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Abstract

Global population growth and industrial activities in recent decades has been caused to enter excessive amount of
pollutants to water resources. Industrial textile dyes are an important class of the pollutants in the sewage system.
Disposal of the dyes in precious water resources must be avoided, however, and for that various treatment technologies
are in use. Considering the toxicity of the pollutants, their removal from water resources is necessary. In this research,
removal of reactive red 74, RR47, from aqueous solution by zinc oxide nanoparticles was investigated and the affecting
parameters such as pH, contact time and adsorbent mass on removal efficiency were determined. Langmuir and
Freundlich isotherms were studied and the results indicated that the adsorption process obey the Langmuir and Freundlich
isotherms. The experimental results also showed that the pseudo-second order kinetic equation could nicely describe the
sorption kinetics.
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Introduction

Despite, the colors make our life beautiful, they carry the infection in the sewage system. The pollution caused by the
discharge of textile dyes, has become a severe environmental problem since a long time ago. The effluent water from
carpet manufacturing, dyeing, textile, pulp, and paper industries contain various types of dyes which should be removed
before discharging the effluent to the environment to avoid health hazards and destruction of the ecosystem. The
investigation of the removal of dyes from effluent wastewater of various industries has been going on for several years [1].
The reactive dyes are colored compounds that have more than one reactive moiety per molecule or groups capable of
forming covalent bonds between carbon atom of the dye ions or molecules and functional groups of the fabric (cellulose,
wool, nylon and silk), making stable dye—fiber bond with poor washed-off properties [2, 3]. This is due to effective
penetration and efficient dye fixation with cotton fabrics. The characteristics governed by the reactive groups are reactivity,
dye—fiber bond stability, efficiency of the reaction with the fiber, and affinity [4]. Each of these group effects on the
washing-off properties of the reactive dyes [5].

There are three major technologies available to remove dyes from water such oxidation, adsorption and flocculation-
precipitation. These methods are only effective for low concentrations of organic matter present in water. In other words,
significant dilution of the water containing dye is necessary for the effective use of the oxidation method. The separation of
dyes based on adsorption on peat, wood, silica, bagasse pith, activated carbon and slag, and bagasse fly ash have been
proposed. These adsorption methods are capable of removing the dyes from concentrated wastewater [6]. However,
regeneration of most of the adsorbents is difficult except for activated carbon. The adsorption treatment using activated

Carbon as adsorbent is quite expensive. Therefore, researchers have been looking to replace cheaper costly wastewater
treatment. Many natural materials (organic and inorganic), plants industrial wastes, agricultural wastes and biological
adsorbents have been studied for this purpose [7]. Titanium dioxide is one of the most Photo-catalyst used to remove
organic materials. Zinc oxide is another Semiconductor that has been used in recent years as Photo-catalyst. Also, the
use of hybrid adsorbents for dye removal from water have been reported [8]. Studies show that the removal of reactive
dyes having Azo group used for coloring cellulose, zinc oxide has greater efficiency than titanium dioxide [9]. The use of
mentioned semiconductor Photo-catalyst largely is due to easy availability, low cost, non-toxic and hazardous organic
substances decomposition into minerals such as mineral acids, carbon dioxide and water [9]. In this study, the removal of
reactive dye Red 74 from aqueous solutions using Nano-sized zinc oxide was studied. This dye is orchid bouquet and is a
Azo dye with a N = N group which is soluble in water and in the textile industry for printing on cellulosic fabrics is used.
The main objective of this study was to investigate the possibility of removing dye contaminants from industrial wastewater
and textile industry effluents using zinc oxide nanoparticles. Therefore, the effect of different factors such as solution pH,
the contact time of adsorbent with a solution containing the dye on the adsorption efficiency of RR74 has been
investigated and optimum conditions for dye removal by zinc oxide nanoparticles were determined. The adsorption
kinetics have been studied in detail, and the adsorption isotherms were also studied.

Materials

Reactive dye red 74 with brand AMARYL Brilliant pink B was purchased from the Hindi Cosmonaut Chemicals Company.
Zinc oxide Nano-particles with an average patrticle size of 10 NM and a flower-shaped morphology was synthesized by the
chemical precipitation method and was used as adsorbent. Sodium hydroxide and nitric acid were purchased from Merck.

Instruments and appliances used

The structure and morphology of zinc oxide NANO-particles by X-ray diffraction machine (Phillips, Model XLS30) and
scanning electron microscope (Philips model PW1800) were studied. To measure the dye concentration by two beams
Shimadzu ML1600 spectrophotometer made in Japan, was conducted. pH of the solutions using a pH meter (Metroum,
Model 827) was measured. For stirring the solutions, a magnetic stirrer with a speed of 150 rpm and for weighing samples
SARTERIUS balance with the precision of + 0.0001g was used.

Methods

Zinc oxide nanoparticles were synthesized from microscale zinc oxide using a simple precipitation method. First, 48 g of
ammonium bicarbonate is dissolved in 60 ml of distilled water and then 24 g of microscale zinc oxide is added to the
above solution in two stages. For this purpose, initially 8 g zinc oxide into ammonium bicarbonate solution, while stirring in
water bath of 60 ° C, was added. After half an hour, the rest of zinc oxide (16 g) was added to the suspension and for 1.5
hours was stirred at the same temperature. In the end, the resulting slurry was then dried at 70 ° C and for 2 h was
calcined in a furnace of 400 ° C . Given the range of XRD (Figure 1) and based on the Scherer equation, the average
particle size of 10 nm was obtained. The SEM image of the prepared sample (Figure 2) shows the structure of the flower-
shaped of Zinc oxide nanopatrticles.
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Figure 1 XRD spectra of zinc oxide nanoparticles

Figure 2 SEM image of zinc oxide nanoparticles

Removal of reactive dye Red 74

In order to investigate the potential of Zinc oxide nanoparticles to remove RR74, a certain mass of the adsorbent added
into 50 ml solution containing dye with a certain concentration and the resulting suspension was stirred by a magnetic
stirrer (150 rpm) at 25 ° C. After an appropriate time, the mixture was filtered through a filter paper and by measuring the
solution absorbance at 547 nm wavelength, the residual dye concentration in solution was determined. The optimized
conditions were approached in the maximum capacity of absorption. The impact of various factors on the removal
efficiency of the dye was investigated. The optimized conditions were determined by changing one factor at a time.
Therefore, the effect of pH changes ranging from 3 to 10, the mass of the adsorbent (0.01-0.3/0 g), initial concentration of
RR74 (5-100 mg/l) and stirring time (30-180 min) were studied. In all experiments, the concentration of RR74 before and
after exposure to the adsorbent was calculated using a calibration curve. The removal efficiency and capacity of
absorption were calculated using equations 1 and 2 as follows:

n _ 100(C, ~C,)
<, (1)
_ (CO _Ce )V
| m ?)

Where R is the percentage of the dye removal, ge is the amount of the adsorbed RR74 at equilibrium per unit mass of
adsorbent (mg/ g), Co is the initial concentration of RR74 (mg/ g), Ce is the residual dye concentration in solution (mg/g), V
is the volume of solution (L) and m is the mass of Zic oxide nanoparticles (g). An example of the UV-visible spectrum
solution containing RR74 before and after exposure to the adsorbent was shown in Figure 3. Reduce the absorption of

RR74 indicating the dye absorption by the adsorbent and thus indicate the ability of zinc oxide nanoparticles for the
removal of RR74.
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Figure 3 Absorption spectra of dye Reactive Red 74 (75 milligrams per liter) Before (down) and after contact with
the adsorbent (up)

Results and Discussion
Effect of solution pH on the dye removal

pH of the aqueous solution is a very important factor in the adsorption process. The dye binding to the adsorbent surface
is carried out by surface groups that are highly pH dependent. The effect of pH on the dye absorption by the oxide zinc
nanoparticles have been shown in the figure 4. As it is clear in figure 4, the removal efficiency of zinc oxide nanoparticles
decreases gradually with increasing pH, and most dye removal occurs at pH 3, thereby pH=3 was used as the optimized
one for further testing. This behavior could be explained due to the acid pH of zero point charge (pH ~ 8) and electrostatic
interactions between charged particles of zinc oxide nanoparticles and the dye molecules. Considering that the surface of
Zinc oxide nanoparticles at pH<3 has the positive charge and at pH>8 has a negative charge, therefore a significant
decrease in the absorption capacity at pH>8 is due to the repulsive forces between the negatively charged dye molecule
and the number of positive charges on the adsorbent surface.

The adsorption capacity solution is much higher in acidic solutions than those in neutral and alkaline conditions. This may
be due to the number of positive charges on the adsorbent surface which leads to the no rejection of the negatively
charged dye molecule, and thereby increasing the adsorption.

The effect of contact time on the dye removal

To investigate the effect of contact time of the dye on the absorption value, absorbing dye by zinc oxide nanoparticles in
optimum conditions was investigated and the results were presented in figure 5. As it was shown in figure 5, the
absorption rate was initially high and gradually decreases, and after 60 min, the removal efficiency roughly remains
constant. This behavior indicates that the kinetics of dye absorption on the adsorbent surface is relatively faster, so that
more than 60% absorption occurs in the first 5 minutes. The high rate of the dye absorption at first, and gradually reduce
the absorption rate is due to the certain number of adsorption sites on the adsorbent surface and with the gradual
absorption of dye molecules on the adsorbent surface, the free sites on the adsorbent surface is decreased, therefore, the
free dye species in the solution compete for adsorption on the remaining sites. Based on the results of this study, the dye
absorption approaches to the equilibrium in 60 minutes, and therefore, the optimized time is 60 minutes.
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Figure 4 Effect of pH on the dye removal efficiency, R%, by zinc oxide nanoparticles (Initial dye concentration: 75
milligrams per liter, solution volume: 50 ml, the amount of adsorbent: 0.05 g, contact time: 60 min)
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Figure 5 Effect of contact time on the dye removal efficiency, R%, by zinc oxide nanoparticles (Initial dye
concentration: 75 mg L, solution volume: 25 mL, the amount of adsorbent: 0.05 g, pH: 3)
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Optimization of amount of adsorbent

The effect of the amount of adsorbents for the removal of the dye was investigated at the optimal pH of 3. For all the
experiments, initial concentration of the dye solution was kept constant at 75 mg/L, initial volume was 25 mL and contact
time was 60 min. The results were depicted in figure 6 shows that absorption rate was decreased sharply with decreasing
the amount of zinc oxide nanoparticles up to 0.2 g. Then the absorption rate was not changed significantly with decreasing
amount of adsorbent. Therefore, 0.2 g of the adsorbent was used as the optimum value in subsequent experiments.

120

100 A

80 -

60 -

40 A

Removal efficiency (%)

20 4

0 T T T T
0.00 0.05 0.10 0.15 0.20 0.25

Adsorbent amount / ¢

Figure 6 The effect of adsorbed amount on the dye removal (Initial dye concentration: 75 mg/L; solution volume:
25 mL; contact time: 60 min and pH= 3)

Dye removal from textile wastewater

After determining the optimal conditions for the absorption of dye from aqueous solutions, zinc oxide nanoparticles
capability for the removal of reactive red dye 74 from wastewater of a textile factory, was tested. Two samples (50 mL) of
effluent, with 0.2 g adsorbent were contacted in the optimum conditions. 100 mg of the dye was manually added to a
sample, and another sample without adding any dye was studied. The results indicated that about 90% of the dye were
removed. Besides RR74, industrial textile contains large amounts of other common dyes, therefore, the results of this
study indicate the high performance of Zinc oxide nanoparticles for RR74 removal from wastewater.

The Kkinetic study of the adsorption process

The kinetic study provides the required information about the absorption mechanism. Also, the rate of absorption of
solutes by the adsorbent at the interface of solid-liquid aided these studies is described. A simple kinetic analysis of
adsorption is the pseudo-first-order equation;

k
IOg (qel - qt) = Iog O — 23103t ©))

Where ge1 and q; are the amount of the dye adsorbed at equilibrium and at times, in mg/g respectively, and K is the first
order rate constant, was applied to the present studies of RR74 dye adsorption. The values of Iog( Qu — qt) against t

were plotted (figure 7) and the obtained kinetic data of RR74 dye removal were listed in table 1. Adsorption kinetics for
some system can also be described by a pseudo-second order reaction.

t_ 1 1y

qt - k2 q§2 qu (4)

The equilibrium adsorption capacity (ge), and the second-order rate constant k, (g/mg min) can be determined
experimentally from the slope and intercept of plot t/q: versus t. The applicability of the pseudo-second order models can
be examined by linear plot t/q: vs t respectively as shown in (Figure 6). The correlation coefficient, r?, shows that the
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pseudo-second order model an indication of a chemisorptions mechanism, fits the experimental data slightly better than
the pseudo-first order model. Therefore the adsorption of RR74 can be approximated more favorably by the pseudo-
second order model. The k, (mg g™* min™) and ge (Mg g™ min™) values are listed in table 1.
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Figure 7 Kinetic diagram pseudo-first-order kinetic model (a) and pseudo-second-order (b)

Table 1. Values Kinetics

pseudo-first-order Model pseudo-second-order
Oe1 I(1 Je2 k2 Qe (exp)
R® R?
(mg/g) (9/mg.min) (mg/9) (9/mg.min)  (mg/qg)
Red
R 1 12.47 8.82 0.887 32.36 0.42 30.77 0.999
eactive

Study of adsorption isotherms

Most important models describing adsorption are Langmuir and Freundlich models are as follows [9-11]:

logq, zilogCe +log K,
n (5)

C 1 C

—= +

qe qu qm (6)

ge is the amount of dye adsorbed per unit mass of adsorbent at equilibrium (mg/ g), Ce the equilibrium concentration of
dye (mg/ g), K and n are the intensity and capacity of absorption, respectively. gm is the adsorption capacity (mg g/g) and
b is the Langmuir constant represents the intensity of absorption. In order to investigate the adsorption isotherms, 0.2 g
zinc oxide nanoparticles to 50 mg of dye solution with a concentration of 5-200 mg/L at pH 3 is added and after stirring for
60 minutes, then the obtained data in equilibrium conditions using Freunlich and Langmuir absorption models were listed
in table 1 and shown in figure 8. Langmuir isotherm parameters listed in table 1, show that the correlation coefficients (r2:
0.997) fitting of the data by Langmuir isotherm is more consistent. Also using the values of R, (1> R > 0) indicate that the
absorption obeys the Langmuir isotherm. The results of Freundlich isotherm show that the correlation coefficient is 0.935
and n = 2.1. Zinc oxide nanoparticles absorption of reactive red 74 follow the two isotherms and the dye molecules occupy
the sites on the zinc oxide nanoparticle surface chemically.

e
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Figure 8- Diagrams of Langmuir isotherms (a) and FREUNDLICH (b)
Conclusion

In this study, the absorption efficiency of zinc oxide nanoparticles in the removal of reactive Red 74 dye from aqueous
solutions was investigated. The results showed that the dye removal efficiency is significantly dependent on pH, and the
maximum percentage of dye removal at pH 3 and 60 minutes was approached. The optimum amount of required
adsorbent for the removal of the dye is 0.2 g. The absorption of pollutants nicely followed the Langmuir and Freunlich
isotherm and the maximum adsorption capacity of 28.8 mg/g was obtained. The kinetics of the dye absorption by zinc
oxide nanoparticles obyes quasi-second-order model. The results showed that zinc oxide nanoparticles as biocompatible
adsorbents remove the reactive red 74 dye successfully from agueous solutions especially industrial textile.
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