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ABSTRACT

The cationic exchange resin Amberlite®IRC-50 was evaluated as a potential adsorbent for toxic
methyl orange (MO) dye. The adsorption study was evaluated as a function of time, temperature,
pH value, optimal concentration of the anionic dye MO and adsorbent the cationic resin. The max-
imum retained content of MO was 68.2 mg g™ of concentration 200 mg L. The various values of
the rate constant for adsorption process of the dye MO were determined. Kinetic analysis of the
adsorption study of the impact of the concentration was compatible with linear pseudo-second-
order (The experimental capacity is very close as the capacity calculates, 68.2 mg g™ of experimen-
tal capacity and 76.9 mg g of capacity calculates). The thermodynamic parameters AG® (-1.84 at
—4.00 k] mol™), AH® (19.62 k] mol™) and AS° (72.00 k] mol™) were determined using the Van't Hoff
equation. The values of these parameters indicate that the adsorption process is an endothermic and
spontaneous. The adsorption process fit well with the Langmuir adsorption isotherm model.
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1. Introduction

Water pollution is among the most difficult problems
for humanity. Among the main contributors to water pol-
lution are dyes. As they are immediately released to water
stream from several industries like for instance textiles, pith
mills, food and lacing. Dyes are congregation fragrant mol-
ecules with a fierce color and high stability and non-bio-
degradable, this makes their elimination tedious [1,2].
Orange methyl is an anionic dye broadly utilized in the lab-
oratory and in the fabric manufacture [3]. Cancer-causing
and mutagenic. It is a powerful water pollutant [4,5]. In
addition, wastewater laden with dyes is usually subjected
to treatment by chemical processes. Conventional remedy
methods such as curdling and flocculating [6,7], reverse
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osmosis [8], the chemical oxidation and the ozonation
[9-11], biological treatments [12], photo degradation [13],
filtration through membranes [14-16], and adsorption [17],
were developed for the drug of wastewater comprising
dyes. Among the different processing technologies. The
procedure of adsorption is very popular due to its rustic-
ity, low cost and high effectiveness, may as well the ready-
made of a wide range of extraction. The adsorption can be
a best effectiveness to treat textile effluents since adsorbent
of the cationic resin has many pleasant characteristics such
as chemical. Thermal stability and specific acute surface.
Organic ion exchange resins of the cationic resin appear
more appropriate for removing poisonous elements due
to their speedy kinetics, simple regeneration and uplift
of the exchange capacity [18].
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In this work adjusts to check the adsorption potential
of a cationic resin, using the artificial Amberlite®IRC-50
in the form of beads in order to adsorb an anionic dye.
For this purpose, the cationic resin which purchased by
the company Sigma Aldrich. The cationic resin biopoly-
mer was selected as a potential adsorbent to eliminate the
dye methyl orange (MO) from an aqueous solution. In the
adsorption study, the impacts of the cationic resin, tempera-
ture, adsorption time, dye optimal concentration and the
pH. The mass transfer mechanism has been also studied.
The isotherms were constructed at several various tem-
peratures (298-328 K) and the curves were adjusted with
the models of Freundlich and Langmuir Thermodynamics
was estimated by (AH°®), (AG®°) and (AS°). A rejuvenation
study was carried out to assessment the potential for reuse
of the adsorbents. The suggested adsorbent of the cationic
resin has been examined of treat simulated textile pollutant.

2. Experimental
2.1. Materials

As adsorbent, we used a microporous cationic resin in
the form of synthesized beads used with the crude formula
C,,H,,CLN,O and the molar mass is 442.5 g mol™. Before its
use as an adsorbent, it was first brought into contact with
a 1.0 M HCl solution then several cycles of washing with

distilled water for purification and neutralization purpose.

2.2. Preparation of solutions

The anionic dye MO (C,,H,,N,O,5Na*) of the molar
mass is 327.32 g mol™, has been widely utilized to emulate
organic pollutants by the laboratory of wastewater [19-22],
and has been utilized as objective water pollutant. The
elimination rate of the orange methyl was studied as the
percentage of decrease by adsorbent. Solution of MO was
contagious by dissolving 1,000 mg L™ in distilled water.
Also the dye MO is colored indicator used primarily for
printing the coloring of textiles it has two protonation
sites at nitrogen atoms (see diagram).

2.3. Methods

The investigation experiments were bearer out as a
function of time (0 <t <5 h), pH value (2 < pH < 11), the
mass of the cationic resin (0.05 g < m < 2 g), the thermo-
degree (25°C < T < 55°C) and the concentration of dye
(10 mg L < [C] < 200 mg L). The tests were bearer out
by shaking 0.1 g of the resin in 100 mL of the solution of
the dye with a concentration of 10 mg L. The colored
solution was brought into contact with the adsorbent
until the adsorption evenness was reached. The evolution
absorbance of the colored solution was resulted using a
UV/visible spectrometer (UV-2005 spectrophotometer)
at the center CUAE2TI at Ibn Tofail University (Kenitra,
Morocco). The measurements were carried out at a wave-
length (A) of 468 nm which coincide to the greatest adsor-
bate of the anionic methyl orange dye. The unconsumed
dye concentration was determined using a calibration
curve prepared by a range of known MO concentrations.

The dye adsorption potential of the cationic resin Q,
(mg g7') and the dye eliminated rate R (%) suitably to
Egs. (1) and (2), respectively.

Q, =(C0—C€)><K 1)
m
(Co - Ce)
R(%) = ===—=x100 )

0

where C: the initial concentrations (mg L™); C: the equi-
librium concentrations (mg L™); m: the mass of the sup-
port(g); V: volume of the dye (mL).

The kinetic study was carried out by running the
adsorption as a function of time. Kinetic models pseudo-
first-order and pseudo-second-order were utilized to assess
the kinetics of the adsorption. While various models as
Langmuir and Freundlich isotherms at the equilibrium
adsorption were studied and the frameworks for isotherm
model were determined. On the other hand, the varia-
tion in the concentration makes it possible to evaluate the
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impact of this parameter on the adsorption phenomenon
then to deduce the thermodynamic parameters.

3. Results and discussion
3.1. Adsorption/coagulation study

The adsorption/coagulation capacity of the cationic
resin for the anionic MO was appraised. The dye MO elim-
ination percentages were determined based on the initial
and final of the concentrations. For the time-dependent test,
the initial concentration of the dye MO was 10.0 mg L.
The evolution of the absorbance of the colored solution
was weighted using a UV-2005 spectrophotometer-type
UV/visible spectrometer (CUAE2TI) at a wavelength that
corresponded to the maximum adsorbent of MO solution
(A =468 nm). About 0.1 g of the cationic resin was stirred
in 100 mL of MO dye to ensure the maximum contact
between the resin and the MO (Fig. 1). All tests were per-
formed at crystallizing temperature. After a certain interval
of time, the summer dye eliminates until contact time.

3.2. Kinetic study

In order to determine the time necessary to reach
the adsorption equilibrium of the anionic dye (MO) on
the cationic resin, the kinetic curve was constructed up
to 300 min. The simultaneous evolution of the pH val-
ues and of the adsorption capacity Q, of the dye MO by
the resin beads as be operative of time is manifest in
(Fig. 2). The adsorption was evaluated at constant mass
optimal of adsorbent (0.1), V of a 100.0 mL, and at T equal
to 25°C.

It was found that the equilibrium was reached at
120 min as shown in Fig. 2. It was noticed a rapid adsorp-
tion occurs in the first 50 min direct by approve weak
backward adsorption rate and the equilibrium reached at
around 120 min. But in order to check the balance of the
system, the contact time was continued to 300 min appro-
bating to this kinetic contour, the adsorption sites were
progressively occupied by the molecules dye MO. The top-
most adsorption capacity, Approbating to Fig. 2 was about
8.10 mg g of the MO dyes.

It appears from the obtained curve that the fixing capac-
ity of the support by MO dye, growing with the growing in
the contact time of Amberlite®IRC-50 with the colored solu-
tion of MO, thereafter beyond t = 120 min a level of equilib-
rium is reached corresponding to the saturation of the spot
where the maximum capacity obtained at approximately

Fig. 1. Adsorption of the MO dye using on the cationic resin.

Q... = 81 mg g'. This extend in the adsorption ampli-
tude of MO is accompanied by a lessening in the pH
values which goes from 6.5 to 2.1 of the MO.

3.3. Effect of the cationic resin mass on MO adsorption

To optimize the mass of the cationic resin for MO elim-
ination, the study was carried out using various masses
of the resin in the form of beads ranging from 0.05 to 2 g,
each one of them was added to a in 100.0 mL of the colored
solution at a concentration of 10.0 mg L™ of MO and at a
pH of 6.5. The system is stirred at 25°C for 5 h.

The evolution of the removal yield of methyl orange as
a function of the mass of the cationic resin is represented
in Fig. 3.

The results obtained see that the equilibrium time
decreases as the mass of the adsorbent increases, which
may be due to the study of variations in the percentage of
elimination of methyl orange as a function of time adsor-
bent dose in parallel with the increase in mass of the cat-
ionic resin from 0.05 to 2 g. The curves in Fig. 3 show that
the percentage of elimination of the MO dye practically
reached of total a 100% for a mass of 2.0 g of the resin.
These results reveals that, the increase in the mass of the
adsorbent increases the number of adsorption sites avail-
able for trapping the dye, which consequently favors the
discoloration process of the studied aqueous solution [23].
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Fig. 2. Evolution of pH and MO adsorption capacity by the cat-
ionic resin as a function of time and pH value using a solution
MO with 10 mg L™ concentration, T of 25°C and V of 100 mL.
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Indeed, a mass of 0.1 g of the cationic resin gave an
extraction rate of adsorption of about 80.20%, this value was
chosen as the optimal mass for economic reasons.

3.4. Effect of pH on the adsorption of the methyl orange dye

The pH is paramount source that affects the adsorption
process; in order to it influences the exterior charge of the
adsorbent and the ionization of the cationic resin. Fig. 4
reveals that the change in pH from 2.0 to 11 produced an
increase in the percentage of dye elimination. From Fig. 4,
the greatest pH for the following adsorption experiments
was procured. For all dye solutions, the percentage of
removal was elevation under acidic conditions, the mole-
cules of MO in anionic form involved with hydrogen ions
in aqueous solution for the adsorption sites, by lessening the
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Fig. 3. Adsorption efficiency of MO by various masses of the cat-
ionicresina pH=6.5, [MO]=10mg L™, T=25°C and V=100.0 mL.
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Fig. 4. The percentage of MO removal as a function of time at
various pH values, m=0.1 g, V=100 mL, and [MO] =10.0 mg L,
T=298 K.
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adsorption. In this way, electrostatic interaction can occur
between the charged resin and the charged dyes as well.

3.5. Effect of temperature

In order to straighten the effect of temperature on the
adsorption capacity of the cationic resin for the dye MO, a
0.1 g of the cationic resin was added to a 100 mL solution
of the anionic dye MO, adsorption studies were transmit
out at various temperature ranging from 25°C up to 55°C
(Fig. 5). The adsorption capacities of MO on the cationic
resin increased by growing the temperature, which indicates
that the adsorption of MO on the resin from an aqueous
solution could be an endothermic process [24].

3.6. Effect of initial concentration of MO on rate of adsorption

The adsorption of MO by the cationic resin was also
studied as a function of primary concentrations of the
anionic dye MO (10, 20, 40, 100 and 200 mg L™). Fig. 6 and
Table 1 show the adsorption results as a function of the
two variables time and primary concentration. As can be
seen from Fig. 6, the quantity of MO adsorbed at low ini-
tial concentration (10 mg L™) reaches the adsorption sat-
uration at 120 min, also, as for the concentrations of MO
(100 mg L™), the time necessary to reach equipoise was also
about 120 min.

It is noted from the obtained curve (Fig. 6), a rapid
increase in the MO extraction capacity by the cationic resin
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Fig. 5. Variation of the percentage of elimination of MO as a
function of time at various temperature values, m =01g,
pH=6.5, V=100 mL, and [MO] =10 mg L.
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Table 1

Evolution of the anionic MO retention capacity on the cationic
resin beads as a function of initial concentration of MO, (m of dry
resin=0.1 g, V=100 mL, pH = 6.5, T = 25°C)

[MO]mgL* 10 20 40 100 200
Q,(mgg") 81 1859 3614 5948 682
R (%) 8020 7973 7911 6055  36.05
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depending on the initial concentration of MO, a concentra-
tion over 100 mg L™ of the dye, a plateau corresponding to
the saturation of the support reached at Q= 68.2 mg g
This result can be associated to an growing in the
leadership force of the concentration gradient [25].

Table 1 shows that the increase in the initial concen-
tration of MO dye results in growing in the adsorption of
the methyl orange dye MO. In fact, the adsorption capac-
ity increased from 8.1 to 68.2 mg g for MO concentra-
tions growing from 10 to 200 mg L™ respectively. However,
the dye elimination rate decreased from 80.2% to 36.05%.

3.7. Kinetic adsorption models

The adsorption kinetics is evaluated utilized pseudo-
first-order and pseudo-second-order in order to definite the
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Fig. 6. Effect of the concentration on the adsorption of MO
(m=0.1g, pH=6.5 V=100 mL, T =298 K).
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mechanism of the adsorption of methyl orange MO on the
cationic resin.

3.7.1. First-order model

The pseudo-first-order equation is given by Eq. (3).

The values of the pseudo-first-order rate constants,
k, and g, were determined from the sloped and intercep-
tions of the log plots (g, — g,) with ¢, respectively, results
are listed in Table 2. If the g, values determined from
this model rate is in agreement with the capacity exper-
imental values, this indicates that adsorption follows
the first-order kinetic model.

Plots of log(g, — g, with time are shown in Fig. 7, the
plotting was performed for results obtained from var-
ious initial concentrations. Experimental kinetics data

2.0

1.6 1

0.4+

0.0 T T T T T g
0 10 20 30 40 50 60

Time ( min )

Fig. 7. Kinetic pseudo-first-order model of MO adsorption on
the cationic resin beads.

Table 2
Parameters of the kinetic model of the pseudo-first-order and the pseudo-second-order of the MO
Kinetic model [MO] mg L™ Dpop (MG &) e (Mg ™) k, (min™) R?
10 8.1 8.05 0.03 0.980
20 18.59 16.98 0.023 0.985
Pseudo-first-order 40 36.14 36.30 0.022 0.946
100 59.48 69.18 0.064 0.982
200 68.2 87.09 0.062 0.942
10 8.1 09.09 0.058 0.992
20 18.59 20.40 0.042 0.991
Pseudo-second-order 40 36.14 41.66 0.024 0.970
100 59.48 62.50 0.037 0.999
200 68.2 76.92 0.026 0.999

Note that the value of R? of the line of best fit using the pseudo-second-order of the kinetic equation is 0.999, the calculated adsorp-
tion capacity (q,.,) was 9.09 to 76.92 mg g". The experimental adsorption amplitude (q,,,) by pseudo-second-order was 8.1 to
68.2 mg g, these values are very close to that measured experimentally, indicating an the cationic resin lead with adsorption of the
anionic dye (MO) in accordance with the pseudo-second-order kinetics. In pseudo-first-order (Fig. 7), the value of R? for the line of
best fit is 0.94. The theory of calculated equilibrium absorption capacity (g, ) of 87.09 mg g™ is far from that measured experimentally
(4, oy 682 mg g™), indicating that the kinetics of adsorption can be characterized as a pseudo-second-order. We can thence conclude that
physisorption is the flow control step for the adsorption of the anionic dye MO on the surface of the cationic resin beads.
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were modeled by the pseudo-first-order kinetic model and
pseudo-second-order kinetic models [24,25].

k
g0, 1) =10g(a) - 55 )1 o

where g, (mg g) is the adsorption quantity of organic MO
dye at each instant t, q, (mg g™) is the adsorption capacity
at equilibrium and k, (min™) is the pseudo-first-order veloc-
ity constant. Knowing that k, and we calculated from the
slopes and extrapolations of logarithmic plots (g, - q,) with
respect to time to which are listed in Table 2. The varia-
tion of the pseudo-first-order is given according to Fig. 7:

3.7.2. Second-order model

The pseudo-second-order kinetic model is obvious in
linear form as seen in Eq. (4).

The values of g, and k, can be obtained from the incli-
nation and the intercepts, respectively of the t/q, vs. t curves
(Fig. 8), results are summarized in Table 2. The theoretical
results didn’t correlate with the experimental with this
model [24,25].

L 5 +l><t 4)
9 k4. 4.

where k, is the pseudo-second-order constant (g mol™ min™)
and g, (mg g™) is the adsorption capacity at equilibrium.
The lines in Fig. 8 represent the variation of Eq. (4) as a
function of time.

3.8. Adsorption isotherm

The adsorption isotherm provides importance valuable
acquaintance on the way the dye molecules are distributed
between the aqueous solution and the adsorbent at equilib-
rium state, which is essential for optimizing the amount of
the cationic resin. Three adsorption isotherms were exam-
ined in the present study Langmuir and Freundlich.

Experimental kinetics data were modeled by the
Freundlich and Langmuir models [26-28].

3.8.1. Langmuir adsorption isotherm

The basic hypothesis of the Langmuir is that adsorp-
tion takes place at specified homogeneous sites within the
cationic resin [26]. The results of the adsorption tests of the
anionic dye MO on the cationic resin were processed by
the Langmuir model represented by Eq. (5).

C, C 1
= +—
QL’ Qm (KL X Qm)

©)

Table 3

where C, is equilibrium concentration (mg L), Q, : adsorp-
tion capacity (mg g™) and K;: Langmuir equilibrium con-
stant (L mg™).

The values of Q  and K, are determined from the
intersection with the ordinate axis and the slope of the line
CJQ,=fC) (Fig.9).

At a given temperature, the free enthalpy of adsorption
AG® ads (k] mol™) can be calculated by Eq. (6).

Q
K, ==
Lc

e

(6)

AGY, = -RxTIn(pxK, ) ?)

where R, T and K, respectively represent the constant of
the ideal gases, and p,,, = 1.28 g cm™ is the density of the
solution of MO, the absolute temperature and the Langmuir
constant. The calculated free enthalpy of adsorption is given
in Table 3.

3.8.2. Freundlich adsorption isotherm

The Freundlich isotherm presume that, the adsorption is
multilayer and that the surface of the cationic resin is het-
erogeneous [27,28]. The linear form of Freundlich equation
can be expressed.

log(qg)z log(KF)+%><log(Ce) (8)

409 a [MO]=010mgL"

[MO]=020mgL"
[MO]=040 mg.L"
304 v [MO]=100mgL"

[MO]=200mgL"

0 50 100 150 200 250 300
Time ( min )

Fig. 8. Kinetic pseudo-second-order model of MO adsorption
on the cationic resin.

Parameter obtained from applying the Langmuir and Freundlich models

Langmuir Qe (MG &) Qca (M &™)
68.2 76.92
Freundlich 1/n n
0.43 2.32

K, (Lmg™) AG® (k] mol™) R?
0.094 -5.86 0.998
K, (Lmg™) R?
10.47 0.92
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where K, is Freundlich parameter (L mg™) and 7 is hetero-
geneity index.

The value of K, decreased by increasing the temperature,
showing an endothermic nature of the adsorption process.

The values of K, and n gated from the slope and the
ordinate at the origin of the log(g,) vs. log(C) are offered
in Table 3, n = 2.32 > 1. So the results obtained using this
model confirms the results obtained in the kinetic study.

As shown in Table 3, the Langmuir isotherm corresponds
fairly well to the experimental data (R? > 0.98). The mono-
layer adsorption capacity conformity to this model was
76.92 mg g for the MO. This calculated value is close to the
value of the maximum experimental adsorption capacity,
exp values with small relative difference of about 7.83%.

3.9. Thermodynamic studies

Thermodynamic parameters, inclusive change in Gibbs
free energy (AG°®), in enthalpy (AH®) and in entropy (AS°), are
used to assess the impact of temperature on the adsorption
of the dye MO on the cationic resin and prepared detailed
information concerning the ingrained energy changes asso-
ciated with the process [29].

The enthalpy (AH°) and entropy (AS°) parameters
were predestined from classical relations:

20

Y=0,43x+1,02
R2=0,87

1,8

1,6

1,24
1,04
u
08 +—r—"—"TF—"—"F"—"T"—"T"—"T"—"T"—T"——"T—"
02 04 06 08 10 12 14 16 18 20 22
log Ce

Ln(KL)z(ARS)—(IA;;) ©)

AG°

ads

=AH -TAS (10)

The curve of In(K,) with respect to 1/T gave a upright
line shown in Fig. 10, and the various values of AH°
(k] mol™) and AS® (k] mol?) were studied from the inter-
section and the slope of the equation of Van't Hoff plots,
respectively. The values of AG® (k] mol™) have been recal-
culated from AH® and AS°® (Table 4). The positive values of
AH® are indicative of an endothermic adsorption process,
both AH® and AS°.

From the thermodynamic point of view, Evaluated
of the adsorption was the standard values of Gibbs free
energy (AG® k] mol™), enthalpy (AH® k] mol™) and entropy
(AS° ] mol™). All the thermodynamic parameters have
been grouped in Table 4. The negative values of AG® have
indicated that adsorption is spontaneous and convenient
process. The positive value of AH° confirmed that the
adsorption of MO on the cationic resin was an endother-
mic process of this magnitude and proved that the stud-
ied mechanism of adsorption of MO by the beads of the
cationic resin is a physical adsorption (physisorption) [29].

20

1,84

164 m Y=0,013x+0,138
- R2=0,998

144
12
1,0

CelQe

0,8—-
0,6—-
04-
0,2—-
0,0—-

T T
0 20 40 60 80 100 120 140

Ce(mgl)

Fig. 9. Isothermal model of Freundlich and Langmuir for the adsorption of MO on the beads of the cationic resin.

Table 4
Thermodynamic parameters

T (K) 1T (K In(K) Q. (mgg") C (mg L) AG® (k] mol™) AH° (k] mol ) AS° (k] mol™)
298 0.00335 0.96 6.88 3.22 ~1.84

308 0.00324 0.96 7.40 2.83 -2.56 0.6 00

318 0.00314 1.38 7.88 1.97 -3.28 : :

328 0.00304 143 8.23 1.97 -4.00
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The enthalpy values AH® are positive, which seen that
also the adsorption process of MO on the cationic resin is
endothermic [30].

4. Comparative study

Our work uses a support commercialized by Sigma
Aldrich absorption of the anionic dye methyl orange by
cationic resin in the form of beads. This work focused on
the elimination of the MO dye from aqueous solutions.
The results obtained show that the adsorption of the dye
was rapid pending the first minutes and that the rate of
elimination reached over 97% during the first 50 min. Then,
stabilized at 120 min of 0.1 g mass and concentration of
10 mg L and also the maximum capacity are 68.2 mg g~

1,5
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to 0.1 g of concentration 200 mg L™, on the other hand,
in another work with the same dye we find the maxi-
mum capacity less than our work with a good correlation
of the seat of the R? is 0.998 is better than the other work
have been grouped in Table 5 [31].

4.1. Adsorption mechanism

The possible interaction of the cationic resin with
MO dyes is shown in Fig. 11. The adsorption mechanism
is governed by various factors such as the structure and
functional activity of the adsorbent molecules and speci-
ficity. Adsorbent molecules Surface point of the adsorbent.
The adsorbent in this case is the dye molecule, which is flat
and can be easily adsorbed onto the adsorbent through van

1,4 - ~
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1,1 4
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Fig. 10. The Van’t Hoff curve of MO adsorption on the cationic resin.
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Fig. 11. Adsorption mechanism of methyl orange (MO) on the cationic resin Amberlite®IRC-50.



J. Bensalah et al. / Desalination and Water Treatment 246 (2022) 280-290

der Waals forces and cationic resin extra-cavity hydrogen
bonding interactions. In the case of anionic dye, the force
Electrostatic interactions play a role in the adsorption
process.

However, the lower adsorption of the cationic resin sug-
gests that its larger size and hydrophobic nature precludes
any interaction with MO. On the other hand, the cationic
MO dye can be bound to the cationic resin by electrostatic
interactions, van der Waals forces and hydrogen bonds
in addition to host-guest interactions with the resin cavity.

The higher carbon content after adsorption indicates that
the dye has adsorbed successfully to the surface of the cat-
ionic resin. The presence of elements such as nitrogen and
oxygen on the adsorbent + MO further demonstrates their
presence on the adsorbent by the adsorption process. It can
therefore be assumed that the change in the composition
of the elements corresponds to the adsorption of the dye,
possibly due to these possible interactions.

5. Conclusion

This study demonstrates the effectiveness of the cationic
resin in removing the dye methyl orange from an aqueous
medium. The effect of several parameters related to the
adsorption efficiency such as contact time, adsorbent dose,
pH value, initial concentration of the dye and temperature
were evaluated. The kinetic study shows that equilibrium
is established after 10, 20, 60 and 120 min for MO solutions
at 10, 20, 100, 200 mg L, respectively and the adsorption
mechanism can be described by pseudo-second-order
kinetics. The plot of the adsorption isotherms shows that
the Langmuir model perfectly represents the adsorption
of MO on the resin with a maximal adsorption capacity of
around 68.2 mg g'. The obtained thermodynamic param-
eters indicate that, the adsorption of the methyl orange
dye on the cationic resin is an endothermic process. From
the obtained results, the cationic resin could be considered
an effective adsorbent for MO dye, the adsorption process
could have scaled to a commercial scale.
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