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Background & Aims of the Study: Textile dyes generally are made of synthetic, organic,
and aromatic compounds that may be contain of some heavy metals in their structure.
Complex structure and presence of these metals cause toxicity and may be mutagen,
teratogen or carcinogen. This study has investigated the ability of peanut shell powder to
removal of some reactive dyes (Green 19, Orange 16, and Yellow 14) from aqueous
solutions.

Materials & Methods: The effects of contact time, initial concentration of reactive dyes,
adsorbent dosage and pH have been reported. The applicability of Langmuir and Freundlich
isotherm was tried for the system to completely understand the adsorption isotherm
processes.

Results: Batch adsorption studies showed that the peanut shell powder was able to remove
the reactive dyes from aqueous solutions in the concentration range 25 to 250 mg/L. The
highest percent removal for the Green 19, Orange 16, and Yellow 14 dyes was 84.2%,
87.36% and 88.49%, respectively. The adsorption was favored with maximum adsorption
at pH=2. Also the optimum adsorbent dose was obtained 0.4 g/100 mL. By increasing
adsorbent dose and initial concentration, removal efficiency was increased considerably.
The adsorption isotherm studies clearly indicated that the adsorptive behavior of dyes on
peanut shell satisfies only the Freundlich with average R*=0.926.

Conclusions: Based on findings, the peanut shell powder was found as a low cost, natural
and abundant availability adsorbent to removal of reactive dyes from aqueous solution.

Please cite this article as: Nadi H, Alizadeh M, Ahmadabadi M, Yari AR, Hashemi S. Removal of Reactive Dyes
(Green, Orange, and Yellow) from Aqueous Solutions by Peanut Shell Powder as a Natural Adsorbent. Arch Hyg Sci

2012;1(2):41-7.

Background

Textile

industries are one of the most
important sources to produce the various dyeing
wastewaters. The concentration of used Azo

dyes in textile industries ranges from 10 to
10000 ppm that depends on the dye quality and
process of operation (1, 2). A huge quantity of
reactive dyes (~30%) are wasted during dyeing
process, that discharged into water stream
without any effective treatment (3,4).
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Textile dyes generally are made of synthetic,
organic, and aromatic compounds that may be
contain of some heavy metals in their structure.
Complex structure and presence of heavy
metals cause toxicity and may be mutagen,
teratogen or carcinogen (5). Dyes can threaten
human health such as skin dermatitis and
respiratory system function effects (6).

Dyes can accumulate into the soil and water.
Removal of dyes from wastewater effluents is
considered as a major problem in textile
industries. The Reactive Green 19 (RG-19),
Reactive Yellow 14 (RY-14) and Reactive
Orange 16 (RO-16) are the most frequent dyes
in textile industries (7).

Many methods have been described in the
literature for dye removal from wastewater that
are including adsorption (e.g. active carbon),
coagulation—flocculation, chemical oxidation
(chlorination, ozonization, etc.),
photodegradation (UV/H,0,, UV/TiO,, €tc.)
enzymatic  treatment and  sonochemical
processes (8-14).

Nevertheless, the effective and economical
removal is an important problem yet.
Adsorption process using activated carbon has
the high removal efficiency but it is not
effective on toxic conditions (15). In spite of it,
adsorption process is the simplest, the quickest,
the most efficient and economical alternative
for removing phenol (16). Because the high
cost of activated carbon and its regeneration, its
application is limited in low-income developing
countries (17,18).

In recent years agricultural and industrial
wastes are using to removal of hazardous
contaminants from water and wastewater (19).
Some of these materials are tire debris, ash
volatile, sludge, sawdust and coconut shells
(20-22). Before peanut shell powder had been
used for biosorption of two azo dyes, amaranth
and sunset yellow (23). Peanut shell of
agricultural waste is cheap and available by of
the 3500 acre acreage in the Iran, annual
production of 140 thousand tons of peanuts in
the country. It can be as natural adsorbents of
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cheap and available can be used to remove dyes
(24).

Aims of the study: The present study has
proposed to use the peanut shell powder to
removal of reactive dye Green 19 (RG-19),
Yellow 14 (RY-14) and Orange 16 (RO-16)
from synthetic aqueous. The effect of various
parameters such as pH, coagulant dose and
initial dye concentration are investigated.

Materials & Methods |

Preparation of Peanut Shell Powder:
Peanut seeds were collected around the vicinity
of Zahedan city (located in the southeastern
Iran). After preparing peanut shell, it was
washed with distilled water, dried at 80°C in a
hot air oven for 24 h, ground and then sieved
with the size 80 mesh ASTM (i.e., American
Society for Testing and Materials). The powder
was placed in an airtight container for further
use.

Dye solution preparation: All wused
chemicals obtained from Merck Company
(Germany). For RG-19, RY-14 and RO-16
Stock solutions preparation, weighted the
purified grade chemicals and dissolved in
deionized water without pH adjustment. The
chemical structure and some of the
physicochemical properties of the used dyes are
given in Table 1.

Adsorption  experiments: At  first
equilibrium time according to formula (1)
determined, and then the major effective
variables on adsorption processes were studied.
These parameters were including pH,
adsorbents dose, contact time and initial dye
concentration.

The effect of these variables on the removal
efficiency of used dyes examined. Experiments
were carried out by shaking the adsorption
mixture (120 rpm) at various predetermined
intervals and the samples took the supernatants.
Then it filtered with 0.45 pm, Watman No. 1,
and was analyzed for dye content using an UV-
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VIS spectrophotometer
Japan; Model 1601).

To pH adjusting 2 to 12 were used 1M
H,So04 and/or 1 M NaOH. Amount of pH was
measured using a pH-meter (model ES520,
Metrohm Herisau, Switzerland). The employed
ranges for various parameters are given in
Table 2. Finally, the efficiency of dye (RG-19,
RY-14 and RO-16) removal calculated as
follows:

(1) Removal% = @ x 100

1

(Shimadzu, Tokyo,
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(Ci_ce)v
(2) qe=——
Where:

C; is the initial concentration (mg L™);
1Ce is the equilibrium dye concentration (mg L

);
ge is the amount of solute adsorbed at
equilibrium per unit weight of adsorbent
(ng/g);

V is the volume of dye solution (L); W is the
weight of the adsorbent (g).

Table 1) Characteristics of the used dyes

Characteristic Reactive Orange-16

Reactive Yellow-14 Reactive Green-19

(RO-16) (RY-14) (RG-19)
_ b J.r,o.‘i_l,.qj],_'g é‘ - Ogm-c
Errrs b Yo
3-} =% FTy L_é O=tn=0
Chemical Structure =% L F ;e ®
. e 7 RN r
z-= =z N 1 = 5 ]-Z|
® (o D
é%:} Q‘“ T ° 7 K‘} f:’) L=}

; = SR o F

C20H17N3N2,011S5
Reactive Orange-16

Molecular Formula
Color Index Name

Cy0H9CIN4Na,O,,S;
Reactive Yellow-14

C40H23C1oN15NagO19S6
Reactive Green-19

Molecular Weight g/mol2022.58 669 g/mol 1418.93 g/mol
kmx 496 nm 410 nm 630 nm
Table 2) The ranges of experimental parameters

H Adsorbents Dose Dye Concentration, Contact Time Mixing

P (g/100 mL) mg L' (min) (rpm)
212 0.05, 0.1, 0.2, 0.3, 25, 50, 100, 150, 30, 45, 60, 75, 90, 105, 120

0.4,0.5,0.6,0.8,0.9 200, 250 120, 135, 150, 180
The influence of initial dye concentration on

Results

Figure 1 shows the effect of pH on RG-19, RY-
14 and RO-16 dye removal from synthetic
solutions.

The effects of sorbent dosage on the removal
ratio of dyes and contact time effects on
adsorption processes were shown in figure 2
and figure 3, respectively.

adsorption percentages of dyes was studied.
The results are shown in figure 4.

The results of the isotherm adsorption were
shown in Table 3. Freundlich and Langmuir
isotherm were studied.

Archives of Hygiene Sciences

Volume 1, Number 2, Autumn 2012

© 2012 Publisher: Research Center for Environmental Pollutants, Qom University of Medical Sciences. All rights reserved.



~,

{ Nadi H, et al/ Arch Hyg Sci 2012;1(2):41-47 J

100
S
°. —4=RG-19 =fli=RY-14
>
o 98 -
=
")
2
£ 96 -
=
£ 94 \
o 1 B B z
g
¢ 92 -
%)
>
Q 90 T T T T T T T T

2 3 45 6 7 8 9 1011 12

Initial pH

Figure 1) Effect of pH on RG-19, RY-14, and RO-
16 dye removal from synthetic solutions (contact
time 60 min, Adsorbent dose 0.5 g/100 mL, dye
concentration 50 mgL"' and agitation speed 120

rpm).
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Figure 2) Effect of adsorbent dose on RG-19, RY-
14m and RO-16 removal from synthetic solutions
(contact time 60 min, dye concentration 50 mg L™,
optimum pH 2 and agitation speed 120 rpm).
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Figure 3) Effect of contact time on dye removal
from synthetic solutions (Initial concentration of
dye 50 mg L', pH 2, adsorbent dose 0.4 g/100 mL
and agitation speed 120 rpm).
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Figure 4) Effect of Initial concentration of dye on
dye removal from synthetic solutions (Contact time
90mg L', pH 2, adsorbent dose=0.4 g/100 mL,
agitation speed 120 rpm).

Table 3) Characteristics of adsorption isotherms

Isotherms

Freundlich

Langmuir

Typeofdye 1/n
RO-16 1/0.54
RY-14 1/0.21
RG-19 1/0.38

R? B R?
0.91 0.538 0.81
0.93 0.574 0.87

2.24 094 0.774 0.85
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Discussion _J

Effect of initial pH: Solution pH is one of
the most critical parameters in the adsorption
process and pollutants removal from aqueous
solutions (14,25,26). The effects of initial pH
on adsorption percentages of dyes were
researched over a range of pH values from 2 to
12. As elucidated in figure 3, for all three dyes,
the maximum dye removal ratios were at the
initial pH 2.The results showed that an increase
in pH, the removal efficiency of dye had
decreased. The best removal percentage
obtained at pH 2, were 96/33, 96/17 and
93/83% for dyes RO-16, RY-14 and RG-19,
respectively.

Obtained results at optimum pH values of
adsorbent are in good agreement with the
values given in literatures such as walnut shell,
sawdust, clay, bentonite, native strains (22, 25).

Effect of sorbent dosage: Sorbent dosage
has been considered to determine the optimum
condition for the performance of adsorption.
The removal efficiency of dyes changed with
an increase peanut powder dosage from 0.05 to
0.9 g/100 mL. The adsorption ratios of dyes
increased from 92.6 to 94.8%, from 93.5 to
95.5%, and from 96.8 to 97.1% in RG-19, RY-
14 and RO-16 dyes, respectively. So, the peanut
hull mass of 0.4 g/100 mL was chosen for
subsequent  experiments. The  removal
efficiency of dyes increased with increasing
adsorbent mass which can be attributed to
increased surface area and availability of more
adsorption sites (27).

Effect of contact time on dye removal:
Contact time can be effective on adsorption
processes. For a fixed concentration of reactive
dyes and a fixed adsorbent mass, the retention
reactive dyes increased with increasing contact
time. Figure 3 shows that the adsorption rate
initially increased rapidly, and that the optimal
removal efficiencies were reached 90 min:
97.5%, 96% and 95% for RO-16, RY-14 and

S~
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RG-19, respectively. In the other studies,
similar results were presented (20,22).

Effect of Initial concentration: As shown
in figure 4, when the dye concentration was
increased from 25 to 250 mg/L, the percentages
of dyes adsorption increased from 95.4 to
98.4% in RO-16, from 91.8 to 98.2% in RY-14
and from 91.2 to 98.3% in RG-19. So the
equilibrium sorption capacity of the biomass
increased with a rise in the initial dyes
concentration that this increase in adsorption
capacity may be due to the higher adsorption
rate and the utilization of all available active
sites for adsorption at higher dyes concentration
(26). In fact, because of the fixed amount of
adsorbent and absorbed positions available, by
increasing the initial concentration of dye,
removal 1is increased too. Increasing of
adsorption capacity occur as a result of the
increased mass transfer (26).

Adsorption isotherms (Langmuir and
Freundlich): The adsorption isotherms reveal
the specific relation between the concentration
of the adsorbate and its adsorption degree onto
adsorbent surface at a constant temperature and
they are fundamentally important in the design
of sorption systems (28).

The adsorption isotherm studies -clearly
indicated that the adsorptive behavior of dyes
on peanut shell satisfies only the Freundlich
isotherm with average R?=0.926 (table 3). The
Freundlich model can be applied for non-ideal
sorption on heterogeneous surfaces and
multilayer sorption. Results of Tanyidizi study
on Reactive Black 5 removal with peanut hull,
showed that the Langmuir model exhibited fits
better to the adsorption data than the Freundlich
model (29).

Conclusions: Results of this study showed
that peanut shell powder could remove RG-19,
RY-14 and RO-16 dyes from aqueous solution
effectively. The optimal pH for favorable
adsorption of dyes was 2 and removal
percentage were 96.3%, 98.2%, and 98.4% for
RG-19, RY-14 and RO-16, respectively.

Archives of Hygiene Sciences

Volume 1, Number 2, Autumn 2012

© 2012 Publisher: Research Center for Environmental Pollutants, Qom University of Medical Sciences. All rights reserved.



- ~,

l\ Nadi H, et al./ Arch Hyg Sci 2012;1(2):41-47

a4

The adsorption equilibriums were reached at
about 90 min. Also the optimum adsorbent dose
was obtained 0.4 g/100 mL. By increasing
adsorbent dose and initial concentration,
removal efficiency was increased considerably.
The isothermal data fitted the Freundlich
model. Based on finding, the peanut shell
powder was found as a low cost, natural and
abundant availability adsorbent to removal of
reactive dyes from aqueous solution.
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