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Adsorption of dyes from aqueous solutions
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bstract

Three organic dyes namely, Coomassie Blue, Malachite Green and Safranin Orange were removed from solution by adsorption on sand at 298 K.
haracteristics of local sand sample used as an adsorbent in this work were initially found from the low-temperature adsorption of nitrogen on sand

amples at 77 K. Conditions for maximum adsorption of these dyes on sand sample were then optimized. It was seen that under these conditions,
5–70% of dye could be removed from solution onto the sand surface. Adsorption data was fitted to Freundlich equation for the calculation of
arious parameters and it was found that for all the three dyes 1/n < 1, which indicates that adsorption was favorable. The adsorption kinetics
ollowed the pseudo second order equation for all the three dyes investigated in this work with the k values lying in the region of 6.2 × 105 to
.0 × 106. The intra-particle diffusion rate coefficient values obtained by using the Morris–Weber equation showed that Malachite Green reached
quilibrium faster than Coomassie Blue and Safranin Orange. The diffusion coefficient values calculated for the three dyes were in the range

f 7.8 × 10−8 to 9.3 × 10−8 cm2/s and are compatible with other studies reported in the literature. The adsorption behavior of the dyes was also
nvestigated in terms of added cations and anions and it was found that adsorption of Commassie Blue and Safranin Orange decreased substantially
n the presence of sulphate, thiosulphate, acetate, potassium, nickel and zinc ions.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Organic dyes are an integral part of many industrial efflu-
nts and demand an appropriate method to dispose them off.
ommonly suggested methods include biodegradation, photo-
atalytic, photolytic and advanced oxidative degradation of these
olutions [1–5]. A considerable amount of interest has recently
een focused on using the adsorption technique for the removal
f some dyes from solutions on various adsorbent surfaces such
s clays [6,7], flyash [8,9], peat [10], activated carbon [11–13],
olymers [14,15] and alumina [16,17]. The process is known
o be simple and efficiently treat dyes in concentrated form.
lthough the adsorption technique is versatile and easy to adopt

n practical forms, the adsorbent materials are either costly or

annot be regenerated for large-scale applications. There is thus
growing need to use a low cost, renewable and easily available
dsorbent material for such purposes. One potential adsorbent
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aterial can be sand, which can be utilized for such purposes
s it can also bring unlimited number of economic and envi-
onmental benefits to the industrial waste water treatment. Sand
as been used as an adsorbent in removing inorganic ions from
olutions [18,19], however, there is limited study available on
and surfaces for the removal of dyes [20,21].

The objective of the present study was to assess the ability
f locally available sand for the removal of Coomassie Blue
CB), Malachite Green (MG) and Safranin Orange (SO) from
queous solutions. The study was carried out with the aim to
ptimize conditions for maximum removal of these dyes from
queous solutions on sand surface in the absence and presence
f various ions. Besides this, the adsorption data was fitted to
arious equations to obtain constants related to the equilibrium
nd kinetics of the adsorption phenomena.

. Experimental
Organic dyes with a labeled purity of more than 98% were
rocured from either Sigma or Fluka and used as such. Dye
olutions of desired concentrations were made in deionized

mailto:raufmapk@yahoo.com
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physical or chemical processes. Fig. 2 shows the effect of pH on
percentage adsorption of Coomassie Blue on sand. The adsorp-
tion of this dye was found to be maximum in neat solution as

Table 1
Optimized conditions of various dye adsorptions on sand

Dye Mass of [Dye]/ Shaking time pH %Adsorption
M.A. Rauf et al. / Chemical Engi

ater. Preliminary experiments were carried out on these dye
olutions to ascertain the working concentration range in the
ambert–Beer region. All the dye solutions are colored and show

ntense absorption peaks in the visible region. The λmax value of
hese dyes are; CB = 585 nm, MG = 618 nm and SO = 525 nm. A
hange in intensity of an absorption peak of a given dye solution
n an adsorption process can thus be targeted to characterize the
emoval of dye from the solution.

In the present studies, sand was used as an adsorbent material
ecause of its enormous availability in the local environment.
and sample was procured from the dunes in the vicinity of Al-
in city located in the south-eastern region of UAE. The sand

ample was not treated in any other way except sieving it to
btain different portions of it.

Following composition of the sand sample was obtained after
ieving; Coarse sand, 0.02%; 350 �m, 0.41%; 250 �m, 65.75%;
80 �m, 21%; 125 �m, 7.5%; 88 �m, 3.6% and the remaining
raction below 88 microns. Since the sand fraction of particle
ize 250 �m was the major portion of the sample, it was there-
ore used in the present study. The BET surface area of this sand
raction was found to be 5.226 m2/g by the nitrogen adsorption
ethod [22]. Average pore diameter for this fraction was deter-
ined to be 37.25 Å, whereas the micropore area and micropore

olume were estimated to be 3.50 m2/g and 1.65 × 10−3 cm3/g,
espectively. However no attempt was made to determine the
ineral composition of the sand sample. Removal of dyes from

queous solutions on sand surface was calculated by monitoring
he changes in absorption values and hence the concentrations
f the dye solutions. The absorption intensity changes corre-
ponding to λmax of the dye solution were monitored on a
ARRY 50 UV/VIS spectrophotometer, using a 1 cm quartz
ell.

Initially, dye stock solution of 1 × 10−3 M was prepared in
00 mL of deionized water in a flask followed by necessary
ilutions of this stock solution. A given amount of sand sam-
le (usually 0.05–0.1 g) was then added to 5 mL of the diluted
olution. The contents of the dye solution were then agitated
or a given amount of time using a magnetic stirrer operated
t a constant speed. The contents were then centrifuged and
he supernatant solution was taken out with a pipette and mon-
tored instantaneously on a spectrophotometer for absorption.
he change in absorbance of the dye solution was then used to
alculate the dye concentration in solution and the percentage
dsorption of the dye on sand.

ye adsorption (%) = (1 − Af/Ai) × 100 (1)

here Ai and Af are the initial and the equilibrium concentration
alues of the dye solution, respectively.

Since the solution pH has a considerable effect on dye
emoval, the pH of the solution was also changed to monitor
he adsorption behavior of dyes on sand samples. The pH was

hanged by adding incremental amounts of either dilute HCl or
aOH to the solution. Changes in absorption was then used to

alculate the concentration and adsorption for each dye used in
his study.

C
M
S

Fig. 1. Molecular structures of the dyes.

. Results and discussion

Three dyes namely Coomassie Blue (CB), Malachite Green
MG) and Safranin Orange (SO) were investigated in this work.
heir structures are given in Fig. 1. Conditions for maximum

emoval of these dyes from aqueous solution by adsorbing them
n sand were initially optimized. In this regard, amount of sand,
oncentration of the dye solution, pH and the shaking time were
aried over a wide range. To optimize each parameter, one of the
arameters (e.g., mass of sand) was varied while keeping other
onditions (e.g., concentration of dye, shaking time, etc.) the
ame. The same procedure was adopted to optimize the remain-
ng conditions. It may be mentioned here that adsorption of dyes
ncreased with an increase in their initial concentration value and
ecame constant after the equilibrium time. The results of such
tudies for all these dyes are summarized in Table 1. These opti-
ized conditions were then fixed for subsequent studies. The

dsorption of dyes on sand can most probably arise by both the
sand (g) �M (min)

oomassie Blue 0.2 20 20 6.0 65
alachite Green 0.03 20 4 4.8 70

afranin Orange 0.03 20 4 5.2 70
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Table 3
Kinetic parameters for the pseudo second order equation

Name of dye k2 (g/mol min) qe (mol/g) R2

Coomassie Blue 3.0 × 106 3.33 × 10−7 0.976
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Fig. 2. Effect of pH on %adsorption of Coomassie Blue on sand.

ompared to that in acidic or basic media. Similar results were
btained for the other two dyes used in this study.

Since industrial effluents are always contaminated with var-
ous additives such as inorganic salts, it is therefore important
o study the effect of these ions on the adsorption property of
ye solutions. The adsorption of dye in the presence of anions
added as sodium salts) and cations (added in the nitrate form)
ere therefore carried out. The concentrations of all these ions

n solution were kept at 1 × 10−3 M in each case. The results
re tabulated in Table 2. It can be seen that adsorption of Mala-
hite Green remained largely unchanged in the presence of both
nions and cations (except nickel and zinc), whereas, all the ions
ad a substantial effect on the adsorption of Coomassie Blue and
afranin Orange. Thus these ions should be removed from the
ye solutions prior to their adsorption on sand.

The adsorption of dyes from aqueous phase onto a solid sur-
ace can be well described as a reversible reaction under an
quilibrium condition established between the two phases [23].
he rate at which the species are removed from solution onto an
dsorbent surface is an important factor for designing treatment
lants. Thus in order to characterize the adsorption process of the
yes on sand, three different kinetic models were investigated
amely the pseudo first order, pseudo second order and the mass
ransport and intra particle diffusion model. These models are
ommonly used to describe the adsorption behavior of pollu-

ants on solid surfaces. Parameters of the kinetic models were
xtracted from the experimental data of this study.

able 2
ffect of various ions on the percent adsorption of various dyes on sand under
ptimized conditions shown in Table 1

ame of dye Anions (%adsorption) Cations (%adsorption)

oomassie Blue Sulphate (12) Potassium (15)
Thiosulphate (–) Nickel (15)
Acetate (11) Zinc (13)

alachite Green Sulphate (64) Potassium (70)
Thiosulphate (70) Nickel (47)
Acetate (73) Zinc (23)

afranin Orange Sulphate (22) Potassium (27)
Thiosulphate (22) Nickel (28)
Acetate (25) Zinc (8)

nions were added as sodium salts, whereas cations were added as nitrates
concentration of each ion in solution = 1 × 10−3 M).
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alachite Green 6.2 × 105 1.93 × 10−6 0.934
afranin Orange 2.0 × 106 5.0 × 10−7 0.934

In the first instance pseudo first order reaction model was
sed which in general is given by [24]

t = qe{(1 − exp(−k1,adst)} (2)

n the linear form this equation can be written as

n(qe − qt) = ln qe − k1,adst (3)

here qe and qt are amounts of dye adsorbed at equilibrium and
t any time t, k1,ads the pseudo first order rate constant and t is
he time.

In many cases the above equation does not fully describes
he adsorption kinetics. In such cases, a pseudo second order
quation can be used, which is given by [24]

t

qt
= 1

k2,adsq2
e

+ t

qe
(4)

here qe and qt are amounts of dye adsorbed at equilibrium and
t any time t, and k2,ads is the pseudo second order rate constant.

The adsorption data did not fit linearly to pseudo first order
inetics over the entire region as shown from Fig. 3A–C. How-
ver, the data fitted very well to pseudo second order kinetic
quation as seen from Fig. 3D–F. The rate constant values, k2,ads
long with the correlation coefficients are summarized in Table 3
or the three dyes used in the present work.

Experimental data for the dye adsorption on sand was also
ubjected to Freundlich equation, which has the following form
13]

og Aads = log A + n log Ai (5)

here Ai and Aads are the concentrations of the dye in solu-
ion, and on the sand surface at equilibrium, respectively, and A
he Freundlich capacity factor and n is the Freundlich intensity
arameter for a particular system. A plot of log Aads versus log Ai
hould give a straight line, whereas, the slope and the intercept
f this line will give the value of n and A.
Graphical conformity to this equation for the three dyes is
hown in Fig. 4A–C, whereas, the values of n, A and other
onstants obtained in each case are shown in Table 4.

able 4
alues of various constants of Freundlich isotherms

ame of dye Freundlich coefficients

n A R2

ommassie Blue 1.83 0.820 0.940
alachite Green 1.045 0.694 0.997

afranin Orange 1.044 0.729 0.996
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t1/2 = 1/k2qe (7)

Table 5
Diffussion coefficient values for different dyes as calculated from Morris–Weber
equation

1/2 2 2
ig. 3. (A) Pseudo first order kinetics of CB adsorption on sand. (B) Pseudo fi
dsorption on sand. (D) Pseudo second order kinetics of CB adsorption on san
rder kinetics of SO adsorption on sand.

The Freundlich isotherm is applicable to heterogeneous sys-
ems and reversible adsorption [12]. The n value in this equation
uggests deviation from linearity. If n = 1, the adsorption is
omogeneous and there is no interaction between the adsorbed
pecies. If 1/n < 1, the adsorption is favored and new adsorp-
ion sites are generated. If 1/n > 1, the adsorption is unfavorable,
onds become weak and adsorption capacity decreases. In our
tudies, we have found that for all the three dyes 1/n < 1, which
ndicates that adsorption is favorable; though it is more favor-
ble in the case of Malachite Green (1/n = 0.55) as compared to
ther dyes.

Most of the adsorption processes may be described by either
he external mass transfer (boundary layer diffusion) or intra-
article diffusion model. The later is given by the Weber–Morris
quation [18]

t = kit
1/2 (6)
here the parameter ki is the diffusion coefficient value, t the
ime and qt is the amount of dye adsorbed. Fig. 5A–C shows the
ata fitting to the above equation for the three dyes, whereas, the
iffusion coefficient rate values, ki, obtained from this equation

N

C
M
S

der kinetics of MG adsorption on sand. (C) Pseudo first order kinetics of SO
) Pseudo second order kinetics of MG adsorption on sand. (F) Pseudo second

re tabulated in Table 5 for the three dyes investigated in the
resent study. These values are comparable and one can see that
he diffusion rate coefficient for Malachite Green is higher than
afranin Orange and Coomassie Blue, thus leading it to reach
quilibrium faster.

The half-adsorption time t1/2 is another parameter which can
e calculated from the equilibrium concentration and the dif-
usion coefficient rate values. This was calculated by using the
ollowing equation [25]
ame of dye ki (mol/g h ) R t1/2 (min) D (cm /s)

oomassie Blue 6.0 × 10−7 0.983 1.00 7.8 × 10−8

alachite Green 5.0 × 10−6 0.999 0.84 9.3 × 10−8

afranin Orange 1.0 × 10−6 0.997 1.00 7.8 × 10−8
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Fig. 4. (A) Application of Freundlich equation to the adsorption of Coomassie
Blue on sand. (B) Application of Freundlich equation to the adsorption of Mala-
chite Green on sand. (C) Application of Freundlich equation to the adsorption
o
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f Safranin Orange on sand.

he diffusion coefficient for the intra particle transport of the
hree dyes were also calculated by using the following relation-
hip [25]

1/2 = 0.03r2

D
(8)

here t1/2 is the half life in seconds as calculated from Eq. (7),
the radius of the adsorbent particle in centimeters and D is

he diffusion coefficient value in cm2/s. For the calculation of r
alue, it was assumed that the solid phase consists of particles
hich are spherical in nature. Calculated values of t1/2 and D
re given in Table 5. The D values obtained in our study are
omparable to those available in the literature [25]. For example,
he D values for phenol and benzene on wood are reported to be
× 10−8 and 8 × 10−9 cm2/s, respectively, and that of astrazone
lue and telon blue on wood were found to be 6 × 10−13 and
.0 × 10−13 cm2/s, respectively [25,26].

r

R

ig. 5. (A) Application of Morris–Weber equation to the adsorption of
oomassie Blue on sand. (B) Application of Morris–Weber equation to the
dsorption of Malachite Green on sand. (C) Application of Morris–Weber equa-
ion to the adsorption of Safranin Orange on sand.

. Conclusion

Removal of various organic dyes from aqueous solution onto
and surface was carried out at room temperature. The condi-
ions of adsorption of these dyes were optimized. It was seen
hat under these conditions, a maximum of 65–70% dye could be
emoved from the solution onto the sand surface. The adsorption
f the two dyes namely Commassie Blue and Safranin Orange
ecreased substantially in the presence of all the added ions, i.e.
ulphate, thiosulphate, acetate, potassium, nickel and zinc ions.
he adsorption data for all the dyes investigated in this work fit-

ed well to Freundlich equation. Sorption kinetic data revealed
hat the adsorption kinetics followed the pseudo second order
quation for all the three dyes investigated in this work. Further-
ore, the Morris–Weber equation revealed that the diffusion

oefficient values were comparable, and that Malachite Green
eaches the equilibrium faster than the other two dyes.
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