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ABSTRACT

Advance Oxidation Process (AOP) of Acid Red 94 (88 by UV and
H,O, system were carried out in this study. AR 94 waliated with UV light in
the presence of #,. The photodegradation process of the dye was toreqi
spectrophotometrically. Effects of AR 94 and(d concentrations, pH, and
irradiation time for photodegradation of AR 94 wenwestigated throughout this
research while other experimental conditions webeedf at specific values.
Statistical approach was employed to study thecetieselected parameters with the
aid of Design-Expeft 7.1.6 software. Two level factorial design waspayed for
the experimental design. From the result, it isvahthat the highest percent of AR
94 degradation can be achieved was 92.31%. Frenarhlysis of variance, it is
found that the AR 94 concentration, pH, and timeeasgnificant factors along with
the interaction factors of AR 94 concentrationOgl concentration, and pH which
gave significant effect for AR 94 degradation asllweThen, the optimization
process was done using response surface method@&jyl). Based on ANOVA
result, the proposed model can be used to navibatelesign space. It was found
that the response of AR 94 decolorization is venys#tive to the independent factor
of pH. The proposed model for central compositsigiefitted very well with the
experimental data with? and Re.q correlation coefficients of 0.976 and 0.943,
respectively. Analysis of results data shown thatoptimum conditions suggested
by the design of experiment were; 0 AR 94, 0.05 M HO,, 3.75 pH value and

irradiation time 30 minutes.
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ABSTRAK

Proses pengoksidaakcid Red 94(AR 94) oleh sistem UV dan J9, telah
dijalankan di dalam kajian ini. Radiasi cahaya d&hgan kehadiran J@, telah
dikenakan ke atas AR 94. Proses fotodegradasi A&ji94 dipantau secara
spektrofotometrik. Kesan-kesan kepekatan AR 94 Hi#Dy, pH, dan masa radiasi
untuk fotodegradasi AR 94 telah diselidik sepanjgemyelidikan ini manakala
faktor-faktor eksperimen lain telah ditetapkan paddai-nilai yang khusus.
Pendekatan statistik telah digunakan untuk mendiegian terhadap kesan-kesan
yang ingin dikaji dengan bantuan perisian DesigpdER7.1.6. Rekabentuk
faktoran dua-faktor telah dipilih dalam merekab&relsperimen. Hasil eksperimen
menunjukkan, peratus degradasi AR 94 tertinggi Vamlgh dicapai ialah 92.31%.
Daripada analisa varians, didapati kepekatan ARp®4,dan masa radiasi adalah
faktor yang penting di samping interaksi faktoragatkepekatan AR 94, kepekatan
H,O,, dan nilai pH juga memberi kesan terhadap degrati@s94. Kemudian,
proses pengoptimuman dibuat menggunakan Metoddhegmukaan Sambutan.
Berdasarkan hasil dari ANOVA, model yang dicadamgkaleh digunakan untuk
memanipulasi rekabentuk ruang. Hasil eksperimemdaygati bahawa respon
fotodegradasi AR 94 sangat sensitif terhadap faltiobersandar pH. Model yang
dicadangkan dengan Rekabentuk Gubahan Memusatsgsymi dan selari dengan
data eksperimen dengan nilai korelasi koeffigRrand R%;s masing-masing 0.976
dan 0.943. Analisis bagi data hasil eksperimenungikkan keadaan optimum yang
dicadangkan oleh aplikasi rekabentuk eksperimeabhd2M AR 94, 0.05 M

H>0O;, nilai pH 3.75, dan 30 minit masa radiasi.
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CHAPTER 1

INTRODUCTION

1.1 Background

Nowadays, synthetic dyes have been widely usedanynindustrial processes
especially in the textile industry, paper and pnigt and plastics industry (Kérbahti and
Rauf, 2008a). Synthetic dyes are classified adegrtb their predominant chemical
structures. The structural varieties of dyes idelwacidic, reactive, basic, disperse, azo,
diazo, anthraquinone-based, and metal complex. seTluyes have a very complex
structures and low biodegradability (Bali, 2004)n addition, the highly structured
polymers of these dyestuffs cause huge threat & dahvironment. During the
production process, there was estimated aroundl1b % of the dyes found in the
effluent (Kérbahti and Rauf, 2008a). Due to itsmgpbex structures and low
biodegradability, most of the dyes present in tieent also could be carcinogenic due
to their precursors and degradation products; f@nple azo dyes which have big

percentage of synthetic dyes and degraded intoncayenic amines (Baét al, 2004).

Numerous efforts and research have been made toveerhese dangerous
chemical compounds. There are many traditionatrtigmies applied in the removal
process such as coagulation and flocculation, atetd/ carbon adsorption, membrane
filtration, and sedimentation. However, these rmodgjust convert the wastewater
containing dyes into secondary waste in solid forirhis secondary waste has to be

either treated again or dumped as such. Recediestshown that advanced oxidation



processes (AOPs), like UV{B, (Behnajadyet al, 2006), photocatalytic (Zhaet al.,
1998), Fenton and photo-Fenton processes (Cataliaigengul, 2006) and (Baét al.,
2004), result in promising solution towards dyefstufetoxification and color removal.
AOP based on the ,/UV system has produced high efficiency in the ddgtion of
several types of dye that present in the induséfiient. UV/HO, system produces
eOH radicals that become strong oxidizing agent &grdde dyes polymer into
unharmed and safe substance to be discharge iaterthironment (Abdullalet al,
2007), (Bali, 2004), (Balkt al, 2004), and (Shet al.,2004).

The classical and conventional methods of studyfregprocess by maintaining
the other factors at unspecified constant levelnoarmeasure the combination of
parameters that affecting the experiment resultbese methods also consume more
time and required numerous amounts of experimenmtepresent the combinational
effect of the parameters. With the large numberexpperiment, the result will be
unreliable. These limitations of conventional noety can be solved by optimizing the
important parameters using response surface mdtgd(RSM). RSM is a collection
of mathematical and statistical techniques for tgueg, improving and optimizing
processes and can be used to screen the imporéammeters and compute the
combinational effect even with the complex intei@attbetween parameters. RSM is to
determine the optimum condition for specified pagtams and to predict the future
response using the response surface model. THeamn of statistical experimental
design techniques can improved product yields, aeduprocess variability and
experimental time; cost effective. The design @tsableshoots process problems and
makes the process “robust” against external andcoatrollable factors. “Robust”
means relatively insensitive to these factors du@émces (Montgomery, 1997). Thus
the interaction between the parameters is studiet aptimized using the response

surface methodology.



1.2 Problem Statement

Untreated dye effluent produced by industrial psscés highly colored and
possesses dangerous characteristics such as kiglitytocarcinogenic in nature, low
biodegradability, and reduce sunlight penetratitiralso inhibits aquatic microorganism
growth and threatening the flora and fauna stabiliMoreover it can cause intestinal

cancer and cerebral abnormalities in fetuses fanmals especially human.

Due to the high level risk by untreated dye effl@many treatment methods and
strategies have been used to degrade the dye antired the risk. The application of
conventional methods; coagulation/flocculationtrdilion, activated carbon adsorption,
sedimentation, etc. does not totally degrade tleeeatfjuent. The biological treatment is
not a solution to this problematic due to the lomdegradability or toxicity of some
dyes. Meanwhile, the chemical methods have notywme sufficient reduction in
organic matter and not adequate enough for dedmoraf dyes. Furthermore, both

methods produced secondary pollutants that reqéurgoer treatments.

The photocatalytic reaction is favor over othenaartional and classical method
for degradation of dyes because its simplicityh&f $ystem and full degradation of dyes
based on the generation of highly reactive hydropadicals, appear as emerging
alternatives for the mineralization of organic ptdints. The system also promises a
good efficiency for the degradation process. Iditg@h, the system does not required
further treatment although using chemical such #3,H This will save the operation

cost for promising wastewater treatment.

Literally, Rose Bengal (C.l. name is Acid Red 94)edhas been used in
numerous application in various areas such as datgr research, biomedical, and
biological application. Despite the numerous aggtions, information on its photolytic

decolorization is not yet available in literatur€hus, it is very important to initiate the



study on Acid Red 94 (AR94) since it possessed tlugat to the environment same as

the other industrial dyes application.

In this study, the UV/KD, system will be used to degrade AR 94 while the
optimum condition for the photodegradation of AR be determine using Response
Surface Methodology (RSM) method with the aid ofDa Exper? 7.1.6 software.

1.3 Objective

The objective of this research is to improve thé&dARed 94 decolorization using

experimental design application.

1.4 Scopes of Study

This study will cover following scopes:

I.  Using of full factorial design to screen the sigrahce parameters for the
Acid Red 94 decolorization.

ii.  Application of Response Surface Methodology folirajing the process
of photodegradation of Acid Red 94.



CHAPTER 2

LITERATURE REVIEW

2.1 Dyes and Pigments

2.1.1 History

Dyes for thousand of years literally originated nfrovegetable or animal
resources. Roots, berries, flower, insects, andtacean cells were combined with
minerals called mordants to get the desired colohas ranged based on the colour
spectrum. No organic source was considered tobedt if it produced a quality and
satisfactory colours. A change in colorant histogcurred in 1856, when English
chemist William Henry Perkin (1838-1907) discoveee@ay to produce a dye in the
laboratory when he tries to synthesize quinine (thly effective antimalaria treatment
present) using coal tar. Although he was not ssgfaé but he focuses his studies on
the reaction of other coal tar bases including atumé of aniline and toluidine. After
that, he was able to produce the crude bases présence of MeOH. That dye, mauve,
was produced from materials found in common coal tRerkin's discovery showed
chemists that dyes and pigments could be produgathetically (Zollinger, 2004).
Periodically, a numerous and wide variety of catoave flooded into the world of dye
and textile.



2.1.2 Dyes

Dyes are an important class of chemicals which vaigely used in many
industrial processes such as the leather, texdide, printing industries (Raudt al,
2007). There are various kinds of dyes availablenarket such as azo, anthraquinone,
triarylmethane, diarylmethane, acridine, quiningnthenes, and nitro dyes. These dyes
are extensively used to impart colour to varioudustrial applications (Rauét al,
2008). Shigwedhat al, (2007) found that textile industries are th@émt consumers of
organic dyes and estimated around 10 — 15 % adlyke used are lost during the dyeing

process and released into the effluents.

Synthetic dyes are an important class of chemiedigh are used in many
industrial processes. Synthetic dyestuffs haveptexnchemical structures which is not
easy to degrade biologically. Evenmore, many itrtdhlsmany biodegradability studies
on dyes have showed that they are not likely bicattaple (Bali, 2004). Most of the
dyestuffs are highly structured polymers with loiedegradability (Raugt al, 2008).
Dyes also usually contain elements such as nitrogbforine, and sulphur. The
oxidation products of these elements may be hightoxicity than the parent molecule
(Chenet al., 2005). Particularly, synthetic dyes contributesfecial environmental
concern due to their degradation products suchasatic amines which are considered
as highly carcinogenic substances (Balal, 2004).

The wastewater containing dyes have a great vasfedyganic contaminants in a
wide range of concentration especially in textiidustry where they are highly coloured
and complex variable of nature (Kurbesal, 2003). The disposal of these coloured
wastewaters poses huge problem for industry as agelh threat to the environment
(Behnajadyet al, 2006). It is because many of dyes are harcteemoved as they are
stable to light and heat and are biologically negrddable (Chert al, 2005). In
addition, the coloured dye effluents are considéoeble highly toxic to aquatic life and
and affect the symbiotic process by disturbing mtia¢ural equilibrium and reducing
photosynthetic activity and primary production dtee the colorization of water.



Effluents also contain significant level of orgami@entaminants which is toxic as they
create odor, bad taste, unsightly colour and fogniRavikumaret al, 2006). Thus
decoloration of effluents from dyes industrial apaiion was happened to be a very

important because of aesthetic and environmentaleras (Attiset al., 2008).

2.1.3 Rose Bengal (Acid Red 94)

Acid Red 94 (AR 94) is a tetraiodo-substituted df¢he xanthene class of dyes.
It exhibits unusual spectroscopic and photochemalperties including a huge
absorption coefficient in the visible region andigh tendency for intersystem crossing
to produce a photochemically active triplet excitehte. Figure 2.1 shows the

molecular structure of Acid Red 94.

Figure 2.1 Molecular structure of Acid Red 94

The dye has been applied in photodynamic inadtivadf catalase (Kinet al,
2001), photoinactivation of NADPvia the production of singlet oxygen (Kiet al,
2004), as a photosensitizing agent for inactivabigogical species such as vaccinia
virus, microsomal glucose-6-phosphatase (Lerara, 1993), tripsinEscherichia coli
(Kita et al.,1984), acetylcholinesterase, and HL-60 cells (&cl&i al., 2000).



2.2 Degradation of Dyes

2.2.1 Conventional Methods

Many efforts have been devoted to develop techmedoghat are able to
minimize the hazardous effects caused by dye beshdtrial activities. The many
different conventional methods applied in indus$tvieastewaters, such as coagulation
and flocculation, membrane separation (ultra fikkmra, reverse osmosis) or elimination
by activated carbon adsorption are not sufficierdugh. This is because these process
likely to produce a secondary pollutant or dumpeduach (Kérbahti and Rauf, 2008b).
Then, this secondary pollutant is either sorbettapped in bioflocs. Thus, ecosystems
of streams can be seriously affected (Bali, 200Fhe United States Environmental
Protection Agency’s (U.S. EPA) Water Engineerings@&@ch Laboratory first reported
that 11 out of 18 studied azo dyes (synthetic dyesk substantially unaffected by the
activated sludge process. Generally, adsorptioim @aactivated carbon or chemical
coagulation was applied to deal with wastewatertaiomg dyes. However, these
treatments also mainly transferred the contamifi@mh wastewater into solid wastes
that the spent activated carbon and coagulant slaegd further and ultimate disposal
eventually (Shet al, 2004).

Removal of dyes from effluents in an economic wayains a huge problem for
textile industries. Adsorption technique is anedbent way to treat effluents more than
other conventional process, especially from tharenmental point of view (Ravikumar
et al, 2006). Carbon is being used as an adsorbemtubecof its high efficiency in
treating the organic materials in effluents. Aligb it possessed high efficiency, but the
enhancement of the price of activated carbon resulincreasing the cost for its
operation (Khattri and Singh, 1998). Biologicadtment of wastewater can eliminate
the important organic compounds. However, the hBodcal decomposition by

conventional method does not adequate enough tpletety decolorize dye effluents



(Catalkaya andSengil, 2006). Thus it is a necessity for dyes thaselustry to

reconsider upon the alternative method in theirtewaater treatment.

2.2.2 Advanced Oxidation Processes

Advanced oxidation processes (AOPs) are alternatigthods for decolorizing
and reducing wastewater effluents generated bysinés (Abdullahet al, 2008).
AOPs are effective for detoxification and mineratian of the effluents from textile
dyeing mills (Szpyrkowicat al, 2001). Behnajadgt al, (2006) stated that AOPs also
a non-destructive physical water treatment procgdsecause they are able to eliminate
compound rather than changing them into anotheliumeduch as solid waste. The use
of AOPs, like UV/HO, (Kdérbahti and Rauf, 2008a), photocatalytic (Atiaal,, 2008),
Fenton and photo-Fenton processes (Catalkay&eamgiil, 2006), has shown promising
results as these processes appear to have théy abilicompletely decolorize and
partially mineralize the textile industry dyes inost reaction time (Rauét al, 2008),
(Korbahti and Rauf, 2008b) and (Batial.,, 2004).

Among the AOPs, chemical oxidation using UV in thresence of kD, is a
very promising technique. Process involving the o§ UV radiation and kD, are
characterized by the generation of hydroxyl radic@Behnajadyet al, 2006). UV
wavelengths of 200 — 280 nm lead to dissociation@d,, with mercury lamps emitting
at 254 nm being the most used. UWM systems generate hydroxyl radicaéOH)
which are highly powerful oxidizing agents. Hydybxadicals can oxidized organic
compounds (RH) producing organic radica&], which also highly reactive and can be
further oxidized (Balet al, 2004). These radicals can then attack the dyleaules to
undergo a series of reactions in which the organatecules will be eliminated or
converted into a simple molecules or harmless camgdAbdullahet al, 2007). The

main reaction that occurs during U\WBL oxidation process is as follows:
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H,0, + UV — 20He (2.1)

H,0; <> HO; + H' (2.2)

RH + OHe — H,O + Re — further oxidation (2.3)

where R is the carbon chain.

The hydroxyl radicals will oxidize organic compowsngroducing organic
radicals, which also a highly reactive and can wgalefurther oxidation. When
generated, these radicals will react quickly andallg randomly with most organic
compounds. The resulting organic radicals theotseaith oxygen to initiate series of
degradative oxidation reaction that lead to mineasion of products such as ¢@nd
H,O (Catalkaya an8engul, 2006). The other possible reactions that ataur during
the UV/HO, process are hydrogen abstraction, electrophiliditish and electron
transfer reactions (Behnajadst al, 2006). Although AOPs have much kind of
advantages in dyes decoloration, one major prolnefOPs is the high energy demand
for UV lamps which lead to high operational co$t. order to minimize the irradiation
time, energy consumption, and operational costeti® necessary to optimize the pH
condition, chemical types, chemical concentrataond pollutant/oxidant ratio, therefore
are very important (Catalkaya arg@ngul, 2006). For this aim, the application of
experimental design is the best solution whereillthve used to optimize the important

parameters that affected the efficiency of dyeohieation.
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2.3 Experimental Design Application

2.3.1 Introduction

Experimental design is a very important applicatrocthemometrics (application
of mathematical or statistical methods to chemazdh), because chemical experiments
have to be performed to get more knowledge abquibeess or system. The science is
dependent on the experiments while the experimedésign is to improve the
experimental works. Experimental design methodplag used to decide which
experiment needs to take place in order to getrnmétion on the certain chemical
processes or products. It is used to determinetwfactors have an influence on the
process output. Another application is to decidehow many experiment need to take
place in order to obtain adequate knowledge ondéwred product and the system.
Thus, it is clear that optimization is an essentathemical or biochemical processes
(Kurbuset al,, 2003).

In the other hand, the main objective of the expental design (DoE) is to
determine, with a minimum effort (less number opemments), the effects of the
different factors and their interactions in the gaes response, within the range of the
studied variables. Besides, the information olet@imllows deciding which factors
and/or interactions are statistically significarfeor that purpose, statistical techniques

need to be used such as analysis of variance (ANOVA

2.3.2 Screening

According to Kurbuset al, (2003), main methods of experimental design are
factorial design including full factorial, fractiah factorial design, orthogonal design
(OD), D-optimal design, and uniform design. Thdesion of experiments has

particular influence on the system. It is applieddetermine the conditions to get the
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product of a process with desirable characteristithe characteristics of the product
named as a response. The factors that affectiagotbduct are called independent
variables while the product or the response isedaldependent variables. So,

experimental design is a set of carefully planngueements.

The main step in experimental design is to chobeertitial factors and response
and to select the experimental domain. After surggprocess, unimportant factors are
discarded and type of experimental design is deteminbeforehand. Normally, two
level factorial designs are used for determinatainsignificance parameters and
intervals. The optimal response usually the loweshe highest value of process output
or response. After determining which factors havieimal or insignificance on the
response, the optimum settings of the significamameters levels that produce the best

response need to be performed.

2.3.3 Optimization

According to Catalkaya an@engul, (2006), in order to find the optimum
reaction conditions and to study the effect of digance parameters of dyes
decoloration, the response surface methodology (R8& used. RSM essentially is
the set of mathematical and statistical methodsdiesigning experiments, building
models, evaluating the effect of variables, andlifig the optimum conditions of
variables to predict the target responses (Myexs iontgomery, 2002). It is an
important branch of experimental design and acaiitiool in developing new processes,
optimizing their performance, and improving desagrd formulations of new products
(Korbahti and Rauf, 2008a). RSM is used for thalygsis of dependent variables as
functions of independent variables. Response stiff@ocedures are not only primarily
used for the purpose of allowing the researchewder to understand the mechanism of
the system or process but the most importantly idetermine the optimum operating
conditions or to determine a region for the factarsa certain operating specification
(Raufet al,, 2008).
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2.3.4 Application of Experimental Design in Photodgradation of Dye

Experimental design greatest applications haven heeindustrial research,
specifically in situations where there are largenbars of variables influence the system
feature. This feature termed as response and Hgrmaasured on continuous scale,

represents the most important functions of theesgst(Myers and Montgomery, 2002).

Although initially, RSM was developed for the pasge of the chemical industry
application, but now it has been used in varioagklfand wide applications in physical
sciences and engineering as well as in biologaljcal, and social sciences (Khuri,
2001). In this study, response surface designsected as it provides a reasonable
distribution of data points throughout the areasintérest, allows model adequacy
including lack of fit, allows design of higher ordeo be built up sequentially and
provides internal estimate of error. In additidtine response surface designs do not
require a large number of runs and also do notimedao many levels of independent

factors (Montgomery, 1996).

Another part of this study also was to use RSMrd a suitable approximating
function in order to predict and determine the fattesponse as well as to investigate
the optimum operating conditions in the areas foictv the factors at a certain operating

specifications are met.

Meanwhile, there was numerous study carried outdpa degradation using
experimental design application. Bali (2004) anatalkaya andSengul, (2006) were
employed the Box-Wilson experimental design to eat the effects of major process
variables on degradation efficiency. Bali (2004swised three azo dyes in his study
(Direct Red 28, Direct Yellow 12, and Reactive Bld&) while Catalkaya anfengil,
(2006) used bakery’s yeast industry effluent anth lexperimental result turned out to
be followed the first-order reaction law.
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Korbahti and Rauf (2008a) optimized the photolglegradation of Basic Red 2
(BR 2) using response surface methodology (RSM)e factors studied were dye and
H,O, concentration and pH condition. They have fourat RSM is a powerful tool in
developing the equation model and successfullynoping the conditions of photo-
oxidation process of dye. Furthermore, the desigaxperiment application was also
help graphically and statistically to analyze tkperimental data.



CHAPTER 3

METHODOLOGY

3.1 Introduction

The best available technique for degradation oroldeation of dyes is the
advanced oxidation processes (AOPs). One of tleetafe processes is the photolytic
reaction using UV/BED, system. This method is used since the systenhilgasdegree
of degradation efficiencies yet the simplest syssanong AOPs. The main objective of
the study is to improve the efficiency of dye decation using statistical design
analysis. Thus, the important parameters will penazed. Upon the optimization, the
response surface methodology will be applied explpi central composite design
(CCD) analysis. Finally, the optimization will gtoce a model equation that useful in
predicting the future response using the same petEa®

3.2  Samples Preparation

The samples were prepared based on Raudl, 2008. Acid Red 94 stock
solution of 0.001M was prepared in 100mL of deiedizwater in a 250mL flask.
Desired concentrations of the samples are donalbtyotts of the stock solution using
deionized water. The series of the diluted sampi® mixed with a given amount of

H,0O, and the mixture was irradiated with UV light faffdrent periods of time. After
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certain time of irradiation, the absorbance ofgbkition was monitored instantaneously
in UV-Vis Spectrophotometer. The percentage deatitin of the dye solution was
obtained by monitoring the change in absorbancgevaf each case. The temperature of

this experiment was maintained at 25 %2

Percentage of decoloration was calculated usirgviordg equation:
Percent decolorization = (A— A)/A; (3.1)

where Ais the initial absorbance and ia the final absorbance value.

3.3 Experimental Design Application

3.3.1 Screening Process

In this study, the important parameters were s@@arsing two-level factorial
design with full factorial analysis. The purpoddl®e screening process was to identify

the significant parameters of the decolorizatioocpss.

The matrix design of the experiment was develdpesked on the design in the
Design Expert Softwafe7.1.6. A 2 full factorial design was used to show the
statistical significance of the medium compositidhe factors were Acid Red 94 (AR
94) concentration, D, concentration, pH and time. A total of 16 expemnts were
employed to determine the significant factors difer the percent of AR 94
degradation. The settings of range for factorsevised on the investigation of single
factors (screening process) and literature. Thmeement results were then analyzed

using the software and insignificant parameter seasened out.
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Table 3.1: Factors (variables) studied and their concenindguels.

Variables Unit Actual Value Coded Value
Low High Low High
AR 94 concentration uM 20 160 -1 1
H,O, concentration M 0.01 0.05 -1 1
pH - 3.75 10.00 -1 1
time min. 0 30 -1 1
Coding of the variables was done according to ¢thiewing equation:
X = = Xo) (3.2)
AX,
where,x = coded value of theh independent variable,
Xi = actual value of thegh independent variable,
Xo = actual value of thegh independent variable at the centre point,
AXi = step change.

The coded values for different variables are shawmable 3.1 and the design
matrix of the full-factorial design is shown in th@ble 3.2. The positive and negative
signs refer to levels -1 and +1 respectively, & ¢éxperimental plan at two levels as -1
and +1 indicate minimum and maximum value for eectled variable in the studied
factors. Finally, among the 16 runs to performb(€a3.2) all runs correspond to

factorial design.



Table 3.2: The matrix of two-level full factorial design.

18

Factor 1 Factor 2 Factor 3 Factor 4
Run (x1) (x2) (x3) (Xa)

A: [AR 94] | B:[H,0] C: pH D: time
1 -1 -1 -1 -1
2 1 -1 -1 -1
3 -1 1 -1 -1
4 1 1 -1 -1
5 -1 -1 1 -1
6 1 -1 1 -1
7 -1 1 1 -1
8 1 1 1 -1
9 -1 -1 -1 1
10 1 -1 -1 1
11 -1 1 -1 1
12 1 1 -1 1
13 -1 -1 1 1
14 1 -1 1 1
15 -1 1 1 1
16 1 1 1 1

3.3.2 Optimization Process

The optimization process was done after the sanggmiocess. The decoloration
of dyes was optimized by response surface methggo(®SM). The runs were
designed with central composite design (CCD) udbegign Expeft 7.1.6 software.
The CCD was randomized the parameters interactimth @oposed the optimum
condition with the combinational effect of the paeters. After obtaining the
experiment layout, the experiment was run accotdinhe results data were analyzed
using Design Experf 7.1.6 as well to find the optimum condition wittighest

percentage of dyes decoloration.
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Table 3.3: The design matrix of central composite design

Factor 1 Factor 2 Factor 3 Factor 4
Std |A:Dye B: H,O, C:pH D:time
uM M min

1 -1 2( -1 0.01 -1 3.7b -1 0

2 1 160 -1 0.01 -1 3.7b 1 0

3 -1 2( 1 0.05 -1 3.7b -1 0

4 1 160 1 0.0% -1 3.7b 1 0

5 -1 2( -1 0.01 1 10 -1 0

6 1 160 -1 0.01 1 10 -1L 0

7 -1 2( 1 0.05 1 10 -1 0

8 1 160 1 0.05 1 10 -1 0

9 -1 2( -1 0.01 -1 3.7b 1 30
10 ] 160 -1 0.01 -1 3.7b 1 30
11 -1 20 1 0.0% -1 3.7b 1 30
12 1 160 1 0.0% -1 3.76 1 30
13 -1 20 -1 0.01 1 10 il 30
14 1 160 -1 0.01 1 10 il 30
15 -1 20 1 0.0% 1 10 il 30
16 1 160 1 0.0% 1 10 il 30
17 o 20 0 0.03 0 6.875 0 15
18 af 160 0 0.03 0 6.875 0 15
19 C 90 af 0.01 0 6.87b 0 15
20 C 90 af 0.05 0 6.87b 0 15
21 C 90 0 0.03 af 3.75 0 15
22 d 90 0 0.03 af 10 d 5
23 C 90 0 0.03 0 6.875 a 0
24 d 90 0 0.03 0 6.875 af 30
25 C 90 0 0.03 0 6.875 0 15
26 C 90 0 0.03 0 6.875 0 15

The experimental results obtained from above desmatrix for the desired
response, Y are then fitted to a quadratic model (Eq. 3.3} thkes in account the linear
and quadratic effects of the n variables, as wetha interaction among them. The least
square fitting was performed using Design-ExXp&til.6 software as well.

n n

Y =Bor Y AX+Y B DD XK (3.3)

i=1 i=1 ERE!



20

In equation 3.3, xefers to coded variable associated to paramégiethis study
it varies between 1 to 4; AR 94 concentratiopQficoncentration, pH, and timej; is
the interception term and corresponds to the respamlue when xis null for all
variables; determines the influence of parameter i in thpoase (linear term)j; is a
parameter that determine the shape of the cuna(gtic effect); and finallg; reflects
the effects of the interaction among variables d #n The least-square regression

analysis provided the estimates of these coeffisienthe second-order model.

The statistical analysis then proceeds with ardyaizaof variance (ANOVA),

which evaluates the adequacy of the model fitting.



CHAPTER 4

RESULTS AND DISCUSSION

4.1  Screening the Optimum Decolorization Conditionsby Full Factorial
Design (2 Design)

Screening studies on the factors of dye decoloozatonditions were carried
out by using 2 full factorial design. This study was done to edetine the
significant factors for dye decolorization. Thectas descriptions were obtained
from Raufet al (2008). The factorial experiment carried outarbatch mode
experiment to study the factors expected to infbeethe percent of Acid Red 94 (AR
94) decolorization. The four factors are AR 94 ammtration (A), HO;
concentration (B), pH (C), and time (D).

Each factor was presented in low and high levad, the data obtained from a
single replicate of the*Zxperiment shown in Table 4.1. All the 16 runseverade
in random order by Design Exp@rf.1.6 software.
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Table 4.1: Full factorial design matrixes with experimentahlue of percent
degradation

Factor 1 |Factor 2 |Factor 3 |Factor 4 |Response 1
Std  |Run Block A:Dye B: H,O, |C:pH D:time % degradation
uM M min
1 13Block 1 20 0.1 3.75 0 5317
2 12Block 1 16D 0.01 3.75 0 89,74
3 14Block 1 20 0.05 3.75 0 89,82
4 3Block 1 160 0.05 3.75 0 75,36
5 16Block 1 20 0.1 10 0 14.03
§ 11Block1 16D 0.01 10 0 10.85
7 8Block 1 20 0.05 10 0 3.85
8 2Block 1 160 0.05 10 0 0
9 4Block 1 20 0.01 3.15 30 56,79
10 9Block 1 16D 0.01 3.75 30 91|54
11 6Block 1 20 0.05 3.75 30 92,31
12 10Block 1 160 0.05 3.75 30 77(99
13 9Block 1 20 0.01 10 30 19.68
14 15Block 1 160 0.01 10 30 12|42
15 1Block 1 20 0.05 10 30 6.56
16 1Block 1 16D 0.05 10 30 118

The highest percent of AR 94 decolorization waseobed at the f1run of
experiment. Mostly, high percent of AR 94 decdation was recorded at pH 3.75
while low percent of AR 94 decolorization recordddpH 10. Other factors did not
give much influence towards AR 94 decolorization.
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Normal probability plots of effects were used #3ess the importance of the
effects. Although the full normal probability psois less sensitive for selecting

small effects, but it could differentiate betweersitive and negative effects.
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Figure 4.1: Normal probability plot of effects for AR 94 degedibn

The normal probability plot of these effects iswh in Figure 4.1. All of the
effects that lie along the line are negligible, vdas the large effects or the
significance effect are far from the line. The ornpnt effects that emerged from
this analysis were the main effects of A, C, ancaaial AB, AC, BC, and ABC

interactions.

In using the experimental design approach, the mere conducted in full
factorial designed experiments to visualize thecf of independent factors on the

response and the results along with the experirheotalitions. The experimental
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results were evaluated and approximating functibihi® 94 degradation percent

obtained in Equation 4.1.

¥ =1.37%—0.13% — 34.83% + 1.30% — 6.12X%X> — 3.94%X3 — 5.66%X3 +

6.39%XoX3 (4.1)

In Equation 4.1y is the AR 94 degradation percent whereasx xs, and %
independent variables of AR 94 camnagon @M), HxO;
concentration (M), pH, and time (minutes), respetyi.

correspond to

Table 4.2: ANOVA results of the linear model of photodegradatof Acid Red 94
(AR 94) dye with HO,

Sum of Mean F p-value

Source Squares df |Square Value Prob > F

Model 21479.5303 8  2684.9412 3996.7]281 < 0.0001
A-Dye 30.167pH 1 30.16¥5 44.9065 0.0p03
B- H,O; 0.2626 L 0.2626 0.3909 0.5516
C-pH 19407.9726 1 19407.9726 28890.1625 < 0.0001
D-time 26.9101 1 26.9101 40.0577 0.0004
AB 600.1275 il 600.12Y5 893.3329 < 0.0001
AC 248.929b5 1 248.9295 370.5494 < 0.0001
BC 512.2300 1 512.2300 762.4912 <0.0001
ABC 652.930p 1 652.9302 971.9336 < 0.0001

Residual 4.7024 7 0.6717

Cor Total 21484.2328 15

R? = 0.9998, adj. R= 0.9995, adequate precision = 151.401

Table 4.2 summarizes the analysis of variance (XNYfor this design.

ANOVA results of this model show that it can be dise navigate the design space.

The model F-value of 3996.73 implies the model ignificant for AR.94

degradation and there’s only a 0.01% chance thabdel with F-value this large

could occur due to noise. In AR 94 degradation ehaithe adequate precision ratio
of 151.401 indicates an adequate signal where @somes the signal to noise ratio; a
ratio greater than four is desirable. The p-valess than 0.0500 indicate that the

model term are significant, whereas the valuestgrethan 0.1000 are usually
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considered significant. However, it is more degdiie and easier to use p-value to
determine significant factor for the response modetus, the model and the terms
are significant according to p-value except faOk concentration factor where the
p-value is 0.5516. However, it is unnecessaryxiduele the factor as it does not

affect model adequacy and adjustedvBry much.

Generally, the effects of experimental factors degradation percentage
response are based on Equation 4.1 which genehatedthe response data and
analysis of variance. One of the important paftslaia analysis procedure is the
model adequacy check as the approximating modelldvoeasure the poor or
misleading results if it were an inadequate fit mlodThis is done by analyzing the
residual plots which are examined for the approximga model (Myers and
Montgomery, 2002). The normal probability and stutized residuals plot is shown
in Figure 4.2.
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The normal probability plot of studentized residugave an illustration on
the normality assumption. The assumption wasfeadig and only if the residuals

plot approximately along the straight line.

Normal Plot of Residuals
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Figure 4.2: The studentized residuals and normal percentadmapility plot of
photodegradation of Acid Red 94.

In Figure 4.2, residuals show how well the modeissies the assumptions of
analysis of variance (ANOVA) whereas the studentizesiduals measure the
number of standard deviations separating the aatudhpredicted values. For overall
observation, Figure 4.2 shows that neither resptrasesformation was needed nor
there was any obvious deviation from the normalihe. Thus, the model's

normality assumptions are satisfied.
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Figure 4.3 shows the studentized residuals vepsedicted AR 94 percent
degradation. The general characteristic is treat#ta should be randomly scattered,
suggesting the variance of original observationgdastant for all values of the
response. If the variance of the response depamdise mean level of y, then this
plot often exhibits a funnel-shaped pattern (Myensd Montgomery, 2002).
However, Figure 4.3 shows that the result data waneomly scattered inside the

boundary which means there was no need for tramsfton of the response

variable.
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Figure 4.3: The predicted degradation of Acid Red 94 dye andesttized residuals
plot.
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The actual and predicted AR 94 percentage degoadate shown in Figure
4.4. Actual values were the measured responsefdata particular run, and the
predicted values were evaluated from the model gederated by using the
approximating functions. The valuesRfand adjusted® were found to be 0.9998
and 0.9995 respectively. Thus, the size of thdesitized residuals are said to be
independent of its predicted values. In other wothlle spread of the studentized

residuals approximately the same across all legtlthe predicted values which
means the plot was fine.
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Figure 4.4: The actual and predicted plot of Acid Red 94 degtiad & = 0.9998,
adj. R? = 0.9995).
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4.2.1 Effect of Acid Red 94 Concentration and kD, concentration on Percent

of Dye Degradation using One Factor Plot

Effect of AR 94 concentration on the percentagdy& degradation is shown
in Figure 4.5. The slope was quite plain and atmlosrizontal as percent
degradation increased slightly with increasing y® @oncentration from 20/ to
16QuM. This means dye concentration effect was notsigaificant factor for the
degradation process. For® concentration factor, it was clearly proved in the
normal probability plot that it was an insignifi¢gafactor for percent degradation

response.
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Figure 4.5: Effect of dye concentration on percent of dye degtian.
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In other research conducted by Ratifal (2008), dye concentration factor
shows a significant effect on percent of dye deagpiad. Generally dye
decolorization increased with decreasing in dye ceatration. Low dye

concentration will result in higher percentage &t 84 decolorization.

Similar trend was also observed for,(4 concentration effect. The

difference in HO, concentration does not give a significant effettttoe percent of

AR 94 decolorization (Figure 4.6).
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Figure 4.6: Effect of HLO, concentration on percent of dye degradation.

Again, there was a contradiction with the scientifacts that the
decolorization of dye solution is due to the reacf hydroxyl radicals generated by
hydrogen peroxide in solution upon UV light irratttie (Aleboyeh et al., 2005). In
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the other words, higher concentration 0$C4 resulted in high percent of dye

degradation.

4.2.2 Effect of pH and time on Percent of Dye Degdation using One Factor
Plot

Figure 4.7 shows the effect of pH on dye degradatesponse. The desired
response was tested at pH 3.75 and 10.00 with memipercent of dye degradation
have been observed at low pH value and decreasdficagtly along with the

increase in pH value.
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Figure 4.7: Effect of pH on percent of dye degradation.
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However, Raugt al (2008) found that although pH have significarieetf,
but the optimum condition which give the highestceat of degradation was
observed at pH 6.6. The enhancement in dye dezalimm in less acidic conditions
is most likely due to the fact that peroxide ani@ii€.’) are produced in solution by
UV radiation, which in turn generated more radi¢adleboyehet al,, 2005).

On the other hand, time does not have any sigmfieffect on the desired
response since the dye degradation slightly inesedkrough the time factor as

shown by Figure 4.8.
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Figure 4.8: Effect of time on percent of dye degradation.

The time effect study by Koérbahti and Rauf (200&d30 resulted in

insignificant effect of time. This is because, digrolorization reaction was solely
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depend on the hydroxyl radicals that present indy» solution not how long the

irradiation time take place.

Based on all the parameter’s effects, it can melooled that pH was the only
significant factor for AR 94 decolorization procesBventhough the scientific facts
do not supported the result, but the experimentse w®nducted based on the
proposed conditions by approved literature. Thposjie results were likely due to
unfavourable experimental conditions which therdléa significant noise factors
effect.

4.3  Analysis by Response Surface Methodology (RSM)

In the first step of the study, the effect of @igrg parameters of initial dye
concentration, kD, concentration, pH, and time on decolorization cidARed 94
(AR 94) dye was investigated using full factori@sdyn. In the second step, the
objective was to select the optimal point of dedaktion of Acid Red 94 (AR 94)
dye. The result data from the full factorial desigjas then augmented to be
conducted in central composite design experimeatsvisualize the effects of
independent factors on the response and the resigltg) with the experimental
conditions (Myers and Montgomery, 2002). By usitentral composite design
(CCD), the experiments different combination of A# concentration, D,
concentration, pH, and time will be performed. E&mments arranged by Design
Experf 7.1.6 software are listed in Table 4.3 along with actual and predicted
response function. The percent degradation ofwilye determined by decrease in

absorbance values of the solution.
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Table 4.3: Central composite design matrixes, the predictelexperimental value

obtained for the expression of dye degradationguerc

(¢

AJ % dye degradation (squar]

Factor 1 Factor 2  |Factor 3 |[Factor 4Response 1 root)*b

Std A:Dye B: H.O. C:pH D:time % degradatiaActual Predicted
uMm M min a Value Value
1 -1 20 -1 o0.01-y 37% -1 O 53.17 7.3548 7.788
2 1160 -1 0.01-3] 37% -1 O 89.74 9.5217 9.094
3 -1 20 1 0.0p-3 37% -1 O 89.82 9.5259 9.375
4 1160 1 0051 37% -1 O 75.36 8.7340 8.976
5 -1 20 -1 0.001 10 -1 O 14.93 3.9815% 3.806
g 1 160 -1 0.01 1 10 -1 O 10.8% 3.4311 3.471
7 -1 20 1 0.0b1 10 -1 O 3.85% 2.1847 2.647
g 1160 1 0.0b1 10 -1 O 0 0.9607 0.606
9 -1 20 -1 0.00-3 3.7% 1 30 56.79 7.5969 7.964
10 1 160 -1 0.01-3 3.7% 1 30 91.54 9.6157 9.139
117 -1 20 1 0.0b-1] 3.7% 1 30 92.31 9.6557 9.602
12 1 160 1 0.051 3.7% 1 30 77.99 8.8833 9.071
13 -1 20 -1 0.001 10 1 30 19.68 4.5390 4.283
14 1 160 -1 0.01 1 10 1 30 12.42 3.6528 3.816
13 -1 20 1 0.0b1 10 1 30 6.56 2.735% 3.175
1 1 160 1 0.051 10 1 30 1.18 1.4502 1.003
17 <o 20 0 00830 6.87% 0 15 22.62 4.8521 3.782
18 o 160 ( 0.0B80 6.87% 0 15 4.27 2.2788 3.348
19 0 9 o 0010 6.87% 0 15 16.56 4.1812 4.509
20 0 90 o 003 9 6.87% 0 15 16.93 4.2252 3.896
20 0 90 0 0.080 373 0 15 88.87 9.4759 9.352
22 0 90 0 0.08d 10 Q 15 9.34 3.2036 3.327
23 0 90 0 0.08Q0 6.87% o O 15.3 4.0277 3.955
24 0 90 0 0.083Q0 6.875 o 30 16.46 4.1693 4.241
2 0 90 0 0.08Q0 6.87% 0 15 11.29 3.4947 3.933
26 0 90 0 0.083Q0 6.875 0 15 18.2 4.3729 3.933

@ Experimental % degradation

P percent degradation that have been transformextding to the requirement of the

statistical analysis

The result was analyzed using analysis of varigAdOVA) as appropriate

to the experimental design used. The regressiaratitm 4.2 was obtained from

analysis of variance and all terms regardless @f significance are included in the

following equation:

VOO PRARNNOOOONODONOOUOINNWNONNOWNW
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Sqrt(% degradation + 0.92) = 3.66 - 0.22)0.31% - 3.01% + 0.14x% - 0.43%X> -
A0xX3 - 0.03%X4 - 0.69%X3 + 0.013%x4 +
005%X4 - 0.37%2+ 0.27%2 + 2.41%? + 0.16%2
(4.2)

A square root transformation was performed withdyatic as original design
model which consisted of 1 offset, 4 linear, 4 qaaid and 6 interaction terms. The
transformation was required as the Box-Cox plot fmswer transformation
recommended the response to be transformed inwresgoot basis (Figure 4.9) with
lambda ) value of 0.5 and k-value of 0.9231. This was alda stabilize the

variance of the response data as well as greatyowed the appearance of the
residual plots.
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Figure 4.9: The Box-Cox plot of power transformation for AR 9gercent
degradation data before data’s transformation



36

The blue line shows the current transformatiorhwitvalue of one which
symbolized the power applied to the response vallidse green line indicates the
bestA value which is 0.3, while the red lines indicate ©5% confidence interval.
Since the blue line was not in the red line interttaus the model was not satisfied
with desirable response. After data’s transforomtiaken placed, the response

model was satisfied with 95 % confidence interval.

Overall result still shows that the" tun gave the highest percentage of AR
94 degradation which produced 92.31 percent decakisn. The experimental
conditions of 11 experiment run are: 20 of AR 94 concentration, 0.05M of 8,
concentration, pH of 3.75, and 30 minutes of UVdration. In addition, there was
no photodegradation process at all at run numiggt evith experimental condition
of 16QuM, 0.05M, 10, and 0 of AR 94, @, concentration, pH value and irradiation
time respectively. Thus, there was no optimal painthe selected factors range

values.
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The coefficient values of Equation 4.2 calculatesing Design Expert
Software andP-value of every term and the interaction are listedable 4.3. Based
on Table 4.3, the linear term of pH value)(xsquared terms of pH valuesfx
interaction term of AR 94 concentration andCH concentration (), interaction
term of AR 94 concentration and pHX¥) and interaction term of D,
concentration and pH value 2k%) are significant model terms that influence the
percent of AR 94 decolorization due to tealue less than 0.05. The other terms

seem to be insignificant.

Table 4.4:Regression coefficients afdvalue calculated from the model

Variables Coefficient | P-value® (Prob > F)
Offset 3.660

X1 (AR 94 concentration) -0.220 0.2073
X2 (H>O, concentration) -0.310 0.0853
X3 (pH) -3.010 < 0.0001
X4 (time) 0.140 0.3938
X1° -0.370 0.6006
X2’ 0.270 0.7008
X3° 2.410 0.0054
X4° 0.160 0.8139
X1X2 -0.430 0.0313
X1X3 -0.410 0.0367
X1X4 -0.030 0.8509
XoX3 -0.690 0.0024
XoX4 0.013 0.9418
X3X4 0.075 0.6681

#Values ofP-value less than 0.0500 indicate model terms grafgiant

Table 4.4 shows the ANOVA and regression analy$is the
photodegradation of Acid Red 94. The precisionaainodel is indicated by the
determination coefficientRf) and correlation coefficientRj. The determination
coefficient &) implies that the sample variation of 97.60% féwomdegradation
process was attributed to the independent variatdsted. TheR® value also
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indicates that only 2.40% of the total variationswaot explained by the model.
Normally, a regression model having Bh value higher than 0.9 is considered to
have a very high amount of reduction in the y Jality implies the model is good
enough. However, a large valueR§fdoes not necessarily imply that the regression
model is good. This is because adding a variabkheé model will always increase
R, regardless of whether the additional variablgtasistically significant or not. But
adjustedR? statistic will not always increase as variables added to the model.
Thus, it is more suitable to apply adjusidvalue to measure the model adequacy.

The adjusted?® (coefficient of determination) was calculated ® 3.25%.
This value indicates a good agreement existed legtwbe experimental and
predicted values of photodegradation of AR 94. Wiasting the significance of the
regression model it was found thatvalues obtained were small, <0.0001 (Table
4.3) compared to a desired significance level, 0.0bis indicates that the regression
model was accurate in predicting the pattern ofifigance to the AR 94

decolorization.

To investigate the effects of the four factors encent of AR 94 degradation,
the response surface methodology was used andhike-dimensional plot was
drawn. The following figures are the responsea@fcurves for the four variables
in the photodegradation of AR 94. The responstaserrepresenting the percent of
degradation was a function of two experimental domas with the other two
conditions being at their optimal levels. It wasyg and convenient to comprehend
the interaction between two experimental conditiang also to locate their optimum

levels.
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The AR 94 concentration gave the significant dffeec the expression of
percent degradation (Figure 4.10). Increase in9¥Rconcentration increases the
photodegradation process while the lower AR 94 entration decreases the percent
degradation. The maximal percent degradation ictivas obtained when the AR

94 concentration was about @M.

% degradation

0.01 " 20.00

Figure 4.10: Response surface plot of percent degradation: dyeemntration vs.

H,O, concentration with constant level of pH and timenutes).

AR 94 concentration made a little impact on thecpet dye degradation
since maximum percent just lies between 4 to 18gver The dye decolorization
percent increased up to @M and above this value decreased with increas&Rin
94 concentration. However, many dye decolorizasitmuies show that effect of dye
concentration was the opposite for response. [Hiksly the maximum dye
decolorization happen to be under low dye concaatrgAbdullah et al., 2007),
(Korbahti and Rauf, 2008a), and (Kdrbahti and R2068b).
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Throughout the experiments, pH seems to give highgnificant effect
towards percent of dye degradation. When increatearhount of HC| was added
into AR 94 solution, decolorization process tookgal almost immediately without
any UV irradiation. This effect is shown in Figudell in which highly acidic

condition gave the highest percent of degradation.

@

i
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% degradation

10.00 1&0.00

C:pH

Figure 4.11:Response surface plot of percent degradation: diyeentration vs. pH

with constant level of HD, concentration and time.

The effect of pH value also was studied by Retwfl (2008), by adding
incremental amount of either HCI or NaOH to AciddR# solution in the presence
of UV/H,0,. They found that the photolytic dye decolorizatappears to be less in
more acidic solution and increases to a maximumopld.6 and then again starts
decreasing in alkaline media. This result was eupd by the fact that the
enhancement most likely due to peroxide anions;(H&re produced in solution by
UV radiation, which in turn can generate more O#ligals (Aleboyetet al, 2005).
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Similar effect has been observed for the inteoactffect of pH value against
time (Figure 4.12). Although there was no maximpaint but there is minimum
point of interaction between the factors. The mimn percent of degradation is
when irradiation time of eight minutes and pH vabii®.

% degradation

3.75

D: time 2250 : |
30.00 ~ 10.00 C:pH

Figure 4.12:Response surface plot of percent degradation: pHme with constant

level of AR 94 concentration and:®, concentration.
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Meanwhile, Figure 4.13 illustrates the comparismtween all the factors
effect at the optimal run conditions in design patn addition, the plot also shows
how the response changes as each factor movestfi®rahosen reference point,
with all other factors held constant at the refeeepoint. The reference point was

set by Design Expert software default at the midiflé¢he design space; coded as

Zero.
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| | | | |
-1.000 -0.500 0.ooo 0.500 1.000
Deviation from Reference Point (Coded Lnits)

Figure 4.13:Perturbation plot for dye decolorization

However, the optimal point cannot be determineitesithere was only one
significant factor for the desired response. Tte®s curvature in pH value shows
that the response of dye decolorization was vemgisee to this factor. Without any
other curvature for the percent of degradationait be concluded that there can not

be any optimization process to take place.



CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

51 Conclusion

The best conditions of Acid Red 94 obtained foghleist percent of AR 94
decolorization was 2QM AR 94 concentration, 0.05J, concentration, pH 3.75, and
30 minutes of irradiation time. Meanwhile, the nmaxm percent of AR 94
decolorization at the best condition was 92.31%.

However, the photodegradation of AR 94 cannot ft@rozed since there’s only
one significance factor affecting the desirablepoese. This is because; AR 94

decolorization was very sensitive to the indepenéseator of pH.

The proposed model for Central Composite Desigieditvery well with the
experimental data witR* and adjusted®® correlation coefficients of 0.9639 and 0.9491,
respectively. Thus, the apparent rate of decatiom was found to fit the quadratic
model of equation. Effect of independent fact&R; 94 and HO, concentration, pH,
and time have been successfully carried out ingtudy. Although, the objective of this
experiment which to optimize the AR 94 decoloriaathas not been achieved but the

study using response surface methodology (RSMelswnderstood.
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5.2 Recommendation

Throughout the experiment process, there was muogtation on experimental
condition that may end up in significant influenca the desired response. These
limitations also stricken the experiment procedsebe in the optimum environment.
The most obvious limitation in this experiment isappropriateness of laboratory
apparatus used. The UV source for example shaukupplied by UV lamp. However,
the only UV source that present is just from thaitar flow. Although, there was not
any study subjected to this kind of factor butsitbelieved that along with the other
unfavorable environment, there will be a significaffect on the photolytic dye

decolorization process.

In addition, the non-stirring condition also lisiithe dye decolorization process.
This is due to the fact that a non-stirred conditiall led to uneven UV irradiation. The
existence of cloudy solutions after UV irradiatiproved that the degradation process
was not applied to the whole solutions. This mean$y certain part of the solutions
were subjected under UV irradiation and only cer@ieas undergo a complete photo-
oxidation process.

Unfortunately, there was also many problems oecliduring the experimental
period. One of the biggest problems is the unsbesi reads of pH value by pH
meter.even though it has been calibrated many tiriésis, it is very hard to control the
pH value of the solutions and the probability ofearor could occur is high when this

process take place.

Thus, it is highly recommended to use a photolytiactor or well insulated
photo-catalytic process. This is because the nfaiseor can be well managed and
enabled the process in its favorable conditionshe Trradiation area also will be

increased as well.



45

In addition, the use of real effluent containinges will be more suitable as the
application of photo-catalytic process take plagé¢.the same time, treated samples can
be tested with various tests such as TOC or CODbrdier to get a better view on the
photodegradation of dyes efficiencies. Later s tesearch should be further studied
to improve the dyes decolorization as high as 1G06e there were other powerful

oxidative agents present.
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