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Abstract

Over the last few decades, nanotechnologies have gained a great deal of attention, and
various nanomaterials and techniques have been developed for water remediation. This study
deals with the adsorption of Naphthol green B onto the magnetite nanoparticles synthetized by
the coprecipitation method at the laboratory temperature. According to the obtained results,
the sorption process is obvious only at the acidic condition when the pH of solution decreases
to pH level 3. According to nonlinear fit of experimental data, the sorption of the Naphthol
green B onto magnetite nanoparticles is assumed as multilayer, while the Freundlich model fits
better (96.158 %) than the Langmuir model does (55.941 %).
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INTRODUCTION

Residual dyes are the main contaminants present in wastewater from many industries, such
as dyeing, cosmetics, food, hair dye, inks, packaging, paper and pulp, pharmaceuticals, plastics,
printing, rubber, textiles and others that pollute water [1]. In the textile industry, dyeing is
associated with a large amount of water, and thus produces a larger amount of coloured
wastewater. In that industry, there is about 1-2 % loss of dyes in wastewater during the
production of dyes, and 1-10 % loss of dyes in wastewater during the use of dyes. Residual
dyes in wastewater are common pollutants in water even in small quantities [2]. A dye
concentration of only 1.0 mg per litre adds colour to wastewater and is considered unfit for
human consumption. It can cause several health problems [3]. Dye contamination poses a
serious risk because conventional dyes usually exhibit a synthetic and complex chemical
structure making them very stable and difficult to biodegrade [4, 5]. Wastewater colour is one
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of the key water quality measures. The discharge of synthetic dyes into water bodies prevents
light from entering the aquatic flora, thus preventing photosynthesis. Wastewater is discharged
into agricultural fields, thereby reducing soil productivity, preventing root penetration, and
damaging soil structure. Organic substances present in textile wastewater react with many
disinfectants, especially chlorine, which can evaporate into the air and enter the human body
by inhalation and absorption through the skin, causing allergic reactions [6].

Dyes classification

Dyes can be classified according to chemical structure, colours, applications and the
number of particles in solution. Normally, dyes can be divided into natural (natural sources
such as plants, animals, including hematoxylin, carmine and orcein) and synthetic dyes
(organic, inorganic compounds). Synthetic dyes are gradually replacing natural dyes, especially
in textile industries. In addition to the above categorization, dyes are very often classified
according to chemical structure, including azo, anthraquinone, indigoid, nitroso, nitro and
triarylmethane [7, 8]. Azo dyes are the most important group of synthetic dyes and represent
the largest class of the dyes used. Many types of azo dyes are known, and there are several
classification systems. Some classes include dispersing dyes. In another classification, azo dyes
can be classified according to the number of azo groups. Most azo dyes contain only one azo
group (monoazo), but some may contain two (diazo), four (tetrakisazo) or more classes. Azo
compounds are widely used in many industries, such as textiles, cosmetics and paper [9].

Naphthol Green B (NGB) sometimes specifically referred to as Acid Green 1. NGB is a
complex of iron (3") with 1-nitroso-2-naphthol-6-sulfonic acid [10]. Naphthol green-B is one
of the highly soluble anionic dyes, which belongs to the azo dyes and is a derivative of
naphthenic acid. This dye is mainly used by the textile industry to dye and print wool, nylon
silk fabrics and leather. It has photo-redox properties, and can be involved in electro-
polymerization. However, iron does not appear to play a role in tissue staining [11]. Owing to
its low cost and efficiency of electron transfer, NGB acts as a mediator in electro catalysis,
especially for dopamine and uric acid, and can also be used in several spectrophotometric
devices [2]. Naphthol green dye B is dangerous for humans. It may cause health problems such
as increased heart rate, shock, and cyanosis [5].

Dye removal methods

Dyes are extremely toxic, carcinogenic and cause mutations in various species of aquatic
animals. High costs are incurred for the routine removal of pollution, and health problems are
eradicated by eliminating biological and dye-based pollution [12]. Methods used to remove the
dye include physical methods, chemical methods, and biological methods [1]. Multiple
technologies have been applied to remove dyes from various aqueous solutions, including
coagulation [13], flocculation [14], electrocoagulation [15, 16], electrochemical
decolorization, froth flotation, ion exchange, membrane filtration, reverse osmosis, microbial
decolorization and degradation (it is inexpensive, eco-friendly, and produces less amount of
sludge for degradation of azo dyes) [17]. However, these methods (except for microbial
method) contain non-negligible flaws in real industrial applications since they are of high
capital and operational costs. Considering the initial cost, flexibility and simplicity of design,
ease of operation and insensitivity to toxic pollutants, adsorption technique has been approved
to be more effective in water re-use. However, except for the high cost, secondary pollution
along with the necessity of using post grafting with functional groups to modify the surface of
these adsorbents is another primary drawback for large-scale industrial applications. This
suggests the significance of searching other alternative absorbent which would remain low-
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cost and equally effective [18]. Over the last few decades, several literature reviews concerning
the use of low-cost adsorbents for wastewater treatment have been published [19]. However,
traditional adsorption processes, using for example bentonite, require centrifugation or self-
precipitation stages, therefore these methods fail to treat large flow rates and for large-scale
applications. In sharp contrast, magnetic nanomaterials, such as FesOas, have drawn
considerable attention and are extensively studied as removal adsorbents due to their magnetic
properties and recycling capability [18]. Magnetic separation of adsorbents has proven its utility
as a promising technique for wastewater treatment due to its advantages such as the lack of
flocculants produced and the large quantity of effluent manipulated in a limited period of time,
which recommend the magnetic materials as suitable candidates for dye sequestration with
rapid separation and improved decontamination efficiency of water [20]. Adsorption studies
have indicated the potential of iron oxide nanoparticles for environmental remediation as a
result of their chemical stability, high surface areas and ease of magnetic recovery [21]. E.g.
in [21] superparamagnetic magnetite nanoparticles synthesized by the chemical co-
precipitation, the removal efficiency of indigo carmine dye was higher than in the commercial
magnetite nanoparticles (87 % removal efficiency in accordance to 33 % in case of the
commercial product).

MATERIALS AND METHODOLOGY OF EXPERIMENT

Analytical methods

The concentration of selected dyes in the solution was measured in a 1 cm cuvette using
UV-VIS spectrophotometer (Genesis 8).

Adsorbent

All chemicals were analytical grade and employed without any further purification. The
synthesis of magnetite nanoparticles were performed according to the previously reported
method [22] with certain modifications described below. The most important one was the
change of temperature decreased from 80 °C to 20 °C because of saving the energy required
for the particle’s preparation. To synthetize one dose of FesO4 nanoparticles, 1.98 g FeCl24H,0O
and 5.4g FeClz.6H.0 were dissolved in 200 mL distilled water in a three-neck flask vessel and
vigorously stirred at the laboratory temperature (20 °C) under a nitrogen atmosphere (distilled
water was previously deoxygenated by the nitrogen for 20-30 minutes). After the drop- wise
addition of 20 mL NH4OH (25 wt. %) and continuous stirring for 30 minutes, the magnetite
was precipitated in the solution. After standing the solution alone for one hour without stirring,
the precipitate was washed three times with distilled water. The decantation process was
accelerated using neodymium magnet. The Fe304 magnetic nanoparticles (MNP) were stored
in the distilled water for further use in a closed glass bottle, while the concentration was
determined gravimetrically. Nanoparticles prepared by this procedure had 57 % of particles of
the diameter 9-12 nm, and 21 % of the diameter 15 nm.

Adsorption experiments

The adsorption study of NGB onto nanoparticles was carried out by batch equilibrium
experiments. A known mass of adsorbent (5.0 mg) was suspended in 25 mL of NGB solution
of different initial concentration (2.0-30.0 mg L) in stoppered 50 mL flasks and kept under
isothermal conditions in a shaking water bath at 150 rpm at the desired temperature (25 °C).
The experiments were carried out in triplicates.
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The amount of RGB dye adsorbed to gram of nanoparticles was calculated by the following
equation (1):

(C - Ce) 14
Qe = et @)
where Q. is amount of adsorbed NGB on adsorbent at the equilibrium — equilibrium adsorption
capacity (mg/g™ of MNPs), C, is the initial concentration of RGB in solution (mg L), C, is the
concentration of RGB in solution at equilibrium (mg L), m is the mass of used adsorbent (g),
and V is the volume of used RGB solution (L).

The NGB removal efficiency

A known mass of magnetic adsorbent (15 mg, 30 mg) was suspended in 25 mL of dye
solution at the initial concentration of 10.0 mg L™ of NGB in stoppered 50 mL flasks at the
desired temperature (25 °C) for 60 seconds.

The Naphthol green B removal efficiency (R) in % was determined based on the decrease
in the concentration of the dye before and after absorption at time t, and calculated using the
following equation (2):

R= "% 100 [%] )

Co
where Co and Ct (mg L 1) were the initial concentration and the concentration of NGB at t.
RESULTS AND DISCUSSION

Effect of the pH value and the dosage of Fe3O4

The behaviour of MNP adsorbent is closely related with the pH value of the solution, since
pH largely affects physical properties of the adsorbent molecules, such as surface charge,
ionization degree and existence species. Figure 1 shows that the sorption process is only
effective when the pH of the dye solution drops to 3; otherwise the removal efficiency decreased
to 1.4 — 4.9 % when the pH of the solution was 4 — 9 respectively. According to this result,
further experiments were conducted at pH 3. The removal efficiency of NGB studied under acid
conditions (pH3) increased with the dose of the used adsorbent (Figure 2).
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Figure 1 Effect of pH value on the removal efficiency of Naphthol Green B (10 mg L) using
magnetic adsorbent Fe3O4
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Figure 2 Effect of Fes0, dosage on the removal efficiency of Naphthol Green B (10 mg L™) at pH 3.0
The study of adsorption isotherms

For the description of the adsorption equilibrium, the Langmuir and Freundlich isotherm
equations were applied to the experimental data, both non-linear (Figure 3), while the linearized
(Figure 4) forms were used to compare and calculate the isotherm parameters, which are
summarized in Table 1.
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Figure 3 Adsorption isotherms of experimental data — nonlinear Langmuir and Freundlich model
at pH 3, 25 °C, 5 mg of Fe3Os
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Figure 4 Adsorption isotherms, Langmuir and Freundlich linear regression
at pH3, 25 °C, 5 mg of Fe30O4
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Table 1 Adsorption parameters calculated according to the linear and nonlinear
Langmuir and Freundlich models
Langmuir model Freundlich model
Qmax Ke R? 1/n Kr R?
[mgg?] | [Lg'] | [%] [Lg7] [%]
Linear 48.7092 | 2.64221 | 99.794 | 0.05995 | 40.0175 99.395
Langmuir model Freundlich model
Qmax KL R? n Kr R?2
[mgg?] | [Lg'] | [%] [Lg”] [Lg”]
Nonlinear | 45.183243 | 21.34993 | 55.941 | 16.2533 | 39.9316 96.158

Note:

Ce is the dye concentration at equilibrium (mg L™); Qe is the equilibrium adsorption capacity (mg g*); K. is the
Langmuir adsorption constant (L g); Qmax is the maximum adsorption capacity (mg g); Kr is the Freundlich
constant (L g™%); n is the heterogeneity factor of adsorption sites (dimensionless).

According to Table 1, in the nonlinear fitting, the Freundlich model fits better than the
Langmuir does. In general, the better fit of the Langmuir model demonstrated that the
adsorption is implemented as the monolayer coverage on the surface of the adsorbent, while the
Freundlich isotherm describes a heterogenous adsorption process that assumes an exponential
distribution of active sites. The slope (1/n) in the linear model ranging between 0 and 1 is a
measure of adsorption intensity or surface heterogeneity, becoming more heterogenous as its
value gets closer to zero [23]. Usually, nonlinear models are more precise, than the linearised
forms are. According to the nonlinear fit of experimental data, the sorption of the naphthol
green B is assumed as multilayer, while the nonlinear Freundlich model fits better (96.158 %)
than the Langmuir model does (55.941 %).

CONCLUSION

The main environmental problem of the textile industry is high consumption of dyes and
consequently toxic pollution of water. The most critical situation is in countries known for high
textile production, such as China, India, Thailand, Bangladesh, and Vietnam. The commonly
known dye removal methods are not very economical or efficient. Therefore scientists are
focusing on newer and more effective technologies for removing dyes from water.
Nanotechnology is a relatively new technology which researchers employ for dye removal,
especially the use of nanoparticles in the removal of various contaminants from the
environment. Magnetic nanoparticles are low-cost, easy-to-process, reusable, and exhibit
superparamagnetic properties.

The sorption process of Naphthol green B onto prepared magnetite nanoparticles is
strongly pH dependant, while it only took place when the pH of the solution decreased to the
pH value 3. According to the isotherms modelling, the sorption is assessed as multilayer. Only
5 mg of synthetized magnetite nanoparticles were needed for the 97 % removal of the Naphthol
green B (10 mg L) from the solution at pH 3.
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