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Abstract
: Today, heavy metals and organic compounds such as dyes are among *Corresponding Author:  Forough

the most dangerous pollutants that have entered surface and groundwater and Riahimanesh .
threaten human health. The aim of this study was to investigate the removal of pddress: Department of Emvironmental

ea_e : - y ' 9 . Health Engineering, Sabzevar University of
reactive orange 3R dye and chromium by adsorption separately and simultaneously Medical Sciences, Sabzevar, Iran
activated carbon. Tel: 09151574076

 In this study, Sycamore carbon modified with NH4Cl was E-mail: chem.riahi@gmail.com

used to remove contaminants. Effect of variables such as pH (2-9), adsorbent
concentration (0.5-1-0 g/L), pollutant concentration (10-50 mg/L) and contact time
(2-40 minutes) on dye and chromium removal (simultaneously and separately) were
calculated. Freundlich and Langmuir adsorption isotherm models and kinetics were
also investigated.

: The results of this study showed that activated carbon at pH = 4, 0.4 g/L
adsorbent at 15 min contact time has the best removal conditions for both paint and
chromium contaminants. Under optimal conditions, activated carbon was able to
remove 72% of chromium and 84% of dye separately and 59% of chromium and
67% of dye simultaneously in solution at a concentration of 25 mg/L. The study of

adsorption isotherms also showed that the experiments were more consistent with Keywor_ds: )
the Freundlich model.The absorption kinetics follows Pseudo-second order Adsorption,Activated carbon,
equations. Chromium, Dye, Simultaneous

: According to the results, this adsorbent has a good performance in removal

separate and simultaneous removal of paint and chromium and can be used to treat
wastewater containing organic and inorganic contaminants.
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Introduction

Industrial progress has created life simpler. But
at identical time the natural environment had
suffered from the unfavorable effects of pollution.
In recent years, heavy metals and dye compounds
are widely used worldwide. Therefore, the presence
in effluent has been increased. This problem can't
only have an effect on the environment and
ecosystem, but additionally effects on public safety
quality. These compounds are generally resistant
and cannot be destroyed or simply biologically
detoxified.

Heavy metals have high atomic weights
(between 63.5 and 200.6 am) and are at least five
times denser than water. These compounds are used
in industries such as metal plating, dyeing, and
pigment production and are almost biodegradable.
Chromium as a heavy metal is one of the most toxic
pollutants. The most common forms of chromium
are Cr (VI1), Cr (111) and Cr (0) that Hexavalent form
is more toxic than other types. Strong exposure to
Chromium causes cancer within the lungs and
gastrointestinal tract also cause epigastric pain,
nausea, and vomiting.

There are more than 10,000 available dyes with
over 7 x 105 tonnes of dye material produced
annually. Reactive Orange 3R, which is an acid dye
and is the most common dye for dyeing wool, nylon
and silk fibers. The complex atomic structure and
low biodegradability of dye and Chromium make
trouble to treat the wastewater by the traditional
water treatment process. Therefore, Several
Methods separation, coagulation, flocculation,
biodegradation, ion exchange, oxidation-reduction
processes, and adsorption have been developed to
remove such kinds of pollutants, each of them has
advantages and disadvantages. The adsorption
method has some benefits, such as acceptable
efficiency, cost-effectiveness, and non-production
of chemicals.

The activated carbon (AC) has drawn the
attention of researchers as adsorbents due to having
a large surface area, high porosity, and Porous
structure and adsorption capacity. The AC as a
common adsorbent has received more attention for
many years because Activated carbon is a suitable
adsorbent for the organic and inorganic residuals
from water or wastewater.

Various carbon materials have been evaluated
for the removal of dye and chromium .This study
intends to investigate the simultaneous and separate
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removal of chromium and reactive orange 3R dye
by activated carbon prepared from Sycamore wood.

Methodology

In this study, a standard solution of hexavalent
chromium was prepared using potassium
dichromate salt (K.Cr.O;) from the Merck
Company at a concentration of 1000 mg/L daily.
The activated carbon used as the adsorbent in this
experiment was prepared from Sycamore wood. The
initial pH of the test solutions was adjusted to the
desired value by dilute solutions of HCI and NaOH.
All dilutions and Preparation of solutions in the
study were prepared by distilled water.

The concentration of dye was measured by
guantitative analysis by a UV-Vis
spectrophotometer (DR 5000- Hach- Co). PH
measurements were made with a pH meter
(Metrohm). The initial and final chromium (V1)
concentrations were measured using Shimadzu-
Company  (AA-7000) Atomic  Absorption
Spectrophotometer. Mixing the solutions was done
with a magnetic stirrer heater model RH Basic2
made by IKA (Germany). Morphological study of
nanostructure was performed using VEGA-Tescan.

Batch adsorption experiments

In each experiment, adsorbent (activated carbon)
was added to 50 ml of contaminant solution
(chromium, dye, and dye and chromium mixture)
with a certain concentration and after stirring the
mixture, it was filtered by 0.45 micron cellulose
filtrate with the help of a vacuum pump. Differences
in the amount of adsorption in the
spectrophotometer for dye removal and AAS
(atomic absorption Spectrophotometer) for removal
of chromium were determined. The removal
percentage (Equation 1) and the adsorption capacity
were calculated according to Equation 2.

@ x 100 - The removal  (Equation 1)

0
percentage

Adsorption capacity = (Equation 2)

mg
(g>

V(Co—Cv)
m

Where, Coand Ce are the initial concentration and
the final concentration (mg/L), respectively.

M is the mass of the activated carbon (g), and V is
the volume of pollutant solution.
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The effects of different parameters such as pH (2—
9), pollutant initial concentration (5-100 mg /L),
adsorption dose (0.1-0.5 g /L), and reaction time (2—
40 min) were examined.

Adsorption isotherm

To investigate the adsorption isotherm in this
experiment, 50 ml of solution and 0.02 g of activated
carbon with different amounts of contaminants at pH
= 4 was mixed for 6 hours. The equilibrium
adsorption isotherm results of activated carbon were
evaluated by Langmuir and Freundlich models.

Langmuir isotherm model

The Langmuir sorption isotherm model is utilized
to monolayer surface of adsorbent on homogenously
distributed adsorption sites on an adsorbent surface.
Is signifying the linear equation of Langmuir:

Cog _Ceq 1

S Equation (3)
Qeq dm

dmb

Where Langmuir constant (b) is relevant to the
energy of adsorption, ge (mg /g) is the amount of
pollutants that can be adsorbed by activated carbon
from Sycamore wood at equilibrium, Ce (mg/ L) is
the dye and chromium (simultaneous or Separately)
concentration at equilibrium, gm (mg/g) is the
theoretical maximum adsorption capacity.

Freundlich isotherm model

The Freundlich sorption isotherm is applied to
multilayer adsorption mechanism and is a practical
equation founded on the adsorption on a
heterogeneous surface with sites of various
dependence (Equation (4)).

Ln(Ge)= InKs + = InC, Equation (4)

¥ L R B X x L .

In this equation, k is the adsorption intensity of the
adsorbent and n is the adsorption capacity. The
Freundlich equation is the result of plotting In (qe)
versus of In (Cy).

Adsorption kinetics models

To investigate the adsorption mechanism of
various concentrations pollutants onto activated
carbon, the Pseudo-first order and Pseudo-second-
order model was used.

The pseudo-first order model kinetic model
equation is expressed as follows:

In(Qe-gr)=Inqe-kat (Equation 5)
The linearized form of pseudo second order rate is
expressed by the following equation:

T/qt=1/K2q 2+t/e

where ge and qt are the adsorption capacity at
equilibrium and at time t, respectively (mg/g), k1 ads is
the rate constant of pseudo first-order adsorption
(min—1) and K2 ads is the rate constant of pseudo
second-order adsorption (g/mg min).

Results

Characterization studies

The FTIR spectrum of activated carbon adsorbent
is shown in Figure (1a). The peaks in this diagram
show the presence of functional groups on activated
carbon. The O-H functional group has a peak in the
3400 region. The morphology of the activated carbon
surface is shown by SEM micrographs in Figure (1b).
As can be seen in the figure, the morphology of
activated carbon has a series of similar, parallel, long
channels. Which causes contaminants to be located in
these areas. For this reason, activated carbon acts as a
suitable adsorbent for the organic and inorganic
residuals from water or wastewater.

25 KV

1.00 KX 10 um KYKY-EM3200 SN:0693

Figure 1. FTIR spectrum of activated carbon (a), SEM images of activated carbons (b)
Effect of pH
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In order to find the optimal pH for the removal
of contaminants by activated carbon (0.4 g/ L), the
rate of removal for 15 minutes in 50 ml of 25 mg/L
solution of synthetic wastewater in a separate and
simultaneous sample (dye and chromium) in PHs
between 2 and 9 were examined. At pH = 2, the
dye samples were removed separately and
simultaneously, 84% and 68%, respectively.
Which was almost constant up to pH = 4 and then
with increasing the pH, the removal rate decreased
sharply. At pH =9, the removal percentage reached
20% for the separate dye and 12% for the mixed
sample. In the chromium solution in the separate
state with increasing pH from 2 to 4, the percentage
of contaminant removal from 33% to 72% and in
the simultaneous state from 29% to 59% and then
decreased with increasing pH.

PH changes the percentage of pollutant removal
by affecting the degree of ionization of
contaminants, the adsorbent surface load, and the
separation of functional groups on the adsorbent
active sites. As it is known, in all experiments, the
best removal rate was observed at pH = 4 and the
removal in separate mode is higher than
simultaneous.

Effect of adsorbent dose on removal rate

The results of adsorbent dose changes (0.1-0.5
g/L) on removal efficiency were investigated. In
each experiment, 50 ml of a separate or
simultaneous solution of chromium and dye was
tested at pH = 4 for 15 minutes. Percentage of dye
removal in the separate state from 42% (0.1 g/L
carbon) to 85% (0.5 g/L carbon) and chromium
from 21% (0.1 g / L carbon) to 73% (0.5 g/ L

carbon)) arrives. At the same time, chromium was
removed by 16% and dye by 34% (0.1 g/L of
carbon). For 0.5 g/L concentration of adsorbent
reached 60% and 68%, respectively. As the
adsorbent dose in chromium and dye increases in
simultaneous and separate experiments, the
adsorption rate increases with increasing activated
carbon concentration. Which is due to the increase
in the level of available pollutants and the
unsaturation of carbon adsorption sites. With more
adsorbent, the increasing process of removal
decreases, which is due to the reduction of
contaminants available to the adsorbent.

Effect of contact time and investigation of
reaction kinetics

In order to optimize the contact time of
contaminants (separate and simultaneous) and
adsorbent at concentrations of 10 mg/L, 25 mg/L
and 50 mg/L at pH = 4 at different times (2-40 min)
were investigated. It was found that in all cases
(separately and simultaneously) the color and
chromium in the first 15 minutes increases with
increasing removal time, but with more time does
not show much effect on increasing absorption. In
the early stages of adsorption, many surface sites
are unsaturated for adsorption. After 15 minutes,
the driving force of mass transfer between
contaminant and adsorbent molecules is reduced.

In this study, in order to investigate the
mechanism and rate of adsorption of pollutant
molecules (dye and chromium) in a separate and
simultaneous state, the Pseudo-first order and
Pseudo-second-order model were used. The results
of the synthetic study are shown in Table 1.

Table 1. The kinetic information of pollutants adsorption onto activated carbon.

September 2022, Volume 29, Issue 3

Pseudo-second-order Pseudo-first order Effect of

Mixed Mixed dye  Separate Separate Mixed mixed dye Separate Separate rgacti_on

Chromium Chromium dye Chromium Chromium dye kinetics

R2=0.9994 R2=0.9994 R2=0.9992 R2=0.9995 R2=0.8683 R2=0.7477 R2=0.8441 R2=0.7153  10mg/L
0e=19.30 0e=21.50 ge=23.15 0e=24.69 ge=10.65 0e=8.90 Qe=8.47 0e=6.36
K2=0.034 K2=0.037 K2=0.027 K2=0.033 k1=0.0182 k1=0.0235 k1=0.0343 k1=0.0522

R2=0.9977 R2=0.9987 R2=0.998 R2=0.9994 R2=0.781 R2=0.7729 R2=0.7649 R2=0.785 25 mg/L
0e=42.37 0e=46.51 0:=52.63 0e=57.80 0e=34.95 0e=31.56 0e=29.90 0e=23.51
K2=0.008  K2=0.008  K»=0.007 K2=0.01  ki=0.0235 ki=0.0172  |;=0.0248  353+/:ki=

R2=0.9976 R?=0.9971  R2=0.9971 Rz =0.998 R2 =0.747 R?=0.8015 R2=0.7784 R2=0.7331 50 mg/L
0e=68.03 0e=79.92 Qe=78.74 0e=96.15 ge=66.61 0e=71.35 0e=69.12 ge=52.61
K2=0.093 K2=0.004 =0.004+K =0.006+K k1=0.0149 k1=0.016 k1=0.0159 k1=0.022
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The study of synthetic models showed that
the coefficient of determination (R?) for
Pseudo-second-order model in  different
concentrations of pollutants in both separate
and simultaneous cases is higher than Pseudo-
first order model.

Equilibrium  of  chromium
adsorption and its isotherm mode
In order to determine the removal efficiency,
the equations of adsorption isotherms are used.
Different theory isotherm models are used to

and dye

describe different types of adsorption isotherms.
Among them, Freundlich and Langmuir
equations are the most used. To investigate the
adsorption isotherm in this experiment, 50 ml of
solution and 0.02 g of activated carbon with
different amounts (50, 100, 200, 300, 400 and
500 (mg/L)) of contaminants at pH = 4 was
mixed for 6 hours. The solutions were measured
after mixing the filter and the amount of
contaminant remaining in the solution. The
results are reported in Table 2.

Table 2. Isotherm parameters

pollutants isotherm mode
mixed Chromium  Mixed dye  Separate Chromium Separate dye  modle Langmuir
0/9669 0/9611 0/9748 0/9673 R?
434/78 500 476/19 588/24 Qrmax
0/031 0/043 0/048 0/055 B
Freundlich modle
0/9921 0/9999 0/995 0/998 R?
52/12 65/02 74171 79/69 ks
2/71 2/69 2/94 2/63 N

Discussion

Studies of adsorption isotherms (Langmuir
and Freundlich) showed that the rate of
adsorption of activated carbon in the adsorption
of pollutants is high. The adsorption model in

this study (chrome and color separately and
simultaneously) follows the Freundlich model.

Conclusions

Simultaneous removal of reactive orange 3R
and chromium from aqueous solutions using
modified carbon from Sycamore wood. High
surface area, Special structure, easy separation
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and excellent adsorption capacity of this
activated carbon was confirmed. The Freundlich
adsorption isotherm was found to have the best
fit for the experimental data.

Altogether, the results of this study showed
that AC is a very efficient adsorbent for removal
from aqueous solutions.
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