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Abstract
Industrial effluents treatment are one of the major important issues in the field of environmental
protection, it involve many topics such as dyes removal. Microwave (MW) is a useful technique
for water and wastewater treatment, where it can be applied in several ways including the
combining of MW with oxidants, where it provide a higher reaction temperature that could be
reached within a short time frame, this increases the degradation rate of pollutants.

The main goal of this research is to investigate the feasibility and performance of a
microwave/oxidation process for the removal of dyes from synthetic wastewater solution at
laboratory scale experiment. This research investigated the characteristics of three dyes removal
(Cresol red, Rhodamine B and Eosin Y) from a synthetic solution by MW/oxidant process. A
microwave enhanced advanced oxidation process using hydrogen peroxide (MW/H2O2) and
Potassium persulfate (MW/KPS) was used for the destruction of the three dyes. Experimental
methods of MW/Oxidation process were classified as laboratory bench scale (batch experiment)
and different variables such as initial pH, initial contaminants concentration, oxidant type and
concentration, and irradiation time were studied.

The results showed that initial dye concentration has a significant effect on the removal rate of
dyes. It was found that increasing the initial concentration will decrease the removal rate. Also
the oxidant dosage showed a great effect. It was found that increasing the dosage would increase
the removal rate until it reach a point where increasing the dosage would not effect on the
removal rate. The optimum dosage for MW/H2O2 process was 0.5 ml of 30% H2O2 (9.79 molar)
and 0.1 ml of 0.19 molar for MW/KPS process. The time of radiation applied for MW/H 2O2
process was 40 minutes and it was 30 minutes for MW/KPS process, the results showed that
increasing irradiation time increases removal rate. The time needed with MW/KPS process for
complete removal is shorter than MW/H2O2 process. Six different pH values 2, 4, 6, 8, 11 and 13
were applied to investigate the effect of pH on the removal rate, the results showed that pH 11
was the best, in general at the alkaline phases; the removal rate was the highest.

It can be concluded that both of the two process were very effective for color removal of the
three dyes, where the removal rate has reached 99% at higher dosages of oxidants, but the time
IV

needed for complete degradation of color is shorter in MW/KPS process and it also needed less
dosages of oxidant. The experimental results revealed that the MW/KPS process is better than
MW/H2O2 process in the removal of the three tested dyes.

V

الملخص

تعتبر معالجة النفايات السائلة الصناعية واحدة من القضايا الهامة في مجال حماية البيئة ،فهي تشمل العديد من الموضوعات
مثل إزالة األصباغ وغيرها  .تتميز تقنية الميكروويف بانها طريقة مفيدة لمعالجة المياه والمياه العادمة ،حيث يمكن تطبيقه بعدة
طرق بما في ذلك الجمع بين امواج الميكروويف مع المؤكسدات  ،microwave/oxidationإذ تتميز هذه الطريقة بأنها توفر
درجة حرارة تفاعل أعلى يمكن الوصول إليها خالل فترة زمنية قصيرة ،وهذا يساعد في إزالة أسرع للملوثات.
الهدف الرئيسي من البحث هو دراسة جدوى وأداء نظام  microwave/oxidationفي إزالة األصباغ من محلول
مائي محضر في تجربة على نطاق المختبر .يركز البحث على خصائص إزالة ثالث أصباغ و هي ،Cresol red
 Rhodamine Bو  Eosin Yمن محلول محضر مخبريا باستخدام نظام  .MW/oxidantتم تطبيق نوعين من المواد
المؤكسدة في عملية إزالة االصباغ النوع األول هو فوق أكسيد الهيدروجين باستخدام نظام  MW/H2O2والنوع الثاني كان بير
سلفات البوتاسيوم باستخدام نظام  .MW/KPSو من أجل معرفة الظروف المثالية للتفاعل ,العديد من العوامل التي قد تؤثر
على مستوى إزالة األصباغ قد تم دراستها مثل التركيز األولى ل ألصباغ ,جرعة المؤكسد ونوعه ,الرقم الهيدروجيني و زمن
اإلشعاع.
أظهرت النتائج ان تركيز االصباغ األولي له تأثير كبير على معدل إزالة االصباغ ،حيث وجد بأن زيادة تراكيز االصباغ تؤدي
الى انخفاض معدل االزالة ،أيضا جرعة المادة المؤكسدة وجد أن لها تأثير كبير على عملية االزالة حيث ان الزيادة في جرعة
المادة المؤكسدة يؤدي الى زيادة معدل إزالة األصباغ حتى مستوى محددة بحيث انه بعد هذا المستوى أية زيادة في جرعة المادة
المؤكسدة لم تؤثر على معدل إزالة االصباغ .وجد كذلك أن الجرعة المثلى من المادة المؤكسدة باستخدام نظام MW/H2O2
كانت  0.5مل من مادة  H2O2بتركيز  (%30تركيز موالري , )9.79أما باستخدام نظام  MW/KPSفالجرعة المثلى كانت
 0.1مل من مادة  K2S2O8بتركيز مواري  .0.19لقد تبين أن زمن االشعاع األمثل ألعلى إزالة بنظام  MW/H2O2كان 40
دقيقة وكان  30دقيقة باستخدام نظام  ,MW/KPSأظهرت النتائج أن زيادة زمن تعرض العينة إلشعاعات الميكروويف يؤدي
الى زيادة معدل إزالة االصباغ أيضا وجد ان الزمن الالزم للحصول تقريبا على إزالة كاملة للصبغة من المحلول كان اقل
باستخدام نظام  .MW/KPSلقد تم استخدام عدة قيم للرقم الهيدروجيني و هي (  )13 ,11 ,8 ,6 ,4 ,2لمعرفة مدى تأثيره
على عملية االزالة وحيث تبين ان الرقم الهيدروجيني  11كان لديه أفضل معدل إزالة لألصباغ وبشكل عام كانت األوساط
القاعدية أفضل من الحامضية في نسبة إزالة األصباغ.
في النهاية يمكن القول بأن كال النظامين المستخدمين لهم فاعلية في إزالة االصباغ التي تم دراستها حيث ان معدل اإلزالة وصل
الى  %99عند الظروف المثالية للتفاعل .و يمكن القول أيضا بأن نظام  MW/KPSكان أفضل من نظام  MW/H2O2في
إزالة االصباغ حيث أنه يحتاج الى زمن اقل وأيضا الى جرعات اقل من المادة المؤكسدة.
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Fig. 4.54 Effect of pH adjustment on the removal percentage of Rhodamine B using
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MW/K2S2O8 system ((dye initial concentration (15 mg/L), oxidant dosage (0.1
ml of 0.19 M) and radiation time (30 min))
Fig. 4.55 Effect of pH adjustment on the removal percentage of Eosin

y using

78

MW/K2S2O8 system ((dye initial concentration (15 mg/L), oxidant dosage (0.1
ml) and radiation time (30 min))
Fig. 4.56 Effect of MW on the COD value for Cresol red, Rhodamine B and Eosin y
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Chapter 1
Introduction

1

Chapter 1:
Introduction
1.1 Background
Demands on the cleaning industrial and domestic wastewater to avoid environmental pollution
and especially contamination of pure water resources are becoming national and international
issues (APHA, 1995). Innovative, cheap and effective methods of purifying and cleaning
wastewater before discharging into any other water systems are needed. In the Gaza Strip, there
are three main treatment plants and one temporary plant for collecting and treating wastewater
to treat it to the level allowed to be dumped to the sea and to not pollute the aquifer in case of
infiltration except for the north wastewater treatment plant (WWTP) which infiltrates to the
eastern lagoons. These treatment plants are placed along the Gaza Strip (North, Gaza, Rafah
and Khanyounis). The locations of these treatment plants were chosen during the times of the
Israeli occupation of the Gaza Strip; however, the regional contour of Ministry of Planning
suggests establishing three central treatment plants near the eastern armistice line. The current
treatment plants still do not meet the standards of treating wastewater in Gaza and this is due to
the frequent closure of Gaza crossings that hinder the required periodical maintenance.
Moreover, the population growth without a proper expansion of the treatment plants has caused
a problem since the wastewater production rate is increasing (CMWU, 2011).

Industrial effluents are one of the major causes of environmental pollution because effluents
discharged from dyeing industries are highly colored with a large amount of suspended
organic solid (Forgacs et al., 2004). Untreated disposal of this colored water into the receiving
water body either causes damage to aquatic life or to human beings by mutagenic and
carcinogenic effect. As a matter of fact, the discharge of such effluents is worrying for both
toxicological and environmental reasons.

Unfortunately, the exact amount of dyes produced in the world is not known. Exact data on the
quantity of dyes discharged in the environment are also not available. It is assumed that a loss
of 1–2% in production and 1–10% loss in use are a fair estimate (Silva. et al., 2012). For
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reactive dyes, this figure can be about 4 % (Tunay et al., 1990). Many industries including
leather and textile industries use dyes extensively in different unit operation (Ivanov et al.,
1996). Many dyes are widely used in different industries, such as textile, paper, rubber,
plastics, leather, food and pharmaceutical (Bhat et al., 1998). These industries release colored
wastewater which may present an eco-toxic hazard and introduce the potential danger of
bioaccumulation, which affect the human food chain (Guaratini et al., 2000). Wastewater
containing small amounts of dyes can affect the aquatic life because of its toxicity and
resistance to breakdown with time. Most of the dyes are toxic and carcinogenic, causing
allergy, skin irritation (Shehata, 2013).

The wastewaters discharged from dying processes exhibit high Biological Oxygen Demand
(BOD), high Chemical Oxygen Demand (COD) are highly colored, hot, alkaline and contain
high amounts of dissolved solids (Anjali et al., 2013). The disposal of colored wastes such as
dyes and pigments into receiving waters damages the environment, as they are carcinogenic and
toxic to humans and aquatic life. Besides the matters of color, some dye imparts non-visibility
and can be modified biologically to toxic or carcinogenic compounds. Nowadays concern has
increased about the long-term toxic effect of water bodies containing these dissolved pollutants.
The wastewaters discharge from textile industries includes residual dyes; these dyes are not biodegradable therefore they may cause water pollution and serious threat to the environment.

An essential tool in the management of hazardous waste is an inventory of national hazardous
waste substances. No such inventory exists in the Gaza strip and West Bank, and its absence
makes it difficult to determine what types of waste are being generated, and where they are
being disposed where Palestine has inadequate facilities for sewage and wastewater treatment
and disposal. There are very few estimates of the amounts of hazardous waste generated in the
area. In the West Bank, the amount has been estimated at 2,500 tons per year. The true amount
is likely to be much higher. There are 71 textile-dyeing facilities in the West Bank producing
both printed and dyed fabrics. Effluent from these industries contains high concentrations of
ionic substances, organic color and reactive dyes. Heavy metals, which are used for fixing
colors in the dye, are also present. Estimates of annual solid and liquid hazardous waste are
290 and 600 tons respectively. The quantity for Gaza has been estimated at only 0.2 tons of
3

hazards waste. The low value of this figure is that it refers to amounts that are collected, rather
than total amounts including the waste that enters the domestic waste stream. Industrial use
constitutes about 2 % of overall water demand in Gaza, and industrial wastewater is
correspondingly low as a proportion of overall discharges. Even this quantity is very small
compared to the total wastewater generated; it is expected to have a significant harmful effect
to the environment, groundwater and human health (Jamal, 2015).

Industrial wastewater is generated from different types of the scattered industry distributed in
the Gaza Strip. Industrial waste in Gaza is generated from print and photography shops, from
the use of printer toner, chemicals, and film degrading. Mechanical workshop produce wastes
from oil, grease, brake fluid and batteries. The textile garment industry generates waste from
dyes, chemicals, oil, grease, and auxiliary chemicals. The textile-dyeing facilities producing
both printed and dyed fabrics. The specific processes used by each enterprise vary considerably.
The main sources of environmental pollution typically arise from the finishing phase (pretreatment, dyeing, printing, finishing, etc.), and heat treatment (drying, reticulation and thermofixing). Effluent from these industries contains high concentrations of ionic substances, organic
color and reactive dyes. Tanneries consume large quantities of scarce freshwater, and generate
and release corresponding amounts of wastewater with significant pollution loads, and
sometimes with extreme pH values. The disposal of wastewater containing untreated tannery
effluent in open valleys presents a high risk of groundwater pollution, as wastewater infiltrates
through the limestone into the aquifer. Tannery effluent also has a high salt content, which
cannot be removed by biological treatment. When effluent is recycled for agriculture, these salts
can affect the texture of soil and reduce crop yields. Samples taken from industrial wastewater
show relatively high concentrations of some metals, such as cyanide (CN), including also heavy
metals, such as chromium (Cr) and zinc (Zn) (MOPIC, 1998).
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1.2 Problem Definition
The wastewater treatment is a process of removing contaminants and organic material from
wastewater using various techniques, systems and methods. Several physical, chemical and
biological methods have been used for the treatment of wastewater. The quality of a good
wastewater treatment system is the higher pollutant degradation, mineralization efficiency with
cost-effectiveness and ease of operation. Synthetic dyes are extensively used in many fields of
up to-date technology, e.g., in various branches of the textile industry of the leather tanning
industry, in paper production, food technology, agricultural research, in light-harvesting arrays,
in photo-electrochemical cells, and in hair colorings. Moreover, synthetic dyes have been
employed for the control of the efficacy of sewage and wastewater treatment, for the
determination of specific surface area of activated sludge for groundwater tracing (Field et al.,
1995), etc. Due to large-scale production and extensive application, synthetic dyes can cause
considerable environmental pollution and are serious health-risk factors. The release of
important amounts of synthetic dyes to the environment causes public concern, legislation
problems and is a serious challenge to environmental scientists (Tsuda et al., 2001).

Microwave irradiation has acquired a great deal of attention in domestic, industrial and medical
applications. The electromagnetic spectrum involves microwaves with wavelengths ranging
from 1 mm to 1 m and with corresponding frequencies from 300 MHz to 300 GHz (Tai and Jou,
1990). The rapid and effective heating properties of Microwave (MW) lead to its application in
wastewater treatment. The energy of one mole of photon from MW (E) at a frequency range of
1-100 GHz is equal to 0.4-40 J. MW radiation has been applied in the field such as organic and
inorganic synthesis (Haswell et al., 1999, Zhang et al. 2007), polymerization processes (Correa
et al., 1998), biological aspects (Banik et al., 2003) and extraction in analytical chemistry
(Prevot et al., 2001). Researchers have attempted the use of MW radiation in environmental
remediation. It has been applied to the removal of dyes in wastewater (Quan et al., 2004), and
the remediation of soils contaminated with organics (Yuan et al., 2006, Abramovitch et al.,
1999) and heavy metals (Gan Q., 2000).
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For MW enhanced oxidation processes, MW can stimulate the generation of free radicals from
the oxidants and rapid polarization of the pollutant molecule (Zhang et al., 2007). Comparing
with traditional thermal oxidation approaches or catalytic oxidation approaches, the
combination of MW and oxidants can reach higher reaction temperatures within a shorter time,
thus increasing the degradation rates of pollutants (Remya and Lin, 2011). Hydrogen peroxide
(H2O2) and sodium persulfate (Na2S2O8) are the two most common oxidants used along with
MW. By breaking oxygen–oxygen bonds of H2O2 and S2O82−, MW commonly are able to
dissociate H2O2 and S2O82− into OH and SO4 radicals and other radicals which are very
powerful oxidizing species (Raharinirina et al., 2012). Similar to hydroxyl radicals, sulfate
radicals react with organics by electron transfer, hydrogen abstraction, or addition mechanisms
(Anipsitakis et al., 2006, Daneshvaret et al., 2004). According to results obtained of previous
studies, SPS and H2O2 could be a good option for the MW oxidation technique.

Yong Ming et al., (2009) studied the H2O2 based degradation processes of aqueous cationic
triphenylmethane dye malachite green (MG) with the initial concentration of 100 mg/L under
MW‐enhanced and conventional heating (CH) ‐enhanced conditions. The results showed that
the higher discoloration rates of MG were achieved during MW‐enhanced process. For 30 mL
MG, when the H2O2 dosage was 300 mmol L-1 at contact time of 5 minutes, the MG
degradation efficiency was 96% under MW‐enhanced process and 72% for the CH‐enhanced
process. This suggested that the MW heating mechanism was more efficient for the generation
of hydroxyl radicals than that of CH.

Ghorban et al., 2014 investigated the removal of Pentachlorophenol (PCP) from aqueous
solutions by microwave/persulfate and microwave/H2O2, different concentrations of pollutant
and oxidant were used and found that the best removal PCP rate obtained in condition of pH of
11, 0.02 mol.L−1 of SPS, 0.2 mol.L−1 of H2O2 and energy intensity of 600 W, and the COD
removals in MW/H2O2 and MW/SPS process were 83% and 94%, respectively, finally it was
cleared that MW/SPS process was more effective than MW/H 2O2 process in PCP removal.

According to the information collected from the Environment Quality Authority (2015), there
are many paint factories in Gaza that use substantial quantities of toxic and hazardous materials.
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Wastewater from some industries is highly contaminated and is discharged to the municipal
sewerage system without treatment. To reduce this problem, each factory should be required to
carry out pre-treatment before discharge to the municipal sewerage network. Wastewater
containing dyes are very difficult to treat, since the dyes are recalcitrant organic molecules,
resistant to biological degradation and are stable to light.

1.3 Justification
Most dyes used in textile industries are stable to light and are not biologically degradable.
Industrial effluents containing dyes reduce light penetration, preventing the photosynthesis of
aqueous flora. Some dyes may cause allergy, skin irritation and cancer to humans. In order to
minimize the risk of pollution problems from such effluents, it is necessary to accurately treat
them before discharging to the environment (Ardejani et al., 2007).

Traditional wastewater treatment technologies have proven to be markedly ineffective for
handling wastewater of synthetic dyes because of the chemical stability of these pollutants.
Conventional wastewater treatment methods are still in use for removing dyes including
physicochemical, chemical and biological methods, such as coagulation and flocculation,
adsorption, ozonation, electrochemical techniques, and fungal decolorization. A wide range of
methods has been developed for the removal of synthetic dyes from wastewater to decrease
their impact on the environment. There are different methods for the removal of textile effluents
(Dargo et al., 2014). The technologies involve adsorption on inorganic or organic matrices,
decolorization by photocatalysis, and/or by oxidation processes, microbiological or enzymatic
decomposition, etc. Chemical oxidation was very effective but the efficiency strongly
influenced by the type of oxidant (Hao et al., 2000). Some work on the use of MW was done for
specific contaminants but removal of some synthetic dyes such as Acridine, Cresol red,
Tartazine and Bromophenol blue are not studied by using microwave irradiating assessed by
strong oxidation and/or nanoparticles.

In this study, due to an environmental-friendly in addition to highly efficient method and low
existence of specific work in this condition, analysis of the synthetic dyes removal such as,
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Cresol red, Eosin y and Rhodamine B by MW/H2O2 and MW/SPS under various kinds of
parameters was performed and in the end, the effectiveness of MW/SPS and MW/H 2O2
processes in the contaminant removal was compared. Also, synthetic dyes removal by
MW/oxidation system under various kinds of parameters was performed.

1.4 Objectives of the study
The main goal of this work is to investigate the feasibility and performance of a
microwave/oxidation process for the removal of dyes from synthetic wastewater solution at
laboratory scale experiment. The specific objectives of this study are:
1. To investigate the effect of parameters such as pH, dye concentration, oxidant type and
concentrations, MW power levels and irradiation time on the performance of MW
application on dyes removal;
2. To evaluate and optimize the removal of dyes from aqueous system by application of
microwave/oxidation methods under different variables.
3. To compare the performance of contaminants removal by application of microwave
oxidation system with Hydrogen peroxides (H2O2) and Potassium Persulfate (KPS)
oxidants.

1.5 Significance of the Study
This study is expected to provide insight treatment in dyes in industrial facilities to be more
effective to monitoring the performance of it in order to identify priorities for improving the
current status. So, this study will make the following contributions to industrial wastewater
treatment for dyes removal in Gaza strip:
-

There is no study had been conducted in the past about the use onsite wastewater
treatment system in Palestinian industrial areas, thus, this study will contributes to
provide a treatment method that could be implemented.
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-

On the other hand, this thesis will contribute to provide scientific information on
operating parameters and performance on MW/Oxidation system.

-

The MW/Oxidation process can be considered as one of the most practical and cheapest
methods used to remove the dyes compounds from industrial wastewater effluents.

-

The MW/Oxidation process can be used as an effective method in the market and as
small scale treatment procedure for many industrial manufacturing as pharmaceutical,
dyes company’s and others to reduce the environmental pollution.

1.6 Thesis outline
Chapter one (Introduction): chapter one include background about wastewater treatment
situation in Gaza Strip, the amount of dyes produced globally and locally, the effect of dyes on
human health and environment as a problem statement, justification, objective of the study and
thesis outline.
Chapter two (Literature review): chapter two contain general literature review of microwave
/ oxidation system applications and (cresol red, rhodamine B, eosin Y) recent studies of
removal.
Chapter three (Materials and Methods) : chapter three covers the methodology used for this
study including : list of instruments, materials and glassware, experiments setup, preparing of
dye and oxidant solution, experiments, samples analysis and measurement of removal
efficiency.
Chapter four (results and discussion): chapter four discusses the results obtained during
study from the laboratory analysis of dyes samples using the two process (MW/H2O2 and
MW/KPS), also includes a comparison between the two process and the effect of MW on the
COD.
Chapter five (Conclusion and Recommendations): chapter five presents the main conclusion
and recommendations made during this study.
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Chapter 2:
Literature Review

2.1 Dyes
Dyes are substances that when added to a substrate it provides a color. In most of the cases, the
application of dye is in the form of aqueous solutions (Carmen et al., 2012). Dyes appear
colored because it absorbs some wavelength of lights more than other substances. It absorbs
light in the visible spectrum (400- 700 nm). Dyes contain color bearing group called
chromospheres, which is the part of the molecules responsible for its color. Chromospheres
frequently contain heteroatoms as N, O, and S, with non-bonding electrons (Hallas, 2014).
Common chromophores include: - N=N (azo), =C=O (carbonyl), =C=C=, C=NH, -CH=N-, NO
or N-OH (nitroso),-NO2 or NO-OH (nitro) and C=S (Sulphur). As a complement to the electron
acceptors action are the groups called auxochromes, which are electron donors generally on the
opposite side of the molecule and their basic function is to increase color. Indeed, the basic
meaning of the word auxochrome is color enhancer. Some auxochromes include -NH3, -COOH,
HSO3 and -OH. These groups also have the important property of giving a higher affinity to the
fiber (Abdul Malik et al., 2012). There are more than 100,000 commercially available dyes with
over 7 *105 tons of dyestuff produced annually. Due to their chemical structure, dyes are
resistant to fading on exposure to light, water and many chemicals. Due to their complex
structure and synthetic origin, many dyes are difficult to be decolorized and decomposed
biologically (Robinson et al., 2001).

2.2 Dye applications
Over than 7 *105 tons of dyestuff are produced annually worldwide. Azo dyes are the largest
and more versatile class of dyes, accounting for up to 50% of the annual production (Abdul
Malik et al., 2012). They are used in many fields of technology, like textile industry, the leather
tanning industry, paper production, food, color photography, pharmaceuticals and medicine,
cosmetic, hair colorings, wood staining, agricultural, biological and chemical research, lightharvesting arrays, and photo electrochemical cells (Kuhad et al., 2004).
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2.3 Textile industry
One of the main sources with severe pollution problems worldwide is the textile industry and its
dye-containing wastewaters (i.e. 10,000 different textile dyes are commercially available
worldwide; 30% of these dyes are used in excess of 1,000 tons per annum, and 90% of the
textile products are used at the level of 100 tons per annum or less (Baban et al., 2010). The
largest consumer of these dyes is the textile industry, accounting for 2/3 rds of its market. Textile
industry can be classified into three categories, cotton, woolen, and synthetic Fibers depending
upon the used raw materials. The textile dyeing industry consumes large quantities of water and
produces large volumes of wastewater from different steps in the dyeing and finishing processes
(Broadbent, 2001).

Textile Printing and dyeing processes include pretreatment, dyeing / printing, finishing and
other technologies. Pretreatment includes scouring, resizing, washing and others, production,
azo dyes are the largest group of colorants, constituting 60-70% of all organic dyes produced in
the world, and this is due to their ease and cost effectiveness for synthesis as compared to
natural dyes (Bafana, et al., 2011). Dyeing mainly aims at dissolving the dye in water, which
transferred to the fabric to produce colored fabric under defined conditions. Printing is a branch
of dyeing defined as dyeing that is confirmed to a certain portion of the fabric that constitutes
the design. For dyeing, color is applied in the form of solutions, but for printing color is applied
in the form of a thick paste of the dye. The wastewater from textile plants is classified as the
most polluting of all the industrial wastewater, considering the volume generated as well as the
effluent composition, as shown in Table 2.1 which summarizes some of chemicals used in
textile industry and its effect (Ibrahim, et al., 1996).
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Table 2.1: Chemicals used in textile processing and its adverse effects
Chemicals

Example

Clinical impacts

Detergents: Non-

Nonyl-Phenol Ethylates

Non

ionic
Stain remover
detergent
Rust stain remover

Solvents like CCl4

metabolites & highly poisonous to fish
Ozone depletion (ten times more than CFC)

Oxalic acid

Toxic to aquatic organisms & increases COD

Sequestering agent

Polyphosphates like Trisodium Causes turbidity, increases TDS & prevents
Polyphosphate,

bio-degradable,

generates

toxic

Sodium sunlight into water bodies hence hinders

hexameta

photosynthesis process

Printing gums

Pentachlorophenol
phosphate etc.

Dermatitis,

Fixing agent

Formaldehyde and Benzedrine

Carcinogenic
Harmful
to all livings so internationally

Dyeing agents

Amino acid liberating groups

Carcinogenic
so internationally banned
banned

liver,

kidney

damage

2.3.1 The textile industry standards for water pollutants
Wastewater is harmful to the environment and people, so therefore strict requirements for the
emission of the wastewater, due to the difference in the raw materials, products, dyes,
technology and equipment, the standards of the wastewater emission have too much items. The
standard is developed according to the local conditions and environmental protection
requirements which is not fixed. It varies according to the situation in different regions.
Therefore, the nature of emission targets is priorities of the points. For printing and dyeing
wastewater, the first consideration is the organic pollutants, color and heavy metal ions
(Chequer, et al., 2013). Recently, as the lack of water, the recovery of wastewater should be
considered. So the decolonization of the printing and dyeing wastewater increased heavily. The
standards of printing and dyeing are different in different countries (Zongping Wang et al.,
2011). Table 2.2 illustrates textile industry standards for water pollutants in Egypt (Moustafa,
2016).
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Table 2.2: Textile industry standards for water pollutants in Egypt.

Parameter

Unit

Effluent limits /Egyptian Law

pH

-

6-9.5

BOD

mg/l

110

COD

mg/l

600

TSS

mg/l

800

Oil & Grease

mg/l

100

Sulfide (S2-)

mg/l

10

TKN

mg/l

Not assigned

Phosphate

mg/l

25

Phenol

mg/l

0.05

Chromium

mg/l

-

Copper( Cu)

mg/l

1.5

2.4 Environmental impact of dyes
Industrial effluents are one of the major causes of environmental pollution, a lot of chemicals
such as oil, grease, ammonia, sulfide, lead, color, hazardous pollutants, heavy metals and other
toxic substances are added to the process for cleaning and dyeing purposes, contamination of
the aquatic system with this pollutants brings serious threat to the overall epidemic and socioeconomic pattern inside (Dara, 1993). The presence of dyes in surface and subsurface water is
making them not only aesthetically objectionable but also causes many water borne diseases
(Sultana et al., 2009).

All the dye wastes, which are produced from various types of industries, might have harmful
impacts on microbial inhabitants and may be unhealthful and even fatal to mammals. These
dyes may source for allergic eczema, skin irritation problem, mutations and cancer. The few
chemicals used to produce dye are highly toxic, carcinogens and hormonal disrupter. The dye
discharged in water bodies without being treated properly, hampers the life-cycle of aquatic
animals and plants by obstructing the penetration of sunlight, because they cause lack of
dissolved oxygen due to conjointly increase in the biological oxygen demand to sustain aquatic
life (Kusui et al., 1990). Thus, waste materials from textile industries are usually discharged as
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wastewaters, which are high in color, have decreased biochemical oxygen demand , increased
chemical oxygen demand, a change in pH, in temperature, and in turbidity and have toxic
chemical content (Verma et al., 2012).

High health risk upon exposure to azo dyes has been noted such as of the gastrointestinal tract,
skin, and lungs. Hemoglobin adducts with azo dyes with concomitant disturbance of blood
formation, caused by the adsorption of azo dyes and their breakdown products have been
recorded. Several azo dyes have been noted to cause damage to DNA material that can lead to
the genesis of malignant tumors. Electron-donating substituents in ortho and para position to the
azo linker can increase the carcinogenic potential of the dye. Some of the commercially used
azo dyes (e.g. Direct Black 38, azodisalicylate) and their breakdown products have been found
to induce cancer in humans and animals (Carmen, & Daniela, 2012).

2.5 Microwave environmental application
Microwave (MW) is a good technique for water and Wastewater (WW) treatment. It can be
used alone, MW with oxidants and catalysts or coupled with advanced oxidation processes
(AOPs) like Fenton process, UV (photolysis) or photo catalysis (UV/titanium dioxide, TiO2). In
the past, MW was used with oxidants like H2 O2 for enhanced pollutant degradation. The
efficiency of MW for pollution degradation was also amplified by coupling MW with photoFenton and Fenton like processes, photolysis in the presence of H 2O2 and photo catalysis. The
integration of MW with electrodeless discharge lamps (EDLs), generating UV–VIS light when
irradiated with electromagnetic field, is also an emerging field of research in the recent years
(Remya and Lin., 2011).
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2.6 Cresol red
It’s a triarylmethane dye frequently used for monitoring the pH in water, while the pH of the
solution change, the color of the solution changes, at pH from 1.8 - 2.0, orange to yellow color
and from 7.0 - 8.8, yellow to violet and from 7.2 - 8.8, yellow to red. Also Cresol

red is

extensively used in the textile industry for dyeing nylon, wool, silk, cotton, and
polyacrylonitrile-modified nylon. It is also used for biological stains and markers. Low
concentration of Cresol red is not harmful to human health. However, irritation, burning of skin,
heart damage, anemia, liver and kidney damage, and coma are the side effects of Cresol red
dye exposure at high concentration. The effect will be similar to animals when Cresol red dye
is exposed in high concentration. The Empirical Formula of Cresol red is C21H18O5S and the
Molecular Weight is 382.43, and the Structure of Cresol red and the absorption spectrum are
shown in Fig. 2.1 and 2.2 (Zabłocka et al.,2009).

Fig. 2.1: Structure of Cresol red

Fig. 2.2: The absorbance spectrum of Cresol red
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2.7 Rhodamine B
Basic dyes have amino groups, or alkyl amine groups, as their auxochromes, and consequently
have an overall positive charge. In other words, the colored part of the molecule is the cation.
Although the molecule charge is often shown on a specific atom in structural formulae, it is the
whole molecule that is charged. They are brilliant and most fluorescent among all synthetic
dyes but have poor light and wash fastness.It is often used as a tracer dye within water to
determine the rate and direction of flow and transport, it also used extensively in biotechnology
applications such as fluorescence microscopy, flow cytometry, and used in biology as a staining
fluorescent dye. In addition it is used as a reagent for antimony, bismuth, cobalt, niobium, gold,
manganese, mercury, molybdenum, tantalum, thallium and tungsten. Besides these, it is also
provisionally listed for use in drugs and cosmetics. On the other hand, this dye is also very
toxic. Chronic exposure may cause nausea and vomiting, higher exposure causes
unconsciousness (Namasivayam et al., 1995).

International Union of Pure and Applied Chemistry (IUPAC) Name of Rhodamine B is 9-(2carboxyphenyl)-6-diethylamino-3-anthenylidene) diethylammoniumchloride, and the molecular
formula is C28H31ClN2O3 ,the average mass is 479 , the molar mass equals 479.02 gram/ mole
and the chemical structure and absorption spectrum are shown in Fig.2.3 and 2.4 (Snare,1982).

Fig. 2.3: The chemical structure of Rhodamine B
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Fig. 2.4: the absorbance spectrum of Rhodamine B

2.8 Eosin yellow
It is a sort of Eosin which is a fluorescent acidic compounds that bind to form salts with basic,
or Eosin ophilic compounds, and it is used as an acidic red stain for highlighting cytoplasm
material in samples, and used extensively in the printing and dyeing industries, its empirical
Formula is C20H8Br4O5 and a molecular Weight of 647.89 and its form is powder, the chemical
structure and absorption spectrum are shown in Fig. 2.5 and 2.6 (Kant et al., 2012).

Fig. 2.5: The chemical structure of Eosin Yellow

18

Fig. 2.6: The absorbance spectrum of Eosin y

2.9 Microwave application in wastewater treatment
2.9.1 MW (single)
MW produces homogeneous and quick thermal reactions due to the molecular-level heating.
MW has been used in various environmental remediation processes, especially in wastewater
treatment (Cravotto et al., 2010). MW single is found to be more useful treatment process for
ammonia removal. Under optimum conditions, complete removal of ammonia nitrogen was
achieved in a lab-scale reactor, which demonstrates that the heating and molecular movement
produced by MW single has a great potential for ammonia removal (Lin et al., 2009). On the
other hand, nearly 80% ammonia evaporation was obtained by introducing MW single in a
pilot-scale treatment system (Lin et al., 2009). The decrease in the ammonia removal efficiency
in the pilot-scale system is due to the higher target pollutant concentration, higher working
volume and probable occurrence of other contaminants (Joohee et al., 2005).

The installation and operational costs of MW system are expensive; therefore, optimization of
maximum power utilization and recovering part of the process heat through heat exchangers is
advisable to minimize the overall cost. However, MW can reduce the treatment time required
and can also produce high treatment efficiency for selective compounds, for instance, ammonia.
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On the other hand, a complete treatment of more complex wastewater with multiple pollutants
or the degradation of highly bio-refractory pollutant like pentachlorophenol (PCP) is highly
difficult with MW single. Therefore, many researchers combined MW with oxidants, catalysts
or AOPs (Ghorban et al., 2014).

2.9.2 MW with oxidants
The combination of MW with oxidant will cause free radical generation from the oxidants; this
could help in the faster degradation of pollutants (Gogate, 2004). The two most common
oxidants used along with MW are hydrogen peroxide (H2O2) and persulfate (S2O82−) (Zhang.et
al., 2007). When combining MW and oxidants, higher reaction temperature could be reached
within a shorter time frame compared to the traditional thermal or catalytic oxidation method.
This assists in the faster degradation of pollutants. Hydrogen peroxide is a chemical compound
with a formula H2O2. It has a pure form, pale blue, clear liquid and slightly more viscous than
water, Hydrogen peroxide is unstable and slowly decomposes in the presence of base or a
catalyst. Hydrogen peroxide is stored with a stabilizer in a weakly acidic solution. It is found in
biological systems including the human body, the boiling point of H2O2 is at 150.2 oC, H2O2 is
a nonplanar molecule and the O−O bond is a single bond, Hydrogen peroxide is most
commonly available as a solution in water, for laboratory it is available as 30 wt.%. Potassium
Persulfate is an inorganic compound with the formula K2S2O8. Also known as potassium
peroxydisulfate or KPS, it is a white solid that is highly soluble in water. This salt is a powerful
oxidant, commonly used to initiate polymerizations, it can be prepared by electrolysis of a cold
solution potassium bisulfate in sulfuric acid at a high current density, also it can be prepared by
adding potassium bisulfate (KHSO4) to a solution of the more soluble salt ammonium
peroxydisulfate (NH4)2S2O8 (Brauer et al, 1963),

The dipolar polarization mechanism is responsible for enhancing the degradation of various
pollutants in the systems combining MW and oxidants. This mechanism creates elevated
temperature within a shorter span as compared to conventional heating methods, which
provokes the increased decomposition of H2O2 into OH• as shown in Eq. 2.1. Subsequently, the
•OH generated in the system undergoes adduction reaction with the target pollutants and the
resulting intermediates. As a result, rapid and improved degradation rates are observed. On the
20

other hand, H2O2 can act as OH• quencher at high concentrations as shown in Equations (2.2) to
(2.4), consequently lowering the OH• concentration which decreases the degradation rates
(Cigdem et al., 2008).
H2O2 → 2HO•

(2.1)

HO• + H2O2 → HO2• + H2O

(2.2)

2HO2• → H2O2 + O2

(2.3)

HO• + HO2• → H2O + O2

(2.4)

Yang et al., 2009 used MW with hydrogen peroxide (H2O2) as an oxidant for the removal of
malachite green (MG) and naphthalenedisulfonic acid (NDS), they noticed that decrease in
H2O2 dosage to 150 mmol/L decreased the MG degradation efficiency to 85%, and the increase
in degradation was hypothesized to be the increased formation of OH.

Microwave assisted with hydrogen peroxide (MW/H2O2) and sodium persulfate (MW/SPS) was
used for Pentachlorophenol (PCP) removal from aqueous solutions which is one of the most
fungicides and pesticides used in wood protection. Poisoning from PCP may be happened in
respiration, dermal absorption and ingestion. PCP removal rate was measured under different
factors such as pH, energy intensity, SPS, H2O2 concentration, The best removal PCP rate
found in condition of pH of 11, 0.02 mol/L of SPS, 0.2 mol/ L of H2O2 and energy intensity of
600 W. also, COD removals in MW/H2O2 and MW/SPS process were 83% and 94%,
respectively, the results showed that sulfate radical was stronger than hydroxyl radical and
examinations order reaction was in first order. It was cleared that MW/SPS process was more
effective than MW/H2O2 process in PCP removal (Ghorban et al., 2014).

2.9.3 MW with photo catalysis (MWPC)
In chemical catalysis, catalyst is used to speed-up or speed-down a chemical reaction without
the consumption of the catalyst. The liquid-phase oxidation using a solid catalyst is a potential
method for the removal of dissolved toxic pollutants from wastewater. On the other hand,
catalytic wet air oxidation is a promising technology to degrade non-biodegradable organic
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substances in industrial effluents even to the degree of mineralization. In the process of MW
with catalyst, the principle of chemical catalysis is combined with MW (i.e. catalyst surface
absorbs MW and speed-up the degradation process) for rapid and effective/complete removal of
organic pollutants from water/WW (Grzechulska et al., 2010).

Chih et al., 2007 used MW energy to enhance the photocatalytic degradation of
trichloroethylene (TCE) using titanium dioxide (TiO 2) as the catalyst, the influence of the
microwave energy level and application method, and TiO 2 dosage on TCE removal were
studied. They found that higher microwave energy level and higher photocatalyst concentration
lead to better TCE removal, but when the TiO2 dosage exceeds 4 mg/mL, the TCE removal
efficiency is not obviously enhanced, demonstrating that the TCE removal is caused more by
photocatalyses than microwave heat. Three sets of samples each containing 2, 4, and 10 mg/mL
of P-25 TiO2, respectively, were prepared to treat 5 mL of 145-mg/L TCE solution and the MW
power fixed at 700W, with the MW power kept at 700 W, the results showed that increasing the
TiO2 dosage from 2 mg/mL to 4 mg/mL will raise the reaction rate constant to increase TCE
removal. But, additional increase of TiO2 dosage above the 4 mg/mL level will not enhance
TCE removal. When the TiO2 dosage is lower than 4 mg/mL, the enhanced degradation is likely
contributed by the availability of more available active sites, due to increasing dosages of TiO 2.
When TiO2 is overdosed, the intensity of MW radiation penetration decreases because more
MW radiation is scattered by TiO2 particles. Thus, the benefit brought about by increasing TiO2
dosages above 2 - 4 mg/mL is countered leading to the observed reduction of TCE removal
(Chih et al., 2008)

2.10 Dyes removal recent studies
Nurafifah et al., (2015), investigated triphenylmethane dye Cresol Red degradation by fungal
strain isolated from the decayed wood in Johor Bahru, Malaysia. In their study, cresol red was
decolorized up to 88 % within 30 days under agitation condition by Trichoderma harzianum.
Data analysis revealed that a pH value of 3 yielded a highest degradation rate among pH
concentrations (73 %), salinity concentrations of 100 g/L (73 %), and a volume of 0.1 mL of
Tween 80 (79 %). Various analytical studies such as Thin-Layer Chromatography (TLC), UV–
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Vis spectrophotometer, and Gas chromatography mass spectrometry (GC–MS) confirmed the
biotransformation of Cresol Red by the fungus.

Zainab et al., (2015) used spent tea leaves and bagasse powder to remove Cresol Red and
reactive black 5 from wastewater. 50 ml of both dyes mixed with the 5 g of agricultural waste
for 24 hours to show how the agricultural waste was effective adsorption to the removal of
synthetic dyes. The adsorption of cresol red and reactive black 5 were measured and the most
effective adsorption was spent tea leaves on cresol red dyes which was the percentage rate
removal of adsorption about 68.55 %. The results indicate the higher removal rate shows the
more adsorption capacity of the adsorbent.

Potassium monopersulfate has been applied to oxidize the cresol red dye in aqueous solution by
photochemical and sonochemical processes by Fassi and Petrier in 2016. The goal of their study
is to analyze the possibility of decolorization of cresol red by different advanced oxidation
techniques (AOPs): photolysis (UV), sonolysis (US), Oxone/UV and Oxone/US. In direct
photolysis, the results obtained indicated that CR undergoes a very low decolorization. A real
improvement of the efficiency has been reached by using the systems: sonolysis, Oxone/ UV
and Oxone/US, the optimal concentration of Oxone was 10-1 M, so the application of potassium
monopersulfate combined with photochemical and sonochemical methods might be an
interesting treatment of wastewater and an advantageous application in industry.

The magnetic Fe3O4/C core–shell synthesized nanoparticles have been used as nanomaterial
adsorbents for the removal of methylene blue and cresol red from aqueous solution by Zheng
and Jilie (2011). The effects of solution pH value, adsorption time and capacity of the
nanocomposites have been fully investigated. The results reveal that the prepared Fe3O4/C
complex nanomaterials could be used as promising adsorbents for the remove organic dyes,
especially, cationic dye, from polluted water.

Ameer et al., (2015) studied the cresol red dye removal using recycled waste tire rubber. The
adsorbent weight, particle diameter and duration time were explored to measure the
effectiveness of these parameters on adsorption rate. The best removal reached more than 81%
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at adsorbent weight 12 g, particle diameter 2 mm, and duration of 21 days. Experimental data
were correlated well by the adsorption isotherm of Langmuir with R2 value of 0.8799. It is
concluded that Cresol red dye is physically adsorbed into the tire rubber waste.

Debora et al., (2016) used waste seeds Aleurites moluccana (WAM) as an adsorbent for the
removal of the cationic dyes Rhodamine B, and the results showed higher adsorption capacity
when compared to other by-products derived from the process for obtaining biodiesel, where
the maximum adsorption capacities of the dye was 117 mg/g.

Mohammadine et al., (2012) utilize the used of Animal Bone Meal as a new low cost adsorbent
to remove Rhodamine B. Dye adsorption equilibrium was rapidly attained after 60 minutes of
contact time. The isotherms of adsorption data were analyzed by Langmuir and Freundlich
adsorption isotherm models. The adsorption capacity (Qm) obtained from the Langmuir
isotherm plots were 62.11, 63.69, 64.13 and 64.95 mg/g respectively at 303, 313, 323 and
333°K. The results showed that animal bone meal can be employed as an alternative to
commercial adsorbents in the removal of Rhodamine B from aqueous solution and wastewater.

Muhammad et al., (2016), used casuarina equisetifolia needle (CEN) which is a lignocellulosicrich and sustainable material as an adsorbent to remove Rhodamine B (RB) dye from aqueous
solution. The study showed that the adsorption of RB by CEN is endothermic in nature and
follows the pseudo second-order kinetics model. The Langmuir isotherm model fitted the
experimental data best with a maximum adsorption capacity of 82.34 mg/g.

Arivoli et al., (2009), studied the adsorption of Rhodamine B on walnut shell charcoal using
batch technique, at initial pH of 9; the dye studied could be removed effectively in a period of 5
hours. The adsorption results indicated that the dye, Rhodamine-B can be effectively removed
from its aqueous solutions by using walnut shell charcoal as an adsorbent.

Nader et al., (2015), investigated bio sorption of two anionic dyes, Eosin Y and Eosin B, from
aqueous solution using Saccharomyces cerevisiae. The maximum adsorption capacities were
found to be at 200 and 100 mg/g for Eosin Y and Eosin B, respectively. These results indicate
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that biomass S. cerevisiae particles with clean surface and high porosity are an interesting
alternative for dye removal from the wastewater effluents.

Xiao et al., (2010), used ethylenediamine modified chitosan for the removal of anionic dye
Eosin Y from aqueous solution, where chitosan was cross-linked with ethylenediamine (EDA)
to prepare an outstanding sorbent. The effect of particle size, solution pH, agitation rate,
temperature, adsorbent dosage (50–500 mg/L), contact time (10min–24 h) and initial
concentration of dye (50–300 mg/L) on the adsorption process was investigated. The maximum
adsorption capacity is 294.12 mg/g at 25 oC the results showed that EDA-CS could be used as a
low-cost and efficient adsorbent for removal of anionic dye (acid dye) from wastewater and has
good potential for further application in effluent treatment.

Polypyrrole (PPY) and polyaniline (PAni) conducting polymers were made chemically on the
surface of wood sawdust (SD) to remove Eosin Y which is an anionic dye, from aqueous
solution, parameters such as pH, initial concentration, sorbent dosage and contact time on
uptake of EY solution were also investigated, The sorption process of EY dye using both
polypyrrole and polyaniline coated onto sawdust (respectively termed as PPy/SD and PAni/SD)
was less dependent on the pH of the solutions at least at pH values from 2-10. Considerable
decrease in sorption performance occurred only at high pH values (pH ≥ 12). According to the
results it was found that PAni/SD adsorbent is more efficient for EY removal in flow or column
system, also it was found that more than 96% of the EY dye can be recovered from PPy/SD
column (Ansari et al., 2010).
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Chapter 3:
Materials and Methods
3.1 Introduction
To achieve the objectives of this study, it is important to study the effect of different parameters
and variables on MW/Oxidation process, in order to achieve clear and complete information
about the capacity of the MW/Oxidation process in removal of Cresol Red, Rhodamine B and
Eosin Yellow Dye. Study of dyes contaminants removal by the MW/Oxidation system is an
important issue because they may deteriorate and hinder the operation of biological
performance of wastewater treatment plant. Therefore, this chapter is provided with details
about experimental methods, which were conducted separately, to investigate the treatment
efficiency of the MW/Oxidation process for removal of dyes contaminants and color from
wastewater. Experimental methods of MW/Oxidation process were classified as laboratory
bench scale (batch experiment) and different variables such as initial pH, initial contaminants
concentration, oxidant type and concentration, MW power levels and irradiation time were
studied. During the research period, data were collected from the tests carried on the aqueous
samples before and after treatment for chemical analysis and removal, trends were established.
Almost ninety experiment were done at Al-Azhar university laps to investigate the effect of
parameters on the process. The materials, experimental setups and experimental procedures that
were used during this research are delineated below.

3.2 Instruments
Different instruments were used to carry out the experiments. Table 3.1 illustrates the list of
instruments used in this project work and their manufacturers and functions.
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Table 3.1: List of Instruments

Instrument

Manufacture

Function

Microwave oven

Durabrand XB2316, UK

Source of MW radiation

Analytical balance

Sartorius

Weight measurement

pH meter

EuTech Instruments

Measurement of pH

Incubator shaker

Environmental orbital shaker

Shaking of conical flasks

incubator

containing samples

UV-vis Spectrophotometer

Jasco ( V 530)

To determine the absorbance

Hot plate

Shivaki

To heat the samples

3.3 Chemicals and glassware’s
All reagents used during this study were of analytical grade and all solutions were prepared
using distilled-water. Glassware’s used for the experiments which are volumetric flasks, pipette,
weighing cylinder, round bottom flask, condenser etc. are all made up of Borosilicate glass. All
the glassware’s were rinsed thoroughly with water several times (tap water) and followed with
distilled water and finally were dried in hot air oven to remove any trace of moisture present,
many chemicals where used for experiment include Cresol red dye, Rhodamine B dye, Eosin
yellow dye, hydrogen peroxide, potassium persulfate, sodium hydroxide and hydrochloric acid.

3.4 Experiment Setup
The experiments were carried out in this research as a set in static methods (batch reactor).
Dyes solution was used as aqueous solution for studying the contaminant removal. The effects
of removal efficiency were studied during application of different variables factors. The initial
pH, initial contaminants concentration, oxidant type and concentration, MW power levels and
irradiation time were used as variable factors may affect the dyes removal efficiencies.
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Fig. 3.1 shows a schematic diagram of the experimental apparatus. A domestic microwave oven
(700 W, 2450 MHz) with multiple power settings was used as the source of the MW radiation.
Two holes in the top cover of the MW oven were drilled, the first hole was used to connect a
250 ml round bottom flask of two parallel vertical center neck with quick fit, Pyrex, with a
condenser which is connected to a cooling system, and the other hole used to take samples every
fixed time. The round bottom flask was placed inside the MW oven and a Straight Connecting Adapter

with both 24/29, Pyrex quick fit used to connect the round bottom flask with a condenser by the
first neck of the round bottom flask to cool the dye vapor in order to keep constant volume of
solution.

Fig. 3.1: Schematic diagram of the experimental apparatus

3.5 Methods
3.5.1 Preparation of the dye solution
A stock solution of 50 mg/L of dye was prepared by dissolving 25 mg of dye in distilled water
and then making the volume up to 500 ml. The dye solution was stored in a volumetric flask for
making other dilute solutions. Samples of different dye concentrations were prepared by
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dilution from the stock solution. Typically, solutions of 5, 10, 15, 20 and 25 mg/L (for Cresol
red) and of 5, 10, 15, 18 and 20 mg/L (for Rhodamine B) and of 5, 10, 15, 20 and 25 mg/L (for
Eosin yellow) were prepared for every experiments run, the deference in Rhodamine B initial
concentration is due to the noise in its spectrum after the concentration of 20ppm, the sample
were prepared by the dilution role from the stock solution, the volume of each sample were
100ml.

3.5.2 Oxidants dosages
Two types of oxidant were used separately in the experiments, hydrogen peroxide (H 2O2) and
potassium persulfate (KSP) (K2S2O8) which are used to generate free radical which assists in
faster degradation of pollutants. Four dosages of 30% (H 2O2) of 9.79 molar where used 0.1, 0.3,
0.5 and 0.7 ml, also a 0.19 molar of KPS where prepared and for dosages of it were used 0.05,
0.01, 0.1 and 0.2 ml and every concentration of the three dyes where tested with the four
dosages of the oxidant, to figure out if the oxidants has effect on the removal of dye from the
solution and to compare between the two oxidants used, some samples were put on the MW
without any oxidant dosages to compare between each other.

3.5.3 Microwave setting
A domestic microwave oven (700 W, 2450 MHz) with multiple power settings was used as the
source of the MW energy, the power level of MW used was low level almost 20% of the power
of MW, where the higher power could damage the equipment. So after the solution of dye was
prepared and the oxidant dosages were added, the solution was put in round bottom flask and
then put inside the MW for 42 minute. A sample from the solution was taken every six minutes.
The solution evaporates after almost 18 minute but due to the presence of condenser which is
connected to a cooling system the solution volume still constant during the experiment.

3.5.4 The pH effect investigation
In order to investigate the effect of pH change, a 1Molar solution of HCL where prepared to
adjust the low pH and 1Molar solution of NaOH where prepared to adjust the high pH. A
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solution of 15 mg/l of each of the three dyes where prepared and tested at six different pH
values (2, 4, 6, 8, 11, and 13). After measurements and getting the results, a calibration curve
between the pH value and the percentage removal where calculated.

3.6 The measurement of removal efficiency
UV-Vis Spectrophotometers device where used to calculate the concentration of dyes after and
before MW. A spectrophotometer is a very powerful tool used in both the biological and
chemical sciences yet operates by simply shining a beam of light, filtered to a specific
wavelength (or very narrow range of wavelengths), through a sample and onto a light meter.
Some basic properties of the sample can be determined by the wavelengths and amount of light
absorbed by the sample.

Dye concentrations in solution can be estimated quantitatively, generally according to LambertBeer law (which describes the linear relation between light absorbance and concentration of
light-absorbing material: A =  l c, where A = absorbance, c = concentration of the light
absorbing material, and l = length of the pathway of light through the light absorbing material),
the wavelength range in all experiment was between 200 nm and 800 nm (Schwedt, 1997)

3.6.1 Preparing of calibration curves
In order to investigate the relation between factors, several calibration curves where done. Dye
concentration where calculated according to Lambert-Beer's law, and then the removal rate was
calculated. As a result to study the effect of dye concentration for example a calibration curve
made between the dye concentration and the removal rate using origin program which is a
proprietary computer program for interactive scientific graphing and data analysis. It is
produced by Origin Lab Corporation, A calibration curves also were made for other factors like
oxidant dosage, time and pH effect.
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3.6.2 Calculation of removal efficiency
The equation used to calculate the pollutant removal efficiency in the MW/oxidation water
treatment experiments for spectrophometric method used was:
%E = [(Ao–A)/Ao] ×100

(3.1)

Where:
%E percentage of removal efficiency
Ao and A are absorbance values of pollutant solutions before and after treatment with respect to
their λmax. (Hewlett, 1979)
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Chapter 4:
Results and Discussion
4.1 Introduction
In this chapter, the characteristics of synthetic dyes removal by microwave/oxidation system
were studied in a batch mode experiments, three dyes (Cresol red, Rhodamine B, Eosin yellow)
were tested. The experiments were done in the laboratory of the Department of Chemistry at
Al-Azhar University in Gaza. This chapter consists of different sections and each section has
been divided into sub-sections according to the different variable conditions. The first section
discuss the effect of MW radiation to determine whether it's different than conventional heating
and the other sections discuss the parameters which effects on the removal rate like the
concentration of dye, oxidant dosage, pH, time of radiation and the last section discuss the
effect of MW/oxidation process on the COD value.

4.2 Effect of microwave radiation single and oxidant single
Different experiments were conducted to investigate the effect of oxidizing agent, MW energy
and MW/oxidation on dyes removal. In order to investigate the effect of oxidant addition on
dye removal without using MW, a 0.5 ml hydrogen peroxide was added to Cresol red (pH
value of 4) and Rhodamine B (pH value of 4) and Eosin Y (pH value of 7) of 5 mg/L initial
dye concentration at 5 mg/L. The solution is placed at room temperature for 40 minutes with
slow rotating speed. Fig. 4.1 show that there is no removal was happed, which indicates that the
removal of dye from solution by using oxidizing agent alone didn’t have any effect.

Another solution of Cresol red, Rhodamine B and Eosin Y at the same previews conditions was
prepared without adding any additives to investigate the effect of MW alone. The result as
shown in Fig. 4.2 indicates that the MW system alone could not remove the tested dye from the
solution and therefore some additives are needed. In contrast, result of the experiment where
conducted by Darwish, (2012), he found that the ammonia removal from wastewater by using
MW alone reached about 95%. Ghorban et al., 2013 conducted a comparison by using MW
alone, hydrogen peroxides oxidant single and MW/H2O2 process, to remove Pentachlorophenol
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(PCP) which is one of the most fungicides and pesticides. They found that combining MW with
oxidant was better than using the MW single or the oxidant.
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Fig. 4.1: The absorbance of Cresol red, Rhodamine B and Eosin Y at 5 mg/L initial dye
concentration and 0.5 ml of 30% H2O2 without MW radiation
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Fig.4.2: The absorbance of Cresol red, Rhodamine B and Eosin Y with MW without
adding any additives at 5 mg/L initial dye concentration.
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4.3 Effect of MW/H2O2 on dyes removal
As discussed in the previous section the application of MW single, or oxidizing agent single has
shown no significant removal of dye from water. It was found that the application of MW with
oxidizing agent (Hydrogen peroxide) could improve the removal efficiency of dyes (Cresol red
dye, Eosin yellow dye and Rhodamine B dye). The following sections discuss the removal
efficiency of the three dyes using MW/Oxidation process under different variables such as dyes
concentration, radiation time and pH values.

4.3.1 Effect of dyes concentration on dyes removal using MW/H2O2
Five initial dyes concentrations of (5, 10, 15, 20 and 25 mg/L) of 100 ml sample for Cresol red
dye and (5, 10,15, 18 and 20 mg/L) for Rhodamine B dye, and (5, 10, 15, 20 and 25 mg/L) for
Eosin yellow dye were tested. The difference in dye concentration in Rhodamine B dye was
due to the noise occurred in the spectrum at high concentrations of more than 20 mg/L. Four
volumes of hydrogen peroxide (0.1, 0.3, 0.5 and 0.7 ml) of 30% H2O2 were used and dyes
removal at fixed pH value of 4 were studied.

4.3.1.1 Cresol red removal using MW/H2O2
It can be noticed from Fig. 4.3, that the removal percentage of Cresol red decreased when the
dye concentration increased.at the lowest concentration of 5 mg/L and it reached 98% removal
rate after 35 minutes. By increasing the dye concentration to 10 mg/L the removal percentage
decreased to 90% after 35 minutes and so on. At the highest concentration of dye (25 mg/L) the
removal percentage was reached only 58% after 35 minutes, increasing the time of radiation up
to 42 minutes has increased the removal percentage to 84%. Figs from 4.4 To 4.7 indicates the
spectra of Cresol red at 25mg/L and 20mg/L initial dye concentration, it can be shown that the
absorbance increases by increasing dye concentration and by the result the removal percentage
decrease. So it can be concluded that pollutant concentration plays an important role on the
removal efficiency of dye by using MW energy with the combination of oxidant systems. By
increasing the initial dye concentration the removal percentage decrease and also by increasing
the dye concentration, numerous intermediates arose within the system. That was happened
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after the parent dye’s degradation which interfered with the oxidation process. Such suppression
would have been more noticeable in the existence of an elevated amount of degradation
intermediates that had arisen after the increase in dye concentration, when the dye concentration
increased the color removal percentage decreased leading to slower creation of complete
decolorization, which attributed to the ratio of dye molecules to hydroxyl radicals in the
solution decreased with the increase of the dye concentration.
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Fig. 4.3: Relation between dye concentration and the percentage of removal for Cresol red
at fixed oxidant dosage of 0.7 ml of 30% H2O2 and pH value of 4
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Fig. 4.4: The spectra of Cresol red at 25 mg/L, pH 4 and 0.5 ml hydrogen peroxide (30%)
using MW/H2O2 system
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Fig. 4.5: The absorbance of Cresol red at 25 mg/L, pH 4 and 0.5 ml hydrogen peroxide
(30%) using MW/H2O2 system

38

Absorbance(a.u)

1.2

0min
6min
12min
18min
24min
30min
36min
42min

0.8

0.4

0.0
200

300

400

500

600

700

800

wavelength(nm)

Fig. 4.6: The spectra of Cresol red at 20 mg/L, pH 4 and 0.5 ml hydrogen peroxide (30%)
using MW/H2O2 system
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Fig. 4.7: The absorbance of Cresol red at 20 mg/L, pH 4 and 0.5 ml hydrogen peroxide
(30%) using MW/H2O2 system.
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4.3.1.2 Rhodamine B removal using MW/H2O2
Fig. 4.8 illustrates the effect of Rhodamine B dye concentration and the percentage of removal
at fixed oxidant volume of 0.7 ml of 30% H2O2 and fixed pH value of 4. It can be observed that
the initial concentration has a strong effect on the removal percentage, where the removal
percentage has reached 97% after 36 minutes at 5 mg/L concentration, it was 94% at 18 mg/L
initial concentration and it decreased to 91% for 20 mg/L concentration. This indicates that the
removal percentage decrease when the concentration of dye increase. Figs. from 4.9 to 4.12
show the spectra of Rhodamine B at tow concentrations, 25 mg/L and 20 mg/L, it can be
illustrated that the absorbance increases by increasing dye concentration from 20 mg/l to 25
mg/l and by the result the removal percentage decrease where the relation between the
absorbance and the concentration according to beers law is direct (Schwedt, 1997), as the same
in Cresol red by increasing the dye concentration, numerous intermediates arose. That was after
the parent dye’s degradation which interfered with the oxidation process. Such suppression
would have been more noticeable in the existence of an elevated amount of degradation
intermediates that had arisen after the increase in dye concentration, but the removal percentage
in Rhodamine B was higher than Cresol red and it can be seen that almost all the removal
percentage values were close to each other and above the 90% after 36 minutes, which indicates
that Rhodamine B can be more easily removed or completely degraded where almost for all
tested concentration the removal rate was close to each other.
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Fig. 4.8: Relation between dye concentration and the percentage of removal for
Rhodamine B at fixed oxidant dosage of 0.7 ml of 30% H2O2 and pH value of 4.
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Fig. 4.9: The spectra of Rhodamine B at 20 mg/L, pH 4 and 0.5 ml hydrogen peroxide
(30%) using MW/H2O2 system
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Fig. 4.10: The absorbance of Rhodamine B at 20 mg/L, pH 4 and 0.5 ml hydrogen peroxide
(30%) using MW/H2O2 system

0min
6min
12min
18min
24min
30min
36min
42min

Absorbance(a.u)

2.4

1.6

0.8

0.0
200

300

400

500

600

700

800

Wavelength(nm)

Fig. 4.11: The spectra of Rhodamine B at 18 mg/L, pH 4 and 0.5 ml hydrogen peroxide
(30%) using MW/H2O2 system
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Fig. (4.12): The absorbance of Rhodamine B at 18 mg/L, pH 4 and 0.5 ml hydrogen
peroxide (30%) using MW/H2O2 system.

4.3.1.3 Eosin yellow removal using MW/H2O2
Five initial concentrations of Eosin Y dye were tested: 5, 10, 15, 20 and 25 mg/L. Fig.
4.13 indicates that Eosin Y has a clear trend. The difference between the lowest and the
highest concentration for Eosin Y dye removal was high, where at the lowest
concentration of 5 mg/L, the removal percentage at fixed pH of 7 was 96% after 36
minutes and for the highest concentration of 25 mg/L it was 78% and increased to 85%
after 42 minutes of radiation also it can be noticed that the other concentration removal
percentage are close to each other. Figs. from 4.14 to 4.17 illustrates the spectrum of
tow concentrations 20 mg/L and 25 mg/L, it can be shown that the absorbance values at
25 mg/L is larger than 20 mg/L due to large concentration and as a result less removal
percentage. When the dye concentration increased the color removal percentage
decreased leading to slower creation of complete decolorization which attributed to the
ratio of dye molecules to hydroxyl radicals in the solution decreased with the increase of
the dye concentration.
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Fig. 4.13: Relation between dye concentration and the percentage of removal for Eosin y at
fixed oxidant dosage of 0.7 ml of 30% H2O2 using MW/H2O2 system
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Fig. 4.14: The spectra of Eosin y at 25 mg/L, pH 7 and 0.5 ml hydrogen peroxide (30%)
using MW/H2O2 system
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Fig. 4.15: The absorbance of Eosin y at 25 mg/L, pH 7 and 0.5 ml hydrogen peroxide
(30%) using MW/H2O2 system
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Fig. 4.16: The spectra of Eosin y at 20 mg/L, pH 7 and 0.5 ml hydrogen peroxide (30%)
using MW/H2O2 system
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Fig. 4.17: The absorbance of Eosin y at 20 mg/L, pH 7 and 0.5 ml hydrogen peroxide
(30%) using MW/H2O2 system

4.3.2 Effect of oxidant dosage on dyes removal using MW/H2O2 system
To study the effect of oxidant dosage on dyes removal using MW/H2O2, four dosages of
hydrogen peroxide oxidant where tested: 0.1, 0.3, 0.5, and 0.7 ml of 30% H 2O2 for each
concentration of the three dyes (Cresol red, Eosin yellow and Rhodamine B) at fixed pH value
of 4. It can be observed from the following figures that by increasing the dosage of the oxidant
the removal percentage are increased. On the other hand, by using large volume of the oxidant
dosage the removal rate was steady and almost constant.

This can be described according to Cigdem et al., 2008 as the generated the hydroxyl radicals
can attack the organic chemicals by radical addition Eq. 4.1, hydrogen abstraction Eq. 4.2 and
electron transfer Eq. 4.3. In the following reactions, R is used to describe the reacting organic
compound.
R + HO• → ROH

(4.1)

R + HO• → R• + H2O

(4.2)

Rn + HO• → Rn-1 + OH-

(4.3)
46

4.3.2.1 Effect of H2O2 oxidant dosage on Cresol red removal percentage
Fig. 4.18 illustrate the effect of H2O2 oxidant dosage on Cresol red removal percentage. It is
shown that the removal percentage was 94% with low dosage of 0.1 ml for the low
concentration of dye (5 mg/L). At the high concentration of dye (25 mg/L) and low H2O2
oxidant dosage, the removal percentage was 59% after 35 minutes. At 0.3 ml H2O2 oxidant
dosage the removal percentage is slight better than 0.1 ml dosage where it was at 5 mg/l
concentration 96% and for 25 mg/L it was 60%. However there is no significant change in the
removal percentage after increasing the dosage from 0.5 ml to 0.7 ml, where the removal
percentage was 52% at 0.5 ml dosage for 25 mg/L dye concentration after 35 minutes and it
was 52% at 0.7 ml oxidant dosage for 25 mg/L dye concentration after 35 minute.

The dipolar polarization mechanism could be the responsible for enhancing the degradation of
dye solution in the systems by combining MW and oxidants. This mechanism creates elevated
temperature within a shorter span as compared to conventional heating methods, which
enhances the increased decomposition of H2O2 into •OH. So the •OH generated in the system
undergoes adduction reaction with the dye and the resulting intermediates. As a result, rapid
and improved degradation rates are observed for Cresol red as shown in Eq. 4.4, but H2O2 can
act as •OH quencher at high concentrations as shown in Eqs. 4.5 to 4.7 (Cigdem et al., 2008).

Ravera et al., 2007 showed that the higher H2O2 dosages have not amplified the degradation
where they used MW/H2O2 process to remove 1, 5-naphthalenedisulfonic acid (NDS) and found
that the optimum dosage of oxidant was not the highest dosage. As noticed from figure (4.18)
the removal rate at 0.5 ml oxidant dosage is almost the same at the highest dosage so continues
increasing the hydrogen peroxide dosage will not increase the removal percentage.
H2O2 → 2HO•

(4.4)

HO• + H2O2 → HO2• + H2O

( 4.5)

2HO2• → H2O2 + O2

(4.6)

HO• + HO2• → H2O + O2

(4.7)
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Fig. 4.18: Relation between oxidant dosage (30% H2O2) and removal percentage of Cresol
red at 36 minutes radiation using MW/H2O2 system.

4.3.2.2 Effect of H2O2 oxidant dosage on Rhodamine B removal percentage
Fig. 4.19 illustrate the effect of H2O2 oxidant dosage on Rhodamine B removal percentage. It
can be noticed that by increasing the oxidant dosage the removal rate was increased. The
removal rate at 20 mg/L concentration of dye and oxidant dosage of 0.7 ml was 90%, but at low
oxidant dosage of 0.1 ml it was 83%. For the lowest concentration of dye at 5 mg/L
concentration the removal percentage was 96% at 0.1 ml oxidant dosage and was 98% at 0.7 ml
oxidant dosage. It can be seen from the Fig. 4.19 that the increase in removal rate is not
significant at the highest two oxidant dosages of 0.5 and 0.7 ml of 30% H2O2 and they almost
have the same for removal percentage which indicates that continues increasing of oxidant
dosages would not effect on the removal rate due to the scavenging effect of H2O2, as the same
result in Cresol red where H2O2 can acts •OH quencher at high concentrations. The result of this
experiment match the result which was achieved by Eni et al., 2012 for the removal of
malachite green (MG) dye. They found that the higher H 2O2 dosages have not amplified the
degradation efficiency of malachite green (MG) by using MW/H 2O2 process where the MG
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removal rate of 85% and 90% were observed at the H2O2 dosages of 0.1 5mole and 0.3 mole
respectively.

100

% Removal

95

90
5mg/l
10mg/l
15mg/l
18mg/l
20mg/l

85

80
0.1

0.3

0.5

0.7

oxidant dosage(ml)

Fig. 4.19: Relation between oxidant dosage (30% H2O2) and removal percentage of
Rhodamine B at 36 minutes radiation using MW/H2O2 system.

4.3.2.3 Effect of H2O2 oxidant dosage on Eosin yellow removal percentage
The effect of hydrogen peroxide (30% H2O2) dosage on Eosin yellow removal percentage is
illustrated on Fig. 4.20. It can be noticed that the highest removal rate after 36 minutes was at
the lowest concentration of dye (5 mg/L), and it can be applied to the all dosages of the oxidant.
The removal rate increased by increasing the dosage of oxidant from 0.1 ml to 0.3 ml. By
increasing the oxidant dosage from 0.3 to 0.5 ml the removal percentage increased for all
concentrations of dye but increasing oxidant dosage from 0.5 to 0.7 ml didn't enhance the
removal rate and it seems to be steady state of removal. It is obvious that the removal rate is
almost not changed between the last two dosages, so it can be said that the removal rate
increased by increasing the oxidant to a certain value and continues increasing will not affect it
as shown in Fig. 4.20. So it can be concluded that the optimum dosage of oxidant is at 0.5 ml
where the removal percentage achieved the maximum but after that there is no significant
change in the removal percentage.
49

100

% Removal

90

80

5mg/l
10mg/l
15mg/l
20mg/l
25mg/l

70

60

50
0.1

0.3

0.5

0.7

oxidant dosage(ml)

Fig. 4.20: Relation between oxidant dosage (30% H2O2) and removal percentage of Eosin
yellow at 36 minutes radiation using MW/H2O2 system

It can be concluded from Figs. 4.18, 4.19 and 4.20 that the optimum dosage of hydrogen
peroxide for the three dyes was at 0.5 ml, at this dosage the highest removal percentage of dye
occur and increasing the dosage to 0.7 ml did not enhance the removal percentage. This
conclusion match, what was found by Movahedyan et al., in 2009 for the degradation of pchlorophenol dye by using MW/H2O2 system. They found the optimal hydrogen peroxide
concentration is at 0.1 mol/L for the degradation of p-chlorophenol by MW/H2O2 system also
they found that after addition of H2O2 > 0.1 mol/L, the percent of p-chlorophenol degradation
almost constant and some cases are decreased.

4.3.3 Effect of radiation time on dyes removal using MW/H2O2 system
In order to investigate the effect of MW radiation time on the removal rate, each sample of the
three dyes is placed in the MW for 42 minutes. Every 6 minute samples of dye are collected and
tested on the UV- Vis spectroscopy device to measure removal percentage.
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It can be noticed from Fig. 4.21 that the removal percentage for Cresol red dye increases by
radiation time. It was 2% after 6 minutes and it increased to 60% after 35 minutes for 25 mg/L
concentration of dye concentration. For Rhodamine B it can be observed from fig. 4.22 that also
the removal percentage increased by increasing of radiation time. It was almost 2% removal
after 6 minutes and increased up to 95% after 35 minutes for 25 mg/L dye concentration.
Continues increase of radiation time did not affected on the removal percentage so much where
it increased to 97% after 42 minutes which is not a significant change. Also the same results of
removal percentage for Eosin yellow dye has been obtained increasing until it reach a certain
time where it stop. The time required for complete color removal should be longer for higher
initial dye concentrations.

Also it can be illustrated that the real increasing in removal

percentage occur after 21 minutes where the sample reach the boiling point, and the same result
is for the other two dyes as shown in Fig.4. 22 for Rhodamine B and Fig.4.23 for Eosin Y.
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Fig. (4.21): Effect of radiation time on the removal percentage of Cresol red at fixed
oxidant dosage of 0.3 ml of 30% H2O2 using MW/H2O2 system
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Fig. 4.22: Effect of radiation time on the removal percentage of Rhodamine B at fixed
oxidant dosage of 0.3 ml of 30% H2O2 using MW/H2O2 system
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Fig. 4.23: Effect of radiation time on the removal percentage of Eosin yellow at fixed
oxidant dosage of 0.3 ml of 30% H2O2 using MW/H2O2 system
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4.3.4 Effect of pH on dyes removal using MW/H2O2 system
Six different pH values 2, 4, 6, 8, 11 and 13 were used in this experiment. Figs. 4.24, 4.25 &
4.26 illustrate the effect of pH adjustment on the removal percentage of the three dyes. Fig. 4.24
shows that the best pH for Cresol red removal percentage is at 11 where the removal percentage
has reached 99.9% after 30 minutes radiation time. At the acidic media of pH 4 (the original pH
of the solution), the removal percentage has reached 80% after 30 minutes. It is clear that the
alkali media is better than the acidic media for removal of Cresol red dye. Fig. 3.25 shows the
effect of pH change on Rhodamine B removal rate. It can be noticed that the removal
percentage at pH 11 is the best, where it reached 99.7% after 30 min of radiation time, while
removal rate reached only 92% at pH 4. Also for the Rhodamine B the removal percentage at
alkali media is better than the acidic media as compared with Cresol red dye.

For the third dye Eosin yellow, it can be noticed in Fig. 3.26 that the best removal rate was also
at pH 11 where it reached 99.6% after 30 minutes of radiation time and the lowest removal
percentage (only 38%) was at pH 6. In acidic pH, the hydrogen peroxide is available as
molecular H2O2. In basic pH it decomposes into hydroxyl radical considered as the most
important secondary oxidants, so hydrogen peroxide decompose to hydroxyl radicals (OH)
under alkaline conditions then react with the target organic contaminant. On the other hand,
under acidic conditions, hydrogen peroxide mainly reacts directly as hydrogen peroxide radical
with organic compounds. Alkaline pH could more accelerate organic pollutants degradation
under MW/H2O2 system, this phenomenon under MW/H2O2 was attributed to the ability of
H2O2 to absorb and transmit microwave irradiation in alkaline pH more than other pHs.
Subsequently more radicals are produced in this condition (Ghorban et al., 2014). It can be
concluded that the best removal rate occurs at pH 11 or in general alkaline phases.
Movahedyan.et al., in 2009 found that the degradation reactions were enhanced in an alkaline
medium for p-chlorophenol removal by MW/H2O2 process (Movahedyan et al., 2009).
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Fig. 4.24: Effect of pH adjustment on the removal percentage of 15 mg/L Cresol red using
MW/H2O2 system
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Fig. 4.25: Effect of pH adjustment on the removal percentage of 15 mg/L Rhodamine B
MW/H2O2 system

54

100

% Removal

80

60

12min
18min
24min
30min
36min
42min

40

20

0
2

4

6

8

10

12

14

pH

Fig. 4.26: Effect of pH adjustment on the removal percentage of 15 mg/L Eosin yellow
MW/H2O2 system.

4.4 Effect of MW on the COD value
In order to investigate the effect of MW radiation on the amount of organic matter of the dye
solution, a solution of 15mg/L concentration for each dye was prepared with 0.5ml of 30%
H2O2.Different samples every 6 minutes were taken from the three types of dyes before and
after the treatment by the MW. Figs. 4.27, 4.28 & 4.29 show the result of the experiments. It
can be noticed from Fig. 4.27 that the COD value didn't change significantly where it decreased
from 993 mg/L to 974 mg/L after the treatment by MW radiation for 42 minutes for Cresol red.
As shown in Fig. 4.28, the same result almost was obtained for Rhodamine B dye, where it
decreased from 600 mg/L to 585 mg/L after the MW radiation treatment for 42 minute. Also, as
shown in Fig. 4.29, the effect of MW on the COD removal for Eosin yellow dye is not
significant, where it decreased from 666 mg/L to 577 mg/L after MW treatment for 42 minute.

The oxidation of dyes by the MW/oxidant process produces an intermediate organic products,
as a result the organic content of samples did not changed significantly, and then the COD value
would not decrease significantly, although the sample became colorless.
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Fig. 4.27: Effect of MW on COD removal for 15 mg/l Cresol red using MW/H2O2 system
with 0.5ml of H2O2.
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Fig. 4.28: Effect of MW on COD removal for 15mg/L Rhodamine B using MW/H2O2
system with 0.5ml of H2O2
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Fig. 4.29: Effect of MW on COD removal for 15mg/L Eosin Y using MW/H2O2 system with
0.5ml of H2O2

4.5 Dyes removal using MW/K2S2O8 system
In the previous section, hydrogen peroxide was used as an oxidant in the MW/oxidation process
to study the removal rate of three types of organic dyes (Cresol red, Rhodamine B and Eosin
yellow) under different variables (initial concentration of dye, pH value, oxidant dosage and
radiation time). In the following section potassium per sulfate was used as an oxidant by
applying the same conditions and method used in the previous experiments. This section
discusses the effect of the different parameter on the removal of dyes (Cresol red, Rhodamine B
and Eosin e yellow) using potassium per sulfate oxidant. Also a comparison made between the
two tested oxidants to identify the best oxidant.

4.5.1 Effect of microwave radiation and oxidant single
The effect of MW single is illustrated in the first section as shown in Fig. 4.2 and it was clear
that there is no removal of color under MW alone. In order to investigate the effect of the
oxidant single, a solution of 5 mg/L for each dye were prepared and a dosage of 0.2ml of 0.19
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molar was added. The solution kept at room temperature for 30 minutes and dye solution
samples were taken every 10 minutes. The results also showed that there is no significant
removal of dye which indicates that using oxidant single doesn't have any effect on dye removal
as shown in Fig. 4.30. This result match the conclusion was achieved by Ghorban et al., 2014.
He concluded that a complete treatment of more complex wastewater with multiple pollutants
or the removal/degradation of highly bio-refractory pollutant is highly difficult with MW alone.
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Fig. 4.30: The absorbance of Cresol red, Rhodamine B and Eosin Y at 5 mg/L initial dye
concentration and 0.2 ml of 0.19 molar KPS without MW radiation

4.6 Effect of initial dye concentration on removal percentage using MW/K2S2O8
Five initial concentrations (5, 10, 15, 20 and 25 mg/L) of 100 ml sample for the three dyes
(Cresol red, Rhodamine B and Eosin yellow) were prepared and four oxidants dosages of
K2S2O8 (0.01, 0.05, 0.1 and 0.2 ml) of 0.19 molar were applied using MW/K2S2O8 system in
order to study the effect of dye initial concentration on removal rate. In general the results
showed that there is a small variation of the removal rate between the three dyes. It indicated
that at the lower concentrations the removal rate is very high and need short time to almost
reach complete degradation. In general, also it noticed that increasing the initial concentration
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of dyes would decrease the degradation rate. The following section describes the removal rates
for each dye.

4.6.1 Cresol red dye removal using MW/K2S2O8
The impact of initial dye concentration on the degradation for Cresol red was studied at
different times of radiation and fixed oxidant dosage of 0.2 ml of 0.19 molar as shown in
Fig.4.31. The result indicated that at a low dye initial concentration of 5 mg/L the removal
percentage after 25 min has reached 99.2% and decreased to 90% at dye initial concentration of
20 mg/L and to 71% at dye initial concentration of 25 mg/L. Figs. from 4.32 to 4.35 shows the
spectrum of Cresol red at 25mg/L and 20mg/L .It can be noticed that as the concentration
increases from 20mg/L to 25mg/L the absorbance increases, so that the removal percentage
decreases. The result indicates that when the dye concentration increased the color removal
percentage decreases leading to slower creation of complete decolonization. This is attributed to
the ratio between the dye molecules and the oxidant radicals, where by increasing the
concentration the ratio decreases and as a result the degradation also decreases.
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Fig. 4.31: Relation between dye initial concentration and removal percentage of Cresol red
at fixed oxidant dosage of 0.2 ml (0.19 molar).
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Fig. 4.32: The spectra of Cresol red at 25 mg/L, pH 4 and oxidant dosage of 0.2 ml (0.19
M) using MW/K2S2O8

Fig. 4.33: The absorbance of Cresol red at 25 mg/L, pH 4 and oxidant dosage of 0.2 ml
(0.19 M) using MW/K2S2O8
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Fig. 4.34: The spectra of Cresol red at 20 mg/L, pH 4 and oxidant dosage of 0.2 ml (0.19
M) using MW/K2S2O8
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Fig. 4.35: The absorbance of Cresol red at 20 mg/L, pH 4 and oxidant dosage of 0.2 ml
(0.19 M) using MW/K2S2O8
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4.6.2 Rhodamine B dye removal using MW/K2S2O8
The effect of dye initial concentration of Rhodamine B dye removal percentage using
MW/K2S2O8 system is illustrated in Fig. 4.36. Five initial concentration of Rhodamine B dye
(5, 10, 15, 18 and 20 mg/L) were used and fixed oxidant dosage of 0.2 ml of 0.19 molar was
applied at pH value of 4. It can be noticed from fig. 4.36 that the removal percentage has a clear
trend and it reached 98.8% for initial concentration of 5 mg/L after 25 minutes and decreased to
83% for the initial concentration of 20 mg/L after the same time. The degradation of the low
initial concentration of dye (5 mg/L) was the highest at every time interval and decreases
gradually as the concentration increase at the fixed oxidant dosage and pH value. Figs. from
4.37 to 4.40 show the spectrum of Cresol red at tow concentrations 20mg/L and 18mg/L. It can
be noticed that 20mg/L concentration has higher absorbance than 18mg/l and so by beers law, it
has lower removal percentage (Hewlett, 1979). By the result has lower removal rate. It can be
described as the dye concentration increase, the ratio between oxidant radicals and dye
molecules decrease causing the color removal decrease.
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Fig. 4.36: Relation between dye concentration and removal percentage of Rhodamine B at
fixed oxidant dosage of 0.2 ml (0.19 molar)
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Fig. 4.37: The spectra of Rhodamine B at 20 mg/L, pH 4 and oxidant dosage of 0.2 ml (0.19
M) using MW/K2S2O8
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Fig. 4.38: The absorbance of Rhodamine B at 20 mg/L, pH 4 and oxidant dosage of 0.2 ml
(0.19 M) using MW/K2S2O8

63

3.5

0min
5min
10min
15min
20min
25min
30min

Absorbance(a.u)

3.0

2.5

2.0

1.5

1.0

0.5

0.0
200

300

400

500

600

700

800

wavelength (nm)

Fig. 4.39: The spectra of Rhodamine B at 18 mg/L, pH 4 and oxidant dosage of 0.2 ml (0.19
M) using MW/K2S2O8

3.5
3.0

Absorbance(a.u)

2.5
2.0
1.5
1.0
0.5
0.0
0

5

10

15

20

25

30

Time(min)

Fig. 4.40: The absorbance of Rhodamine B at 18 mg/L, pH 4 and oxidant dosage of 0.2 ml
(0.19 M) using MW/K2S2O8
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4.6.3 Eosin yellow dye removal using MW/K2S2O8
Five initial concentrations (5, 10, 15, 20 and 25 mg/L) of Eosin y were tested to investigate the
effect of initial dye concentration on color removal using MW/K2S2O8 system. Fixed oxidant
dosage of 0.2 ml of 0.19 molar was applied at pH value of 7. The results of the experiment are
illustrated in Fig. 4.41. From the figure and the previous two figs. 4.31 and 4.36, it can be
noticed that Eosin yellow has the highest removal percentage comparing to the Rhodamine B
and Cresol red dyes at the same operation conditions. Figs. from 4.42 to 4.45 shows the
spectrum of Eosin Y at 25mg/L and 20mg/L .it can be noticed that the absorbance increases as
the concentration increase as it is higher at 25mg/L concentration than 20mg/L. So increasing
the absorbance would decrease the removal percentage of dye. At low initial concentration of 5
mg/L the degradation rate reached 99.5% after 25 minutes and at the highest concentration of
20 mg/L it decreased to only 96.5% after 25 minutes. It can be concluded that the MW/K2S2O8
system is one of the best processes to remove Eosin y from aqueous solution comparing to the
other two dyes. The decrease in in the removal percentage is due to the fixed amount of the
oxidant and at the same time the increase in the concentration of dye.
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Fig. 4.41: Relation between dye concentration and removal percentage of Eosin y at fixed
oxidant dosage of 0.2 ml (19 molar)
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Fig. 4.42: The spectrum of Eosin y at 25 mg/L, pH 7 and oxidant dosage of 0.2 ml (0.19 M)
using MW/K2S2O8
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Fig. 4.43: The absorbance of Eosin y at 25 mg/L, pH 7 and oxidant dosage of 0.2 ml (0.19
M) using MW/K2S2O8
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Fig. 4.44: The spectra of Eosin y at 20 mg/L, pH 7 and oxidant dosage of 0.2 ml (0.19 M)
using MW/K2S2O8
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Fig. 4.45: The absorbance of Eosin y at 20 mg/L, pH 7 and oxidant dosage of 0.2 ml (0.19
M) using MW/K2S2O8
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4.7 Effect of K2S2O8 oxidant dosage on dye removal using MW/K2S2O8
It has been established in previous studies that the oxidant dosage has a considerable effect on
the removal percentage of dyes. In order to investigate the effect of oxidant dosage on the color
removal, four dosages of potassium persulfate (0.01, 0.05, 0.1 and 0.2 ml) of 0.19 molar were
applied for each sample of the three dyes. According to equations 4.8 to 4.16, potassium
persulfate (K2S2O8) is capable of absorbing MW for the generation of active free radicals.
Combining MW with persulfate oxidant has produced better degradation rate for many
pollutants other than any oxidant (Shiying, et al., 2009). This conclusion is consistent with in
the case of using MW/K2S2O8 system for removal of Cresol red, Rhodamine B and Eosin y. the
following subsection described the effect of oxidant dosage on dye removal using MW/K2S2O8.

S2O82− + heat → 2SO4•−

(4.8)

SO4•− + SO4•− → S2O82−

(4.9)

SO4•− + S2O82− → SO42− + S2O8•−

(4.10)

S2O82- + Z → SO42- + Z

( 4.11)

(Where Z represents organic compounds)
SO4-. + H2O → HO. + HSO4-

(4.12)

SO4.- + Z → Z. + Products

( 3.13)

HO. + Z → Z. + Products

( 4.14)

Z. + S2O82- → SO4-.

( 4.15)

SO4-. + HO. → Free radical chain termination

(4.16)

4.7.1 Effect of oxidant dosage on cresol red removal using MW/K2S2O8
The effect of K2S2O8 oxidant dosage (0.01, 0.05, 0.1, and 0.2 ml) of 0.19 molar on the removal
percentage for five concentrations (5, 10, 15, 20 and 25 mg/L) of Cresol red dye at pH of 4 after
30 min of radiation is shown in Fig. 4.46. It can be noticed that the removal rate at 0.2 ml
dosage reach 99% for low dye initial concentration of 5 mg/L after 25 minutes and it slightly
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decreased to 98% by using 0.1 ml dosage but it highly decreased to 64% by using 0.01 ml
dosage. So it can be concluded that increasing the dosage would increase the removal
percentage. This can be described by the dipole polarization mechanism which is responsible
for the high color removal rate where MW/KPS system provides elevated temperature within a
shorter span, which enhances the increased decomposition of S2O8o− to SO4o− which provides
rapid and improved degradation rates. As seen in the fig. 4.46, the difference between 0.1 and
0.2 ml dosage is not significant, but in general it can be concluded that the removal percentage
increases as the oxidant dosage increase until it reach some level where the removal stop and
would decrease. An over-dose of persulfate oxidant could transformed the SO4.− to S2O8.−
reducing the oxidizing power (Ghorban et al., 2014).
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Fig. 4.46: Relation between oxidant dosage and removal percentage of Cresol red at pH
value of 4 and 30 minutes of radiation using MW/K2S2O8
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4.7.2 Effect of oxidant dosage on rhodamine B removal using MW/K2S2O8
Fig. 4.47 illustrates the effect of oxidant dosage on removal rate of five concentrations (5, 10,
15, 20 and 25 mg/L) of Rhodamine B dye at pH value of 4 after 30 minutes of radiation. It can
be noticed that increasing the dosage of oxidant from 0.01 ml to 0.2 ml increases the removal
percentage from 31% to 93% for 20 mg/L concentration of dye after 30 minutes of radiation. So
it can be concluded that increasing the dosage would increase the removal percentage in
general, but continues increasing of oxidant dosage would stop the degradation rate as shown in
Fig. 4.48 where the removal percentage is tested at two dosages 0.2 ml and 1 ml for 5 mg/L dye
concentration. As shown in the figure the removal rate at low dosage of 0.2 ml K2S2O8 is higher
than the high dosage of 1 ml. It can be described by that, an over-dose of persulfate could
transformed the SO4o− to S2O8o− which reducing the oxidizing power as mentioned in Ghorban
et al., study in 2014.
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Fig. 4.47: Relation between oxidant dosage and removal percentage of Rhodamine B at pH
value of 4 and 30 minutes of radiation time using MW/K2S2O8
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Fig. 4.48: The effect of oxidant dosages of 0.2 ml and 1 ml on the removal percentage of
rhodamine B at pH value of 4 and 30 minutes of radiation time using MW/K2S2O8

4.7.3 Effect of oxidant dosage on Eosin yellow removal using MW/K2S2O8
Fig. 4.49 shows the effect of oxidant dosage of K2S2O8 on the Eosin y removal percentage at
different initial dye concentration (5, 10, 15, 20 and 25 mg/L) and pH of 6 after 30 minutes of
radiation. In general, it can be observed from the figure that increasing the oxidant dosage
increases the Eosin y dye removal percentage. By increasing the oxidant dosage from 0.01 ml to
0.2 ml for initial concentration of 25 mg/L of Eosin y, the removal rate increased from 40% to
96%, and for initial concentration of 15 mg/L, it increased from 70% to 98.5%. Also, it can be
observed from the Fig. 4.49 that most of removal rate values at 0.1 ml oxidant dosage has the
same rate at 0.2 ml dosage which indicates that 0.1 ml dosage is the optimum dosage for Eosin
y removal by using MW/KPS process and there is no need to increase the oxidant dosage
therefore saving the addition of chemicals in the process.

71

100

5mg/l
10mg/l
15mg/l
20mg/l
25mg/l

% Removal

80

60

40
0.01

0.05

0.10

0.20

Oxidant dosage(ml)

Fig. 4.49: Relation between oxidant dosage and removal percentage of Eosin y at pH value
of 7 and 30 minutes of radiation time using MW/K2S2O8

4.8 Effect of radiation time on dye removal using MW/K2S2O8
In order to investigate whether the time of radiation whether it has an effect on the degradation
rate, five dye concentrations for each type of dyes (5, 10, 15, 20 and 25 mg/L) were exposed to
MW radiation for 30 minutes. Samples were taken every 5 minutes and measured for their
absorbance using photometric method. The effect of radiation time on the color removal of the
three dyes is illustrated in Figs. 4.50, 4.51 and 4.52. In general, the result of the experiments
showed that by increasing the radiation time the temperature of the solution inside the MW
system is increased which resulted in faster degradation of pollutants and achieved high
percentage of color removal.

It can be observed from Fig. 4.50 that the removal percentage of Cresol red is increased as time
increased until it reached a phase where increasing radiation time didn’t have any effect on the
removal percentage. At low initial dye concentration of 5 mg/L, the removal rate increased
from zero to reach 98.8% after 15 minutes and almost didn't change by increasing the radiation
time this phenomenon can be seen for the five initial concentrations. For example, at initial
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concentration of 10 mg/L, the removal rate reached 98.8% after 20 minutes and didn't change
by time. However, by increasing the radiation time over 20 minutes the removal rate curve is
augmented with low slope, and this result is consisted with the study conducted by Kordkandi
et al., in 2014. In their study, they concluded that, during increasing time of radiation, the lower
slope of the pollutant removal curve is attributed to the decreasing of the pollutant
concentration and this situation leads to lower probable contact of pollutant with radicals.

For Rhodamine B as shown in Fig. 4.51, the slope of the curve gradually increased until
reached 15 minutes of radiation time. It can be observed from the figure that by increasing the
time of radiation from 15 to 30 minutes the slope is almost equal zero which lead to constant
removal percentage and this is may be attributed to the decrease of pollutant concentration with
time.

The same result also noticed for Eosin y dye as shown in Fig.4.52, it showed that the removal
percentage increased by increasing the time of radiation up to 20 minutes, but it reached steady
state values after that time. The removal percentage is almost became constant after 20 minutes
of radiation and this is may be attributed to the decreasing of the pollutant concentration with
time which lead to lower probable contact of pollutant with radicals. This can be regarded to the
short lifetime of the produced free radicals such as sulfate radical, which is about 4 seconds;
they may react with pollutant molecules immediately after production and before reaction with
intermediate compounds (Ghorban et al, 2014).
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Fig. 4.50: Effect of radiation time on the removal percentage of Cresol red at fixed oxidant
dosage of 0.2 ml (0.19 molar) and pH value of 4 using MW/K2S2O8

100

% Removal

80

60

5mg/l
10mg/l
15mg/l
18mg/l
20mg/l

40

20

0
0

5

10

15

20

25

30

35

Time(min)

Fig. 4.51: Effect of radiation time on the removal percentage of Rhodamine B at fixed
oxidant dosage of 0.2 ml (0.19 molar) and pH value of 4 using MW/K2S2O8
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Fig. 4.52: Effect of radiation time on the removal percentage of Eosin yellow at fixed
oxidant dosage of 0.2 ml (0.19 molar) and pH value of 7 using MW/K2S2O8

4.9 Effect of pH on dye removal using MW/K2S2O8
The removal efficiency of Cresol red, Rhodamine B and Eosin y at various pH
values (2, 4, 6, 8, 11, and 13) was investigated in order to evaluate the eﬀect of pH on dyes
removal using MW/KPS process. For this purpose, dye initial concentration (15 mg/L), oxidant
dosage (0.1 ml) and radiation time (30 minutes) were kept constant. The results of the
experiments are shown in Figs. 4.53, 4.54 and 4.55.

Fig. 4.53 illustrate the effect of pH adjustment on the removal rate of Cresol red. It can be
noticed that pH 11 has the highest removal percentage where it reached 98.1% while pH 2 has
the lowest removal percentage where it was 64.2%. In general, it can be said that alkaline pH
could more accelerate Cresol red degradation in MW/KPS system. This phenomenon under
MW/KPS is attributed to the ability of KPS to absorb and transmit microwave irradiation in
alkaline pH more a little than other pH, as shown in eqs 4.17 and 4.18. Subsequently more
radicals are produced in this condition (Ghorban et al., 2014).
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The effect of pH changes on the removal percentage of Rhodamine B is shown in Fig. 4.54.
The same result under the same condition for Cresol red was achieved. The removal percentage
at pH 11 was the highest where it reached 97.4% while the lowest removal percentage (64.5%)
was at pH value of 2. In general, the best pH value was 11 where the removal percentage was
97.4% (Alkaline condition) followed by pH 6 where the removal percentage was 83.7% (neutral
condition).
All pHs: SO4o−+ H2O→SO4−2 + OHo + H+

(4.17)

Alkaline pH: SO4o− + OH−→SO4−2 + OHo

(4.18)

It can also be noticed from Fig 4.54 that pH 13 has a very low removal percentage where it was
only 65%. In this case it can be described by at high pH value increases scavenging of radicals,
In other words, at higher pH values, the presence of high amounts of OH ∙ radicals causes
radical–radical reactions and then leads to the consequent deactivation of OH ∙ radicals
(Phaniendra et al., 2015)

Fig. 4.55 shows the effect of pH on the color removal of Eosin y, it can be noticed that pH 8 has
the highest removal percentage where it has reached 99% and the lowest removal percentage
was at pH 2 where it was 48%.At highly acidic condition, SO 42-∙ is scavenged by the SO42-∙
itself and it decreases the removal (Huling. et al., 2011). It is clear from the above result that
that the pH value has a strong effect on the removal percentage of organic pollutant and this
findings is consistence with study conducted by Ghorban et al., 2014.
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Fig. 4.53: Effect of pH adjustment on the removal percentage of Cresol red using
MW/K2S2O8 ((dye initial concentration (15 mg/L), oxidant dosage (0.1 ml) and radiation
time (30 minutes)
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Fig. 4.54: Effect of pH adjustment on the removal percentage of Rhodamine B using
MW/K2S2O8 system ((dye initial concentration (15 mg/L), oxidant dosage (0.1 ml of 0.19
M) and radiation time (30 minutes))
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Fig. 4.55: Effect of pH adjustment on the removal percentage of Eosin y using MW/K2S2O8
system ((dye initial concentration (15 mg/L), oxidant dosage (0.1 ml) and radiation time
(30 minutes))

4.10 Effect of MW on the COD value
The effect of MW radiations on the a mount of organic matter in dye samples is shown in
Fig. 4.56 where a solution for each dye was prepared with an initial dye concentration of 15
mg/L and 0.1 ml oxidant dosage, samples from solution were taken before put on MW and
after 30 minutes of radiation and a COD test were made for each sample, it can be noticed
that the COD value for Rhodamine B did not decreased significantly as it was 192 mg/L
before MW and decreased to 160 mg/L after radiation, it can be concluded that the
MW/KPS don’t effect on the organic content of Rhodamine B solutions, for Cresol red the
COD value decreased more than Rhodamine B from 224 mg/L before to 128 mg/L after and
the COD decrease was the highest for Eosin y solution where it decreased from 96 to 32
mg/L indicating that the MW/KPS process has a strong effect on the organic content of
Eosin y dye solution in contrast with Rhodamine B.
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Fig. 4.56: Effect of MW on the COD value for Cresol red, Rhodamine b and Eosin y

4.11 Comparison between MW/H2O2 and MW/KPS
In order to figure out which process is better in color removal, the three dyes were tested using
the two process microwave radiation in combination of hydrogen peroxide oxidant (MW/H 2O2)
or potassium persulfate oxidant (MW/KPS). For each system, five initial dye concentration,
four dosages of oxidant, and six pH values were studied.

It can be concluded that both of the two process was very effective for color removal of the
three dyes, where the removal rate has reached 99% at higher dosages of oxidant and the time
needed for complete removal of color is not long where at MW/KPS process it needed 30
minutes to remove color and by MW/H2O2 it needed 40 minutes. also the pH adjustment
enhances the removal rate, where MW/H2O2 process give the best removal at pH 11 and
MW/KPS process give best removal in general at alkaline phases, the oxidant dosage needed
for MW/KPS process for complete degradation was less than at MW/H 2O2 process, it can be
summarized that MW/KPS is better than MW/H2O2 process for dye removal.
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Chapter 5:
Conclusion and Recommendations

5.1 Conclusion
The following conclusions are made based on the statistical analysis of the achieved results
from the experimental work which was conducted during the study period.
In this work, the use of MW radiation combining with oxidant to address and solve the problem
of dye loaded wastewater. For this purpose, three types of dyes were used Cresol red,
Rhodamine B and Eosin yellow, with two types of oxidants hydrogen peroxide and potassium
persulfate. The study was based on the batch mode experiments at laboratory scale where the
effect of initial dye concentration, MW radiation, pH, oxidant dosage, radiation time on
removal rate of dyes were studied. COD removal was investigated to study the effect of the
MW/Oxidant system on organic pollutant removal.
The study reveals that, the removal efficiency increased with decreasing dye concentration and
increasing the oxidant dose. pH value showed a strong influence on dyes removal rate where it
was found that at pH 11 the best removal for the tested dyes was achieved. In general it was
found that the highest removal occur at the alkaline phases more than the acidic one. The time
of radiation also showed a strong effect on the removal rate, where the removal was increasing
gradually as the time increase until it reach a point where no increase in removal as the time
increases. The experiment result showed that the effect of MW/oxidant system on the COD
value was a minor.
By comparing the results of MW/H2O2 and MW/KPS systems, it was found that MW/KPS is
better than MW/H2O2 for the removal of the tested dyes. This could be as the result of KPS is
dissociated and activated more easily than hydrogen peroxide. To achieve nearly complete dye
removal it took 30 minutes for complete degradation using KPS while it needed 40 minutes and
higher dosage of oxidant to get the same percentages of dye degradation using hydrogen
peroxide.
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5.2 Recommendations
Based on the findings of this study the following recommendations can be drawn:
1. MW/KSPS and MW/H2O2 processes can degrade dyes efficiently. It is recommended to
apply as a treatment unit for factories effluent contains dyes or as a pretreatment unit at
wastewater treatment plants to deal with dyes before the conventional treatment.
2. The MW/KPS process was more effective than the MW/ H 2O2 process, so it is
recommended to be applied.
3. The MW/oxidant process is more efficient at strong alkaline, it would be better to apply
the process at alkaline conditions
4. Due to lack of equipment's the power of the MW level was not considered as a factor to
study its effect on the removal percentage, a future studies should focus on the MW
power effect.
5. A pilot project at a small scale should be applied in a small factory to investigate the
feasibility of MW/oxidant system in real life.
6. Environmental impacts of using MW radiation in Industrial wastewater treatment should
be assessed in future research studies
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