ISSN 2689-8268 | Volume 6

American Journal of Surgery and Clinical Case Reports

Research Article Open Access

Removal of Congo red and Mordant Dyes via Photodegradation Using ZnO/Fe203

Nanocomposite
Sponza DT*

Department Environmental Sciences, Faculty of Engineering Environmental Engineering, Turkey

"Corresponding author:

Delia Teresa Sponza,
Department Environmental Sciences, Faculty of

Engineering Environmental Engineering, Turkey

Keywords:

ZnO/Fe203; Nanocomposite; Photocatalytic; Mordan;
Congo red; Dye; Textile; Pollutant; Reuse

Received: 28 July 2023
Accepted: 04 Sep 2023
Published: 11 Sep 2023
J Short Name: AJSCCR

Copyright:

©2023 Sponza DT, This is an open access article distrib-
uted under the terms of the Creative Commons Attribu-
tion License, which permits unrestricted use, distribution,

and build upon your work non-commercially.

Citation:

Sponza DT. Removal of Congo red and Mordant Dyes
via Photodegradation Using ZnO/Fe203 Nanocompos-
ite. Ame J Surg Clin Case Rep. 2023; 6(16): 1-8

1. Abstract

The presence of dyes in aqueous media, even in low concentra-
tions caused adverse effects on human, animal, and environmen-
tal health. Congo red and mordant dyes are widely used in textile
industry and their concentrations were high in the environment.
Since non treated dyes cause problems, it appears necessary to re-
move the dyes from the environment. The current study investigat-
ed the congo red and mordant dyes via photocatalysis process us-
ing ZnO/Fe203 nanocomposite as a low-cost catalyst. The effects
of variables such as ZnO/Fe203 nanocomposite dosage, solution
pH, initial dye concentration and UV power on dyel removal were
investigated. For maximum removals of mordant and congo red
dyes (99%) the optimal conditions were 500 mg/L individual dye
concentrations, 2 mg/L ZnO/Fe2 O3 nanocomposite dosage, 50 oC
temperature, 70 W/m2 UV ligth power, 30 min photodegradation
time, pH= 7,00 and after utilization of nanocomposite 19 and 20
runs the dye removals were dwtwcted as 97% and 96%. FTIR anal-
yses exibited that OH groups create an electron and a hole, causing
the electron transfer it to the dyes and react with the dyes’s free
radicals. XRD analyses for ZnO and iron oxide samples showed
that impurity groupd containing peaks was not identified. SEM re-
sults showed that the ZnO nanoparticles exhibited flower-shaped
and ZnO/Fe2 O3 nanocomposite exhibited an excellant uniformity
in particle size distribution. The high photocatalytic activity can be
attributed to enhanced charge separation derived from coupling of
Zn0O and Fe203. The nanocatalyst was reused 18 times with yields
as high as 99%. According to the obtained results, the photocata-
lytic process in the presence of ZnO/Fe203 nanocomposite has
high efficiency in removing dyes from wastewater sources.

2. Introduction

Most of the living organisms depend on water resources for at least
their basic survival. It is a well-known fact that both industrial
and human activities produce nondesired effects on several natu-
ral resources. In this category are included water and wastewater
containing pollutants such as dyes [1-5]. As the hazards associated
with the more than 100,000 different commercial molecules start-
ed to be known, many possible treatments for their removal have
appeared. Some water protocols include the removal of pollutants
either selectively or not, while other treatments are addressed to
not only remove but also destroy the dye to more simple less-haz-
ardous structures [6-12].

There are also several biological, physical, and chemical treat-
ments oriented to achieve dye’s removal, and there is a number of
materials which have been made available for this same purpose.
Some biological and advance treatment processes were not remove
ultimately the dyes and some recalcitrant metabolites released to
the environment. Among all the possibilities, nanocomposite ma-
terials appear as convenient and promising options and they have
demonstrated outstanding capabilities for dyes removal. They are
composed of at least two materials: one acting as the filler or re-
inforcement at the nanoscale, and the other comprises the matrix.
Therefore, it is possible to design a composite material according
to its desired application, with particular emphasis on its efficiency
and capability of reuse [12-20].

Congo red is an organic compound, the sodium salt of 3,3'-([1,1'-bi-
phenyl]-4,4'-diyl)bis(4-aminonaphthalene-1-sulfonic acid). It is an
azo dye. Congo red is water-soluble, yielding a red colloidal solu-
tion; its solubility is greater in organic solvents. The use of Congo
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red in the textile industry has long been abandoned, primarily be-
cause of its carcinogenic properties but it is still used for histolog-
ical staining [18-25]. Mordant dyes are acid dyes having chelating
sites to form stable coordination complex with metal ions from
metal salts (mordants). Dyes can form chelates with different mor-
dants to develop various shades with superior wash fastness. A
mordant or dye fixative is a substance used to set dyes on fabrics.
It does this by forming a coordination complex with the dye, which
then attaches to the fabric. It may be used for dyeing fabrics or for
intensifying stains in cell or tissue preparations. Although mor-
dants are still used, especially by small batch dyers, it has been
largely displaced in industry by directs [19-26].The term mordant
comes from the Latin mordere, “to bite”. In the past, it was thought
that a mordant helped the dye bite onto the fiber so that it would
hold fast during washing. A mordant is often a polyvalent metal
ion, and one example is chromium (III). The resulting coordina-
tion complex of dye and ion is colloidal and can be either acidic or
alkaline. Mordants include tannic acid, oxalic acid, alum, chrome
alum, sodium chloride, and ertain salts of aluminium, chromium,
copper, iron, iodine, potassium, sodium, tungsten, and tin.Natural
mordant was obtained by concentrating aqueous extract of banana
flower petaloids under reduced pressure and evaporating it to dry-
ness. Bharat Merino sheep wool yarn dyed with turmeric (Curcu-
ma Longa) was subjected to mordanting separately with natural
mordant and chromium under the identical conditions. Out of the
different concentrations of the mordants used, 3.5 % natural mor-
dant and 1.5 % chromium (on the weight of yarn) showed similar
colour fastness, reflectance, colour shade and K/S values [18-27].

The nanocatalysts serve as a conduit for homogeneous and hetero-
geneous catalysts due to their highly active surface and capacity to
be separated after the reaction [18-29] nanotechnology decreases
the quantity of catalyst, energy, and time needed to complete a
process. Iron oxide (Fe2 O3), on the other hand, is appropriate
for absorbing wavelengths in the visible light spectrum and has
a relatively small energy gap [27-29]. The most significant mag-
netic benefit of Fe203 is the ease with which magnetic iron oxide
may be readily extracted from solutions using an external mag-
netic field. Understanding the fundamental features of Fe203 is

crucial to determine the photoelectric and photochemical proper-
ties because different semiconductors have sufficient energy gaps
to catalyze a variety of chemical processes [26-29]. Due to their
chemical, magnetic, and photoluminescent capabilities, as well as
their application as active components in gas sensors. ZnO and
Fe203 have been proposed as luminescence cells in composite
particles made of magnetic nuclei. Potential biological and bio-
medical uses for these composite particles include the detection of
cancer cells, germs, and viruses, as well as magnetic isolation.lin
most of the research related to the photocatalytic degradation of
direct blue 199 and basic yellow 28 dyes, ultraviolet light has been
used as a source of radiation [18-26]. Ultraviolet light is extremely
dangerous for human skin and has a higher economic cost than vis-
ible light. Therefore, one of the innovations of this research is the
synthesis of photocatalysts with the ability to act against visible
light radiation. The supply of raw materials in the photocatalyst
synthesis process is from the waste of the filtration unit of the gas
pressure reduction station, among other innovations used in this
research. With this strategy, the waste cycle of a unit has become
a photocatalytic product that can remove environmental pollution
[27-29].

In the present study, ZnO/Fe203 heterojunction has been success-
fully synthesized under laboratory conditions for photocatalytic
degradation of congo red and mordant dyes. The synthesized sam-
ples were subjected to XRD, FTIR, SEM, TEM and FESEM for
microstructural and mor)phological investigation. In order to de-
tect the optimal operational conditions for maximum removals of
congo red and mordant dyes the effect of increasing ZnO-Fe203
concentrations ( 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg/L), dye concen-
tration (50, 100, 150, 200, 300, 500 and 700 mg/l), temperature
increase (20, 30, 50 and 70 oC), Ph (4-11), UV power (“0, 30, 40,
70,90, 120 and 150 W/m2), photodegradation time (10, 20, 30, 40,
50, 60 and 70 min) were investigated. Furthermore the reusability
of the nanocomposite was evaluated.

3. Material and Methods

The formula of congo red and mordant dyes used in this study was
tabulated in Table 1.

Table 1: Formula and properties of dyes used in this study

Dyes Formula

Congo red Mordant
Molecular Formula: C,H,NNaOS, C,,H,1Na309
Molar weigth : 696.665 488.29
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3.1. Preparation of the ZnO/Fe203 nanocomposite

In the preparation of ZnO/Fe203 nanocomposite, 19.9 mg FeCl3
and 205 mg ZnO particles were added to 50 mL of deionized wa-
ter, and the mixture was dispersed at 100 °C for 12.0 h . After cool-
ing to 20 °C, the nanoparticles were separated using centrifugation
and washed several times with ethanol and deionized water. The
ZnO/Fe203 nanocomposite was dried at 100°C for 3.0 h and then
was used as the catalyst in the photodegradation of dyes [15].

3.2. Measurement of Dyes

The dyes, was quantified by HPLC using a with an Ultimate Plus
C18 column (150 mm X 4.6 mm, 5 um).5 The mobile phases were
a 30:70 (v/v) mixture of methanol and 0.1 mol L—1 acetic acid
solution. The HPLC conditions used were as follows: 35°C col-
umn temperature, 280 nm detection wavelength, 1.0 mL min—1
flow rate and 5 pL injection volume. Quantification of dye content
in each sample was carried out using an established calibration
curve of dyes with good linearity (R2 = 0.99. All samples and
standards were first prepared using 50% methanol as a solvent.
For complete release of the dyes, HE-loaded microcapsules were
first dispersed in water with 10 minutes of sonication and were
then diluted with methanol before analysis.

3.3. Characterization of Congo red and Mordant Dyes

For surface evaluation, FTIR spectroscopy (Germany) was uti-
lized in the frequency range of 200 to 5000 cm-1. The KBr pellet
method was used to prepare the sample. The sample to KBr ratio
in the synthesized materials was 1:100. In each example, 1 mg of
dried material and 100 mg of KBr were homogenized in a trans-
parent tablet at 200 kg/cm for 5 minutes using a mortar and pestle.
Powder XRD in the 2-extent of 10-80 was performed on the syn-
thesized materials using an advanced XRD diffract meter (Cu K, =
1.5406). The surface morphology of the samples was studied using
a field-emission scanning electron microscope (FESEM: Hitachi).
Transmission electron microscopy has been used to examine ba-
sic and chemical resources at the nanoscale. TEM analysis were
performed in an electron microscop (Olympia) to determine the
nanocrystal sructure of nanocomposite.

3.4. Samples

The dye samples was taken from a textile industry wastewaters

4. Results and Discussion

4.1. FTIR analysis results of ZnO/ Fe203 nanocomposite

The peak 3840 cm-1 showed the connection of O-H bonds (Fig-
urel). The presence of O-H peaks is an indicator to show the in-
creasingof photocatalytic activities. Under certain situations, OH
groups create an electron and a hole, causing the electron transfer

it to the dyes and react with the dyes’s free radicals. The presence
of CO2 in the air causes the 2000 cm-1 peak. Peaks 1200 cm-1

and 605 cm-1 show the production of a ZnO-Fe2 O3 nanocom-
posite. Peaks 550 cm-1 and 495 cm-1 reflect the vibrational bonds
Fe-O and Zn-O, respectively. SEM analyses were porformed fort
he morphological analysis of nanocomposite.

4.2. XRD analysis of ZnO/ Fe203 nanocomposite

The XRD pattern for ZnO and iron oxide samples matches to their
standard card and no extra impurity-related peak was identified.
Diffraction peaks associated with pages (103), (004), (106), (109),
(112), (108), (204), (114), (203), (007), (207) for ZnO and diffrac-
tion peaks associated with plates (014), (106), (113), (008), (115),
(204), (027), (118), (019), (216), (30f) for iron oxides are exhibited
in Figure 2. ZnO has a hexagonal crystal structure and has a lattice
constant a = b =3/3142, ¢ = 3/2368, a. = B = 35, and y = 325 and
Fe2 O3 also has a hexagonal crystal structure and has a lattice
constant a = 3 = 35, C =37/995, a=b = 3/359 and y = 325. The
crystal size of the particles in the ZnO/-e2 O3 nanocomposite was
determined using the Debay-Scherer relationship and was found to
be around 59 nm (data not shown).

4.3. SEM Analysis

Figure 3 (a) and (b) exhibited the SEM images related to ZnO na-
noparticles while (d) and ( ) showed the pictures of ZnO/Fe2 O3
nanocomposite. The morphology of ZnO nanoparticles is flow-
er-shaped, like clumps consists of many nanometer sized particles.
These nanoparticles have good uniformity in particle size distribu-
tion. With the addition of iron oxide nanoparticles and the forma-
tion of the nanocomposite, the primary structure of nanoparticles
is changed and the particles have a variety of sizes, and due to the
nature of magnetic nanoparticles, they assume a lumpy state.

4.4. TEM analysis of ZnO/Fe203

Figure 4 illustrated an excellant coating of ZnO nanoparticles on
the contour of iron oxide nanoparticles. A clusture shape was de-
tected in the ZnO/Fe203 nanocomposite.

4.5. Effect of Photocatalyst Dosage Photodegradation of Dyes

The effcts of photocatalyst dose was taken into consideration by
adding 0,5, 1, 1,5, 2, 2.5 and 3 mg/l of ZnO/Fe2 O3 nanocompos-
ite, and the result demonstrated that increasing the concentration
to 2 mg/l increased photodegradation of mordant and congo dyes
up to 99% (Table 2). The reason for this is that as the amount of
nanocomposite elevated, the number of active sites in the catalyst
increasing the degrading efficiency by producing more OH rad-
icals. However, increasing the amount of the catalyst to 3 mg/l
cause a turbidity of the studied samples. This decrease the visible
light penetration and preventing light from reaching and exciting
the catalyst surface. As well as water excitation and no hydrox-
yl radical formation deteriorates the nanocomposites. This results
with lower efficiency.
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Table 2: Effect of increasing ZnO/Fe2 O3 nanocomposite concentration on the photodegradation rates of Mordant and congo dyes

ZnO/Fe2 O3 nanocomposite concentration (mg/L) | Photodegradation efficiency (%)
Mordant dye Congo red dye
0,5 87 90
1 90 94
1,5 92 96
2 99 99
2,5 90 90
3 76 74

4.6. Effect of Mordant and Congo Dyes Concentrations on
Photodegradation of Dyes

The influence of the initial concentration of dyes on photocata-
lytic degradation performance was examined using 2 mg/L nano-
catalysts with varying dye concentrations of 50, 100, 150, 200,
300, 500 and 700 mg/L (Table 3). Increasing the dye concentra-
tion from 50 to 700 mg/L reduces the photodegradation efficien-
cy, which might be attributed to the saturation of the active sites
in the nanocomposite and lower light penetration. To optimal dye
dose for maximum photodegradation was found to be 500 mg/1 in
both dyes. This dye’s photocatalytic breakdown is nearly complete
at its initial concentration. The high concentration of dyes would
consume more * OH, so the removal efficiency is reduced with the
increase of the initial concentration of mediated contaminants and
metabolites . Due to the dyes emoval efficiencies at a concentra-
tion of 500 mg/L being a good performance (99%), mordant and
congo dye concentration of 500 mg /1 was selected as the optimum
concentration. By increasing the dye concentration, the driving
force also not increase and did not enhances the dye diffusion rate.

4.7. Effect of Temperature on Photodegradation of Mordant
and Congo Dyes

Temperature affect the photocatalytic degradation dyes . The tem-
perature was adjusted to 20, 30, 50, and 70 ° C. The data showed
that the degradation efficiency both dyes reduced with rising tem-
perature. At high temperature such as 70 ° C deterioration was de-
tected in the stucrure of nanocomposite. To optimal temperature
for maximum dye removals was detected at 30 Oc as 99%, how-
ever the dye yields was not reduced so much at 50 Oc temperature
(97%-98%) (Table 4).

4.8. Effect of UV ligth power

In order to determine to optimal UV ligth power on both dye pho-
todegradation yields the power was increased from 20 W/m2 up
to 70 W/m2, the dyes photodegradation yields was increased from
67% up to 99% as a maximum yield (Table 5). Furher increase of
ligth power to 90 W/m2 and to 180 W/m2 the dye yields remained
as in 70 W/m2. During photodegradation at optimal UV power,
catalysts can promote the photodegradation process and generate
active free radicals.Consequently, enhancing the photodegradation
and mineralization of organic contaminants.

Table 3: Effect of increasing Mordant and congo dye concentrations on their removals

mordant and congo dyes concentrations (mg/L) Photodegradation efficiency (%)
Mordant dye Congo red dye
50 99 99
100 99 99
150 99 99
200 99 99
300 99 99
500 99 99
700 78 76

Table 4: Effect of increasing temperature on dye removals

Temperature increase ( Oc) Photodegradation efficiency (%)
Mordant dye Congo red dye

20 98 98

30 99 929

50 98 97

70 72 73
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Figure 1: FTIR results for ZnO/ Fe203 nanocomposite, ZnO and Fe203

Figure 2: XRD analysis of ZnO/ Fe203 nanocomposite, ZnO and Fe203
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Figure 3: SEM analysis of (a) and (b) of ZnO nanoparticles and (d) and ( e) ZnO/Fe203 nanocomposite.

A

Figure 4: TEM figures of (a, b) ZnO/Fe203 nanocomposite

Table 5: Effect of increasing UV ligth power on dye removals

UV ligth power ( W/m2) Photodegradation efficiency (%)
Mordant dye Congo red dye
20 67 65
30 78 79
40 90 89
70 929 99
90 929 99
120 929 99
130 929 929

4.9. Effect of photodegradation time on the removal effecien-
cies of Mordant and congo dyes with 2 mg/l ZnO/ Fe203 na-
nocomposite

After 30 min oxidation time the maximum mordant and congo
dyes removals was detected as 99% since the adsorption and des-
orption processes are completed reasonably quickly in the first 30
min (Table 6). Further increase of time did not affect the removals
of both dyes. Rapid initial photodegradation is due to the contacts
of dye molecules with available activated bonds in the sites of the
surface of nanocomposite. Following gradual increasing photode-
gradation at 30 min may be attributed to the uptake of dyes into

pores of nanocomposite. When binding sites become exhausted,
the uptake rate of dyes slows down, and the chance for the availa-
bility of active sites decreases.

4.10. Effect of pH on photodegradation of dye removals

The pH of the solution is an essential variable in photocatalytic
reactions because it controls the surface charge of the semiconduc-
tor photocatalyst. The degradation of both dyes decreased with an
increase in pH, which may be the reason for the misplaced adsorp-
tion of the product at high pH on the catalyst surface through elec-
trostatic adsorption. The optimal Ph for maximum dye removals
was found to be 7,0 (Table 7).

Table 6: Effect of increasing time on photodegradation of dye removals

Photodegradation time (min) | Photodegradation efficiency (%)
Mordant dye Congo red dye
10 67 65
20 78 79
30 99 99
40 90 90
50 89 86
60 80 79
70 76 75
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Table 7: Effect of increasing pH on dye removals

Ph Photodegradation efficiency (%)
Mordant dye Congo red dye
4 67 65
5 78 79
6 79 78
7 929 929
8 89 86
9 78 70
10 45 45

4.11. Nanocomposite reuse

In the first run the photobiodegradation of dyes was performed tith
2 mg/l ZnO/ Fe203 nanocomposite after 20 min with 99% dye
yields. This process was repeated 20 times with the same nano-
composite, and the recovery percentage of this nanoparticle After
18 rund the same dye yields was detected. At run 19 and 20 the
yields decreased to 97% and 96%, respectively (Table 8).

Table 8: Nanocomposite reuse

Run Photodegradation efficiency (%)
Mordant dye Congo red dye
1 99 929
2 929 99
3 99 99
4 929 99
5 99 99
19 97 96
20 97 96

5. Conclusions

In this work, a simple method was used to generate a ZnO/Fe203
nanocomposite. The nanocomposite’s morphological and structur-
al characteristics were investigated using XRD, FESEM, SEM and
FTIR methods. The maximum photocatalytic activity of the ZnO/
Fe203 nanocomposite to remove the congo and mordant dyes
with yields of 99% were 30 min photodegradation duration, 500
mg/L individual dye concentration, 50 Oc temperature , ph= 7.00
and 2 mg/l nanocatalyst dose. The pH, catalyst dosage, dye con-
centration, and temperature significantly affect the dye yields.The
findings demonstrated although congo red hase a high molecular
weitgh than mordan dye was photodegradaded with high yields as
mordant dye. The benefits of this nanocomposite in the process of
degradation of dyes molecules include its good photocatalytic ac-
tion, high stability, and low dosage. Experiment findings indicated
that the ZnO-Fe2 O3 nanocomposite has a substantial ability to de-
grade the dyes and its usage in the treatment of effluents containing
these dyes is suggested.

During photocatalytic degradation, ZnO/Fe203 nanocomposite

promote effectively the photodegradation process and generate ac-
tive OH free radicals. The photo catalytic degradation process is an
eco-friendly advanced oxidation process and successfully applied
to remove the dyes from textile wastes and from polluted water.
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