
RESEARCH ARTICLE

Treatment of industrial wastewater containing Congo Red
and Naphthol Green B using low-cost adsorbent

M. F. Attallah & I. M. Ahmed & Mostafa M. Hamed

Received: 18 March 2012 /Accepted: 19 April 2012 /Published online: 8 May 2012
# Springer-Verlag 2012

Abstract The present work investigates the potential use of
metal hydroxides sludge (MHS) generated from hot dipping
galvanizing plant for adsorption of Congo Red and
Naphthol Green B dyes from aqueous solutions.
Characterization of MHS included infrared and X-ray fluo-
rescence analysis. The effect of shaking time, initial dye
concentration, temperature, adsorbent dosage and pH has
been investigated. The results of adsorption experiments
indicate that the maximum capacity of Congo Red and
Naphthol Green B dyes at equilibrium (qe) and percentage
of removal at pH 6 are 40 mg/g, 93 %, and 10 mg/g, 52 %,
respectively. Some kinetic models were used to illustrate the
adsorption process of Congo Red and Naphthol Green B
dyes using MHS waste. Thermodynamic parameters such as
(ΔG, ΔS, and ΔH) were also determined.

Keywords Treatment . Industrial wastewater . Congo Red
and Naphthol Green B

Introduction

Large amounts of dyes are annually produced from textile,
cosmetics, paper, leather, pharmaceuticals, food, and other
industries. Fifteen percent of the total world production of dyes
is lost during the dying process and released in the textile
effluents (Zollinger 1991). Dye wastewater is characteristically
high in organic content, salt content, and low in biodegradation.

The release of dyes into the environment is of further concern
due to their toxic, mutagenic, and carcinogenic characteristics
of the dyes and their biotransformation products (Mittal et al.
2010a, 2012a). The trace amount of the dye present in the living
systems may cause several health problems to mankind as well
as animals (Mittal et al. 2012a). Congo Red and Naphthol
Green B are a derivative of benzidine and napthoic acid and
metabolizes to carcinogenic products. It may affect blood fac-
tors, such as clotting, and induce somnolence and respiratory
problems (Mittal et al. 2009). Thus, removal of colored dyes
from wastewaters is a major environmental issue.

Discharge of dyes is objectionable not only for aesthetic
reasons but also as many dyes and their degradation prod-
ucts are carcinogenic toward aquatic life and mutagenic for
humans (McMullan et al. 2001; Papić et al. 2004; Mittal and
Gupta 1996; Lee et al. 2006). Direct discharge of dye
effluents from these industries may cause serious problems
to the environment because they contribute with the organic
load and toxicity to the environment. Several techniques like
coagulation (Lee et al. 2006; Ozcan et al. 2004), chemical
oxidation (Swaminathan et al. 2003), aerobic/anaerobic di-
gestion (O’Neill et al. 2000), ion exchange (Raghu and
Ahmed Basha 2007), layered double hydroxides (LDHs)
and their calcined products were usually used (Legrouri et
al. 2005; You et al. 2002; Géraud et al. 2007; Ni et al. 2007).
However, each of these methods has its limitations and
disadvantages in application. In recent years, electrochemi-
cal treatment using an iron cell for removal of the hazardous
dye from industrial wastewater effluents have been reported
by (Gupta et al. 2007a).

Among various water purification and recycling technol-
ogies, adsorption is a fast, inexpensive, and universal meth-
od. Adsorption has been found to be an effective removal
method, due to its efficiency, simplicity, and applicability
(Ali and Gupta 2007; Mittal et al. 2010a; Gupta et al. 2009,
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2012; Saleh and Gupta 2012). Various researchers have
studied the adsorption of dyes on various types of materials.
The development of low-cost adsorbents has led to the rapid
growth of research interest in this field. Therefore, a number
of low-cost adsorbents have been examined for the treat-
ment of wastewaters, such as bottom ash (a power plant
waste) de-oiled soya (an agricultural waste) (Gupta et al.
2006a; Mittal and Gupta 2010; Mittal et al. 2009,
2010a,b, 2012a,b), hen feathers (Gupta et al. 2006b;
Mittal 2006), activated charcoal and wheat husk (Gupta
et al. 2007b; Mittal et al. 2010c), algal Oedogonium
(Gupta and Rastogi 2008, 2009), carbon slurry as fertil-
izer industry waste material (Gupta et al. 2007c,d, 2010),
photocatalytic degradation using TiO2 as catalyst (Gupta
et al. 2007e), and activated carbon and activated rice
husks (Gupta et al. 2006c).

Removal of Congo Red using different techniques have
been reported by a number of authors (Gharbani et al.
2008; Chatterjee et al. 2007; Sharma and Janveja 2008;
Sawhney and Kumar 2011; Hu et al. 2010; Namasivayam
et al. 1994), while the literature on Naphthol Green B is
limited. Metal hydroxide sludge resulting from electroplat-
ing industry was used for dye removal of Congo Red
(Namasivayam et al. 1994; Netpradit et al. 2003, 2004;
Golder et al. 2006). Santos et al. (2008), investigated a
metal hydroxide sludge generated from zinc electroplating
industry when used as adsorbent for removing a reactive
textile dye (Remazol Brilliant Blue) in wastewater solu-
tion. They found that the maximum adsorption capacity
obtained varied between 275 mg/g (at 25 °C and pH 4)
and 21.9 mg/g (at 25 °C and pH 10). Furthermore, when a
simulated textile effluent was used as adsorbate, a de-
crease in the adsorption capacity from 91.0 to 31.0 mg/g
was observed.

In the present work, metal hydroxides sludge (MHS)
is used for removal of Congo Red and Naphthol Green
B dyes from aqueous solutions for an experimental and
modeling study on the adsorption equilibrium and ki-
netics. Application on a simulated real effluent is also
tested in the perspective of an industrial application of
the process.

Materials and method

Materials

The dyes used in this study, CongoRed and Naphthol Green B
dyes having respective formulae C32H22N6Na2O6S2 and
C30H15FeN3Na3O15S3 as shown in Fig. 1 were supplied from
Aldrich. A 1,000 mg l−1 dyestuff stock solution was prepared
by dissolving appropriate quantity of dyes. All experimental
solutions of dyestuff were prepared by proper dilution of this
stock solution. All reagents used in this study were of analyt-
ical reagent grade. The initial pH was adjusted to the required
value using NaOH or HCl solutions prior to addition of the
adsorbent. The sludge used for the adsorption tests was
obtained from the sludge resulting from hot dipping galvaniz-
ing bath plant, and it was collected in Egypt.

Adsorbent preparation

The residue sludge under investigation was filtered and then
dried at 105 °C for∼2 h then ground to powder in a grinder. The
powder sludge was calcinated at 400 °C for 2 h for preparation
of the adsorbent used for all the experiments in this work.

Instrumentation

The microstructural characterization of MHS was carried
out using a transmission electron microscope (200CX model,
JEOL). The IR spectrum of the adsorbent under study was
measured using a Fourier transform infrared spectroscopy
spectrophotometer (Perkin-Elmer, USA) for characterization
of MHS. A high precision, double-beam spectrophotometer
(Shimadzu UV-160A, Japan) was used to measure the absor-
bance of dyes.

Batch adsorption experiments

Batch adsorption experiments were carried out for an ad-
sorption period of 30 min in a 250-ml Erlenmeyer flask,
filled with 100 ml water containing the desired dye concen-
tration at initial pH of 2.0–11.5. Different amounts of the

Fig. 1 Chemical structure of dyes: a Congo Red, b Naphthol Green B dye
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adsorbent were added and were shaken for 30 min in flasks.
The adsorbent and adsorbate were separated through filtra-
tion, and dye content of the filtrate solution was spectropho-
tometrically determined. The equivalent amount of adsorbed
dyes was calculated from the difference in their initial and
final concentrations.

The effect of adsorbent dosage on the percent removal
was studied with adsorbent dosage varying between 0.05
and 0.25 g/100 ml and from 0.1 to 0.8 g/100 ml for Congo
Red and Naphthol Green B dyes, respectively. Adsorption
kinetic studies were carried out with different initial con-
centrations of dye in the range 50–200 mg/l, while main-
taining the adsorbent dosage at 0.25 and 0.5 g/100 ml for
Congo Red and Naphthol Green B dyes, respectively and at
pH 6.

The amounts of dyes adsorbed were calculated from
these concentrations in solutions before and after adsorp-
tion. The amount of dyes adsorbed (mg g−1), (qe), and
efficient removal (R, %) onto MHS was calculated from
the mass balance equation.

Results and discussion

The infrared spectrum of MHS (Fig. 2) shows the characteristic
absorption bands of a hydroxyl group, particularly a broad band
at 3,437 cm−1 (due to the interlayer water molecules) with a
shoulder near 2,927 cm−1 (due to the H-bonded stretching
vibration).Weak bands at 2,290 and 1,617 cm−1 can be assigned
to the H2O bending vibration of interlayer water (Staurt 1996;
Nakamoto 1978). The bands at 1,457, 1,359, 1,156, and
1,111 cm−1 can be assigned to the vibration of carbonate species,
which may arise from the presence of calcium carbonate as
impurities in the lime. The values found here for the positions
of these carbonate bands are very close to those reported by
Saiah et. al. (2009) for nickel–iron layered double hydroxide
materials. Bands in the range of 450–600 cm−1 are attributed to
metal–oxygen–metal stretching (Staurt 1996; Nakamoto 1978;
Saiah et al. 2009). The peak of 465 cm−1 is attributed to the
vibration of the chemical bond (Fe3+–O2−), and the band from
547 cm−1 is attributed to the vibration of the chemical bond
(Zn+2–O−2). These bands confirm the presence of zinc ferrite in
the studied samples (Pascuta et al. 2011).

MHS was also characterized by energy-dispersive X-ray
spectroscopy in order to know its chemical composition. The
constituents of the MHS were found to be Ca (1.68 %), Fe
(56.12 %), O (22.76 %), Al (2.65 %(, Si (3.42 %), Cl (6.12 %),
Mo (2.22 %), and Zn (5.0 %), as given in Table 1. This shows
that the MHS mainly contains iron oxide, which was produced
by treatment of pickling solution with lime. The other

Fig. 2 FTIR spectra of MHS waste

Table 1 Chemical
composition of MHS
adsorbent

Constituent Percentage by weight (%)

O 22.76

Al 2.65

Si 3.42

Cl 6.12

Ca 1.68

Fe 56.12

Zn 5.04

Mo 2.22

Total 100.0

Table 2 Physicochemi-
cal properties of MHS
adsorbent

Parameters Value

Surface area (m2/g) 14.02

Total pore volume (cm3/g) 0.0178
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physicochemical properties of MHS adsorbent are listed in
Table 2. The MHS was also characterized with respect to its
pore structure and surface area using nitrogen adsorption/desorp-
tion at −196 °C, which was conducted using a gas sorption
analyzer (Quantachrome, NOVA 1000e series, USA). The
BET equation was used to determine the BET surface area
SBET014.02 m²/g; the total pore volume calculated from the
amount of nitrogen held at P/0P00.95 is VP00.0178 cc/g.

Effect of hydrogen ion concentration

Since the surface charge of a solid phase (MHS) could be
modified by changing the pH of the solution, pH plays an
important role in the removal of ions by the adsorption
process. Figure 3 shows that the effect of pH on the
adsorption of Congo Red and Naphthol Green B dyes. It
can be seen that the removal of Naphthol Green B
gradually increases with the increase in pH of solution
up to pH 6, followed by a slight decrease with further
increase in pH of solution. In contrast, the Congo Red
removal showed a maximum dye removal at pH 2–7
followed by a decrease in the higher pH ranges. The
broad pH range 2–7 using MHS makes it a promising
adsorbent material to remove dyes from wastewater.
The MHS was charged positively from pH 2 to 7 by

the adsorption of H+ and, in turn, became negative
charge from pH 8 to 12 by the adsorption of OH−.
Typical metal hydroxides [M(OH)n], which are ampho-
teric, form metal hydroxo complex ions, and are soluble
in acidic and strongly alkaline solutions, while the form
in neutral charge is insoluble, as presented in the fol-
lowing equation (Namasivayam et al. 1994; Packter and
Dhillon 1981).

The results show that the MHS affinity increases in the
order to Congo Red>Naphthol Green B. This indicates that
the greater charged dyes had a greater tendency to be

adsorbed by the sludge, due to electrical attraction of dyes
to sites of positive charge on the sludge surface. The struc-
tures of Congo Red and Naphthol Green B (Fig. 1a–b) carry
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Fig. 3 Effect of pH solution for removal of Congo Red and Naphthol
Green B dyes onto MHS adsorbent

Mn+              MOH(n-1)+                     MOH+
(n-1) MOH0

n(s)                  MOH-
(n+1) 

Fig. 4 Congo Red–MHS interaction: i ionic interaction (involves when pH of experimental solution is below 6), ii hydrogen bonding between
MHS and electronegative residues in the dye molecule, and iii H-bonding between MHS and aromatic residue in dye
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2 sulfonic, 2 amine, 2 azo groups, and 3 sulfonic groups,
respectively. Thus, Congo Red with a larger negative
charge, had a greater force to be attracted by the positive
charge on the sludge, and hence had a larger exchange
capacity than Naphthol Green B.

It was reported that (Stumm 1992) adsorption of
anions on surface hydroxyl groups is coupled with a

release of OH− ions, and the main mechanism is ligand
exchange. It can be assumed that OH− ions were replaced
by SO−3 ions because the sulfonic group is a strongly
acidic cation exchanger (Out and Westland 1991), resulting
in charge balance of the precipitate to be settled, as illustrat-
ed in the following equations:

M OHð Þn Ð M OHð Þþn�1 aqð Þ þ OH� aqð Þ;
Dye� SO3Na Ð Dye� SO�

3 aqð Þ þ Naþ aqð Þ;
M OHð Þþn�1 aqð Þ þ Dye� SO�

3 aqð Þ Ð M� OHð Þn�1O3S� Dye sð Þ

where n02 or 3, in addition, more valence or amount of
charge means more exchange capacity between adsorbate
and adsorbent.

Generally, a positive charge develops on the surface of
oxides of adsorbent in an acid medium, resulting in a higher
adsorption of dyes than in a basic solution, as reported
(Namasivayam et al. 1994; Lee et al. 1996). Many sulfonat-
ed dyes can be made insoluble by precipitating them as the
salts of heavy metals or can be precipitated from solutions as
dye metal complexes with soluble salts of heavy metal ions
(Giles and Greczek 1962; Hou and Baughman 1992).

The removal of dyes at pH 2–6 may result from the com-
plexation between dyes and heavy metal ions, which yielded
precipitate. In addition, the trend of dyes removal decreased at
a pH above 6.5, according to the presence of hydroxo complex
anions by the adsorption of OH− (see above equation).

As the pH decreased, the surface charge of the metal
hydroxides became increasingly positive. Congo Red has a
higher number of negative sites available for adsorption or
exchange than Naphthol Green B. Therefore, it appears that
the adsorption Congo Red was still effective in the system
pH range of 2–7, while that of Naphthol Green B was
maximum at system pH≈6. Appreciable amount of adsorp-
tion in this pH range suggests a strong involvement of
physical forces such as hydrogen bonding, van der Waals
force, etc. in the adsorption process (Chatterjee et al. 2007;
Wong et al. 2003). Due to both dyes have N, S, O atoms and
benzene ring. Therefore, we assume Congo Red to be
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Fig. 5 Effect of contact time for adsorption of Congo Red and Naph-
thol Green B dyes at different initial concentration using MHS adsor-
bent material

Table 3 Adsorption capacities
of dyes on various adsorbents Dyes Adsorbent Adsorption capacity (mg/g) Reference

Congo Red MHS 40 Present study

Naphthol Green B MHS 10 Present study

Congo Red Cattail root 38.79 (Hu et al. 2010)

Congo Red Sodium bentonites 35.34 (Gupta et al. 2008)

Congo Red Wheat bran 22.73 (Gupta et al. 2007a, b, c, d, e)

Congo Red Waste orange peel 22.44 (Gupta and Ali 2008)

Congo Red Rice bran 14.63 (Gupta et al. 2007a, b, c, d, e)

Congo Red Kolin 5.44 (Gupta et al. 2008)

Congo Red Chitosan 92.59 (Chatterjee et al. 2007)
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representative of both dyes under study. Figure 4 represents
all possible interactions between MHS and dyes.

Effect of shaking time and initial dye concentration

The removal of Congo Red and Naphthol Green B dyes
onto MHS at different dye concentrations at 25±1 °C is
shown in Fig. 5. It was found that the removal of Congo Red
and Naphthol Green B dyes gradually increases with the
increase in the shaking time and reaches equilibrium after
∼60 and 30 min, respectively. At lower initial concentration
of the dye, the removal is very fast, and higher removal of
Congo Red and Naphthol Green B dye is obtained if we
increase the contact time.

At 200 mg/l of initial dye concentration, 40 and 10 mg
of Congo Red and Naphthol Green B were removed by
1 g of MHS adsorbent at pH 6.0. As listed in Table 3, in
comparison with other materials, the maximum adsorption
capacity of Congo Red onto MHS is lower than that of
chitosan, but higher than that of wheat bran, waste orange
peel, and sodium bentonite. Surprisingly, both granulated
(13.80 mg/g) and powdered activated carbon (16.81 mg/

g) (Fu and Viraraghavan 2002) are less efficient than
MHS materials.

Effect of temperature

In this phase of study, a series of experiments was con-
ducted at 15, 25, 35, and 50 °C to study the effect of
temperature on the removal of Congo Red and Naphthol
Green B dyes on MHS adsorbent. As shown in Fig. 6,
the removal of Congo Red dye and Naphthol Green B
dye has increased with increasing temperature in the
range between 15 and 50 °C. This may be a result of
an increase in the rate of diffusion of the adsorbate
molecules across the external boundary layer to the inter-
nal pores of the adsorbent particle, owing to the decrease
in the viscosity of the solution, and change of the equilibrium
capacity of the adsorbent for a particular adsorbate. An in-
creasing number of molecules may also acquire sufficient
energy to undergo an interaction with active sites at the
surface. Furthermore, increasing temperature may produce a
swelling effect within the internal structure of the adsorbent
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Fig. 7 Relationship between Gibbs free energy change and tempera-
ture for the adsorption of Congo Red and Naphthol Green B dyes onto
MHS material

Table 4 Gibbs free energy, enthalpy, and entropy changes associated
with Congo Red and Naphthol Green B dyes adsorption onto MHS
material

Dye Temperature
(K)

ΔG (kJ/mol) ΔH (kJ/mol) ΔS (J/mol K)

Congo Red 288 −5.27 51.86 198
298 −7.38

308 −8.73

323 −12.35

Naphthol
Green B

288 −4.60 36.90 143
298 −6.05

308 −6.46

323 −9.83
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Fig. 8 Effect of MHS adsorbent mass on the removal process of
Congo Red and Naphthol Green B dyes

2285 290 295 300 305 310 315 320 325 330
30

40

50

60

70

80

90

100
R

em
o

va
l, 

%

Temperature, K

  Congo red dye
  Naphthol green B dye

Fig. 6 Effect of temperature for the removal of Congo Red and
Naphthol Green B dyes onto MHS material
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enabling large dyes to penetrate further as found by (Asfour et
al. 1985; Ozdemir et al. 2006).

The temperature dependence of the adsorption pro-
cess is associated with changes in several thermodynam-
ic parameters such as standard free energy (ΔG),

enthalpy (ΔH), and entropy (ΔS) changes of adsorption
(Li et al. 2009).

The values of ΔH and ΔS were respectively evaluated
from the slope and intercept of the Van’t Hoff plot by regres-
sion method as shown in Fig. 7 and given in Table 4. The
positive value of ΔH confirms the endothermic nature of
adsorption; the negative values of ΔG at different temper-
atures (288–323 K) indicate the spontaneous nature of Congo
Red and Naphthol Green B adsorption. The positive value of
ΔS suggests the increased randomness at the solid/solution
interface during the adsorption of dyes on MHS adsorbent.

Effect of adsorbent mass

The effect of MHS dosage on Congo Red and Naphthol
Green B dyes removal is shown in Fig. 8. The removal
efficiency of Congo Red and Naphthol Green B dyes has
increased with increasing dosage of MHS up to a maximum
efficiency then remained constant, implying that the amount
of adsorption sites also increases with increasing dosage of
MHS during the adsorption process. The maximum dye
removal efficiency reaches 93 and 46 % for Congo Red
and Naphthol Green B dyes, respectively, after which an
increase in MHS dosage does not further improve the dye
removal, implying that a complete dye removal could not be
achieved even though using a large amount of the MHS.

Kinetic adsorption modeling

The mechanism of adsorption often involves chemical reac-
tion between functional groups present on the adsorbent
surface and the adsorbate. The order of adsorbate–adsorbent
interactions has been described using various kinetic mod-
els. In the present work, we have used the pseudo-first-order
model derived by (Lagergren 1898). In the case of adsorp-
tion preceded by diffusion through a boundary, the kinetics

Table 5 The calculated parameters of the pseudo-first- and pseudo-second-order kinetic models of Congo Red and Naphthol Green B dyes for
adsorption onto MHS

Dye Concentration (mg/l) Pseudo-first-order parameter Pseudo-second-order parameter qe, experimental (mg/g)

k1, (min−1) qe, calculated
(mg/g)

R2 k2 (g/mg min) qe, calculated
(mg/g)

R2

Congo Red 50 0.098 4.42 0.967 0.076 19.69 0.999 19.6

75 0.102 5.39 0.944 0.065 28.16 0.999 27.6

150 0.058 12.03 0.986 0.026 37.37 0.999 38.8

200 0.058 8.66 0.863 0.046 38.67 0.999 40.0

Naphthol Green B 50 0.185 1.96 0.959 0.022 4.75 0.999 4.60

75 0.158 4.11 0.982 0.076 8.11 0.999 7.80

150 0.156 2.33 0.988 0.020 8.70 0.999 8.60

200 0.140 3.39 0.984 0.013 9.93 0.998 10.0
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Fig. 9 Pseudo-first-order kinetic model for adsorption of Congo Red
and Naphthol Green B dyes onto MHS material
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in most cases follow the pseudo-first-order equation of
Lagergren

log qe � qtð Þ ¼ log qe � k1=2:303ð Þt
where qt and qe are the amounts adsorbed (mg/g) at time t
(min) and at equilibrium, respectively, and k1 is the rate
constant of the pseudo-first-order adsorption process
(min−1). Plotting log (qe−qt) versus t gives a straight line for
pseudo-first-order kinetics, as shown in Fig. 9, which allows
computation of the adsorption rate constant, k1. The calculated
parameters of the pseudo-first-order kinetic models are listed
in Table 5. The calculated qe (mg/g) values deviate from the
experimental qe (mg/g) for dyes under investigation. This
indicates that it is not appropriate to use the pseudo-first-
order kinetic model to predict the adsorption kinetics of
Congo Red and Naphthol Green B dyes onto MHS materials.

Several authors report that the pseudo-second-order ki-
netic model can also be applied to these interactions in
certain specific cases. The pseudo-second-order kinetic
equation (Hu et al. 2010) is expressed as

t=qt ¼ 1=hþ 1=qeð Þt
and h ¼ k2qe2

where k2 is the pseudo-second-order rate constant (g mg−1

min−1), and h is the initial adsorption rate at times approach-
ing 0 (mg g−1 min−1).

To test the pseudo-second-order kinetic, graphs also plot-
ted between t/qt and t are presented in Fig. 10, which allows
computation of qe and k2 parameters. The relationship is
linear, and the correlation coefficient (R2) suggests a strong
relationship between the parameters and as well shows that

Table 6 Intraparticle diffusion parameters for adsorption of Congo
Red and Naphthol Green B dyes onto MHS

Dye Concentration
(mg/l)

Kid (mg/g min1/2) C R2

Congo Red 50 1.457 13.39 0.996

75 1.964 19.96 0.989

150 2.713 23.85 0.965

200 2.456 28.31 0.862

Naphthol Green B 50 0.352 3.14 0.938

75 0.891 3.99 0.987

150 0.696 5.90 0.968

200 0.850 6.32 0.994
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Fig. 11 Intraparticle diffusion kinetic for the adsorption of Congo Red
and Naphthol Green B dyes onto MHS material
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Fig. 10 Pseudo-second-order kinetic model for adsorption of Congo
Red and Naphthol Green B dyes onto MHS material
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the process of sorption of Congo Red and Naphthol Green B
dyes follows the pseudo-second-order kinetics. As shown
from Table 5, the correlation coefficient (R2) has an ex-
tremely high value (0.999) and is closer to unity for the
pseudo-second-order kinetic model than for a pseudo-first-
orders kinetic model. The calculated equilibrium sorption
capacity (qe) is consistent with the experimental data. These
results explain that the pseudo-second-order sorption mech-
anism is predominant and that the overall rate constant of a
sorption process appears to be controlled by a chemisorption
process (Ho and McKay 1999).

The effect of intraparticle diffusion resistance on adsorp-
tion can be evaluated by the following equation:

q ¼ k idt
1=2 þ C

where kid is the rate constant of intraparticle diffusion
(mg g−1 min−0.5). Values of C give the information regarding
the thickness of boundary layer. According to this model, the
plot of qt versus the square root of time (t1/2) should be linear if
intraparticle diffusion is involved in the adsorption process,
and if these lines pass through the origin, then intraparticle
diffusion is the rate controlling step. When the plots do not
pass through the origin as shown in Fig. 11, this is indicative
of some degree of boundary layer control, and this further
shows that the intraparticle diffusion is not the only rate-
controlling step, but also other kinetic models may control
the rate of adsorption of the dyes (Congo Red and Naphthol
Green B) onto MHS material, all of which may be operating
simultaneously. The values of intercept listed in Table 6 and
give an idea about the boundary layer thickness, such as the
large is the intercept, the greater is the boundary layer effect
(Vimonses et al. 2009; Chiou and Li 2003; Lorenc-
Grabowska and Gryglewicz 2007). Similar types of results
have been reported by other authors on different adsorbents
(Hu et al. 2010; Hameed 2008).

Conclusion

The present work reveals that theMHS, which is an abundantly
available industrial waste, can be easily converted into good
adsorbent for removal of dyes from industrial wastewater. The
adsorption of Congo Red dye using MHS material is more
efficient than Naphthol Green B dye from aqueous solution. On
applying both pseudo-first-order and pseudo-second-order ki-
netics to the adsorption of the dye on MHS, it was found that
the interactions could be better explained by pseudo-second-
order kinetics. Using MHS material as an adsorbent, the ad-
vantage is twofold: It not only acts as an effective and economic
adsorbent as compared to other existing adsorbents for solving
the problem of color pollution but also helps as an effective and
useful disposal of industrial sludge waste.
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