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ABSTRACT

In this research adsorption and removal of Sudan red
7B (SR7B) from aqueous solution using silver nanoparticle
loaded on activated carbon (Ag-NP-AC) has been investi-
gated. Equilibrium data are mathematically modeled using
the Freundlich Langmuir, Tempkin and Dubinin-
Radushkevich (D-R) adsorption models. The SR7B adsorp-
tion kinetics on to Ag-NP-AC was studied in terms of
pseudo-first-order, pseudo-second-order, Intraparticle
diffusion and Elovich models. A maximum adsorption
capacity of 90.909 mg.g" based on Langmuir as most
applicable model at equilibrium is achieved. The high
capacity and low removal time show the suitability and
usefulness of Ag-NP-AC alternative adsorbent for the
removal of SR7B in wastewater treatment.

KEYWORDS: Sudan red 7B (SR7B); Silver nanoparticle loaded
on activated carbon (Ag-NP- AC); Kinetic.

1. INTRODUCTION

Dyes as multiple varieties generally resist the break-
down of long-term exposure to sunlight, water and other
atrocious conditions. Therefore, the dye treatment of waste-
water is a difficult task. Azo dyes among overall category
of synthetic textile dyestuffs consist of half of global pro-
duction and during dyeing operation processes emerged to
wastewaters [1]. The removal of dye (as widely applica-
ble modern industry) from textile effluents is one of the
most significant environmental problems synthetic origin
and complex aromatic molecular structures dye are inert
and difficulty biodegradable and harmful to aquatic life in
rivers. The occupational exposure of workers in the textile
industries is linked to a higher bladder cancer risk. The
use of hair coloring products and breast cancer has also
been linked [2-4].
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FIGURE 1 - Chemical structure of Sudan Red.

The group of color additives known as Sudan dyes
(Fig.1) consists of a number of red colors, e.g., Sudan |
through IV, Sudan Orange G, Sudan Red B, Sudan Red
G, and Sudan Red 7B. Since their degradation products
carcinogens and teratogens, their application as food-
additives is forbidden. However, in some countries, these
dyes are still occasionally used to intensify the color of
bell pepper and chili powders. The EU-Rapid Alert Sys-
tem (RASFF) disseminated a series of notifications con-
cerning the presence of Sudan dyes in chili products and
other foods (spices, tomato sauces, pastas and sausages)
[5]. Synthetic dyes treatment from wastewater before dis-
charging to environment before their offering to public use
is essential for the protection of health and environment is
required. Some of the techniques used in treatment of
wastewaters containing dyes are flocculation, coagulation,
precipitation, adsorption, membrane filtration, electrochemi-
cal techniques, ozonation and fungal decolorization [6].
Among these techniques, adsorption is an effective tech-
nique in term of efficiency, capacity and large scale appli-
cability to as well as the regeneration recovery and recy-
cling potential of adsorbents [6—10]. Some commercial
systems currently use activated carbon as an adsorbent to
remove dyes in wastewater [11-14]. However, the high
cost of activated carbon and high removal times restricts
its comprehensive use. Although the adsorption behaviors of
aromatic adsorbate on gold and silver nanoparticle surfaces
have been extensively investigated, the enhancement me-
chanism is not completely understood. In this paper, we
describe the adsorption of SR7B from aqueous solutions
onto this Ag-NP-AC adsorbent has reported. Equilibrium
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adsorption isotherms were measured and the experimental
data were analyzed to commonly used models including
Langmuir, Freundlich, Tempkin and Dubinin- Radushke-
vich isotherm equations.

2. MATERIALS AND METHODS

2.1. Instruments and Reagents.

Sudan red 7B (Merck, Darmstadt, Germany) stock
solution was prepared by dissolving require amount of its
solid material in double distilled water. The test solutions
daily were prepared by diluting their stock solution to the
desired concentrations. The pH measurements were done
using pH/Ion meter model-682 (Metrohm, Switzerland,
swiss) and absorption studies were carried out using Jusco
UV-Visible spectrophotometer model V-570. All chemi-
cals include KOH, HNO;, KCI from Merck (Darmstadt,
Germany).

2.2. Measurements of dye uptake.

Concentrations of SR7B in solution were estimated
quantitatively using the linear regression equations ob-
tained by plotting its calibration curve over a range of
concentrations. The dye adsorption capacities of adsorb-
ent were determined at the time intervals in the range of
0-35 min and at various temperatures (10-60 °C). The
equilibrium was established after 15 min for SR7B re-
spectively. The effect of initial pH on both dyes adsorp-
tions was studied at initial concentration of 10 mg L™" in
the pH range of 2-9 by the addition of HCI or KOH. Dye
adsorption experiments were also accomplished to obtain
isotherms at room temperatures in SR7B concentration
range of 5-100 mg L™'. The amount of dye adsorbed by
adsorbent, q. (mg g '), was calculated by the following
mass balance relationship:

qe:(CO_Ce) VIW (1)

Where C, and C, are the initial and equilibrium dye
concentrations in solution, respectively (mg L"), V the
volume of the solution (L) and W is the mass (g) of the
adsorbent used.

2.3. Preparation of SNPC

MWNTs were treated according to the previous pro-
cedure [13]. Nano-silver coated multi-walled carbon nano-
tubes were prepared by chemical plating method [14].
Firstly, 1.0 g purified and functionalized MWNTs was
mixed with 50mL mixture solution of 38% formaldehyde,
absolute ethyl alcohol and double distilled water (volu-
metric ratio 3:10:10). Secondly, SO0mL mixture solution of
35 g L' silver nitrate (AgNO;) solution and 25% ammo-
nia solution (volumetric ratiol:2) was dropped one by one
into the mixture of MWNTs—formaldehyde—alcohol-water
solution. Keeping the pH value of reacted solution is 8-9,
the reaction is processed under strong stirring. After reac-
tion, the product is centrifugated and washed by double
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distilled water twice, dried in vacuum oven at 60°C [15,
16].

3. RESULTS AND DISCUSSION

3.1. Structural properties and amount of Ag NP- AC

Figure 2A shows the UV-Vis absorption spectra cor-
respond to surface plasmon resonance (SPR) of Ag nano-
particle obtained at different time intervals after mixing
AgNO; aqueous solution with soluble formaldehyde aque-
ous solution at 50 °C. The maximum SPR at 400 nm was
achieved after 24 h [17]. The broadband indicates a rela-
tively high polydispersity, both in size and shape of the Ag
particles.

X-ray diffraction (XRD) pattern of silver nanoparti-
cles powder is shown in Figure 2B. The pattern exhibits
peaks at 20 angles of 38.17, 44.21, 64.32, and 77.12 that
correspond to the [111], [200], [220], and [311] crystal
planes of a cubic lattice structure of silver nanoparticles,
respectively [18]. From the full-width at half-maximum of
diffraction peaks, the average size of the silver nanoparti-
cles has been calculated using the Debye-Scherrer equa-
tion [19]. The calculated average size of Ag nanoparticles
was around 55 nm.

The FESEM image of the Ag nanoparticles(Fig. 2C)
show the semi-spherical in shape and quite uniform in
size distribution of Ag nanoparticle in the range of 15-80
nm that has good agreement with that determined by the
XRD results.

3.2. Effect of contact time

The studies involving different contact time helps in
determining the uptake capacities of the dye at varying time
intervals at fixed value of adsorbents. Adsorption of SR7B
onto Ag-NP-AC was monitored spectrophotometrically by
the procedure described above. Absorbance data, obtained
in 1-min intervals until equilibrium, were converted into con-
centration data using the corresponding calibration rela-
tions [10]. It was established (0.02 g), 15 min of contact
time was found sufficient to acquire equilibrium. Within
the first 5 min almost 99 % adsorption occurred for Ag NP-
AC (Fig. 3). The adsorption rate was found to decrease
with increase in time [20].

3.3. Effect of pH

The pH is one of the most important parameters in
controlling the adsorption process. The pH of the solution
was controlled by the addition of HCI or NaOH. The effect
of pH on the adsorption of SR7B ions on Ag-NP-AC is
shown in Figure 4. The uptake of SR7B ions was mini-
mum at pH 3 and maximum at pH 4. However, when the
pH of the solution was increased (more than pH 4), its
uptake was increased. It appears that a change in pH of
the solution results in the formation of different ionic
species. It seems that SR7B can be absorbed on Ag-NP-
AC via soft-soft interaction with silver atom of adsorbent
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FIGURE 2 - A (Temporal evolution of UV-visible absorption spectra after addition of AgNO; solution into soluble formaldehyde solution at
50 °C), B (X-ray diffraction pattern of the starch-stabilized Ag Nanoparticles), C (FESEM image of the Ag nanoparticles loaded onto acti-
vated carbon).

165



© by PSP Volume 21 — No 1a. 2012

100.5

100

o
et
h

=)
=]

Removal (%)
- @
o0 N

f=)
|
¥

=1
|

Fresenius Environmental Bulletin

-
4
4

*

4 6 8 10 12 14
Time (min)
FIGURE 3 - Effect of contact time of removal of Sudan Red 7B

16

FEB

110

100

Removal (%)
[=))
<

L 3
L 4
2

pH

FIGURE 4 - Effect of pH on the removal of Sudan Red 7B at room temperature.

or via hydrogen bonding with various functional group of
AC. At lower pH, the AC functional group and SR7B
molecules get positive charge and due to repulsive force
removal percentage decrease. At higher pH, functional
group pf AC and SR7B deprotonated and the strong inter-
action of SR7B with nano silver particle with high surface
area was achieved.

At pH value higher than 4, the existence of Ag-NP-
AC surface OH- creates a competition between ionic dye
and decreases the aggregation of SR7B [21-25].

3.4. Effect of amount of Ag-NP-AC on SR7B removal per-
centage

The amount of Ag-NP-AC is determines the capacity
of adsorbent for a given initial concentration of dye solu-
tion. The effect of amount of Ag-NP-AC on the SR7B
removal percentage is shown in Fig. 5. It was observed
that initially the removal percentage increased rapidly
with the increase in amount of Ag-NP-AC and after
0.02 g for 50 mL SR7B solution the removal percentage

almost reached a constant value. The SR7B removal per-
centage increased from 90% to 99% respectively with the
increase of adsorbent dose from 0.02-0.09 g. The increase
in dye removal percentage was due to increased available
sorption surface such as silver atom and AC functional
group and the availability of more adsorption sites [26].
This may be attributed to the increase in the availability of
surface active sites resulting from the increased dose and
conglomeration of the adsorbent [27, 28]. When the ad-
sorbent dose was increased to 0.02 g, the ratio of SR7B
adsorbed to adsorbent showed no significant difference.
Therefore, 0.4 g/ of adsorbent was chosen for later stud-
ies [29].

3.5. Effect of Initial Dye Concentration.

The effect of the initial SR7B concentration in the
range of (5.0 to 100.0) mg L-1 on its adsorption rate and
amount of adsorbed SR7B onto Ag NP-AC was studied in
the pH of 4.0 and 0.02 gL-1 of Ag NP-AC. It was seen
that, increasing the initial SR7B concentration (the con-
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FIGURE 5 - Effect of amount of adsorbent on Sudan Red 7B removal at dye at pH and room temperature.

centration was a driving force of mass transfer) at the
initial stage of adsorption lead to improvement and in-
crease in the rate of adsorption. As shown the amount of
uptaked SR7B is en-hanced with increasing initial dye
concentration. By increasing the initial dye concentration,
the SR7B removal percentage in despite the actual amount
of adsorbed SR7B per unit mass of proposed adsorbent
significantly decreased [30].

3.6. Adsorption isotherms

Adsorption from the liquid phase was carried out to
verify the nature, porosity and the capacities of the sam-
ples. Sudan red (SR7B) were employed as the adsorbates
in the adsorption experiments. An aqueous solution with a
concentration of 500 mg/l was prepared by mixing an
appropriate amount of SR7B with distilled water adsorp-
tion experiments were conducted by placing 0.02 g of the
Ag-NP-AC samples and 50 ml of the aqueous solution in
a 250 ml glass-stoppered flash. The flask was then put in
a constant-temperature shaker bath with a shaker speed of
300 rpm. The isothermal adsorption experiments were
performed at 25 £2°C [31].

After reaching the equilibrium, the experimental data
was fitted to conventional models such as Langmuir, Freund-
lich and Tempkin isotherms and their constants were cal-
culated. The Langmuir isotherm is based on the assump-
tions that the molecules of the adsorbate are adsorbed at
well-defined, energetically equal sites without interacting
with each other, and each site can hold only one molecule
[32].

The dimensionless separation factor showing the fa-
vorability and the shape of the adsorption isotherms by
applying the following equation:

r=1/(1+bC,) 2)

Where b signifies the Langmuir constant and C, is the
initial concentration. It was seen that all the r-values ob-
tained (Table 1) are less than unity, confirming that ad-
sorption process is favored for both absorbents.

The equation of Langmuir isotherm is represented as
follows:

Qe = KLque /(1 + KLCe) (3)

where C, is the equilibrium concentration (mg/L), q.
is the amount of adsorbents sorbed per unit mass of ad-
sorbent at equilibrium (mg/g), q. is the theoretical maxi-
mum adsorption capacity (mg/g), K; is the Langmuir iso-
therm constant related to the energy of adsorption (L/mg).
A well-known linear expression for the Langmuir iso-
therm is represented as follows:

1/qe=1/qum+1/K qumCe (4)

The values of K; and q,, can be determined from the
slope and intercept of the linear plot of C./q. versus C,
[33].

The validity of Freundlich adsorption model was es-
tablished using the following relation: logg, = logKr +
(1/n) logC., 5)

where ¢, is the amount adsorbed (g), C, the equilib-
rium concentration of the adsorbate, and K and n are the
Freundlich constants related to the adsorption capacity and
adsorption intensity, respectively clearly revealed that
logC, versus log g, plots gave straight lines. Freundlich
constants derived from these straight lines are presented
in Table 1.

Tempkin isotherm takes into account the effects of
indirect adsorbate—adsorbate interactions on adsorption,
and suggests that the heat of adsorption of all the mole-
cules in the layer would decrease linearly with coverage
due to these interactions [34]. The linear form of Tempkin
isotherm is expressed as follows:

dc=BInA+BInC, (6)
Where B is the Tempkin constant related to heat of ad-
sorption and A is he equilibrium binding constant (L mg™).

The constants A and B can be determined by a plot of g
versus In C, (Table 1) [32].
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TABLE 1 - Isotherm constant parameters and correlation coefficients calculated for the adsorption

Isotherm Equation Plot parameters SR7B
1/q. = . . . Qn(mg/g) 90.91
Langmuir-1: (K QuCo) + IIA/ é)lo;nge;cr]:i:ferrs;s ngslll/(()llél(iQ 1r)1dlcate a straight line of slope K, (L mg) 052
1/Qn " P o) R 0.985
~ . . 1/n 0.23
Freundlich: Inge=InKg+ The Value.s of Krand 1/n were determined from Fhe intercept and Ks (Lmg) 39.06
(1/n) In C, slope of linear plot of In qe versus In Ce, respectively. ]2 0.905
_ . B, 13.13
Tempkin: qe+ —BB 11r11nCKT 1\I/Iacljues of B, and K were calculated from the plot of qe against Ky (Limg) 1352
S “ R’ 0.889
. Q. (mg/g) 59.3
R[e)ll(lizlsrlllll?eiriljh Ing.=InQ,—  The slope of the plot of In q. versus & gives K (mol® (kJ?) ") B 2E-07
(D-R): B¢’ and the intercept yields the adsorption capacity, Q, (mg g'). E (kj/mol) = 1/(2B)"* 1581.1
' R’ 0.77
TABLE 2 - Kinetic parameters for the adsorption of SR7B onto adsorbent.
Model Equation Plot Parameters SR7B
First-order Log(qe—qi)= Plot the values of log (q. —q;) versus t to give a linear k, 0.44
Kinetic log(qe) —  relationship from which k; and q. can be determined q. (calc) 2.53
(ki/2.303)t  from the slope and intercept, respectively. R? 0.962
. . ko 0.51
Second-order - (t/qzl P_lot the values of (t/qy) versus t to give a hpear rela- & (calo) 256
. )y=1/(k>qe)+1/qe  tionship from which k; and g, can be determined from 5
kinetic . . R 0.99
t) the slope and intercept, respectively.
h 37.0
H 12 Kdiff 052
Intraparticle qi=Kairt“+C  The values of Ky and C were calculated from the C 23.48
diffusion slopes of qt versus t"2. e 0 9 35
= 1B In(op) Plot the values of (q;) versus In(t) to give a linear B 2.5
Elovich e relationship from which o and B can be determined 2
+ 1/B In(t) . . R 0.85
from the slope and intercept, respectively.
q. (exp) 24.98

3.7 Kinetic studies

The behavior of the SR7B adsorption is analyzed us-
ing the Lagergren first-order kinetic model, pseudo sec-
ond-order kinetic model and intraparticle diffusion [35].

A linear form of the Lagergren first-order model ex-
pression is:

log (q.-q,) = log q.-(k;t/ 2.303)t @)

Where q. and q, (mg-g") are the amount adsorbed at
equilibrium and time t (min), respectively, k; (min™) is
the rate constant of Langergren first-order adsorption
(min™). The values of log (g.-¢,) were calculated from the
kinetic data.

The kinetic data are further analyzed using the pseudo
second-order kinetics expressed as:

vq= (1/kq.) + (1/4.)t (®)

Where k, (g'rmg™‘min™) is the rate constant of pseudo
second-order adsorption. If the second-order kinetics is
applicable, the plot of t/q, versus t should give a linear
relationship and it is not needed to know any parameter
beforehand.

The adsorbate species are most probably transported
from the bulk of the solution into the solid phase with an

intraparticle diffusion process, which is often the rate-
limiting step in many adsorption processes. The possibil-
ity of intraparticle diffusion is explored by using the in-
traparticle diffusion model [36],

¢ =kat"*+ C )

Where C is the intercept and k;, is the intraparticle
diffusion rate constant from the plot of ¢, versus ¢ the
values kid, C and the corresponding linear regression
correlation coefficient R* are given in Table 2 that show
the intraparticle rate constants calculated are 0.516 mg'g
Lmin"?[37].

4. CONCLUSIONS

Based on the experimental results, the following con-
clusions can be made:

1. Ag-NP-AC shows excellent adsorption potential
for SR7B removal.

2. The Langmuir and Freundlich isotherm parameters
confirmed that the adsorption of SR7B onto Ag-NP-AC
was favorable and improved by increase in pH, concentra-
tion, temperature, speed of agitation and amount of Ag-NP-
AC.

168



© by PSP Volume 21 — No 1a. 2012 Fresenius Environmental Bulletin

3. The Langmuir isotherm model and Ho’s pseudo-
second order model were found to be the best fitting iso-
therm and kinetic models.

4. The proposed sorbent with high adsorption capac-
ity and short analysis time is a suitable for waste water
treatment.
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