baccar [38] for
the adsorption of tannery dye on AC.

Adsorption isotherm

The interaction between adsorbate and adsorbent
can be described by the adsorption isotherm. The shape
of the isotherm is the first experimental tool used to diagnosethe
nature of the adsorption phenomenon [28]. Two famous
isotherm models of Langmuir and Freundlich were applied
to the experimental data [39].

The Langmuir model assumes monolayer coverage
of adsorbate on an energetically identical homogeneous
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Freundlichadsorption isotherm equation and its linear form
can be written as follows [42] :

Lng, = LnK; +%LnC 9)

Where K; is a constant indicative of the relative
adsorption capacity of the adsorbent, and n is a constant
indicative of the intensity of the adsorption. Constants
were obtained from the plot of log (ge) versus log (Ce)
that should give a straight line with a slope of (1/n)
and an intercept of log (Ks). All data are depicted in Table 5.
Comparing the regression coefficient values for both
Langmuir and Freundlich isotherms, it was demonstrated
that the Langmuir isotherm was the most appropriate
to describe the equilibrium data, confirming the monolayer
biosorption. Table 6 shows the comparison of
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Table 5: Freundlich and Langmuir isotherm constants of adsorption of BY28 on AC.

4 Freundlich constants Langmuir constants A
Ke N R? am(Mg/g) b (L/mg) R?
9.11 15 0.90 357.14 0.019 0.97

- J

Table 6: Comparison of the maximum monolayer adsorption of BY28 onto various adsorbents.

/ Adsorbent Omax (Mg .g7) Adsorbate References \
AC( wormwood) 357.14 BY28 This study
coffee grounds 10 BY2 [43]
Activated sludge 56.98 BY24 [44]
Amberlite XAD-4 8.7-14.9 BY28 [45]
Clinoptilolite 52.9-59.6 BY28 [45]
GO 68.5 BY28 [46]
Boron waste 75.0 BY28 [47]
HMCN 909.1 BY28 [48]
AC ( Ziziphusmauritiana nuts) 200 BY28 [49]
Bentonite 256.4 BY28 [50]
Boron industry waste 75 BY28 [47]
AC (‘wild olive stones) 118.2 BY28 [51]
Clinoptilolite 59.6 BY28 [45]
AC (Ziziphus lotus stone) 423.73 BY28 [52]
Kudzu 160 BY21 [53]
Peanut husk 96.2 yellow [54]
\ Apricot stone 134.6 yellow 7 [55] /

the maximum monolayer adsorption of BY28 onto various
adsorbents.

Application to wastewater from the textile industry
Considering the effectiveness of the adsorption process
for removal of BY28 dye, experiments were carried out to
test its practical application for the mineralization of real
wastewater from Textile Processing Industry of Bab-
Ezzouar, Algiers (Algeria). This wastewater contains
BY?28 and a high concentration of organic matter. The
adsorption experiment was performed in batch mode under
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AC optimal concentration of 1g/l, natural pH (without any
adjustment), magnetic stirring (400 rpm, 3 h) and
20°Ctemperature. The different characteristics of the
textile effluent before and after treatment are summarized
in Table 7.

The results of the physical examination indicate
a complete decolorization and a decrease in the turbidity
level from 826 to 78 NTU. Chemical examination
results show that the COD value decreased from
1632 mg/L to 192 mg/L and the TOC from 597 mg/L
to 327 mg/L.
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4 Turbidity (NTU) pH Conductivity(S/m) |  TOC (mg/L) cop (mg/) )
Real effluent 826 521 23 597.7 1632
\_ Real effluent after adsorption onto AC 78 7.37 2.3 327.8 192 )

CONCLUSIONS

This study investigated the potential use of a new
AC derived from wormwood (pharmaceutic plant) as
adsorbent for the removal of BY 28 from aqueous solution.
AC was characterized by SEM, FTIR and BET. The effect
of adsorbent dosage, dye concentration and pH were
experimentally studied to evaluate the adsorption capacity,
kinetics and isotherm. The results show that AC
could be employed to remove cationic dye from aqueous solutions.
The dye removal process obeys a pseudo- second-order
kinetic expression. Adsorption of BY28 on AC follows the
Langmuir isotherm. The results of treating the textile effluent
with AC reveal a total decolorization and a decrease in
turbidity, COD and TOC. Finally, the new AC has proved its
effectiveness in the real effluent treatment field.
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