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Abstract
The adsorption/desorption properties of hematite sand (HS) for removal of two toxic
dyes have been tested in aqueous solution by batch process. HS was prepared by a
simple, economic and environmentally friend method. The raw sand and HS were
characterized. Toluidine blue (TB) and crystal violet (CV) were selected as a toxicity
model. Fe2O3 (85%) is the major constituent of HS identified by XRF and higher
number of hydroxyl group on the surface revealed by FTIR. The effect of adsorbent
dose, contact time, pH solution and ionic strength was investigated. The adsorption of
two basic dyes increased at high pH values (pHZPC=5.4 for HS). The dye adsorption
was influenced significantly by the presence of inorganic salt (KCl). The best fitted
equilibrium and kinetic model for two dyes were found to be Langmuir and pseudo-
second order, respectively. Intra-particle diffusion is not the only speed-controlled
step. The maximums monolayers capacities of TB and CV were 1.60×10-5 and 2.65×10-
5 mol.g-1, respectively with the optimal equilibrium time of 60 min at room
temperature and pH 10. In the batch desorption process, 0.2 M NH4Cl achieved better
performance for both dyes desorption and the HS can be effectively reused for four
cycles consecutively.
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1. Introduction

A wide range of dyes, due to their dyeing properties, are primarily used in the textile
industry for colouring various materials, such as leather, plastics, paper, food and
petroleum products. Some dyes and their by-products may be carcinogens and toxics
and can cause damage not only to aquatic life but also to human beings.
Cationic dyes are a more toxic, carcinogenic and mutagenic than anionic dyes due to
their synthetic origin and aromatic ring structure with delocalised electrons [1].
Toluidine blue and crystal violet, two well-known cationic dyes, have been widely
used for different purposes in several fields. Toluidine blue is an acidophilic
metachromatic dye that selectively stains acidic tissue components [2]. Toxicological



M.Abbaz and al.

32

studies indicate that TB can significantly decrease the mean half-life of motile bull
spermatozoa [3] and has a mutagenic potential [4]. Crystal violet, a typical tri-phenyl
methane dye, is widely applied in the textile industry. It is poorly degraded as
recalcitrant molecule by microbial enzymes, and can persist in a variety of
environments [5]. Several biological, physical, chemical and discoloration methods
have been reported to tackle the removal of dyes from aqueous solution [6]. Literature
data reveals that solid/liquid separation method by adsorption is one of the most
popular methods for the removal of pollutants from wastewater. Different natural
materials, which includes bentonite, siliceous sand, clays, Gypsum etc. [7]; [6]; [8]; [9]
have been tested for cationic dyes adsorption from aqueous solutions. In addition,
several studies have been done to test carbon materials [10]; [11]; [12] but thy are
expensive and the cost of regeneration is high because desorption of the dye molecules
is not easily achieved [13].

The aim of the present research is to test the adsorptive properties of hematite sand
(HS) as a new adsorbent for removing toluidine blue (TB) and crystal violet (CV) in
aqueous solutions. Also, we attempt to optimize desorption process by using different
desorbing agents. Four cycles of adsorption/desorption were performed to study the
reusability of HS. This study is novel as no literature citations are available where HS
has been used for removing toxic dyes from aqueous solution.

Materials and methods

1.1 Materials and Reagents

Toluidine blue and crystal violet dyes were purchased from Sigma–Aldrich and used

without purification. An accurately weighed quantity of dye was dissolved in 1L of

double distilled water to prepare stock solution (100 mg.L-1). Experimental solutions

of the desired concentrations were obtained by successive dilutions. The

characteristics and chemical structure of the dye are listed in Table 1. KCl, KOH and

NH4Cl were purchased from Fluka and KNO3 was purchased from Sigma–Aldrich. All

the chemical reagents are of analytical grade and used without further purification.

Table 1

The physical and chemical characteristics of toluidine blue and crystal violet dyes

Physical and chemical properties Toluidine blue Crystal violet

Color index number 52040 42555

Generic name Basic blue 17 Basic Violet 3

Molecular formula C15H16N3SCl C25H30N3Cl

Molecular weight (g/mol) 305.8 407.98

Max absorbance λmax (nm) 635 589–594 nm

Solubility in water 50 g/l (20°C) 16 g/l (25 ◦C)

Natural pH value (20 mg/l 4.8 - 5.2 5.5 – 6.2
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water)

Toxicity LD50 (Rat) 250 mg/Kg 420 mg/Kg

Structure
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CH3

NH2N
CH3

CH3
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NN
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CH3CH3
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1.2 Preparation of HS and characterisation

The raw sand was collected in Taghazout beach (North-East of Agadir, Morocco). The

collected material was washed repeatedly with distilled water to remove all earthen

impurities and then dried in an oven at 30°C for 24 h. After drying, the sample was

sieved to obtain desired particle sizes (80 – 100 μm). Then, it was oxidised for 20 min

at 60 °C in a 1/1/5 mixture of 25 % NH4OH, 30 % H2O2 and H2O. After the reaction,

the material was washed with distilled water until the pH reaches neutral followed by

acetone. Finally, the sample was dried in an air stream at 30 °C and stored in a

desiccator until used as hematite sand (HS).

The raw sand and HS were characterised by X-ray diffraction (Phillips X’pert Pro

spectrometer, Cu-Ka, λ = 0.1548 nm). Identification of the minerals contained in the

sample was achieved by comparing the X-ray pattern with a database (Joint

Committee on Powder Diffraction Standards-International Centre for Diffraction

Data). The Fourier Transform Infrared spectrums (FTIR) were performed by VERTEX

70 spectrometer in the range 400 – 4000 cm-1 with a resolution of 4 cm-1 using KBr

pellets to elucidate the functional groups present on the surface of raw sand and HS.

The textural characterisation (surface area and total pore volume) of HS was carried

out by N2 adsorption-desorption isotherms at 77 K (Quantachrome Autosorb). X-ray

fluorescence (XRF, Axios PW4400) was used to determine the main component

present in the HS particles. According to [14]; [15] the surface charge density σ (C.m-

2) can be calculated as:

(1)
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Where, Q (mol.g-1) is the mean surface charge, F (96,500 C.mol-1) is Faraday’s

constant and S (m2.g-1) is the surface area. Q can be calculated as a function of pH

from the difference between the concentration of added base or acid and the

equilibrium concentrations of HO− and H+ for a given amount of adsorbent in 0.01 M

KCl.

1.3 Adsorption experiments

Batch adsorption studies were carried out by contacting a known amount of HS with

25 mL of dye solution of known initial dye concentration in 30 mL stoppered conical

flask. This mixture was agitated in a temperature controlled shaking water bath at a

constant speed of 100 rpm. The effect of the adsorbent amount (by varying it in the

range of 0.2 – 5.0 g) and the contact time were studied with the initial dye

concentration of 20 mg.L-1 at 25 °C. Effect of pH on dye removal was studied over a

pH range of 3 – 11. The initial pH of the solution was adjusted by addition of dilute

aqueous solutions of HCl or KOH (0.1 M). KCl was added to adjust the background

ionic strength to 0.01 M. The effect of ionic strength on the removal efficiency of dye

onto adsorbent was discussed over the KCl concentration range from 0.0 to 1 mol.L-1.

Adsorption isotherm was carried out at different initial concentration of dye under

optimal pH condition at 25 ± 1 °C. The contact was made for 5 h, which is more than

sufficient time (predetermined) to reach equilibrium. After, the dye solutions were

separated from the adsorbent by syringe filter (0.45 μm pore size, Whatman). At the

end of adsorption experiments, the dye concentration was determined at λmax, using

UV spectrophotometer (Jenway Model 6800) and then applying Beer–Lambert law.

The adsorption capacity was calculated using the following equation:

(2)

Where C0 and Ce are initial and equilibrium concentrations of TB (mol.L-1),

respectively, V is the volume of solution (L) and m is the weight of adsorbent (g). The

percentage removal of dye was calculated using the following relationship

(3)
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1.4 Desorption process

Batch process was used for desorption studies in which known amount of adsorbent

was taken in 25 ml of dye solution (20 mg.L-1) at 25°C. After adsorption the solution

was filtered and adsorbent was washed with distilled water to remove any excess of

dye solution. Desorption studies were conducted using different desorbing agents like

HCl, NH4Cl, KNO3, KCl and deionized water. The HS adsorbent loaded with dye was

placed in the desorbing medium (10 mL) and was constantly stirred on a rotatory

shaker at 100 rpm for two hours at 23 ± 1°C. Then the supernatant solutions were

analysed by UV–vis spectrometry. Desorption efficiency (%) was estimated from the

following standard equation:

(4)

Where Cd and Ca are the concentration of dye (mol.L-1) desorbed and adsorbed,

respectively. After regeneration, the adsorbent was again used for the further

adsorption of dye. Adsorption and desorption experiments were repeated for four

cycles.

1.5 Mathematical modelling

1.5.1 Isotherm modelling

The non-linear forms of the Langmuir and Freundlich isotherm models [16] were used

to analyse the equilibrium isotherm data. The parameters, which were obtained from

different models, provided important information to the adsorption mechanisms,

surface properties and affinities of the adsorbent [17]. The Langmuir model [18]

assumes monolayer coverage of adsorbate over a homogenous adsorbent surface and

that the adsorption of each molecule onto the surface has the same activation energy of

adsorption. The Langmuir isotherm model can be represented by the following

equation:

(5)
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Where qm (mol.g-1), is the maximum adsorption capacity amount of dye at complete

monolayer coverage, and KL (L.mol-1) is the constant related to the heat of adsorption.

The Freundlich isotherm [19] is an empirical equation which assumes that the

adsorption occurs on heterogeneous surfaces. The Freundlich equation can be

expressed as:

(6)

Where, KF (mol.g-1) and 1/n are Freundlich constants. The constant KF is related to

degree of adsorption, n provides the rough estimation of the intensity of the

adsorption.

A trial-and-error procedure was used for the non-linear method using the solver add-in

with Microsoft Excel, 2010 [20]. The non-linear Chi-square test statistic (Eq. 7) and

the correlation coefficient (Eq. 8) were used to estimate various isotherm

parameters and establish the best correlation to explain experimental data [16]; [20].

The best fit model was selected by the highest R2 and lowest .

(7)

(8)

Where and are the amount of MB adsorbed at equilibrium from experiments

and from models, respectively and is the average of .

1.5.2 Kinetic models

In order to investigate the mechanism of adsorption, two kinetic models, namely,

pseudo-first-order of Lagergren and pseudo-second order equations were analysed.

The Lagergren rate equation is one of the most widely used adsorption rate equations

for the adsorption of solute from a liquid solution. The linearized integral form of the

pseudo-first-order model generally expressed as:

(9)
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Where qe is the amount of adsorbed dye at equilibrium time and K1 (min-1) is the rate

constant of the pseudo-first-order model. In this model, the plot of Ln(qe - qt) versus t

should give a linear relationship from which K1 and qe can be determined from the

slope and the intercept of the resulted plot, respectively. It is reported by [21], [22] and

[23] that in many cases the above equation does not fully describes the adsorption

kinetics. In such cases, a pseudo second order equation can be used, which is given by

the following equation:

(10)

Where K2 (g.mol-1.min-1) is the rate constant of the pseudo-second-order model. The

parameters K2 and qe can be obtained from the plot of (t/qt) versus t that should show a

linear relationship. To further evaluate the controlling step of the adsorption process of

both dyes onto HS, we used the intra-particle diffusion model according to the method

reported by Weber and Morris. This model can be expressed by the following

equation:

(11)

Where Kind (mol.min−0.5.g−1) is the rate constant of the intra-particle diffusion and C is

the boundary layer thickness (mol.g-1). It is clear that the plot of qt vs. t0.5 should be

linear according to (Eq. 10). If a plot of qt vs. t0.5 gave a straight line, the adsorption

process should involve the intra-particle diffusion [24]; [25] and if this line passed

through the origin, the particle diffusion would be the controlling step.

Results and discussion

1.1 Characterization of HS

As a comparison, the XRD patterns of raw sand and HS were shown in Fig. 1a. The

diffractogram of raw sand before treatment displays six main diffraction peaks at 2θ=

24.20°, 33.12°, 35.59°, 40.89°, 49.53° and 54.10° that can be assigned to hematite

Fe2O3 (JCPDS card, file No. 24-0072). Other peaks are also observed at 2θ = 20.87°,

26.28° and 50.65°, at 2θ = 20.87°, 26.28° and 50.65° which may be related to the

presence of quartz SiO2 (JCPDS card, file No. 46-1045) and rutile TiO2 (JCPDS card,

file No. 76-0335), respectively. After treatment, the peaks at 20.87, 29.43 and 45.78°
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belonging to silicate and calcite disappeared from the system, and hematite Fe2O3 is

still the major phases on the grain surface.
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Fig. 1: X-ray diffraction (a) and FTIR spectrums (b) results obtained for raw sand and HS.

The presence of functional groups on the surface of both materials was confirmed by

using FTIR analysis (Fig. 1b). An intense and broad band appeared in the 3200 – 3600

cm-1 region and the band centred at 1632 cm-1 indicating the presence of free or

hydrogen-bonded -OH groups. This, gives the existence of Ti-OH at 3667 cm-1 [26];

[27], Fe-OH groups or Zr-OH at 3400 cm-1 [28] including 3681 and 800 cm-1 which

were due to Si-OH [7]. The relatively high intensity of hydroxyl groups peaks

suggested that large amount of hydroxyl groups were present in the surface of HS.
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These groups may function as proton donors hence, deprotonated hydroxyl groups

may be involved in coordination with dyes. Three major peaks were detected at 466,

542 and 1030 cm-1 in the raw sand which corresponds to the binding vibration of Si-O

groups [29]; [30]. Whereas in the case of HS, no vibration band at 466 cm-1 indicates

that treated HS have less number of Si-O groups on its surface.

Fig. 2 shows the surface charge density of raw sand and HS as a function of pH. The

surface charge density can be seen to decrease as the pH is raised and the intersection

of the curve with the x-axis gives the zero point of charge (pHZPC). The pHZPC of raw

and HS is found to be 5.40 and 6.20 respectively as illustrated in Fig. 2. pHZPC of HS

was influenced by the chemical composition of grain surface, mainly composed of

hydroxyl groups. At pH < pHZPC, the surface of both materials has a net positive

charge, while at pH > pHZPC the surface has a net negative charge [31].
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Fig. 2: Surface charge with different pHs for raw sand and HS in 0.01 M KCl.

The chemical composition of HS determined by X-ray fluorescence spectrometer is

Fe2O3, 84.4; TiO2, 8.1; SiO2, 2.79; ZrO2, 5.15; Al2O3, 0.57; CaO, 0.51; MgO, 0.338;

SO3, 0.15; K2O, 0.13; and Na2O, 0.15 and lost in ignition, 0.51 wt%. The particle size

distribution was found between 3.6 and 181 µm (determined by the method of laser

beam dispersion using the Malvern 2000 particle size analyser). The specific surface

area, total pore volume and average pore diameter obtained from the N2 equilibrium

adsorption isotherms were found to be 0.84 m2g−1, 0.0132 cm3g−1 and 2.64 nm,

respectively. This value is relatively smaller than other previously reported in the

literature [32] for sand materials but is expected to be enough for enhancing the

adsorption of two toxic dyes.
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1.2 Adsorption of CV and TB

1.2.1 Optimization of adsorbent dosage and effect of contact time

The effect of adsorbent dosage and contact time for the adsorption of CV and TB on

HS was studied for a period of 5 h for initial dye concentration of 20 mgl−1 at room

temperature and natural pH, as depicted in Fig. 3.
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Fig.3: Effect of adsorbent dosage (a) and contact time (b) on the adsorption of TB and CV by

HS.

From the Fig. 3a it has been found that adsorption of both dyes increases with

adsorbent dose and attained a constant value when equilibrium was established. The

optimum amount of HS was found to be 2.5 g for TB and 3.5 for CV, which was used

for all further adsorption studies. The increase in the percentage of dye removal with

adsorbent dosage could be attributed to an increase in the adsorbent surface area,

augmenting the number of hydroxyl groups available for adsorption. Fig. 3b represents

the adsorption capacity versus the adsorption time. The amount of both dyes adsorbed

increased with increase in contact time and reached equilibrium after 40 min. After

this time, no obvious variation in dye adsorbed was examined. Based on these results,

60 min was taken as the equilibrium time in batch adsorption experiments.

1.2.2 Effect of pH and ionic strength

The pH and ionic strength of salts affect the degree of ionisation of dye molecular, the

surface properties and the modification of functional groups on the active sites of the

adsorbent. Fig. 4a clearly displays the pH dependency on TB and CV adsorption
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efficiency onto HS. As shown, the removal rates increased from 89.47 % to 98 % for

both dyes as the pH was increased from 3 to 11. A large increase in the removal rate

for both cationic dyes was observed under basic conditions and occurs in a wide range

of pH (5 -11). This can be explained in terms of pHZPC. The pHZPC of the HS is about

5.40 as observed from the Fig. 2. At pH values lower than the pHZPC, the surface of the

adsorbent is positively charged. Thus, a decrease in the removal of dye is apparently

due to the higher concentration of H+ ions that are competing with the positively

charged dyes for adsorption sites (OH groups) of HS. Moreover, as the pH of the dye

solution becomes higher (pH > pHZPC), the number of the negatively ionisable sites on

the grain surface increases, facilitating the adsorption of cationic dye [33]. The

increase in the amount of adsorbed dye when increasing the pH value suggests that the

electrostatic interactions between the OH present in HS and the positively charged

cationic dyes contribute to the adsorption process. It should be also noted that the

constant removal rate for CV over the pH ranges 5.5 – 7.5 is an indication that the

electrostatic mechanism was not the only mechanism for dye adsorption in this system.

HS can also interact with dye molecules via hydrogen bonding.
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Fig. 4: Effect of initial solution pH (a) and ionic strength (b) on the adsorption of TB and CV.
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In order to further explore whether electrostatic interactions controlled the adsorption

process or not, the effect of ionic strength on adsorption of the two dyes onto the HS

was investigated. The effect of ionic strength (Fig. 4b) was tested by the addition of

different concentrations of KCl (0 – 1 mol/L) to initial dye solution of 20 mgL−1 at

natural pH (5 - 6). As seen in Fig. 4b, the removal percentage of dye decreases

significantly with the increase in the salt concentration. This behaviour could be

attributed to the competition between cationic dye and K+ ion for the active adsorption

sites [34]; [35]. Indeed, the salt can screen the electrostatic interaction between the

group hydroxyls and the dye molecules, and makes the adsorption capacity for dye

decrease with increasing KCl concentration. A large decrease in the removal rate for

CV dye was observed at 0.5 M. The obtained results gave an indication that this

adsorption process for CV is mainly governed by the electrostatic attractions.

A proposed mechanism [34]; [5]; [36] for the adsorption of CV and TB onto the HS

material is shown in Fig. 5.

Fig. 5: Schematic representation of hydrogen bonding and electrostatic attraction between dye

molecules and hydroxyl groups on the HS surface

1.2.3 Adsorption isotherm

In order to appreciate the interaction between the adsorbate and adsorbent, adsorption

isotherm data starting at different initial dye concentrations were investigated to fit the

models of Langmuir and Freundlich. Fig. 6 depicts the amounts of TB and CV

adsorbed by HS against the equilibrium concentrations at ambient temperature (25 ± 1

°C). The best-fit values of the model parameters estimated from Eqs. (5) and (6) by

non-linear regression analyses are listed in Table 2. According to Giles classification



M.Abbaz and al.

43

[37], the isotherms are of L-type, indicating that two dyes have a high affinity for HS

and there is no strong competition of the solvent (water) for the active sites of

adsorption. As can be seen (Table 2), the Langmuir isotherm exhibited the best fit with

the experimental equilibrium data due to its higher R2 (≥ 0.97) and lower values (≤

0.001) compared to the Freundlich. The Langmuir model assumes that adsorption

occurs on a surface which is composed of a fixed number of binding sites of equal

energy, one molecule being adsorbed per binding site with no interaction between

adsorbed molecules until monolayer coverage is achieved. The maximum monolayer

adsorption was 16.0×10-5 and 26.5×10-5 mol/g for TB and CV, respectively.

Furthermore, KL indicates the affinity of the dye to bind with the adsorbents. A high

KL value indicates a higher affinity [38]. Based on these values, CV had higher

adsorption affinity for HS compared to TB. The difference in binding affinity may be

attributed to the difference in the number of functional groups carried by the two dyes.

In the Freundlich isotherm, the constant 1/n is a measure of exchange intensity or

surface heterogeneity, with values between 0 and 1. In this study, the values of n were

more than 1 (Table 2). This suggested that the adsorption conditions were favourable.

High values of 1/n indicate a strong bond between the substrate and the dye.

The values of maximum adsorption capacity of cationic dyes calculated from

Langmuir equation are compared with other low-cost adsorbents in the literatures and

summarised in Table 3. From these values, HS is better or comparable to other

reported adsorbents for the removal of CV and TB.
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Fig.6: Adsorption isotherms of TB and CV by HS from aqueous solution. Curves represent

the non-linear fitting of the experimental data to the Langmuir and Freundlich equations.
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Table 2

Langmuir and Freundlich parameters for two dyes adsorption by treated HS

qe (exp.)

(mol.g−1)

Langmuir isotherm Freundlich isotherm

qm

(mol.g−1)

KL

(L.g−1)
R2

KF

(mol.g−1)
1/n R2

TB 16.0×10-5 0.94
0.97

8

0.0010

0
7.68×10-6 0.258 0.963

0.0020

0
15.4×10-5

CV 26.5×10-5 3.36
0.98

3

0.0001

4
17.0×10-5 0.226 0.975

0.0002

3
27.8×10-5

Table 3

Comparison for the removal of TB and CV dyes at room temperature (25 – 30 °C) by different low-cost

adsorbents

Dye adsorbent SBET (m2g-1)

Maximum

adsorption

capacity

(mol/g)×10-6

Reference

TB Fly ash 7.1 84.96 (26 mg/g) [39]

Gypsum 5.67 68.62 (28 mg/g) [21]

kraft fibers - 31.04 (9.5 mg/g) [35]

Hematite sand (HS) 0.84 160 (52.2 mg/g) This work

CV nanomagnetic iron oxide - 31.12 (12.7 mg/g) [40]

magnetic zeolite (MZ) - 2.37 (0.97 mg/g) [41]

Magnetically modified spent

grain

- 98.52 (40.2 mg/g) [42]

Bottom ash - 24 (9.8 mg/g) [43]

De-oiled soya - 30.88 (12.6 mg/g) [43]

MWCNTs/Mn0.8Zn0.2Fe2O4

composite

59.8 12.25 (5 mg/g) [44]

Date palm fibers (DPFs) - 1.61 (0.66 mg/g) [45]

Orange peel 20 28.18 (11.5 mg/g) [46]

Peat - 20 (6.8mg/g) [47]

Hematite sand (HS) 0.84 265 (108.1 mg/g) This work

1.2.4 Kinetic studies

To elucidate the adsorption kinetic process, the results of Fig. 3b were fitted using

pseudo-first-order, pseudo-second order, and intra-particle diffusion (Fig. 7 and Fig.

8). The parameters and linear correlation coefficients calculated from the slope and

intercept of fitting plots are listed in Table 4. The correlation coefficient (R2 ≥ 0.99)

values for the second-order kinetic model were higher than Lagergren kinetic. The

calculated qe values also agree very well with the experimental data. These results
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indicate that the adsorption system studied belongs to the second-order kinetic model.

This implies that the adsorption might be governed by chemisorption which involved

the formation of covalent bonds between dye molecules and the adsorbent [33]. A

chemisorption mechanism only allows for a monolayer adsorption [48], which is in

good agreement with Langmuir model that best describes the equilibrium adsorption

data.

Fig. 7: Pseudo-first-order (a) and Pseudo-second-order (b) plots for the removal of TB and

CV from aqueous solution by HS
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Fig.8: Weber and Morris intra-particle diffusion plot for the removal of TB and CV by HS.

The intra-particle diffusion kinetic for adsorption of both dyes onto treated HS is

shown in Fig. 8. The plots (qt versus t1/2) present multi-linearity and do not pass

through the origin, which indicates that the intra-particle diffusion is not the only rate

controlling step but also other kinetic models may control the rate of adsorption. The

first linear portion was attributed to the fast mass transfer of dye molecule from

aqueous solution to the external adsorbent surface or boundary layer diffusion of

solute molecules. The second linear portion is the gradual equilibrium stage with intra-

particle diffusion dominating. The third portion is attributed to the final equilibrium

stage for which the intra-particle diffusion starts to slow down due to the extremely

low adsorbate concentration left in the solution. Extrapolation of the linear portions of

the plots back to the y-axis gives the intercepts, i.e. the value of C, which provides the

measure of the boundary layer thickness. If the intercept is large, the boundary layer

effect will also be large.
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Table 4

Kinetic parameters calculated from Pseudo-first-order, Pseudo-second-order model and Weber-Morris kinetic

models for TB and CV adsorption.

Pseudo-first-order model Pseudo-second-order model

K1

(min-1)

Qe

(mol/g)×10-5
R2

K2

(g.mg-1min-1)

Qe

(mol/g)×10-5
R2

TB 0.096 1.82 0.967 0.200 6.697 0,999

CV 0.058 2.87 0.835 0.757 4.380 1

Weber-Morris kinetic model

Initial linear portion Second linear portion Third linear portion

Kd

(mol/g.min1/2)
C R2

Kd

(mol/g.min1/2)
C R2

Kd

(mol/g.min1/2)
C R2

TB 1.32 2.83 0.983 0.2550 5.26 0.959 0.0540 6.223 0.930

CV 0.33 3.31 0.983 0.0460 4.12 0.993 0.0048 4.326 0.834

1.3 Desorption and regeneration studies

Desorption–adsorption experiments have also been performed in batch mode to

evaluate the possibility of regeneration and reuse of the adsorbents for removal of

cationic dyes. Selection of an appropriate eluent is crucial for successful regeneration.

Five different desorbing agents as eluents (Fig. 9) were tested in order to find a

suitable desorbent for dye recovery from HS. As illustrated in Fig 9, solutions of salt

(KNO3, KCl, and NH4Cl) were very efficient (desorption yield in range of 30 – 80 %).

The other eluents (Deionised water, HCl), shows a much lower capability for both

dyes desorption in the range of 1-10 %. A maximum desorption percentage using 0.1

M NH4Cl solution was found to be about 82 % and 64 % for TB and CV, respectively.

Thus, NH4Cl was chosen as a desorbing agent for further desorption studies.

Inefficient desorption in hydrochloric acid indicates that CV was strongly attached

onto bottom ash through chemisorption. Similar results were observed for the

adsorption of CV by treated ginger waste [49]. Influence of NH4Cl concentration on

desorption of both dyes from dye-saturated HS was presented in Fig. 10. It can be

observed that the maximum desorption of dye (92 % for TB and 78 % for CV) could

be reached using 0.2 M NH4Cl solution. We observe a decrease of desorption of CV at

higher concentrations of NH4Cl. The high desorption in salt medium indeed reveals

that the adsorption of TB and CV onto the HS is mainly controlled by electrostatic

attraction, which is consistent with the results obtained previously.
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Fig. 9: TB and CV desorption from HS using various eluents for 1h (Deionised Water, 0.1 M

KNO3, 0.1 M KCl, 0.1 M NH4Cl and 0.01M HCl).

Fig. 10: Influence of NH4Cl concentration on desorption of TB and CV from HS for two

hours at 23 ± 1°C.

Regeneration of HS is an important step in order to check the economic feasibility of

adsorption process. The regeneration studies were carried out in batch mode for four

successive cycles (Fig. 11) using 0.2 M NH4Cl for both dyes, since this solution

exhibited the highest desorption performance (Fig. 10). As shown in Fig. 11, HS could

be regenerated and reused for up to three or more adsorption/desorption cycles.
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Fig. 11: Regeneration process of HS for four adsorption/desorption cycles of (a) TB and (b)

CV with 0.2 M NH4Cl solution.

Conclusion

This investigation shows that hematite sand (HS) can be successfully used for the

adsorption of TB and CV as two toxic dyes from aqueous solution. Batch adsorption

experiments show that the adsorption of two dyes onto HS was dependent on many

variables including adsorbent dosage, time, pH, ionic strength, concentration of the

dye. The removal of both dyes increased with increase in pH from 3 to 11, with the

maximum removal (> 98 %) at pH 11. It was found that the dye adsorption decreased

in the presence of KCl. The hydrogen-bonding interaction, electrostatic attraction and

chemical association are the main driving force for the adsorption process. The

adsorption isotherm data were fitted to Langmuir and Freundlich equations by non-

linear regression method. The equilibrium data fitted better with the Langmuir

isotherm equation and the maximums monolayers capacities of TB and CV were

16.0×10-5 and 26.5×10-5 mol.g-1, respectively. The equilibrium dye/adsorbent was

practically achieved in 60 min and adsorption kinetics was found to follow a second-

order rate expression. HS can be easily regenerated using 0.2 M NH4Cl and applied for

four frequent sorption/desorption cycles with high performance. Finally, HS presents

great potential as an inexpensive and easily available alternative adsorbent for the

removal of toxic dyes.
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