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Abstract: In the present study, adsorption experiments were carried out to investigate the removal of rhodamine
B from an aqueous solution using chemically activated carbon from corn cobs, a cheaper adsorbent. The
characteristics of carbon were determined using X-ray diffraction, SEM, iodine number, pHpzc, and the Boehm
titration method. The results show that the prepared activated carbon is amorphous, microporous, and generally
acidic on the surface. The kinetic study of the adsorption of rhodamine B on this carbon was carried out, and the
rate of sorption was found to conform to pseudo-second-order kinetics with 80 min as equilibrium time. The
equilibrium adsorption revealed that the experimental data fitted better to the Langmuir isotherm model for
removing rhodamine B. The interaction rhodamine B-activated carbon is mainly chemisorption type. The optimal
conditions of rhodamine B removal onto the carbon of this study are mass of carbon = 0.3 g and pH = 3.15. The
maximum monolayer adsorption capacity for rhodamine B removal was found to be 5.92 mg.g*. This study has
shown that the prepared activated carbon makes it possible to effectively clean up wastewater contaminated by
rhodamine B with a removal efficiency of up to 99.60% for 300 mg of AC in 25 mL of the rhodamine B solution

(5mg.L?).
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1. Introduction

Water, an essential component of ecosystems, plays a
vital role in our daily life. However, we are now
witnessing an increasing depletion of freshwater
resources, mainly due to solid demographic growth
and poor management of water resources *. Industrial
activities put increased pressure on freshwater
reserves through the pollutants they release. Industries
as diverse as petrochemicals, food processing,
textiles, stationery, tanneries etc., produce a wide
variety of effluents that require new investigations
and the development of specific processes °. Among
the most polluting industries, we can cite the textile
industry. The textile industry is considered an
industrial sector that uses the most water and complex
chemical compounds  during  manufacturing
processes . These industries pollute the environment
enormously since more than 10% of the dyes used are
found in the effluents ”. However, even at low doses,
dyes are likely to cause adverse effects on the
environment &,
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Therefore, it is necessary to treat these effluents
before discharged into nature. To this end, various
effluent treatment methods exist biological, chemical,
electrochemical, and physical methods ***.

Among these methods, adsorption techniques have
successfully removed organic species 216, Currently,
activated carbon is the most commonly used
adsorbent due to its adsorbing power, which is very
important concerning dyes, but the downside is that
commercial activated carbon is expensive. To this
end, many studies relating to adsorption are directed
towards the search for new effective and inexpensive
adsorbents produced by agriculture waste material
such as plantain peel, coconut shell, macadamia nut
endocarp, and Palmae biomass *"?°. Moreover, corn
cobs are used to prepare activated carbon, and these
carbons help remove metals and dye from waste
water 2%,

The objective of this study is to apply the adsorption
process using activated carbon produced from corn
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cobs, a locally available precursor, abundant and
inexpensive for the decontamination of water laden
with rhodamine B (organic dye). The corn cobs were
chosen because, in our country, they are thrown away
after using the corn kernels. They are therefore free
materials. However, very few authors have used
activated carbon from corn cobs for water treatment
in our country. Thus, the corn cob carbon will be
activated by HsPO.; this allows an activated carbon
with a large specific surface 2.

Various experimental parameters will be analyzed,
such as specific surface, the mass of adsorbent, pH,
contact time, initial concentration of rhodamine B,
and temperature.

2. Experimental

2.1. Preparation of activated carbon

The preparation and activation of the carbon were
carried out thermally and chemically using
phosphoric acid at 500°C. The corn cobs were crushed
into small pieces, washed in tap water to remove dust,
washed with distilled water, and dried in an oven at
105°C for 24 h. After this step, the corn cobs were
impregnated at room temperature and atmospheric
pressure with magnetic stirring in a solution of HsPQO,.
The mass ratio (HsPOas: corn cobs) is 1:1. The
carbonaceous material is carbonized at 500°C for 4
hours in an OBERSAL brand oven 2. The carbon
obtained is washed thoroughly, after cooling, with
distilled water until the pH of the rinsing water is
between 6 and 7. The carbon obtained is dried in an
oven at 105°C for 24 h, then crushed and sieved (size
< 125um).

2.2. Characterization of activated carbons

The adsorption of acetic acid determined the specific
surface area in an aqueous medium 2%, The iodine
number was determined by adapting the CEFIC 1989
method and the standard AWWA B 600-90 ?*. To do
this, 100 mL of 0.1N iodine solution is treated hot and

Table 1. Properties of rhodamine B.
Parameters

Suggested name
C.1. number
C.1. name
Class
Amax
Molecular formula

Formula weight
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in an acidic medium for 30 seconds with a quantity of
activated carbon. The treated solution is filtered, and
50 mL of the filtrate is titrated with 0.1N sodium
thiosulfate solution with starch as an indicator of the
end of the reaction.

The surface functions were determined and quantified
using the Boehm titration method by activating
carbon on NaHCO3, CaCOs, NaOH, and HCI %,

The determination of the pHpzc was carried out by
adding 0.15 g of activated carbon (AC) to 50 mL of
NaCl solutions (0.01 M). The pH of each mixture is
adjusted between 2 and 12 by adding 0.1 M NaOH or
HCI solution. Stirring is maintained for 48 hours at a
temperature of 25°C. The final pH of each mixture is
then measured. We draw the graph ApH =f (pHi). The
pHpzc is the point of intersection of the curve with the
axis that passes through zero.

The ash content of the carbon was determined by
referring to the ASTM (American Standards
Technology Method), ASTM D 2866-94 26, A mass of
carbon is placed in a crucible and then placed in an
oven at 650°C until there is no more detectable mass
loss. This happens after 7 h.

The morphology of activated carbon was determined
by scanning electron microscope (SEM) using a
Tescan LYRA 3 XMH.

The crystal structures were analyzed by an X-Ray
diffractometer (D8 Advance Bruker, Germany) with a
germanium detector for angle 26 between 20-120°
with a scan rate of 0.01°/s.

2.3. Spectrophotometric determination of samples
Rhodamine B is a cationic dye of index CI1-52015 with
the formula CzsH31N2OsCl. It is used as a model
molecule in the adsorption of dyes on activated
carbon. The UV HACH DR 6000 spectrophotometer
was used to determine the concentrations of
rhodamine B on the solution. All information about
rhodamine B is given in Table 1 and Figure 1.

Values
Rhodamine B
45170
Basic violet 10
Rhodamine B
554 nm
CasH31N203ClI
479.02
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2.4. Kinetic adsorption study

The study of rhodamine B adsorption kinetics onto
activated carbon was carried out at room temperature.
The aim is to determine the time required to reach
adsorption equilibrium and kinetic order. For the
kinetic adsorption study, 100 mg of activated carbon
was mixed with 100 mL of 5 mg.L* of rhodamine B.
These mixtures were shaken on a magnetic agitator
at 150 rpm for intervals of 5 and 120 minutes. After
each contact time, solutions were filtered and the
initial and final concentrations of rhodamine B were
determined by spectrophotometer UV HACH
DR 6000. The amount of rhodamine B adsorbed onto
carbon is calculated according to the following
equation:

(Co—Cr)
q=—"—=xV 1)

m

Where q; is the amount of rhodamine B adsorbed by
activated carbon (mg/g); Coand C; are respectively the
initial and the final concentration of rhodamine B at a
time after filtration (mg/L); V is the initial solution
volume (L); m is the mass of the activated carbon (g).

Table 2. Characteristics of activated carbon in this study.

Parameters
Ash content
Surface area (m2.g™)
lode number (mg.g™)
pHpzc
Carboxyl (mmol.g?)
Lactonic (mmol.g?)
phenolic (mmol.g?)
Acidic (mmol.g?)

Basic (mmol.g™)

The low ash content reflects a low fraction of mineral
compounds and, therefore, good preparation of the
carbon with a sizeable carbonaceous fraction ?’. The
iodine number gives an estimate of the relative area of
the sample and is generally used to measure the
porosity of pores larger than 1.0 nm in diameter. In
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(b)
Figure 1. Structures of rhodamine B in its (a) cationic, and (b) zwitterionic forms

2.5. Adsorption isotherms

For equilibrium adsorption study, 300 mg of activated
carbon was mixed with 25 mL of different rhodamine
B concentrations: 1 mg.L?, 2 mg.L?, 2.5 mg.L?,
5 mg.L and 10 mg.L%. Then reaction mixtures were
shaken on a magnetic agitator at 150 rpm for
equilibrium time (80 min) at room temperature. After
equilibrium time, samples were filtered and
spectrophotometer UV HACH DR 6000. The amount
of rhodamine B adsorbed per unit mass of activated
carbon at equilibrium, ge, was calculated by:

(Co—Ce)
qe = 5 v )

Where Co and Ccare the concentrations of rhodamine
B at initial and equilibrium times, respectively; V is
the volume of the (L), and m is the mass of activated
carbon used (g).

3. Results and discussion

3.1. Characterization of activated carbon
The characteristics of activated carbon (AC) are given
in Table 2.

Values
6 %
613
674
53
1.48
1.90
2.02
5.40
2.05

this study, the iodine number is 674 mg/g. This result
is in the typical range of 500 to 1200 mg/g, reflecting
the porous character of this carbon 2. So, this
activated carbon could be excellent in the adsorption
of molecules in the liquid phase %2?°. The pH of zero
charges (pHpzc) of carbon, the point at which the net
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charge of adsorbent is zero, was measured using the
acid/base titration method. The pHpzc was found to
be 5.3. The carbon has a generally acidic surface
dominated by the phenolic, lactonic, and carboxylic
functions. Vargas et al. obtained activated carbons
based on flamboyant pods with similar surface
functions . Surface areas were measured using the
adsorbed acetic acid method. The value of the
specific surface of the prepared carbon is 613 m?/g.

2000
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This value is greater than the specific surface area of
activated carbons produced with Solid olive waste by
Hamouz et al. %,

The X-ray diffraction (XRD) pattern of the Activated
is illustrated in Figure 2. The appearance of broad
diffraction background and the absence of a sharp
peak reveals a predominantly amorphous structure 5.,
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3.2. Scanning electron micrographs (SEM)
analysis

The SEM images of activated carbon from corn cobs
before and after adsorption of rhodamine B are shown
in Figure 3. The magnification scale of the SEM is
3000. The SEM image of activated carbon (Figure 3a)
shows open and irregular pores on the surface of the
carbon. These pores express the activation of carbon

(@)

3.3. Effect of contact time on adsorption

The effect of contact time on adsorption was studied
by contacting 5 mg L of rhodamine B with 100 mg
of activated carbon in 100 mL. The results obtained
are recorded in Figure 4. This figure notes an increase
in the adsorption rate with up to 80 minutes of contact
time. After 80 minutes, the adsorption rate remains

60

2 Theta (degree)

Figure 2. The X-ray diffraction pattern of corn cobs activated carbon

Figure 3. SEM image of activated carbon (a) and after adsorption of rhodamine B (b)

a0 100 120

and its microporous appearance. RB molecules
entered the pores after adsorption of rhodamine B
(Figure 3b). In addition, there are some hollows on the
surface of the carbon. This is because the rhodamine
B, after filling the pores, is bound to the surface of the
carbon, giving an almost smooth surface. There was,
therefore, a strong interaction between rhodamine B
and activated carbon.

(b)

constant, despite increasing time (Figure 4). The
increase in adsorption capacity as a function of
contact time is due to the availability of adsorption
sites as soon as adsorption begins. The level obtained
indicates the saturation of the available adsorption
sites. This achieves the activated carbon's ultimate
adsorption capacity (gm) after 80 minutes.
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Figure 4. Removal efficiency of rhodamine B (5 mg.L™?) on activated carbon; mass of activated carbon = 100mg
in 100 mL; pH =6.16; T = 25°C

3.4. Kinetics of adsorption

In order to determine which kinetic model best
describes the adsorption of rhodamine B on activated
carbon, the pseudo-first-order and pseudo-second-
order models were applied, using equations 3
and 4 3233,

In(q, — q¢) =Inqe — kqt (3)
t 1 1

= + Lt 4)

ar keqe?  qe

Where ¢. and q: are, respectively, the amounts of
rhodamine B adsorbed per mass of activated carbon at
equilibrium and at time t in (mg.g™); ki (1/h) and k.
(9.mg™.h't) the adsorption rate constants.

The plotted curves are respectively In (ge - qt) as a
function of time and t /q: as a function of time. The
results obtained are presented in Figures 5a and 5b.
The kinetic parameters of the pseudo-first-order and
pseudo-second-order surface reactions are given in

-1.5 A ®

In (q.-q)

2 J

0 20 40 60 80
t (min)

(b)

t/q,(min.mgl.g

Table 3. The determination coefficient (0.997)
obtained with the pseudo-second-order model is
higher than that obtained (0.978) for pseudo-first-
order, indicating that the pseudo-second-order kinetic
model is better suited to describe the adsorption of
rhodamine B onto activated carbon 34, The theoretical
maximum amount of rhodamine B adsorbed per mass
of carbon (q¢) at equilibrium gave a value
of 0.871 mg.g*. The maximum experimental values
of the amount of rhodamine B adsorbed were also
determined. The values of 0.337 and 0.866 mg.g*
were obtained respectively for the pseudo-first-order
and the pseudo-order 2 models. These values show
that the experimental value (0.866 mg.g?) of the
maximum quantity of rhodamine B adsorbed is close
to the theoretical value (0.871 mg.g') obtained by
applying the pseudo-second-order kinetic model. This
confirms that the pseudo-second-order kinetic model
is suitable for our study.
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Figure 5. Pseudo-first-order (a) and pseudo-second-order (b) kinetic models of adsorption of rhodamine B
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Table 3. Kinetic parameters of RB adsorption on activated carbon.

ky (min'?) 0.013
. R? 0.978
Pseudo-first order
Oe.cat (Mg.g™Y) 0.337
Oeexp (MY.g™) 0.871
k (g.mt.min?) 1.214
R? 0.997
Pseudo-second order
Oe.cal (MY.gY) 0.866
Oeexp (MY.g™) 0.871

3.5. Rhodamine B adsorption isotherms

The data on the adsorption of rhodamine B on
activated carbon are processed according to the linear
equations of Langmuir and Freundlich. This
linearization aims to verify the model according to
which the adsorption takes place and deduce from it
the maximum adsorbed quantities and the adsorbate
affinity for the adsorbent.

The linear form of the Langmuir isotherm is given
by the following equations 5.

Ce _

de qm (5)

Where constants b and g are related to the energy of
adsorption and adsorption capacity, their values are

~ b

dm

Ce

6 8 10 12 14

Ce

obtained from the slope and intercept of the plot of
Celqe versus Ce as shown in Figure 6, and Table 4.

The adsorption data obtained are also fitted to the
Freundlich isotherm, the earliest known relationship
described by equation ¢,

(6)

Ksand n were Freundlich constants, corresponding to
adsorption capacity and adsorption intensity,
respectively. The slope (1/n) and intercept (Ks) of log
Qe Vs log Ce are determined. The results of both
regressed isotherms are tabulated in Figure 6 and
Table 4.

log q. = log Ky + % logC,

3
(b)

%

1-
-~ e
=p
oo 01
° °

14

[ ]
2

0
log (Ce)

-2

Figure 6. (a) Langmuir isotherm plots for the adsorption of RB and (b) Freundlich isotherm plots for the
adsorption of RB

In the case of the Freundlich model, the possibility of
the model being applied depends on the values n. Thus
for 2 < n <10, the adsorption is better; when
1 < n <2, the adsorption is favorable, and for n <1, it
is almost difficult for the molecule to adsorb *’.
According to Table 4, the value of n is equal to 2.17.
This value is between 2 and 10; this shows that the
adsorption is better according to the Freundlich

model. Thus the Freundlich model is applicable.
However, the model that best describes this
adsorption is  Langmuir, where the linear
determination coefficient (R? = 0.99) is higher than
that of the Freundlich model (R? = 0.94). This table
also shows that the maximum adsorption capacity of
rhodamine B is 5.92 mg.g™.
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Table 4. Rhodamine B adsorption isotherms parameter values.

Langmuir
R? dn(Mg.g™*) b
0.99 5.92 0.59

The maximum monolayer adsorption capacity (Qmax)
values obtained for the adsorption of RhB onto corn
cobs activated carbon in our study were compared

Freundlich
RZ Kt n
0.94 1.06 2.17

with those obtained by using other adsorbents
(Table 5). The amount of rhodamine B adsorbed on
our carbon is greater than coal and in the same order
as the other adsorbents in the table.

Table 5. Adsorption capacities of Rhodamine B on various adsorbents.

Adsorbent
Tamarind fruit shells activated carbon
Coal
Acid activated mango leaf powder
Fly ash
Corn cobs activated carbon

3.6. Mass Effect of activated carbon

To determine the optimum mass necessary to remove
rhodamine B, 25 mL of the rhodamine B solution
(5 mg.L1) contact different activated carbon masses.
The results obtained are shown in Figure 7. This
figure shows an increase in the adsorption percentage
with the mass of the activated carbon. The adsorption
percentage thus goes from 36.71% to 96.84 %, when
the mass of the activated carbon goes from 25 to 200
mg. The adsorption rate increases to 99.60 % for 300
mg. From 300 mg, the adsorption percentage remains

100 -
80 -+
60 o

40

% Adsorption

20 -

Maximum adsorbent capacity, gmax (Mg.g™) References
3.94 38
1.24 3
3.31 40
2.33 4
5.92 This study

practically constant up to 600 mg. The increase in the
ratio of adsorbent observed as a function of the mass
of the activated carbon is due to the availability of free
adsorption sites, which increases with the amount of
adsorbent up to mass 300 mg. At low doses of
activated carbon, the dye readily accesses the sites of
adsorbed carbon, whereby the amount adsorbed
rapidly increases with the mass of the activated
carbon “>%4, However, in order to save AC, a mass of
200 mg will be used for further work.

0 100 200

300 400 500 600
masse (mg)

Figure 7. Influence of the mass of adsorbent on the adsorption of rhodamine B; pH = 6.16; T = 25°C

3.7. Effect of initial pH on adsorption

The pH of the solution strongly influences the
adsorption of the organic compound on activated
carbon. The nature of the adsorbate in solution and the
load on the surface of the adsorbent depends on the
pH. The effect of the pH of the solution on RB
adsorption on the prepared activated carbon was
studied in the pH range of 2 to 10.1, using a mass
of 200 mg of activated carbon in 25 mL. The results

are presented in Figure 8. This figure shows that the
maximum adsorption was recorded at pH 3.15, where
the RB absorption is 98.92%, while the minimum
adsorption is observed at pH 10.

The high removal efficiency at pH 3.15 can be
attributed to the change like RB depending on the pH
of the solution. The difference in pH results in the
formation of different ionic species, and of notable
importance is the zwitterionic form (Figure 1b) which
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occurs at pH > 3.7 (pKa = 3.7). At pH > 3.7, the
attractions between the carboxyl and xanthene of the
RB monomer groups result in the formation of RB
dimers. Therefore, the absorption of RB becomes

100 -

% Adsorption
O o = \©
(=] N S (=)

o0
=]
M

[~
(=)
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difficult, which decreases the adsorption capacity of
the rhodamine B . The maximum adsorption of RB
at a pH between 3 and 4 has already been obtained in
the literature %5/

98 \ I ‘
2 3.15 4.68

6.16

pH

9 10.1

7.4

Figure 8. Effect of initial pH on RB adsorption

3.8. Thermodynamic parameters

The thermodynamic parameters of the adsorption
reaction of rhodamine B on activated carbon, namely
standard free energy (AG®), standard enthalpy (AH®)
and standard entropy (AS°) were determined from
equations (7), (8) and (9) “&:

AG® = AH® — TAS ©)
AS®  AHC
and = T— F (8)
_ %
Ka = Ce C))

Where Ky is the distribution coefficient.

The curve In Ky as a function of 1/T has been
illustrated in Figure 9.

0

The thermodynamic parameters obtained are given in
Table 6. The analysis of these thermodynamic
parameters shows that the RB adsorption on the
activated carbon is a spontaneous reaction because,
whatever the temperature, the value of the standard
free enthalpy variation (AG®) is negative %4, The
interpretation of the typical free energy changes
inversely with the temperature of the solution. Thus,
increasing the temperature further promotes the
absorption process of RB on the activated carbon. The
positive sign of the standard enthalpy (AH®) shows
that the adsorption process is endothermic. The
standard enthalpy value is less than 40 kJ.mol™. This
indicates that it is a physisorption **°!, The positive
sign of entropy (AS°) indicates the disorder of RB
molecules at the solid-solution interface during the
adsorption process °253,

0.003 0.0031

0.0032

0.0033 0.0034

1T (KY)

Figure 9. Ln (Kd) versus 1/ T curve for the adsorption of rhodamine B on activated carbon
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Table 6. Thermodynamic parameters.
AHP® (J.mol?) 35345.31
AS° (J.mol 1. K1) 135.40
300.35K 310.15K 316.55K 325.15K 329.55 K
AGP° (J.mol ™)
-5322.08 -6651.00 -7515.56 -8680.00 -9275.76

4. Conclusion

The equilibrium, kinetics, and thermodynamics for
the uptake of Rhodamine B dye by corn cobs activated
carbon from aqueous solution were studied. The
kinetic study of the RB adsorption on activated carbon
showed that the adsorption rate of RB conforms to
pseudo-second-order kinetics with 80 min as
equilibrium time. The adsorption under investigation
revealed that the experimental data fit the Langmuir
isothermal model better. The maximum single-layer
adsorption capacity to remove RB was found to
be 5.92 mg.g*. The study of the influence of the pH
of the initial solution showed that the absorption rate
of RB is used at pH = 3.15. The analysis of the
thermodynamic  parameters showed that the
adsorption process is physisorption, spontaneous and
endothermic. This study has shown that the prepared
activated carbon makes it possible to effectively clean
up wastewater contaminated by rhodamine B with a
removal efficiency of up to 99.60%. This study has
shown that the prepared activated carbon effectively
removes wastewater contaminated with rhodamine B
with an elimination efficiency of up to 99.60% for
300 mg of AC in 25 mL of the rhodamine B
solution (5 mg.LY).
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