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a b s t r a c t
This study describes the enhanced adsorption capacity of modified mangrove charcoal (MMC) using 
microwave irradiation with the diluted acid H3PO4 for removal of direct dyes including direct yellow 
132, direct blue 71, and acid blue 193 from aqueous solution. Affecting parameters such as pH, contact 
time, and temperature were investigated. Results showed that the adsorption of direct dyes was favor-
able at acidic conditions and at 100 min contact time to reach the adsorption equilibrium. Adsorption 
kinetic study suggested that the adsorption process of direct dyes onto MMC was well described via 
pseudo-second-order model. For equilibrium thermodynamic studies, it was found that the adsorp-
tion process followed the Freundlich isotherm model. Thermodynamic studies indicated that adsorp-
tion reaction of direct dyes onto MMC was an endothermic and spontaneous process. 
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1. Introduction

Textile industry is one of the most important sources 
of income in developing countries. For example, Vietnam, 
the export value of its textile industry in 2016 accounts for 
11.515% of its gross domestic product, second largest in the 
country [1]. This, however, comes together with a large-scale 
environmental challenge due to the amount of wastewater 
generated in the process. It has been documented that the 
textile sector per year consumes thousand tons of chemicals 
and generated billion cubic meters of wastewater containing 
significant amount of residue dye and chemicals. All of this 
could accumulate the environment, and potentially, be con-
verted into more toxic compounds and cause harmful effects 
in human. Ideally, all of the wastewater should be treated 
completely before being discharged into the environment; 
however, given the enormous scale, and the complexity, it 
is still a complex challenge. Not only at very large scale, but 
also wastewater from textile industry contains high color 

intensity dyes and has high chemical oxygen demand that are 
quite  difficult to treat within a reasonable economic terms.

Many methods have been studied to remove color from 
the textile wastewater, including coagulation/flocculation 
[2–4], electrocoagulation [5–7], membrane filtration [8,9], 
and adsorption [10–12]. Among these, adsorption has the 
economic appealing because of its relatively simple process 
which requires low capital investment and operation cost, 
especially if inexpensive adsorbents can be identified.

With this driver, low-cost materials such as adsorbents 
derived from biosources have been intensively studied for 
use in the adsorption to remove contaminants from waste-
water, including dyes from the textile wastewater [13–16]. 
By utilizing effectively, this can also be a value-added to 
the often abundant by-products from local agriculture sec-
tor. In this research, the focus is on the possibility of using 
charcoal material from mangrove wood, a popular mate-
rial in Vietnam, as a candidate for the adsorption process of 
removal of direct dyes from aqueous solution. This charcoal 
is produced by dried distilling the mangrove wood, and 
used exclusively as fuel for cooking. The charcoal cannot be 
used directly in adsorption because of the dried distilling 
which is conducted at low temperature, resulting in a large 
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amount of organic residues which makes it and become an 
ineffective adsorbent. Further treatment to convert this into 
activated carbon has been shown to improve its adsorption 
properties; for example, treating with acid or alkaline at high 
temperature in the atmosphere of N2. However, the available 
methods often require expensive equipment, using extensive 
energy and chemicals, which can reduce the overall environ-
mental value of the charcoal. In our method, the mangrove 
charcoal (MC) was irradiated by microwave for short time 
in the presence of the diluted phosphoric acid. This modi-
fication process is simple, uses fewer chemicals, and can be 
conducted using available household microwave ovens. The 
adsorbent prepared by this method was employed to study 
the adsorption process of direct dyes in aqueous solutions, 
including kinetics and adsorption equilibrium. These data 

were used to calculate the dimension of single-stage adsorp-
tion batch reactor to achieve specific adsorption efficiency.

2. Experimental

2.1. Materials and methods

All chemicals used in this work were of analytical grade 
from Sigma-Aldrich. Three type of dyes were direct yellow 
132 (MF: C27H22N6Na2O9S2; MW: 684.61), direct blue 71 (MF: 
C40H23N7Na4O13S4; MW: 1,029.87), and acid blue 193 (MF: 
C20H13CrN2NaO5S; MW: 468.3785). Chemical structures of 
these dyes are shown in Fig. 1. The stock of dye solutions 
was prepared by dissolving 0.1 g of each dye in 100 mL of 
distilled water. Working solutions at specific concentrations 

Fig. 1. Chemical structure of dyes: (a) direct yellow 132, (b) direct blue 71, and (c) acid blue 193.
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in range from 10 to 100 mg/L were prepared by diluting the 
stock solution with distilled water. 

MC material was collected from local market in Ho 
Chi Minh City, Vietnam. The raw clusters of charcoal were 
grounded and sieved to collect a fraction of 0.20–0.45 mm 
for experiments, labeled as MC. The MC material was 
treated further by forming slurry of 10 g of MC with 10 mL 
of 0.5 M H3PO4 solution, then irradiated for 5 min in an 
800-W household microwave oven. The irradiated sample 
was cooled to room temperature, then filtered, washed with 
distilled water until pH of the filtrate was at 6.0–6.5, then 
dried in an oven at 100°C for 3 h to collect a final modi-
fied material as modified mangrove charcoal (MMC). Both 
MC and MMC materials were characterized by X-ray dif-
fraction (XRD) spectroscopy, Fourier-transform infrared 
spectroscopy (FTIR), scanning electron microscope (SEM), 
and Brunauer–Emmett–Teller (BET) method. The pHzpc of 
the MC and MMC was determined by the batch equilibrium 
method in 0.01 M NaCl [17]. 

2.2. Adsorption experiments

The batch adsorption experiments were conducted for 
each type of dyes to determine the effects of various factors 
including contact time, pH, adsorbent dosage, and initial con-
centrations of dyes on the sorption ability of MMC. All the 
experiments were performed at temperature of 30°C ± 1°C by 
mixing 0.2 g of MMC with 100 mL of each dye solution at spe-
cific concentration in flasks at 250 rpm. The adsorption mix-
ture was then filtered through a fiberglass paper (0.45 µm) to 
collect samples for residue dye concentration analysis using 
UV visible spectrophotometry.

3. Results and discussion

3.1. Characteristics of adsorbent

Fig. 2 presents the SEM images of the MC and MMC, 
highlighting the differences of their surface morphologies. 
More openings, holes, and cave types, observed on the sur-
face of the MMC, indicate the effectiveness of the microwave 
treatment using diluted phosphoric acid process in increas-
ing the surface are which, in general, enhances the adsorp-
tion properties. As shown in Table 1, the BET surface area is 
0.919 m2/g in MC increased more than 100 times to 124.5 m2/g 
in MMC. This shows that the combination of H3PO4 acid and 
microwave heating treatment process can remove effectively 
all organic residue in the original MC material, and also the 
MC framework can provide very high surface area material. 
The pHzpc values of MC and MMC are 4.21 and 5.75, respec-
tively (Table 1). This suggests that in acidic conditions, the 
adsorption of direct dyes on MMC is more favorable because 
of direct dye anion forms can be easily adsorbed on the MMC 
surface by the electrostatic attraction force.

Fig. 3 shows the XRD pattern of MC and MMC materials, 
which are both amorphous in nature. This is supported from 
the presence of a broad peak between 22° and 24° in both 
XRDs of the MC and MMC. 

Fig. 4 shows FTIR spectra of MC, MMC, and dye-loaded 
MMC. In general, FTIR spectra of MC and MMC have fairly 
similar FTIR spectroscopic with some differences in features 

and in intensity, suggesting some chemical changes on the 
surface resulted from microwave acid treatment. Several 
different functional groups can be identified. For example, 
the broad band observed in the region of 3,500–3,300 and 
1,250–1,000 cm–1 assigned to –OH groups, peaks at 1,552 
and 1,571 cm–1 assigned to C=O stretching band, and peak 
at 1,500 cm–1 of C=C double bond in alkenes are shown in 

(a)

(b)
Fig. 2. SEM images of (a) MC and (b) MMC.

Table 1
BET surface area, pore volumes of MC and MMC 

Materials BET surface  
area (m2/g)

Langmuir surface  
area (m2/g)

pHzpc

MC 0.919 5.71 4.21
MMC 124.46 146.9 5.75
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both material. The absorption peaks at 2,850–2,920 cm–1 of 
CH stretching vibration and CH2 asymmetrical vibrations 
are more distinctive in MC than in MMC. The lesser peak 
intensity observed in FTIR spectra of MMC than those of MC 
indicate less amount of organic residue on the surface; fur-
ther support the effectiveness of the treatment with H3PO4 
acid and microwave irradiation. Similar result was reported 
in literature for activated carbon material from apple waste 
after treatment using microwave and phosphoric acid [18]. 
For the FTIR spectra of the dye-loaded MMC (MMC-direct 
yellow 132, MMC-direct blue 71, and MMC-acid blue 193), 
it could be observed that the absorbance peaks at 1,137 cm–1 
assassinated to CO groups stretching in alcohol or hydroxyl 
groups shifted to lower the wavenumber of spectra for all 
three direct dyes. These results indicated that functional 
groups on the MMC surface were affected by the adsorption 
of these dyes. A similar phenomenon was also observed for 
adsorption reactive dyes on activated carbon [19].

3.2. Effect of pH on the adsorption process

pH is one of the several important parameters in the 
adsorption process of direct dyes onto the MMC surface. 
Direct dyes are anionic, so that, the charge of the adsorbent 
surface, controlled via the pH value of the solution, will 
affect the magnitude of the adsorption. As mentioned in sec-
tion 2.1, the pHzpc of MMC was at 5.75, meaning that at pH 
less than 5.75, the adsorbent surface will be positive charge, 
thus, enhancing the adsorption of direct dyes via electrostatic 
attraction force. As shown in Fig. 5, the maximum adsorption 

efficiency (%) of all three types of direct dye was observed at 
pH 2.3. Increase in pH resulted in lower adsorption efficiency 
to a low plateau of 10%–25% at pH ≥ 6. 

3.3. Adsorption kinetics

Based on previous data, pH 2.3 and temperature of 30°C ± 
1°C was selected for further evaluation effect of other factors 
including initial concentration of the direct dyes and adsor-
bent dose (Figs. 6 and 7). It was observed that the adsorp-
tion rate was reduced with increasing the initial concentra-
tion of dyes from 10 to 30 mg/L, probably because a simple 
transportation limitation of more dye ions to available active 
sites on adsorbent surface. The higher the concentration, the 
slower the diffusion rate occurs, thus, reducing the adsorp-
tion rate. The adsorption rate, on the other hand, increased 
with increasing the adsorbent dose from 2.0 to 10.0 g/L at a 
fixed initial dye concentration, resulting from more available 
active sites in the process. Further increasing adsorbent dose 
beyond this point at the same dye concentrations will not 
effectively increase the removal process.

Two kinetic models, including the pseudo-first-order 
model and the pseudo-second-order model [20–23], were 
used to evaluate the experimental data and describe the 
adsorption process of dyes onto MMC. The pseudo-first-
order model is as follows:

1 1 11
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q t qt
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where k1 is the rate constant (min–1); q1 and qt are the equilib-
rium adsorption capacity and the adsorption capacity (mg/g) 
at time t, respectively.

The pseudo-second-order model is as follows:

1 1 1

2 2
2

2q k q q
t

t

= +  (2)

where q1 and q2 are the equilibrium adsorption capacity 
(mg/g) and the adsorption capacity at time t, respectively; k2 
is the rate constant (g/mg min).

The intraparticle diffusion model is expressed as in Eq. (3):

q k t Ct p= +0 5.  (3)

Fig. 3. XRD spectra of (a) MC and (b) MMC.

Fig. 4. FTIR spectra of MC, MMC and direct dyes loaded MMC.

Fig. 5. Effect of pH on the adsorption of direct dyes onto MMC 
at 303 K.
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where kp is the intraparticle diffusion constant (mg/(g min0.5) 
and C is a constant.

Parameters in Eqs. (1) and (2), including k1, q1, k2, q2, can 
be determined from the slope and intercept of their respec-
tive plots of 1/qt versus 1/t and t/qt versus t. The parameters 
of both kinetic models for the adsorption process of direct 
dyes onto MMC are shown in Table 2. The correlation coeffi-
cients of direct dyes for pseudo-second-order kinetic model 
were found to be higher than those obtained from the pseu-
do-first-order model, indicating that, the pseudo-second-or-
der kinetic model appears to be a better description of the 
adsorption process of direct dyes on MMC. Figs. 8(a)–(c) 
shows the intraparticle diffusion model for adsorption of 
direct yellow 132, direct blue 71, and acid blue 193, respec-
tively, onto MMC. The plots show three different parts that 
indicates the diffusion stages of direct dyes from liquid 
phase on the surface of MMC. In the first stage (the first 
line of the plot), direct dyes transfer on the external surface 

of the MMC. The second stage (intermediate line) is the 
intraparticle diffusion and the third stage is the equilibrium 
stage where the intraparticle diffusion begins at slowing 
down with very low values of the intraparticle diffusion 
constant, kp (Table 3) due to extremely low solute concentra-
tions in the solution and saturation of the material sites. For 
acid blue 193, the boundary between the second and third 
states is not very clear with kp values for these stages were 
found to be 0.006 mg/g/min0.5 at initial concentration of 10 
and 20 mg/L and from 0.01 to 0.001 mg/g/min0.5 at 30 mg/L. 
Thus, the third stage for direct yellow 132, direct blue 71, 
and second stage for acid blue 193 can be considered the 
rate-controlling step adsorption process of direct dyes onto 
MMC [19].

3.4. Equilibrium and thermodynamic adsorption

The adsorption of direct dyes on MMC material at 303, 
313, and 323 K was conducted at initial concentration range 
from 10 to 150 mg/L at pH 2.3 and 100 min of contact time. 
The Langmuir and Freundlich models were used to describe 
the adsorption equilibrium [18,24–26].

(a)

(b)

(c)

Fig. 6. Effect of contact time on the adsorption of direct dyes onto 
MMC at 303 K: (a) direct yellow 132, (b) direct blue 71, and (c) 
acid blue 193.

Fig. 7. Effect of adsorbent dosage on the adsorption of direct dyes 
onto MMC at 303 K: (a) direct yellow 132, (b) direct blue 71, and 
(c) acid blue 193.
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The Langmuir model is expressed as in Eq. (4):

q
K q C
K Ce
L m e

L e

=
+1

 (4)

where Ce is the metal ion concentration in solution at equilib-
rium (mg/L); qe is the amount of adsorbed metal ions per unit 
of adsorbent (mg/g); and KL is Langmuir isotherm constant 
(L/mg) related to the theoretical maximum adsorption capac-
ity qm (mg/g) and energy of adsorption.

The Freundlich model is expressed by:

q K Ce F e
n= 1/  (5)

where Ce is the metal ion concentration in solution at equilib-
rium (mg/L); qe is the amount of adsorbed metal ions per unit 
of adsorbent (mg/g); n is the constant that related to adsorp-
tion intensity; and KF is the Freundlich isotherm constant 
related to adsorption capacity.

Parameters of isotherm models were determined by non-
linear optimization technique to generate the residual root 
mean square error (RMSE) to evaluate the overall match 
between the experimental data and model prediction. 

The plots of the nonlinear isotherm models from Eqs. (4) 
and (5) of the direct dyes adsorption process on MMC mate-
rial at 303 K are shown in Fig. 9. Results from experiments at 
other temperatures are not included here. Calculated param-
eters of Langmuir and Freundlich models (Eqs. (4) and (5)) 
are summarized in Table 4. 

As shown in Table 4, the calculated RMSE values suggest 
that the experimental data fits probably better with Freundlich 
isotherm model for three types of direct dyes, indicating that 
this adsorption process mostly involves heterogeneous sur-
face of adsorbent and monolayer adsorption. Langmuir model 
calculated shows that the maximum capacity values, qmax, for 
the binding of direct dyes onto MMC followed a decreasing 
sequence of direct yellow 132 > direct blue 71 > acid blue 193, 
probably due to the differences in molecular structure of 

Table 2
Kinetic parameters for adsorption of direct dyes onto MMC at 303 K

C0 (mg/L) Pseudo-first-order model Pseudo-second-order model
k1 (L/min) q1 (mg/g) R2 k2 (g/mg/min) q2 (mg/g) R2

Direct yellow 132
10 21.0 1.91 0.945 0.052 1.392 0.980
20 17.6 3.00 0.863 0.044 1.820 0.967
30 16.8 3.86 0.789 0.039 2.118 0.958
Direct blue 71
10 3.70 1.67 0.927 0.311 1.290 0.998
20 4.76 1.93 0.838 0.149 1.418 0.996
30 5.72 2.65 0.812 0.144 1.655 0.993
Acid blue 193
10 -3.45 0.302 0.703 0.045 0.291 0.998
20 12.0 0.283 0.949 0.091 0.533 0.992
30 4.98 3.09 0.567 0.090 1.86 0.988

Fig. 8. Plots of intraparticle diffusion model for adsorption of (a) 
direct yellow 132, (b) direct blue 71, and (c) acid blue 193 onto 
MMC at 303 K.



N.V. Suc / Desalination and Water Treatment 118 (2018) 304–313310

each direct dyes [27]. In general, larger dyes, direct blue 71  
(MW = 1,029.87 g/mol), lower diffusivity from the solution 
onto the adsorbent surface than that of smaller dyes, that is, 
direct yellow 132 (MW = 684.61 g/mol). However, this expla-
nation does not fit well for acid blue 193, which has lowest 
maximum capacity even its molecular weight is also smallest  
(MW = 468.3785 g/mol). This could indicate that the adsorp-
tion process of acid blue 193 can involve specific chemical 
interaction with available function groups and its affinity with 
adsorbent surface. It was found that the maximum adsorption 
capacity, qmax, of MMC for direct dyes was equally much higher 
than those of other adsorbents reported, such as activated car-
bon prepared from shell of hazelnut adsorption of direct blue 
71 [28], polyethyleneimine-treated peanut husk biomass for 
removal of direct dyes from aqueous solution [29], and bioad-
sorbent prepared from wheat bran for adsorption of reactive 
dyes by Sulak and Yatmaz [30]. 

In order to evaluate thermodynamic parameters of 
the adsorption process such as Gibbs free energy (DG) [25,26]:

DG = −RT ln Kd (6)

where DG is Gibbs free energy change (kJ/mol), Kd is the equi-
librium constant;  T is solution temperature (K); and R is the 
gas constant (8.314 J/mol K). 

The values of the equilibrium adsorption constant (Kd) 
can be calculated from the following equation:

Kd =

dye concentration in thesolid
phaseatequilibrium mg/g
dyeco

( )
nncentrationinliquid

phaseatequilibrium mg/mL( )

 (7) 

The enthalpy change, DH (kJ/mol) and entropy change, 
DS (J/mol K) of adsorption were calculated from the slope 
and intercept of the plot of ln(Kd) versus 1/T according to the 
van’t Hoff equation at different adsorption temperature:

Table 3
Intraparticle diffusion model parameters for adsorption of direct dyes onto MMC at 303 K

C0  
(mg/L)

Stage 1 Stage 2 Stage3
kp1 (mg/g/min0.5) C R2 kp2 (mg/g/min0.5) C R2 kp3 (mg/g/min1/2) C R2

Direct yellow 132
10 0.199 0.054 0.982 0.066 1.107 0.766 0.046 1.15 0.500
20 0.207 0.509 0.960 0.243 0.476 0.997 0.013 2.69 0.16
30 0.180 1.29 0.968 0.399 0.200 0.969 0.048 3.25 0.704
Direct blue 71
10 0.089 0.962 0.972 0.020 1.435 0.776 0.002 1.63 0.014
20 0.081 1.13 0.976 0.048 1.463 0.805 0.013 1.80 0.826
30 0.125 1.37 0.704 0.040 2.34 0.822 0.014 2.36 0.900
Acid blue 193
10 0.015 0.347 0.94 0.006 0.192 0.606 0.006 0.190 0.616
20 0.023 0.062 0.957 0.006 0.062 0.612 0.006 0.077 0.611
30 0.032 2.179 0.841 0.010 1.980 0.798 0.001 0.186 0.687

Fig. 9. Adsorption isotherm models of dyes onto MMC at 300 K: 
(a) direct yellow 132, (b) direct blue 71, and (c) acid blue 193.
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lnK S
R

H
RTd =

∆
−
∆  (8)

The values of DG, DH, and DS obtained in this study for 
direct dyes-loaded MMC are given in Table 5. In general, the 
results reveal that in the range of temperature from 303 to 
323 K, the thermodynamic parameters favor for direct dyes 
adsorption. The negative values of DG confirmed the sponta-
neous nature of the adsorption process. The enthalpy change 
(DH) is positive for all direct dyes indicating the endother-
mic nature of the adsorption process. The positive values of 
entropy change (DS) reflect the affinity of MMC for direct 
dyes and suggest increased randomness at the adsorbent 
surface during the adsorption. 

As shown in Table 4, the maximum adsorption capac-
ity, qmax, of MMC for direct yellow 132 and direct blue 71 
decreased at higher temperatures, while qmax for acid blue 
slightly increased at the same range of temperatures, which 
indicates the nature of the adsorption process. For the adsorp-
tion process of three dyes onto MMC, physical adsorption and 
chemisorption can be classified by the magnitude of enthalpy 
change. It suggested that enthalpy change <84 kJ/mol are typ-
ically those of physical adsorption type and enthalpy change 
of chemisorption type can range more than from 84 to 420 kJ/
mol [19]. As seen in Table 5, the values of enthalpy calculated 
from Eq. (8) were +8.36, +9.31, and 3.45 kJ/mol for direct yel-
low 132, direct blue 71, and acid blue 193, respectively. This 
means that the adsorption process of direct dyes onto MMC 

is physical process. On the other hand, the values of entropy 
change, DS, included in Table 5 at different temperatures of 
direct yellow 132 (28.3 kJ/mol K) and direct blue 71 (30.9 J/
mol K) are greater than that of acid blue 193 (12.0 J/mol K). 
This phenomenon is due to the decreasing randomness of the 
adsorption at solid–liquid interface for acid blue 193, leading 
to reduce adsorption capacity for this direct dye.

3.5. Regeneration of MMC

According to the results obtained in the study of pH on 
the adsorption of direct dyes onto MMC, the method solvent 
washing at high pH value for regeneration of MMC satu-
rated with direct dyes was used. In this method, the solu-
tion of 0.1 M NaOH (pH 13) was used to remove residue 
of direct dyes from MMC, then washed with distilled water 
until pH 5 of elution. The resulting MMC was dried in the 
oven at 80°C for 24 h. The adsorption process of the treated 
MMC for direct dyes was repeated as mentioned above with 
batch adsorption conditions for each cycle, including 0.5 g 
of the regenerated MMC, 200 mg/L of initial concentration 
of direct dyes, pH 2.3 of the adsorption solution and 100 min 
contact time. The results of three regeneration cycles for 
the exhausted MMC are shown in Table 6. As seen in the 
results, it was found that the adsorption efficiency (%) for 
three direct dyes of the regenerated MMC in three cycles 
was only slightly changed. This can be concluded that MMC 
can be used multiple times  for removal of direct dyes from 
aqueous solution.

Table 4
Isotherm parameters of the adsorption process of direct dyes onto MMC

Temperature (K) Langmuir model Freundlich model
KL (L/g) qmax (mg/g) RMSE KF ((mg/g)(mg/L)n) n RMSE

Direct yellow 132
303 0.03 258 1.817 1.07 1.18 1.03
313 0.004 148 1.538 1.23 1.27 0.637
323 0.006 120 0.777 1.31 1.30 0.646
Direct blue 71
303 0.048 95.1 0.538 1.04 1.34 0.126
313 0.006 89.5 0.535 1.14 1.137 0.073
323 0.005 92.3 1.175 1.30 1.39 0.31
Acid blue 193
303 0.017 19.9 1.52 1.08 1.91 1.32
313 0.016 20.9 0.241 1.14 1.93 0.221
323 0.015 22.9 0.119 1.17 1.89 0.09

Table 5
Thermodynamic parameters of the adsorption process of direct dyes onto MMC

T (K) Direct yellow 132 Direct blue 71 Acid blue 193
DH  
(kJ/mol)

DS  
(J/mol K)

DG  
(kJ/mol)

DH  
(kJ/mol)

DS  
(J/mol K)

DG  
(kJ/mol)

DH  
(J/mol)

DS  
(J/mol K)

DG  
(kJ/mol)

303 8.36 28.3 –0.206 9.31 30.9 –0.078 3.45 12.0 –0.198
313 –0.489 –0.388 –0.318
323 –0.772 –0.697 –0.439
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3.6. Design of single stage batch adsorption system

Objective of single stage batch adsorption design is to 
treat a volume (L) of wastewater containing dye pollutant 
concentration, C0, which is to be reduced to concentration Ct 
at time t. A simplified scheme of this is shown in Fig. 10. In 
general, an amount of adsorbent, m, is added to the adsorp-
tion solution; then at equilibrium condition, Ct will become 
to Ce, and the pollutant concentration on the solid phase 
changes from q0 to qe. 

The mass balance of the system is described by Kumar 
and Porkodi [31]:

VC
0

 – VC
e

 = mq
e

 + mq
0

 (9)

where V is volume of the adsorption solution (L); C0 is the 
initial concentration of direct dyes (mg/L); m is the mass 
of adsorbent (g); Ce is the concentration of direct dyes at 
equilibrium (mg/L); q0 is the adsorption capacity (mg/g), at 
time t = 0, q0 = 0; and qe is the adsorption capacity at equi-
librium time.

As shown in adsorption equilibrium studies, Freundlich 
model was better fit to the experimental equilibrium data for 
all direct dyes; its equation was used to predict the amount of 

direct dyes required to remove a certain percentage of direct 
dyes from specific volume of solution. Rearrange of Eq. (7) 
gives adsorbent/solution ratio for this particular system:

m
V

C C

K C
e

F e

n=
−

( )
0

1/  (10) 

Fig. 11 shows the plot of predicted amounts of MMC for 
direct dyes removal at different solution volume at initial 
concentrations of 30 mg/L for 90%, 95%, and 99.9% removal 
at 30°C. According to data shown in the plots, the removal 
of 99% direct dyes from 20 m3 solution would require MMC 
at 6.2 kg for direct yellow 132, 5.7 kg for direct blue 71, and 
7.5 kg for acid blue 193. These data could be useful in selecting 

Table 6
Regeneration of MMC saturated with direct dyes

Regeneration  
cycle 

Efficiency (%)
Direct  
yellow 132

Direct  
blue 71

Acid  
blue 193

1 98.2 96.7 90.8
2 97.8 96.5 90.4
3 98.0 96.3 89.7

Bacth 
adsorber 

   m   q0 

       C0 

       V 

       Ce 

       V 

     m   qe 

Fig. 10. Schematic representation of the single stage batch 
adsorption system.

Fig. 11. Plots for prediction of the amounts of MMC for direct 
dye removal at different solution volume (a) direct yellow 132, 
(b) direct blue 71, and (c) acid blue 193.
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batch adsorption systems to achieve specific removal effi-
ciency of direct dyes in wastewater.

4. Conclusion

This study presents a high adsorption capacity of the 
MMC for adsorption of direct dyes using a simple and 
effective treatment with phosphoric acid in a conventional 
household microwave oven. At pH 2.3 and 100 min contact 
time, it was found that the maximum capacity values, qmax, 
for the binding of direct dyes onto MMC followed a decreas-
ing sequence of direct yellow 132 > direct blue 71 > acid blue 
193. The adsorption capacity of experimental data was used 
to calculate the amount of adsorbent need in one-stage batch 
adsorption system to achieve specific removal efficiency; this 
calculation could be useful for selecting batch adsorption sys-
tem for removal of direct dyes from wastewater in each specific 
application.
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