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Abstract 

Adsorption is one of the promising strategies for aqueous dye remediation. A lot of attention has been paid to textile 
wastewater treatment using smart materials. In this study, we formed the N-FeO to test its properties by using FTIR 
and TEM technique. We also tested AC, N-FeO and mixed N-FeO/AC to investigate the adsorption efficiency of 
lipophilic cationic dye (LCD) removal from aqueous solutions of each individually under. The results showed that the 
removal percentage of lipophilic cationic dye by using activated crbon was increasing significantly with AC wight (P-
value < 0.01), and the highst removal was to 0.1 ppm of dye (52%). While the lowest dye removal percentage was 
14.3% of 1ppm dye concentration and 0.05g AC. The rmoval of dye, by using N-FeO, was depant on the concentration 
of dye and the amount of N-FeO. The highst percentage of dye removal was 45% ±3.69 of 0.1 ppm concentration with 
using 0.3g and 0.35 g of N-FeO. While the lowest removal percentage of dye was 7.3%±2.49 of 1ppm with using 0.05g 
of N-FeO. The using of N-FeO/AC mixture leads to a significant removal percentage of dye in different concentrations 
compared with using each of them a lone. By this mixture, the highest removal of dye reached to 98%±3.47, 
92%±3.96, and 88%±1.44 of 0.1ppm, 0.5ppm, and 1ppm respectively by using 0.35g of N-FeO/AC mixture. While the 
lowest dye removal percentage was 54%±1.1, 46%±0.98, and 40%±2.49 of 0.1ppm, 0.5ppm, and 1ppm respectively 
by using 0.05g of N-FeO/AC mixture. This study suggested that the increase in adsorption at low dye concentration 
was due to the availability of active sites that were saturated While the adsorbing surface area will increase with the 
N-FeO/AC mixture, the percentage of dye removal at constant temperature will also increase, and it is nessesary to 
using more chemometric test of this mixture for testing the best removal environment of this kind of dye. 
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Introduction 

Nanotechnology has the ability to replace 
traditional methods and improve wastewater 
technologies for the next generation (Ajmal et al., 
2019; Bibi et al., 2019). Nanoparticles are used for 
the treatment and purification of wastewater due 
to their properties such as high reactivity, high 
surface area, nctionalization and efficiency (Fu 
adsorption is widely considered to be a very 
efficient because of the relatively low cost, 

increased efficiency and effectiveness (Jamil et al., 
2019; Bhatti et al., 2018). Petrochemical, paper, 
textile and food industries, along with other 
industrial enterprises, produce a wide range of 
wastes. Industrial wastewater, such as dissolved 
organic matter and colloidal suspension, are the 
main components of these industrial effluents. 
Effluents with different compositions require 
different treatment.  
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Coagulation and flocculation, bed filtration, 
membrane filtration, precipitation, biodegradation 
and oxidation cannot be effectively treated with 
that industrial wastewater (Minas et al., 2017; 
Jafarinejad, 2017). Adsorption techniques have 
significant advantages, such as adaptability, ease of 
use, and reliability (Hamilton-Amachree and Iroha, 
2020; Jonidi Jafari et al., 2016). Adsorption has 
emerged as a useful technique for the maintenance 
of waste. Many different methods have been 
applied in water treatment such as filtration, 
precipitation, adsorption, filtration using chlorine 
or hydrogen peroxide, bacteria and membrane 
systems. To date, some maghemite supported on 
cross-linked chitosan, mesoporous biochars,              
silica-coated magnetite spheres, activated carbon 
and clays are applied as adsorbents (Kakavandi et 
al., 2018; Babaei et al., 2016). Recently, the 
adsorption of dyes and metal oxide was strongly 
concentrated on nanoparticles (NPs). Due to its 
porous structures and wide surface areas, NPs have 
provided promising efficiency (Kakavandi et al., 
2019). Other studies have also shown that the self-
composite nanostructures have been prepared 
using different moieties and used in different fields, 
for example, nanocomposites that use different 
types of compounds as catalysts (He et al., 2019), 
nanostructures of palladium with dyes to create a 
visible signature that could replace ink (Wang et al., 
2019), and composite materials with two types of 
components that can be used in different 
mechanisms, such as a gas sensor (Hou et al., 2019) 
and a catalyst (Zhu et al., 2019). The lipophilic 
cationic dye (safranin) is one of the oldest dyes are 
used. C20H19N4Cl is the molecular formula for this 
dye (Bhateria and Singh, 2019). It is water soluble 
(Ciambell et al., 2019), so it used in food and 
dessert coloring by several industries (e.g. paper, 
textile and silk industries), despite the advantages 
of this dye, but it causes water pollution when 
discharged into the water and affects human health 
(Sayhood and Mohammed, 2015). There are several 
methods of removing dyes from water and one of 
the most relevant technologies is adsorption. 
Adsorption technology is used because it is easy to 
use, inexpensive and highly effective to absorb dyes 
from water (Sahoo and Prelot, 2020). Recently, 
adsorbent activated carbon by adsorption 
technology has been commonly used in the 
processes of removal. Activated carbon has a wide 
surface area and quantity that can ideally be used 
to eliminate dyes as an adsorption (Aljafery et al., 

2018). Due to its good qualities, which are highly 
effective, inexpensive and abundant, the use of 
nano-iron oxide has started to extract dyes from 
water in the last few years, and nano-iron oxide is 
used in many applications, including medicine and 
chemistry, industrial water treatment and other 
applications (Kaur et al., 2015).  
From the above aforementioned facts, Activated 
carbon (AC), FeO nanoparticles (N-FeO), and 
mixture of N-FeO/AC efficacies were evaluated for 
the absorption of lipophilic cationic dye.  
 

Material and Methods 

Preparation of N-FeO: Using a precipitation 
process, FeO nanoparticles were synthesized. By 
dissolving FeSO4 in deionized water through a 
conical flask connected to the solution of nitrogen 
purging. Then, a well-mixed prepared iron solution 
was applied drop-wise to the NaOH solution. The 
final pH of the iron solution was held at 10. After 
that, for two hours, the temperature was increased 
to 80°C. The salts were separated by magnetic 
separation from the precipitated nanoparticles and 
rinsed with deionized water 5 times until the pH of 
the supernatant was reduced to 8.5 ranges. The 
intensely greenish precipitated nanoparticles were 
dried for two hours in an oven at 70 °C (Girginova 
et al., 2010). FTIR (SHIMADZU IR Tracer-100-
MIRacle 10 ) analysis confirmed the formation of              
𝛾-Fe2O3 from Fe3O4 at calcination at 300∘C. 
Morphology and particle size were examined by 
High resolution transmission electron microscopy 
(JEM-2100F, JEOL) by diluted of a few drops of 
nanocomposite solution into 1 ml of ethanol, then 
placed onto a carbon coated copper grid and 
allowed to evaporate (Kostyukova and Chung, 
2016). 
Determine the λmax of lipophilic cationic dye: UV-
visible spectrometer (UV-1900i UV-VIS 
Spectrophotometer from Shimadzu) within the 
range of 200-800 nm with a quartz cell (1cm) were 
used to determine the maximum wavelength of this 
dye. Triplicates of five gradient concentrations (0.5, 
1, 2, 5 and 10 mg/L) were prepared from lipophilic 
cationic dye (LCD) to set the calibration curve, and 
then the absorption of these concentrations was 
determined at the maximum dye wavelength, and 
then the calibration curve was formed between the 
absorption and the concentration. The Least 
Squares approach has been used as a method for 
statistically treating absorption values (Fig. 1). We 
found that the λmax for LCD is 560nm.  
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Determination of potential dye adsorption: 
Three LCD concentrations (0.1, 0.5, and 1 mg/L) 
were taken in 100 ml of distilled water to test our 
hypothesis. To determine the removal efficiency of 
LCD by AC and N-FeO, the equivalent percentage of 
activated carbon and N-FeO were combined in six 
different weights (0.05, 0.1, 0.2, 0.25, 0.3, 0.35 gm) 
then comparion the removal effeciancy with using 

each of AC and N-FeO separately in the same 
weights. For each test, with continuous solution 
stirring, the 100 ml solution was triplicat applied 
separately for 20 minutes, respectively. By using 
filter paper (Whatman #1) filtered the solution, 
then we measured the remaining filter's 
absorbance. 

 

 

Fig. 1. Calibration curve for lipophilic cationic dye (mg/L) 

 
Result and Discussion 

Characters of synthesized N-FeO: Fig. 2 showed 
that the IR absorption bands were about 443, 590, 
and 639 and that were due to the vibrations of              

Fe–O bonds in magnetite and these absorption 
findings were similar to some previous studies.  
 

 

Fig. 2. The FTIR spectra of FeO nanoparticles 

 
The morphology of particles prepared under 
various molar ratios of iron oxide nanoparticles has 
been studied. The TEM picture showed that, as 
shown in Fig.3, the N-FeO appeared as hexagonal 
sheets, square sheets, irregular shaped, multiple 

twins, octahedral, and cubic. The hexagonal sheet 
was semi-transparent, the mean diameters were 
around 200±38nm. The current results were 
agreed with Mazruaa et al. (2019). 
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Fig. 3. TEM photographs of FeO nanoparticles 

 
Using AC to dye removal: The most common 
adsorbent for the removal of many organic 
pollutants is activated carbon (Yu et al., 2017). 
Activated carbon have wide surface area and 
abundance which preferable to use as a sorbent to 
remove dyes ( Aljafery et al., 2018). As showen in 
Fig. 4, the removal percentage of lipophilic cationic 
dye by using activated crbon was increasing 
significantly with AC wight (P-value < 0.01), and 
the highst removal was to 0.1 ppm of dye (52%). 
While the lowest dye removal percentage was 
14.3% of 1ppm dye concentration and 0.05g AC. 
This result was agree with Dahlan et al. (2014) and 

Yu et al. (2017). The dye molecules will combine 
with the activated carbon surface until that surface 
is saturated, meaning that high dye concentrations 
need more activated carbon surface area to 
increase the adsorption efficiency technique. Due to 
its low adsorption power, which is due to limited 
specific surface area and poor performance of 
adsorption selection, as well as limitations of 
functional groups and electrochemical properties of 
the surface, we need modification AC to be more 
efficiency (Kuang et al., 2020). 
 

 

Fig.4. The dye removal percentage by using AC 

 

Using N-FeO to dye removal: As showen in Fig.5, 
the rmoval of dye was depant on the concentration 
of dye and the amount of N-FeO. The highst 

percentage of dye removal was 45% ±3.69 of 0.1 
ppm concentration with using 0.3g and 0.35 g of N-
FeO. While the lowest removal percentage of dye 
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was 7.3%±2.49 of 1ppm with using 0.05g of N-FeO, 
this results were closed to that was recorded by 
Noreen et al. (2020a) that the removal of dyes 
depends on the dose of N-FeO (Ishtiaq et al., 2020), 
concentration of dyes (Noreen et al., 2019; Mushtaq 
et al., 2016 ), pH (Ishtiaq et al., 2020), temperature 

(Kausar et al., 2018), and contact time that the 
initial adsorption increases before equilibrium is 
reached due to the availability of active sites 
(Shoukat et al., 2017). 
 

 

Fig. 5. The dye removal percentage by using N-FeO 

 
Using the combination of AC and N-FeO: The 
using of N-FeO/AC mixture, in same wight, leads to 
a significant removal percentage of dye in different 
concentrations compared with using each of them a 
lone. By this mixture, the highest removal of dye 
reached to 98%±3.47, 92%±3.96, and 88%±1.44 of 
0.1ppm, 0.5ppm, and 1ppm respectively by using 
0.35g of N-FeO/AC mixture. While the lowest dye 
removal percentage was 54%±1.1, 46%±0.98, and 
40%±2.49 of 0.1ppm, 0.5ppm, and 1ppm 
respectively by using 0.05g of N-FeO/AC mixture. 
Moreover the removal percentage of dye was 
gradiant according to the concentration of dye and 
dose of N-FeO/AC mixture (Fig. 6). This finding is 

very important to doublicated the removerl 
percentage and increasing the effeciancy of dye 
treatment. The increase in adsorption at low dye 
concentration was due to the availability of active 
sites that were saturated and the adsorption 
potential at higher concentration was not 
significantly increased, thereby increasing the mass 
transfer force, which overcomes the resistant force 
responsible for low dye ion adsorption. While the 
adsorbing surface area will increase with the N-
FeO/AC mixture, the percentage of dye removal at 
constant temperature will also increase (Mushtaq 
et al., 2016). 
 

 

Fig.6. The dye removal percentage by using AC+N-FeO 
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Conclusion 

The created N-FeO appeared as multible shapes 
and large adsorbtion area. The using of AC and N-
FeO, each a lone, to treatment the LDC leads to 
remove less than 50% while the use of N-FeO/AC 
mixture leads to doblicated the removal 
percentage. So we suggested to using more 
chemometric test of this mixture for testing the 
best removal environment of that dye. 
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