Environ. Water Eng., 2022, 8(1), 1-14

DOI: 10.22034/JEWE.2021.279302.1538

Environment and Water Engineering

Homepage: www.jewe.ir =

ISSN: 2476-3683

Research Paper

Evaluation of the Effect of pH and Kinetic Changes in the Combined
Process of ZVI/PS/UV in Order to Remove Phenol from Wastewater

Mahdi Salehzadeh?, Arezoo Nejaei?, Mohammad Ebrahim Rezaei?, Parvin

Alizadeh Islami? and Mohammad Shokri®

PhD Student, Department of Environment, Faculty of Agriculture and Natural Resources, Tabriz
Branch, Islamic Azad University, Tabriz, Iran

2Assist. Professor, Department of Environment, Faculty of Agriculture and Natural Resources, Tabriz
Branch, Islamic Azad University, Tabriz, Iran

3Assist. Professor, Department of Chemistry, Faculty of Basic Sciences, Tabriz Branch, Islamic Azad

University, Tabriz, Iran

Article information

Received: April 03, 2021
Revised: May 29, 2021
Accepted: May 30, 2021

Keywords:
Advanced Oxidation
Persulfate

Phenol

Zero-Valent Iron

*Corresponding author:
arezoonejaei@iaut.ac.ir

Abstract

The advanced oxidation process using zero-valent iron particles
and radicals activated by ultraviolet sulfate to remove phenol from
synthetic wastewater is known as a highly efficient method. The
aim of this study was to investigate the pH and kintic changes in
ZVI1/PS/UV process for the removal of phenol from wastewater.
Each experiment was performed in a Plexiglas reactor equipped
with 2 sources of ultraviolet radiation (254 nm). The
characterization of zero valent iron was determined by XRD, SEM,
EDAS, and BET analyzes. The results showed that the specific
surface area of zero valent iron was 4.43 m?/g. The average size of
iron nanoparticles was 35.48 nm. SEM analysis showed that the
crystals had a suitable crystalline structure. The adsorption results
showed that at an initial pH of 6, the highest phenol removal rate
of 94.87%+3.85 was obtained. The kinetic study showed that the
ZV1/PS/UV process for phenol removal follows second order and
pH is effective in removing phenol from wastewater.
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Introduction

Nowadays, pollution of water resources with
various organic and inorganic pollutants is the
most important issue and cause of concern for
water purification officials. In recent years, due
to the development of industry and urban growth,
various pollutants, have caused devastating
effects on human health and the environment.
Therefore, sevaral laws have been proposed
related to the permissible concentration of
pollutants in order to prevent the destruction of
ecosystems and ultimately to prevent harmful
effects on human health. It is also suggested to
pay attention to optimal water and wastewater
treatment methods. Phenol-based compounds are
among the toxic pollutants in wastewater.
Among organic pollutants, phenol and its
derivatives are the most common pollutants that
exist. They in low concentrations prevent the use
of water resources and its pollution. Various
methods have been used to remove phenol from
wastewater and aqueous solutions. The advanced
oxidation process using zero-valent iron particles
and radical-activated sulfate with ultraviolet light
in the removal of phenol from synthetic
wastewater is known as a highly efficient
method. Phenolic compounds are very dangerous
and toxic to human health and the health effects
of exposure to phenol depend on the duration of
contact and the amount of phenol absorbed. The
aim of this study was to investigate the changes
in pH and morphology of ZVI adsorbent particles
as the main parameter of the process and the
reaction kinetics in increasing its efficiency.

Materials and Methods

The experiments were performed in a 3-liter
Plexiglas reactor equipped with two sources of
ultraviolet radiation (254 nm). The effects of
variables such as initial pH, amount of ZVI,
amount of persulfate, phenol concentration and
contact time were investigated. The Phenol
measurement has been done based on
colorimetric method using direct photometric
method, which is common standard methods in
water and wastewater analysis. The adsorption of
the solution was measured using a
spectrophotometer at 500 nano meter in front of
the control sample and compared with the
standard  series  absorption of  phenol
concentration to determine the concentration of
unknown phenol. BET analysis was performed to
determine the structural properties of ZVI
adsorbent and the suitability of these particles in
the combined ZVI/PS/UV process to remove
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phenol from synthetic wastewater. BET analysis
is based on the amount of nitrogen adsorbed on
the surface of ZVI particles. In fact, under
specific pressure conditions and the application
of nitrogen gas based on the action of adsorption
and desorption of nitrogen from the surface of
ZVI particles at a temperature of 77 K, the
specific area characteristics of the ZVI surface
are determined. The rate of phenol degradation
was investigated by combining different
processes in terms of reaction kinetics and finally
their results have been compared. In this regards,
the reaction kinetics have been evaluated to
determine the efficiency of the ZVI/PS/UV
process during the reaction time to remove the
desired contaminant.

Results

Through comparing the results of scanning
electron microscope method with the values
obtained from Scherer's relation from XRD
analysis, it is observed that ZV1 particle size is in
nanometers and has a suitable crystal structure.
In terms of particle size, scanning electron
microscope analysis confirms the fineness of the
particles with appropriate porosity. The results
showed that at the initial pH of 6, the highest rate
of phenol removal was obtained. Examination of
zero, one and two order kinetics for ZVI/UV/PS
process showed that the combined process
mentioned to remove phenol follows the second
order model. This means that the reaction rate is
related to the power of 2 concentrations of
phenol. Reaction kinetics basically express how
the contaminant is removed by the reaction under
consideration, which can be used to better model
and design the process for contaminant removal
at a practical scale. Also, the results of the
assessing the zero, one and two degree kinetics
for the ZVI/UV/IPS process showed that the
integrated process to remove phenol followed the
second degree. The EDS analysis was performed
to determine the surface chemistry of ZVI
particles. The adsorbent surface elements
included O and Fe. This indicates that the ZVI
level before persulfate (PS) deposition is more
Fe? and also similar to the XRD pattern for zero
valnet iron. The other compound identified was
oxygen with a weight percentage of 3.88%.
Operating conditions included X-ray irradiation
time of 15 s, which was detected using a silicon
detector and the amount of elements has been
determined. The presence of low-intensity broad
peaks in the XRD pattern of ZVI particles
showed small particle size and poor quality of
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high crystals of ZVI particles. The surface area
of ZVI1 adsorbent determined by BET was 4.43
m?/g. In addition, the results of zero-valent iron
particle analysis showed a crystal structure. In
terms of minerals, iron and oxygen compounds
with 96.12 and 3.88 percent were present in ZVI
sample. Morphologically, scanning electron
microscope analysis showed that the crystals had
a suitable crystalline structure. The adsorption
results showed that at an initial pH of 6, the
highest phenol removal rate of 94.87+ 3.85 was
obtained.

Conclusion

Examination of zero-, one- and two-degree
kinetics for ZVI/UV/PS process showed that the
mentioned integrated process for phenol removal
followed grade two and pH is efficient in the
removal of phenol from wastewater. According
to the studies and results of laboratory analyzes
in this study, the following results can be
summarized: a) By increasing the pH of the
solution from 2 to 5, the rate of phenol
degradation increased from 1.67 * 13.02% to
2.51 + 86.89%, Which indicates the effect of
near-neutral acidic environments on increasing
process efficiency. b) Morphology and area of
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special surface of ZVI adsorbent was 4.43 m2/g,
which indicates that the ZVI particle size is
suitable for advancing the process. c) The results
of zero valent iron particle analysis showed a
crystalline structure with a size of 35.48
nanometers. d) In terms of minerals, iron and
oxygen compounds with 96.12 and 3.88 percent
were present in ZVI sample. €) Based on BET
analysis, the average pore diameter was about 17
nanometers.
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