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ABSTRACT

In this study the ability of removing direct ydlow 4 dye (DY4) from agueous
solutions using silica as adsorbent was examined. The silica was prepared from locally
available sodium silicate. The effect of various experimental parameters contact time,
amount of silica used, pH, ionic strength and temperature were investigated in a batch
adsorption technique. The obtained experimental data shows that, the adsorption of direct
yellow 4 dye was increased directly with increasing concentration, amount of silica,
added sodium chloride and temperature in optimum pH (7) and equilibrium time of 45
min. The kinetic data were analyzed through pseudo first-order, pseudo second-order and
intraparticle diffusion models. The pseudo second-order modd best represented
adsorption kinetics. Additionally, this study used the Langmuir, Freundlich and Temkin
isotherms to describe equilibrium adsorption and calculating thermodynamic values. The
quilibrium adsorption of direct ydlow 4 on silica is best fitted in the Langmuir isotherm
(R°=0.981).
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INTRODUCTION
any industries, including textile companies, dye manufacturers, food
processing companies, paper and pulp mills, and eectroplating factories,
release wastewater containing dyes and thereby contaminate water resources.
Also, the use of direct dyes has continuously increased in the textile industry
and finishing processes since the development of synthetic fibers. Discharging
dyes into the hydrosphere typically results in environmental damage as dyes give water
undesirable color and reduce sunlight via absorption and decomposition [1]. In addition
many dyes are toxic to aquatic communities; some of them can cause alergic dermatitis,
skin irrigation, cancer and mutation in man [2].

Approximately 12% of synthetic textile dyes used each year is lost during
manufacture and processing operation and 20% of these dyes enter the environment
through effluents that result from the treatment of residual industrial waters [3]. Most
dyestuffs are designed to be resistant to environmental conditions like light, effects of pH
and microbial attack. Hence, their presence in wastewater is unwarranted, and it is
desirable to remove coloring material from effluents, before their discharge in the
environment, not only for aesthetic reasons [4, 5].

The removal of dye molecules from wastewaters is a matter of great interest in the
fidd of water pollution. Several physical, chemical and biological methods such as
coagulation /flocculation  treatment, biodegradation process, oxidation methods,
membrane filtration and adsorption have been reported and attempted for the removal of
dyes from the wastewater. Among these numerous techniques of dye removal, it is now
recognized that adsorption using solid adsorbents is an effective and useful process [6].

Review of literature indicates that the adsorption behavior of dyes with different
adsorbents like activated carbons, clays, ion exchanger resins, Zeolites, nanoporous
silica, soil, metal hydroxides, biogas residual slurry, have been thoroughly investigated
[1-3, 7-10].

In this study the possibility of using silica prepared from locally available sodium
silicate was evaluated for removal the direct yellow 4 dye (DY4) in batch method. The
Langmuir, Frendlich and Temkin isotherms were utilized to fit equilibrium data.
Adsorption rates were determined using pseudo first-order, pseudo second-order and
intraparticle diffuson modes. The study also included an investigation of change in
thermodynamic parameters, AG®°, AH® and AS° during adsorption.

EXPERIMENTAL
Chemical Materials
1-Sodium silicate (SiO, 32%, Na,O 14%) was obtained from Al-Ramady
glass factory, Ministry of Industry and Minerals as silica source.
2-Hydrochloric acid (HCI 5%).
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3-Direct ydlow-4 dye was obtained from Al-Hilla Textile factory.
The specifications of direct yellow 4 dye aretabulated in table 1 and fig. 1.

Table (1).structure and characteristics of DY 4

Name Formula Molecular weight | Aqmnex @sorption
DY4 CxHis NaNa,Og S, | 624.55 gm/mol 403 nm
H H
oL Do -ty Do
NaO3S SO3Na

Figure (1): Chemical Structure of Direct Yellow 4

Preparation of Silica

Silica used in this study was prepared by adding (4.5 ml) of sodium silicate (16%)
drop wise to (15 ml) of the hydrochloric acid (HCI 5%) while it stirred at 700 rpm and 30
°C. After 2 hours the colloidal mixture was filtered and the precipitate washed with a
large amount of distilled water until the value of pH of washing water reaches 7. The
resultant white crystal precipitate dried at 100 °C for 3 hours[11].
Method of Adsorption

All experiments of batch adsorption were carried out in a closed 100 ml conical flasks.
The flask, which contained 0.2 g of prepared silica and 50 ml of dye solution (50 ppm),
was placed in a temperature controlled water bath and shaken with speed 200 rpm for 45
min at 25°C and neutral pH. At the end of the equilibrium period, suspensions were
centrifuged for 10 min and the  concentration of dye in solutions before and after
adsorption were measured with a quartz cdl using UV-VIS Shimadzu T60 V
spectrophotometer, at wavelength 403 nm. The amount of dye adsorption at equilibrium
0. (Mg/g) was calculated, using the following equation:

(C-—C,)V

qe :T (1)

Where C, is the initial dye concentration and C, is the concentration at equilibrium. V
is the volume of solution and W is the mass of the adsorbent (g). The percentage of dye
removed from solution was calculated using the following equation:

Removal percentage = @ x 100 ... 2

2
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RESULTS & DISCUSSION
Effect of Contact Time

Adsorption equilibrium studies were conducted with an adsorbent quantity of (0.2 gm)
with 50 ml of dye (50 ppm). The experimental results of adsorption of direct yellow 4 on
silica at different times by keeping other parameter constant are illustrated in fig.2. It
shows that the adsorption process exhibited an immediate rapid adsorption and reached
equilibrium within a short period of 45 min.
Effect of Adsorbent Amount

The effect of silica amount on the amount of dye adsorbed was investigated by
contacting 50 ml of dye solution with initial dye concentration of 50 ppm at 25 °C for 45
min at a constant condition and different amount of silica (0.1-0.5 gm). After equilibrium,
the samples were centrifuged and then concentration in the supernatant dye solution was
analyzed. The plot of removal percentage versus adsorbent amount (gm) is shown in
Figure (3). As seen, the adsorption percentage reached the maximum when the silica
amount increased to 0.2 gm. The increase in percentage of dye removed with an
increasing of adsorbent amount can be attributed to an increase in the adsorbent surface,
which increased the availability of adsorption sites resulting from increase amount of the
adsorbent. Therefore, the optimum silica amount that can be used in removal of DY4 is
(0.2 gm) per 50 ml, and all experiments were carried on by using (0.2 gm) of adsorbent.

4 23
225
. 35 =
g = 22
E 3 é 215
g 21
= &
2:5 20.5
2 20
0O 15 30 45 60 75 0 010.20.30.4050.6
Time (min) amount of silica (gm)
Figure (2): Effect of contact timeon Figure (3): Effect of amount on
adsor ption of DY4 on silica adsor ption of DY4 on silica
(Co=50 ppm at pH 7, and 25°C) (Co=50 ppm at pH 7, 25°C, and 45 min)
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Effect of pH

An important and effective factor for dye adsorption has been referred as pH is
discussed in most reated studies published in the literature [12-14]. To find a proper
pH for the effective adsorption of dyes by the silica sorbent, experiments were
performed at a pH range of (4-10). pH of the solutions was adjusted by adding 0.01M
HCl and 0.01M NaOH for the sorbent at 50 ppm initial dye concentration. As shown in
fig. (4), the maximum adsorption capacity was reached at pH (7) with (3.995 mg/g).
The inhibition of the dye sorption on silica at acidic and basic pH ranges may be
attributed to the increase of hydroxyl and hydrogen ions leading to formation of agqua
complexes thereby retarding the dye adsorption [15].
Effect of lonic Strength

Since large amounts of salts are generally utilized in the dyeing process, the effects
of ionic strength on adsorption must be evaluated. The effect of ionic strength on the
removal of DY4 by silica was studied by adding 5 ml of NaCl (0.001-0.1 M).
Experimental results fig. (5) indicate that increasing solution ionic strength increased
the adsorption of direct dye on silica. The significant increase in dye removal after an
addition the salt NaCl can be attributed to an increase in dye dimerization in solutions
[16].

45 60
4
3.5 >0
§ 3 °_\° 40
£%3 S 30
& 15 S 20
1 o
0.5 10
0 0
0 2 4 6 8 1012 14 0 0.05 0.1 0.15
pH Conc. of NaCl (mol)
Figure (4): Effect of pH on DY4 Figure (5): The effect of salt on
adsorptiononslica removal DY 4 By silica
(Co=50 ppm at 25°C, and 45 min) (Co=50 ppm at pH 7, 25°C, and 45 min)

Adsor ption | sotherms

The adsorption isotherm is the most important information, which indicates how
adsorbate molecules are distributed between the liquid phase and solid phase when the
adsorption process reaches equilibrium [11]. The adsorption process was performed at
initial concentrations (10-50 ppm) and different temperatures (25-55°C). The results
arelisted in table (6).
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Table (6) Equilibrium parametersfor the adsor ption of DY 4
on silica at different temper atures

25°C 35°C 45 °C 55°C
Co |myle |G |mle | ;e |G [m o
ppm L mg/g | ppm L mg/g | ppm L mg/g | ppm L mg/g
10 0.35 | 10 0.38 | 10 0.58 | 10 0.78
859 | 2 848 | O 768 | O 6.85 |7
15 126 | 058 | 15 124 1064 | 15 114 |1 0.89 | 15 11.3 | 0.92
8 0 1 7 4 0 1 2
20 16.1 |1 0.83 | 20 156 | 097 | 20 154 |1 1.14 | 20 15.3 | 1.15
2 7 5 0 1 7 9 2
30 258 | 1.03 | 30 1.15 | 30 24.7 | 1.30 | 30 24.2 | 1.38
5 7 252 | 2 9 2 6 7
40 1.47 | 40 335 | 1.62 |40 331|171 | 40 32.7 | 1.80
341 |5 1 2 5 2 8 5
50 41.7 | 205 | 50 415 | 212 | 50 41.1 | 2.20 | 50 39.7 | 2.55
8 5 1 2 6 9 9 2

Three most common isotherm equations namdy, Langmuir, Freundlich and Temkin
were tested in this work to describe equilibrium adsorption.
Langmuir isotherm

The Langmuir isotherm is represented by the following linear equation:

C. 1 ( 1 )
qe dm KL dm ¢

Where g, is the amount of dye adsorbed per gram of silica (mg/g); C. is the
equilibrium concentration of dye in a solution (mg/L); K. is the Langmuir constant
(L/mg), which isrdated to the affinity of binding sites; and g, is the theoretical
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Figure (6): Thelinear plot of Langmuir isother m of
DY4 at different temperatures

saturation capacity of the monolayer (mg/g). Plots of 1/g. versus 1/C, give a straight
line with the dope of 1/g,.K, and intercept 1/gn.
Freundlich isotherm

Thelinear form of Freundlich isotherm is expressed as:

log q, = logKy + 1/ log C - (4)

Where Ke and n are Freundlich constants, which represent adsorption capacity and
adsorption strength, respectively. Both Kg and 1/n can be obtained from the intercept and
dope of thelinear plot of log () versus log (Co).
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Figure (7): Thelinear plot of Frendlich isotherm of DY4
at different temperatures.

Temkin isotherm
The Tearkin isotheem describes the behavior of adsorption systems on a
heterogeneous surface, and is represented as follows [17]:

ge = By InK, + B;In(C,) -+ (5)
Where B, is a constant rdated to adsorption heat, and K; is the equilibrium binding
constant (L/mol) corresponding to maximum binding energy. A plot of ge versus In (Cy)

is used to determine isotherm constants fig. (8). Table (7) lists the three isotherms
constants which are calculated from the slope and intercept of the linear plots at different

temperatures.
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Figure (8): Thelinear plot of Temkin isotherm of DY 4
at different temperatures.

Table (7) isotherm parametersfor removal DY 4 by silica.

RZ
. S
L stants | k. (L
angmuir constants | k. (L/mg) | dm (Mg/Q) Exca | MAINTAB | MAINTAB
25°C 1.792 0.074 0.981 | 0.981 0.1320
35°C 2.022 0.092 0.964 | 0.965 0.1674
45°C 2.486 0.223 0.977 | 0.977 0.0772
55°C 2.498 0.364 0.902 | 0.903 0.1143
Frendich constants | log ke 1/n
25°C -1.392 1.034 0.979 | 0.979 0.0443
35°C -1.305 1.003 0.969 | 0.970 0.0528
45°C -0.839 0.718 0.965 | 0.966 0.0425
55°C -0.670 0.627 0.934 | 0.935 0.0540
Temkin constants K B,
25°C -0.51 981 0.909 | 0.909 0.2101
35°C -0.54 1012 0.938 | ©.938 0.1776
45°C -0.70 866 0.927 | 0.928 0.1756
55°C -0.77 893 0.831 | 0.831 0.3014
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As seen, these plots gave a different linearity’s with a range of correlation coefficient
(R% between 0.831 and 0.981. Based on R? the adsorption of DY4 is best fitted in the
Langmuir isotherm. Conformation of the experimental data into Langmuir isotherm
modd indicates the homogeneous nature of sample surface, i.e, each dye molecule
adsorbent adsorption has equal adsorption activation energy and demonstrates the
formation of monolayer coverage of DY4 molecule on the outer surface of adsorbent.
The values of (1/n) ranging between O and 1 are a measure of surface heterogendty,
becoming more heterogeneous as its value gets closer to zero. It’s clear from the Table
(7) that two values of 1/n were greater than 1 confirming the non heterogeneous
(homogeneous) of the surface of adsorbent.

Thermodynamic Analyses

Thermodynamic parameters provide the information of energetic changes associated
with adsorption; therefore, these parameters should be accuratdly evaluated. The
Lasggmuir isotherm was applied to calculate the thermodynamic parameters AG®, AH and
AS..

AG’ of adsorption is calculated from equation 6 [1]:
AG° = —RTInK; -+ (6)

AH® and AS’ of adsorption are estimated from the slope and intercept of Vant Hoff
equation (equation 7).
in(ky) = 25 A1 7
L= T RT (7)

The Vant Hoff plot for the adsorption of DY 4 dye onto silica is given in fig. (9), while
the thermodynamic parameters obtained are given in Table (8).
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Fitted Line Plot

1.0 s 0.0610483
R-Sq 90.6%
R-Sq(adj) 86.0%

0.9

InK= 4564 -1202 1/T

¥ 0.8
c
0.7+
0.6 .
0.0(;300 0.00I305 0.00I310 0.00I315 0.0(;320 0.0(;325 0.00I330
/T
Figure (9): Vant Hoft plot of DY 4 adsor ption on silica
Table (8) the ther modynamic parameters
of removal DY4 by silica
AHP AS AG® (KJmoal™)
(KJmol™) (J.mol™.K™
298°C |308°C |[318°C | 328°C
9.993 37.945 -1.444 |-1.802 |-2.405 |-2.495

As shown in table (8), the negative values of AG® at different temperatures indicate
the spontaneous nature of the adsorption process. Positive AH° reveals endothermic
adsorption, while the positive value of AS® suggests the increased randomness at the
solid/liquid interface during the adsorption of the dye onto silica. A similar trend has
been reported for the adsorption of Congo red onto coir pith carbon and fly ash [18].
Kinetics analysis

Adsorption kinetics, indicating the adsorption rate, is an important characteristic of
adsorbents [3]. The pseudo first-order, pseudo-second order and intraparticle diffusion
models were adopted to test the following experimental data:

2619

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

. & Tech. Journal, Vol.30, No. 15, 2012 Adsor ption of Direct Yellow 4 Dye on the Silica
Prepared from Locally Available Sodium Silicate

Table (9) kinetic parameters of removal DY4 by silica.

Time (min) Ce(mg/L) G (Mg/g) Qe (Mg/Q)
15 43.90 1.524

20 43.33 1.666

25 43.15 1.711 2.055

30 42.83 1.791

35 42.10 1.975

40 42.05 1.987

45 41.78 2.055

The Pseudo-First Order Kinetic Model
This modd has been widely used to predict dye adsorption kinetics. A linear form of
pseudo-first order model described by lagergren [19]:

ln(Qe - Qt) = ane - klt (8)

Where g. and g; are the adsorption capacities (mg/g) at equilibrium and at time t,
respectivey, k; is the rate constant of pseudo-first order adsorption (Lmin™). The plot of
log (ge-¢r) versust for the adsorption of DY 4 onto silica was drawn in fig. (10), while the
values of k; and g which calculated from the slope and intercept were listed in Table
(10).

The R? values obtained was relatively small (0.894) indicating that the pseudo-first
order model couldn’t be used to describe the adsorption behavior of DY4 onto silica.
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First- order
time (min)
10 15 20 25 30 35 40 45
O 1 1 1 1 1 1 ]
1- - ‘\‘\"\‘
— 2- 7
T 3- -
§
= O 0.869x +0.087y = -
6- - 0.894= 2R
7_ .
8_ J

Figure (10) linear plot of pseudo first order from adsorption of DY 4 on
silica (Co=50 ppm at pH 7, 25°C, and 45 min)

The Pseudo Second-Order Model
The pseudo second-order rate equation of Mckay and Ho can be represented in the

following form [20]:

A +<1>t ©)
& K29 \qe

The rate constant of the pseudo second-order mode constants k, (g/mg.min) can be
determined experimentally from the slope and intercept of plot t/q; versus t. The linear
plot of t/g; versust is shown in fig. (11) and the value of kislisted in Table (10).
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Second order
25
20
t/qt 15 4.237x +0.396y =
0.991= 2R
10
5
10 20 30 40 50
time (min)

Figure (11) linear plot of pseudo second order from adsor ption of DY 4
on silica (Co=50 ppm at pH 7, 25°C, and 45 min).

The obtained R? value was high (0.991) which indicates that the adsorption of DY4
perfectly complies with pseudo second order reaction. Similar kinetic results have also
been reported for the adsorption of certain dyes onto Aspergillus niger [21] and onto Pesat
[22].

The Intraparticle Diffusion Model

The effect of intraparticle diffusion resistance on the adsorption can be determined by

the following rdationship [23]:

q= kD t1/2 + C ...(10)
Where C is the intercept and kp is the intraparticle diffusion rate constant
(mg/gmin®®), which can be determined from the slope of the linear plot of ¢ versus t”2

Fig. (12) presents a linear fit of this mode for adsorption of DY4, and the value of kp
were shown in Table (10).
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2.5
2.3
2.1
1.9

qt

1.7
15

1.3

Intraparticle

0.787x +0.190y =
0.969=2R

3.5 4.5

5.5
v

6.5 7.5

Figure (12) linear plot of intraparticle diffusion from adsor ption of
DY4 on silica (Co=50 ppm at pH 7, 25°C, and 45 min).

The intraparticle diffusion plot do not pass through the origin (C # 0), these indicated
the presence of intraparticle diffusion process, but this is not the only rate controlling step
and other mechanisms such as surface reaction play an important role in the process [24].
Similar results were reported for the adsorption of dyes onto rice husk [25] and onto

perlite [26].

Table (10): kinetic constants for theremoval of DY4

by silica.
: Ky (L min™) R?
Pseudo-first order
0.087 0.894
K> (g/mg min)
Pseudo-second order 0.991
0.037
K p (mg/g min®®
Intraparticale diffusion o (Mg/g ) 0.969
0.190
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CONCLUSIONS
Themain following conclusions can be formulated from the foregoing results:
1. The silica prepared from locally available sodium silicate was successfully
removed direct yelow 4 dye from agueous solutions.
2. The adsorption of direct yellow 4 dye was increased directly with increasing
concentration, amount of silica and added sodium chloride.
3. Theobtained data for the adsorption is best fitted in the Langmuir isotherm.
4. The thermodynamic parameters (AG°, AH® and AS®) indicate the spontaneous,
endothermic, and randomness increase of the adsorption respectively.
5. The adsorption complies with pseudo second order reaction.
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