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CHAPTER1

INTRODUCTION

1.1  Motivations
2,4-dichlorophenol (2.4
pesticides and herbi

m the synthesis of chloro-

norlty pollutants given by
the U.S.EPA in the f& _lga ed Statcs Environmental Protection
Agency [U.S.EPA :

carcinogenic, and

i€d compound that is potential
ne system (International
“‘x_

‘hang et al., 2005). It is

environment due to its

Agency for Rgs
important organic

widespread us€s in agri al, petrochemical, dye stuff, and pesticidal chemical
industries. 2,4-D ' environment for long period.

Therefore, there 1s a peed fo. sctive and gcor s treatment of water effluents
containing 2,4-DCE ;
Nowadays, various methodsha © degrade 2,4-DCP from water such
as biodegradation and adsorpf reatment is slow and requires
control of p . n of disposal of activated
sludge (Ma !’ and Seto, 1991). More rﬁ highly resistant to

a2

bio-treatment. =Activ transfer of pollutants
m (Jung et al., 2001).

Furthermore, the als by these techniw are both costly and time consuming.

@L SN T

considered as very promising process in water Eatment, since it pﬁrde high

3 WAL ALV T

range of hazardous or recalcitrant pollutants at ambient temperature and pressure,

without deco I ition, which induces another pollution p

without generation of harmful byproducts.



Heterogeneous photocatalysis is based on the utilization of an oxide semiconductor
catalyst activated by the absorption of the light. Over the past decades, TiO; is the
most commonly used as an effective catalyst. However, many studies have been

carried out to evaluate the potential of other catalysts. Among others, ZnO appears to

efficient than TiO, in“seme photoc ion of phenolic compounds like
2-phenylphenol (Khodja et al., 2 - eve@m only utilize energy of
UV light (Bg = Y jets 46% visible'specira of sunlight reaching the
surface of earth are un@ble i6'he used. Consequently the use of ZnO under UV light is

Accordingly, this stidy focuses on tii odification of ZnO by Fe doping to increase
its applicatio isiple i giony andused as catalyst for the removal of 2,4-DCP.

1) To preparedFe-Zn by -ingipi A tness impregnation (IW-IMP)
2) To investigate physica -‘T-T acteristics of Fe-ZnO catalysts.
3) To examine p "‘~"'"E;13’E5'-’ci -:.3.-—1,«*5.__: : queous 2,4-dichlorophenol (2,4-

DCP) ungd

O e .
N A
13 Scopes®
1) Fe-Zn ing Fe(NO;);*9H,0 with
Fe loading.5,.2.5, and 5.0 mol% on,commercial ZnO nanopowder.

DI SN

UV-DRS), scanning electron mlcros (SEM), X-ray ‘sbsorptnon

AR TANILISU A TUNELNQLL

degradation of aqueous 2,4-DCP under visible light using a xenon lamp as the

eatalysts are prepared by [W-IMP method

light source.



4) The effect of mol% Fe, calcinations temperature, catalysts loading, and initial
concentration are our studied parameters.

5) 2 mM of potassium persulfate (K,S,0s) is added as an oxidant.

6) The concentration of 2,4-DCP degradation is measured quantitatively in terms

of changes in peak area using - performance liquid chromatography

(HPLC). _ - H /
— ‘_)'

1.4  Expected Quicomes
1) Understand hows rove effectiveea
visible ligh \

2) Photocatalysis

e o i

egrading 2,4-DCP under

A DCP and other semi-volatile
organi DO

I;:d

A

AULINENTNEINS
AR TUAMINYAE



CHAPTER II

LITERATURE REVIEW

2.1  2,4-dichlorophenol (2

2,4-DCP is ag

iclic aromatics formed by
replacing hydrogen aiems _ oms of ehlorine. 2,4-DCP is classified
as a chlorinated \ﬁi dous chemical defined

ences, 2006 : online).

by the OSHA hazard li'l

IOP- f \\‘R
In addition, it is a hig \ i Pesticide Action Network
N Ggfmany, H 5“: ? 3 str H’ e 0f 2,4-DCP is illustrated in
Figure 2.1 (Ageng¥ fof Tokic Su \1‘:\ -E"‘-».‘ gistry [ATSDR], 1999 :
online), and its propeghics are listed in Table 2. L(ATSE ,\ 1999 : online).

of Germany (P

E Figure 2.1 Chemical structure of 2,4- DC]

mﬁ urinsndrenn g -

(2,4-D and 2,4-D derivatives (WICldCS soil stgants etc.), and orﬁspchlonne

3 MR AL ST

it is used as an intermediate to produce a wood preservative, an antiseptic, and a seed
disinfectant (U.S.EPA, 1980 : online).



Table 2.1 Physical and chemical properties of 2,4-DCP.

Property Information
Molecular formula CsH4CLO
Molecular weight 163 g mol™

Appearance
Odor

Meting point
Boiling point
Flash point

212 Sﬂman |
Because2,4-DCP is pervasive in the environment, mo people are likely to be
exposed to 2,4-D€Pﬂ inhalation, ingestion, and dermal pathways. Workers are

expﬁ ku:ﬁ @l %4813»/%;;% Ejlﬂﬁ rall population can
be expose ough their use of products containing 2, . Most people are
exposed to very low levels of 2,‘-DCP in drinkingzwater that has beenfidiSinfected

R IR W AR A

herbicide 2,4-D applied to food crops or via ingestion of fish contaminated with some

herbicides. Furthermore, oral ingestion of soil can be important among children due to



their hand to mouth activities. Dermal exposure is important if there is a direct contact
with contaminated soils and/or water (ATSDR, 1999 : online).

Exposure to 2,4-DCP can cause a variety of health problems ranging from

Ingestion of cenfan; f ler may also cause burns of
the mouth and throa ,ﬂi’( al pain, weak \ tre onvulsions, and collapse.
Laboratory studi -‘ olit with anime hat 2,4-DCP developed liver and

immune system ef} p pregnant female rates in their
drinking wates’€ause -._ gighty 2,4 1as | “\. eported to have toxic
effects on fetuses géco al xicities such as decrease in litter size and
increase in organ weigh . i (ATSDR, 1999 : online).
Eye contacts 3 ..ww ! ‘:f- ith eorneal injury, which may result
in permanent impairment ;-:--- On,—SVeR dness. It is absorbed more readily

through skin when in ',_.,‘-i,.'z_‘__,l':".-‘;* r 'tk is classified as corrosive to the

skin (Dow Agto ! ) ._)f blister formation,
)
and tissue dafrfage has been observed 2 ._"'!l P. Furthermore,

acutely derma - J I'r" resulted in rapid

a :
uuconsciousnemnmcdiatcly and death has also been repo: "
control and Prevel'loﬂlDC], 2000 : onling), 4

E}Mﬂ’lﬁﬂﬂ!liﬂﬂ'lﬂsﬁwm

“Possible carcinogens (Group 2B)” (IARC, 1999 onlme) This clasyatlon is

4 WAANTTL e (v 3

2001 : online).

1 (Centers for Disease



2.1.3 Environmental contamination

2,4-DCP has been found in the environment as a result of the manufacture,
use, and improper disposal of the chemical. 2,4-DCP enter to the atmosphere through
volatilization. The major source associated with its production and its use in the

manufacture of end-use products. it ha found detected in atmospheric emission
from the combustion of mun Cip u S ous waste, coal, wood, and 2,4-
DCP-based herbicides. ‘Fhe mean ¢ 4-DCP in the air during seven
rain events in Portland, Oregomn,in 1984hwas @SDR, 1999 : online).

N

industrial waste discharge.

DCP.is

. ufacture iron and steel,

VN

electrical comp " R \ -- ‘amounts of 2,4-DCP are
produced when waik ifegted withihlorine. Other s W of 2,4-DCP in aquatic
systems incl indust land] sewage treatment plant, and drinking water
treatment, which can 11 e 2,4-DCP have greater

sorption potential thag degorption, | ey vould persist in the aquatic environment for

' -:'-1\ currence of DCP in water has

been reported in sevg opttEiEs - Such: ater samples from Canada with a
) ] l!f 2 3 ]
concentration < 0.002-7.1 "pg-L as found in a sample downstream from a

- - L) ;
chlorinated wastewater dischargé ifi the M

schary e N _at the maximum level of 0.33

pg L' In :-l_n_ und

*'._‘_.‘il P in range of 3.2-
79.7 pg L (ATSDR, 1999 online). It s "-,lﬁ"f: of < 1.1-19960

g

2,4-DCP igbﬂmntialiy partition i‘gorganic matter due to its log Koy >1.

acci | CItis'a on'in diate herbici -D and various

other pesticides in soil. The use 0f2,4-DCP as a wo&prcscrvative has alwesults in

QRTINS NEIA

online). At a site 2 km distant from a sulphate pulp mill found 2,4-DCP contaminated

ng L™ in the surfice



in sediments in the Baltic sea at the level of 0.9 pg kg”' (UK Marine Special Areas of
Conservation [UK Marine SACs], 2001 : online).

There is a report of 2,4-DCP contamination in Thailand. It was detected in the

range of 0.02 pg L™ in water s ample cgted from river and seawater in the upper

gulf of Thailand (Boonyatumiz

2.1.4 Standa

70

Internationa arized in Table 2.2

ITG8"C nlica Ie ] h_
(ATSDR, 1999 : onli :

-. R%

Table 2.2 Internationalésta

Agency l I %\ ;\\‘“ Standard value
N

Guidelines
e Water "
U.S.EPA ater & fish: 3.09 mg L
sh only: 3.09 mg L'
03pgL”

10 kg child: 0.03 mg L™

70 kg adult: 0.1 mg L

U.S.EPA OWRS
U.S.EPA OWD

e Oth p

U.S.EF T ) é"# g kg day”
Recommendat lons .
US.EPA Drinking water % than 0.03 mg L
U S. EPA ¢ ﬂ. Surface water @S Less than 2.02 mg

nited States Environmental Protection Agency
Offiée of Drinking Watsg

9 TP YT B EAsaE B




However, water quality standards for 2,4-DCP content have not been
established in Thailand. Only standards for phenolic substances are available which
are listed in Table 2.3 (Pollution Control Department [PCD], 2004 : online).

Agency Standard value
MAC: 0.002 mg L
PR \C: 0.001 mg L"
""""-ﬂ 1.0mgL"
:0.005 mg L™

more than 0.03 mg L'

Note: PCD

MAC

MPV =

2.1.5 Waste tr,

Various technigties are applied for ing 2.4-DCP such as adsorption and
biodegradation. The adsorption—of . .‘"_ 4-DC] b activated carbon has been studied.
The result showed that 2.4 : oranular activated carbon (Jung
et al., 2001). R : Uby means of biological

activated ‘@*4_ lrﬂ and Vinitnantharat,
2000). Howe t IO d involves the reduction of
adsorption capacity due to the existence of background & ganic matter, and the

regeneration of acﬁw carbon is costly and time consuming. In addition, adsorption

P30t Rl

a new and different kind of pollutafit is formed and ﬂures further treatmenty

AWIANIL AL )L NEALL.

degrade 2,4-DCP (Martani and Seto, 1991 ; Valli and Gold, 1991). However, the rate

of degradation is very low, and difficult to control the condition of microbes. Half-life
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of 2,4-DCP in wastewater was found in the level of 125 and 430 hours in aerobic, and
anaerobic biodegradation, respectively (ATSDR, 1999 : online). Quan et al., 2004,
applied bioaugmentation to a conventional activated sludge system to enhance the

degradation of 2,4-DCP. However, bioaugmentation in a biotreatment system does

not always work, and the effects thod have been reported to be less
predictable and controllable. Besides, 2.4 : se severe problems in biological

treatment due to it resistance to biode effects on microbial.

—
“{” |

eterogeneous photocatalysis

ses, the use of alternative

ctwe option. The main
: inants are mineralized
without requiringg§ecogdagy freatmient: Moreover, ethod has potential for
treating a wid€ rang : gas phase but also
aqueous and solid ey, 2004).

Hence, thi ly is sctnducted | e heterogeneous photocatalytic

2.2  Heterogeneous photc ‘E

Hetcrogen : ‘-:___ on processes (AOPs).
The commc T‘;&_‘"‘"“‘"“_““"'“" S IS t ,"\,‘E active free radicals,
mainly hydro adice H potent and strongly

oxidizing radieal allows the destruction organic pollutani§ with non-selectivity.

Furthermore, in tllsiﬁoccss organic anch;porganic compounds are degraded or

"““ﬁ“uﬁfﬁ“ﬁﬁ‘ﬁ‘ﬁwmﬂ‘i

2 1 Fe-ZnO as a photgtatalyst

aa RN I ML TR

catalyst under irradiation for stimulating a reaction at the solid/solution interface.

Semiconductors are widely used as catalyst because of the fact that they are low-toxic,
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having broad absorption spectra with high absorption coefficients, and their properties
can be modified (Chatterjee and Dasgupta, 2005). The most popular catalysts are TiO,
and ZnO. In the past decade, TiO; in the anatase form seems to have the most

mterestmg catalyst. Neverthcless, w1despread use of TiO, is uneconomic for large-

some photoreaction such
al., 2000), and azo dye

cubic substrates, and the rocksaltiNaCH
At ambi e e
pressures. At ambient onditions; ti  thef

may be obtained at relatively high
ically stable phase is hexagonal

wurtzite structire A - al close-packed type

lattice with Zi"3toms oceupyi B1IF cf al., 2005).

9 mwm N%ﬂ’] ﬂ&l%%

Figure 2.2 ZnO crystal structures. (The shaded gray and black spheres denote Zn and
O atoms, respectively.)
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Due to its wide band gap energy, the photocatalytic activity of ZnO is limited
to irradiation wavelengths in the UV region and can only absorb UV light with
wavelength below 400 nm. Unfortunately, the solar spectrum consists only of 3-4%
UV light, while 46% and 47% of the spectrum has visible light and infrared radiation.

Moreover, some problems still remain i ication such as the fast recombination
of photogenerated electron=hole p : o shift the optical absorption
properties of ZnO to ‘the visible | __‘Mnt charge recombination on

h e such as noble metal

deposition (Wa : ansition metal “dopiig ahar, Hasegawa, and

previous study are

experiments und F T his Tegard transitio taIs doping is one of
promising me TONINg roacti "- of the catalyst from UV to visible

region. Many stud  t -dopin TiO3 can degrade a variety of pollutants
in water under visibledig thé iy ' et al. (2006), Fe-TiO, were prepared
by the calcination of Fe Ji! faund thatthe degradation rate of phenol using this

JV light, and more active than

TiO; P25. The molar ratio of' num for both the UV and visible light

k=

irradiations. They recomuies ed that l!'-t‘,-‘l‘- TiO, by doping Fe can observed

the red shi ‘7.‘- f the 3d electron state of

-

Fe**, 3d°, iﬁ»',______‘ h) ared by a one-step
flame spray pyrelysis te oh € 2007. They found that
under visible lﬂ irradiation, the rate of oxalic acid minera;mion by 1.0 g L™ of Fe-
TiO; (Fe/Ti = 0.05"\\&6.4 times higher thﬂat of similarly prepared bare TiO, and
Tioﬁs .Hﬁa?ﬂeﬁmﬂﬂﬁﬂﬁoom by metal
org iﬁ]c i apor depos ethod. The st showed a slight shift to
longer wavelengths and strongergabsorption in thailsiblc region, comwd to the

BIR AN VAR

activity of catalysts was evaluated by calculating the pseudo first order kinetic
constants (k). From the calculation, they found that undoped TiO, display very poor
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catalytic performance under visible light (kK = 0.006), while k was significantly
improved after Fe doping.

Since ZnO have similar properties to TiO,, Fe-doping may be improve the
es analyzed the properties of Fe-ZnO

.
.

photocatalytic reaction. In the

study of Wang, Thomas, and O°Brie ed that doping ZnO with Fe

that the increase in.the"@bsosntion i egion 0 eV is due to the d-d
) accomplished that Fe doping
improved the opticalfprope ; Q nanorod due to the reduction of oxygen
‘ ZnO structure disturbs
singly ized oxygen vacancies.
doped ZnO by co-
precipitation method. Theyf that the mean s; he catalysts are 3-10 nm.
y ructure of ZnO gradually
) 2009) fabricate Fe-doped
ZnO by sol-gel methodand found th a inereased, the blue emission was

Several such as sol-gel,

co-precipi ‘-Jif.-__ ti \mo T-.._,ﬂ ethod has several
advantages, :—II ding : ckﬂu: filtration step, and
time. Thus, this method appears moretattractive for industrial

shorter synthesi
applications. g =

AMLANANINEANS. ...

a solution of the precufsor is brought EH:lontact with the swrt. Two

QRIRNDIDLITING IR

quantity of solution containing the precursor. In IW-IMP method, also referred to as

‘‘pore volume impregnation”’, just enough solution of the precursors is used to fill the
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pore volume of the support. Roggenbuck, Waitz, and Tiemann (2008) described that
the purpose of IW-IMP method is the solution is entirely drawn into the pores by
capillary forces and no precursor material is deposited on the outer surface of the
support. In addition, they also found that IW-IMP method is more efficient than
conventional IMP method.

Navio et al. (1998) in .-:._""“ ated (hes aey of two different precursors i.e.
Fe(NO3)3*9H,0 and_ y : won of Fe-TiO; catalyst by
the impregnation_inethod. Thes _ samplés prepared from Fe(NO;3);*9H,O
containing low amounfs ofFc (< - vere more efficient for nitrite oxidation
vere less active than pure
A
AN

e
%
\

-ZnO catalysts by IW-

o, ZN0- Sel ctor catalyst exhibit a void energy
region in which no energy levels-are aval 'to promote the recombination of an
electron and hole produced. oy pho i he solid. The void region that
extends fi om_the he 'f.'f om of the vacant

conduction bard (CB) s cafied '";’

W
a2

The reumon is initiated when ZnO catalyst is illurrﬂed with photons (Epp,
whose energy eqﬂlﬂ or greater than t‘g- band gap energy (Eyg), resulting in

mol iﬂ@%ﬂﬁﬂsﬂﬁ]ﬁrﬁ:m of mobile
elec ( higher én onduction band and positivé'hole (h") in the

lower energy valence band (Evp)fof the catalyst, ﬂ)rding to equationi.} and the

QRIRIILINTINY N

Zn0 —» e +h* (2.1)
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Unfortunatelys®thcre®is a competing e and ‘e-h’ recombination step (the
reverse of equation | cies and the waste of the
energy supplieg considered as one of

the major factors Li ction. The schematic of e-h"

recombination

The photoﬁlmlc reaction can be gepresented as a number of mechanistic

“fiuY ’?‘ﬂ‘ﬁf’ﬂﬁ LALSRLAR)

e +h+

q RVASNT mam 10LAY,

adsorbed water or the OH,ys ion, to the electron hole.
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h* +RX,, — R, (2.3)
h*+H,0,,  —— OH'+H" 2.4)
h* +OH_, — » OH, (2.5)

\
The third step is of gre '1' f oitange, mostly because of the high

concentrations of OH , given water dissc { 14Nt0_ions.

(2.6)
Molecular oxygér a Al p ,, electron-transfer reaction.
2.7
Super-oxide anjon: | ah sub quently be involved in
the following reactig
(2.8)
(2.9)

I'-.";;-' > radical groups.

Hzoz

m.,,f’!é;!z?d lﬁ‘lﬂ%‘%w B4 o
9 Mﬂ@mﬂ%ﬂ"m 2 &8

— 20H° (2.10)
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The OH' radicals, as described by equation (2.11), are very reactive and attack

the pollutant molecule to degrade it into mineral acids including CO, and H,O
(De Lasa, Serrano, and Salaices, 2005). The photocatalytic mechanism illustrated in
Figure 2.5 (Daneshvar et al., 2004).

ocatalysis.

emical reaction for 2,4-DCP
t_ al, 2002):

i ; - '
B4 GHCKO = =+ Degraded prodig (212)
Ozf ClLO —» (Degraded products (2.13)

ﬂﬁﬁﬁ%ﬂiﬂ Elfl ﬂ L
118 SRR NN

effoctlvely phenolic compound and can be useful technique for the treatment of
wastewater. In the study of Rao et al. (2003), TiO, P25 was used to the
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photodegradation of 2-chlorophenol (2-CP) under UV light. In this work, the reactor
maintained at 35°C, and a 400 W medium pressure mercury vapor lamp (A=365 nm)
was used. The results found that approximately 95% of 2-CP (100 mg L") was
removed in 2 h at pH 5 by adding 0.2 g L' of TiO,.

The photo-oxidation of phen ' ols were studied in the research
of Lathasree et al., 200dadn this work, bssure mercury lamp (\=253.7
nm) was used for irradiating the test sg tion@ow that in the presence of
UV light and ZnO, phenol"Was.cor :ly mineralizedto CO-, H>O and CI” within an
hour. The degradatien*rate hlorfophenols i ,‘ L with increase the weight of
ZnO up to an optimaioadific2.0 g L'} They also found that the degradation rate of
phenol was faworablgf inth ' pH, while chlo enols undergo faster

also studied over a

concentration _ Its exhibited that the
degradation rate were io of cone 1 decreased with increase in
concentration. Moreoge: i \ stable and photocorrosion
after the fifth cyc ] @ year, 1 ah et al. (2004) studied the
photodegradation of ok J nO af 2¢ commercial TiO, (Degussa P25,
TiO;-Al, and TiO,-A2). The experiment gd out at 25°C, and 125 W medium
pressure mercury lamp (=30 -f‘E-"=“' i})hs’ sed, h irradiation, they found that the
rate of re 10V2 23 92%) than TiO-Al
(73%), and 'gg:-——"_ o Y

Bayarrimal. (2005) studied the photocatalytic trea t of 2,4-DCP by using
TiOz in suspensioqhﬁtalyst and a 1500 \Wnon lamp (A=300-436 nm) as a source
of i vg %ﬁ?‘rjﬂﬁﬂﬂﬂ g L of TiO,
loadﬂv mineralization

up to 80% was achieved. In addltE\n the best dc tion rate was found wH 5.6.

AR ALl 3!1;1 AMELALL.

in the research of Pardeshi and Patil, 2008. The activity of ZnO is compared between
2 light source that are sunlight (approximately 4% UV and 43% visible light, between
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8:00 AM and 5:00 PM in December-February) and artificial visible light (1000 W
Xenon lamp, A=420 nm). The results show that under sunlight and ZnO, phenolic
solutions at 25-75 mg L' were completely mineralized to CO, and HO within 8
hours, while only 47% degradation were observed under visible light, The optimum
loading of ZnO was 250 mg 100 mLs"' ! Th ommended that photodegradation of

Moreover, they found that ZnO

Kansal, Singh otodegradation of 2,4-DCP
under UV light usipg ypochlorite as an oxidant. For
the degradation expei of 2,4-DCP was 100 mg L™, 5

tube of 30 W Uaiampd—363/) were used, and. -‘ Wime is 5 h. The results
show that 20% degradasion achieved due to adsorp By, on TiO; and only 15%

degradation was achieve € Tirradiated junde ‘;- “alone. However, the
degradation undeg'UV & . : ' % and up to 75% if adding
oxidant at the optimalfcon€entra ion 15 10:32, 310 % M. They also concluded that the

degradation rate te; i€ i and reaches maximum at

l.1g | A Moreover, the imum degradation has been obtained

in the pH range of 4-4.5.

nat

Pho o Jeo; ol et a3 , alyst was observed
in the exper n*“‘" FNaeem and Ouy l;‘fﬁ yriate conditions for
degradation 3. :I . > pl ', 0.2 g L' TiO,. They
found that J sence of oxidants such as BrO*, H,Os.and S,0s> enhance the
degradation efﬁciﬁcwpreciably. o/

JAELAN B INA WELIT) 8ocr i

ZnO as catalysts. Therefore in this study, Fe-Zn&c.:atalysts prepared IEr'_,.l\)Ef'-IM]’

ARTE T ST IS




CHAPTER III

MATERIAL AND METHODS

3.1  Catalyst preparation

- Zinc oxide Swder: ZnO (>99.7%; Infiamat® Advanced Materials)

Ferric nitra .or- ig: Be(NO3)3*9H,0 Mcrck)
- Deionized P

3.1.2 Prej ,
In this#stud g cata ‘eparatior \ P method was applied
following the pro
0.5, 2.5, and 5.0 mo
dissolved in 1.3 m

nanopowder. The maier

J1)3*9H,0 corresponding to
1opowder were weighed, and
gradually dropped onto ZnO
ept for 30 min. After the
impregnation process, the chfalysis were ¢ 70°C for 36 h and ground with an
agate mortar. Finally, the rfs‘iﬁl; veie | _' air at temperatures of 400, 550,
and 700°C with h ' A

Fe(N03)3-9Hm

H0 !

fiagram of the catalyst

| Dried at 70°C, 36 h

A 4

ate mortar

1]
Calcined in aijr at
50 3

3

Figure 3.1 A diagram of Fe-ZnO samples prepared by IW-IMP technique.
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3.2  Catalyst characterizations

3.2.1 X-ray diffraction (XRD)
XRD was used to identify the crystallographic phase that is present in the

(JCPDS file).

In this study
X-ray diffractomete

. room temperature using
h (. = 0.15406 nm). The
0 accelerating voltage and
\\ tallite sizes (D) can be

! 1 :\u \” a, 2006):

\\

ofthepeak

sample was scal
emission curren

estimated using Schirre

p
(degree)

3.2.2 Brur::gr—Em mett-Teller (W’) method

mmmmamx:r::m

where itrogen adsorption and iﬁsorpt:on 1soﬂ1erms were measured. to the

q AT TNy ‘nﬁ:ﬂ N

adsorptlon data by using the standard BET method.
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3.2.3 Scanning electron microscopy (SEM)

SEM was used for inspecting morphologies of the sample. Powder sample was
scattered on an adhesive tape on a brass bar. SEM micrograph was conducted on
JEOL (JSM-6400) scanning microscope. The sample was then coated with gold and

transferred into the sample chamber. The lerating voltage was operated at 15 kV.
The SEM images were print sing y ic printer (UP-897MD, Sony).
3,2,4 Uv- /18 diffuse re ecran —DRS)

The absorptionsprop ,-;"'t of vestigated on UV-Vis diffuse
reflectance spectroscopt !‘ laghi’ U-3 ‘\""-. SO, as a reflectance standard.

N
\

The optical spectra oom temperature in the

wavelength rang e deuterium lamp and

halogen lamp. In 3 9 of each sample can be
calculated by £ ition equation (Murphy,

2007):

(3.2)

L
a2

3.2.5 may absorption spectroscopy (XAS) 'm
X-ray absfpm spectroscopy wverfon'ned in absorption near edge

“"“ﬂ WAV WEEA L a2

fi nge nt technique, provided b*nvanlable spectra E.reference compou S

AR AL mumgommﬁ 2l..

Institute (Public organization), Thailand. The XANES spectra of Fe-ZnO samples and

reference compounds (FeO, Fe,03) were measured in the energy region of the Fe K-
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edge (7112 eV) in Fluorescence mode using Ge detector. The X-rays were operating
at 1.2 GeV and diffracted with a Si(111) two-crystal monochromator. The XANES
spectra were normalized with the Athena program, the edge shifts were corrected to

standard reference compounds to determine characteristics of the sample.

3.2.6 Zeta potenti
e mobility distribution of a
dispersion of chargg ) glectric field. It widely used
for quantificatio

and Tsai, 2008).

he double layer (Chang

In this asured by a zeta meter
(Zeta meter systegt® 3.04, Meg Co5 Ltd.). Before ‘*-. measurements, 0.5 mg
catalysts we >pded/ ; @ solutio e pH of the suspension was

adjusted to a giveh valte @ ying AINO; or NaOH. An average of at least 5

measurements for each sample v

33

itrie acic
T
Soﬂ hydroxide: NaOH (99%, Merck)
Methangl: CH;OH (99.9% HPLG, RCI Labscan)

ﬂ ﬂﬂﬂﬁﬁﬁ B3

- Deionized water

QW']ﬁﬁfl.‘iﬂJﬂJﬁTmEﬂﬂEl

This experiment was set up in a batch photoreactor of 250 mL in volume.

The light source was a 1500 W Xenon lamp (light intensity: 500 W m?) and cutoff at
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400 nm by 1 M sodium nitrite (NaNO,) to control the wavelength and to ensure
illumination by visible light source only. A magnetic stirrer was located at the
photoreactor’s base to ensure homogeneous mixing of the solution throughout the

reaction. A cooling water system was also used to control the reaction temperature at

Xenon lamp .

) oto_ﬁctor.
3.3.3 Phdtocatalytic procedures 2./

prep by dissolving pure 2,4- in DI water. After that, Fe-ZnO catalysts were

dispersed into 2,4-DCP solution. #The initial pH ofithe solution was adjéstéd to 8.5

QAN A R

K;S,05 was added. After that, the lamp was switched on to initial the reaction. 1.5 mL
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of the sample was withdrawn from the reactor at different reaction times. The blank
test was also carried out by irradiating 2,4-DCP solution without the catalyst under
visible light irradiation for checking the photo-induced self-sensitized degradation.

3.3.4 Analytical method
The 2,4-DCP concentration in sample was analyzed using the
. ct natc uy. -array detector (HPLC-DAD
1200 series detector, 1100 séries pump Mnt technologies). The UV
detector was set a ' > maxil

Hypersil C18 ODS

absorption of 2.4-DCP. The column was

imn). The mobile phase was a mixture

of 60% methano in”'. The mobile phase
was filtered angd : lysis, the sample was
filtered with 0.45 | ingg/filter PHFEto remove all so articles.

335 Expérimental desigtl aid Stz

Response Surféice Methodology (R an empirical model used to evaluate

coitroflab (perimental factors and observed

the relationship betWeen a set :

results (Bezerra et al. S0 R PREEE sis, it is able to determine whether
factor is significant by ref 1..;__ ue’ based on the analysis result.

To determine whether the l,5._:;;:-I,:-_,__I:_-_:-_' fecti radation percentage of 2,4-DCP,

the ‘p-valu ) 4
e 7

In this Y, d Box-Behnken design

(BBD) with a nratic model in order to find out the optimmerating conditions for

the next laboratory’ ﬂk. The experimcnti}ata were analyzed statistically using

120 o o
imen on ol% Fe =ealcination peratures, and

catalyst loading) were chosen fop'studying the ei’fﬂI of individual fact&t} and the
§ WA A R T TR
ed le'3. 1. The f r ts is'given by:
9

N = 2k(kI1)+Co (3.3)
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where: N = the number of experiments
k = the number of parameters
C = the number of center points

For three parameters (n=

30. The experiments were performed

\ e central points and two replicates, the
total number of experiments in ” /
|.

in a random manner in orde ias in the outcomes.

Table 3.1 The rangesand-levelof indep cn

_— <] of actual vl
c al el of actual value
No. P AME] [ Jn 3 'I-ll'lu.x"-. - .
| % I"':'"?"'-- S 0 +1
1  Fe contents nol ’ \ \ ! 5.0

2 Calcinal g \ N : 700
3 Catalyst Ig I/ "x,ll \ o8 2.0
llllll— ;-.'ll.II """'.__..
V W\
BAK ) A\
2 N\
i

-lll"'FII lr"'..l" % I_-"-'

I;:i

ﬂ‘HEl’JVIEW]‘iWEI’]ﬂ‘i
ammnimumwmaﬂ



CHAPTER IV

RESULTS AND DISCUSSION

4.1  Catalyst characterizations

ZnO nano
Ty

Fep03

ﬂ u SYETE WIS

ffects of Fe content and calcination temperaturc on the structure of ZnO

80

4
patterns of bare ZnO and Fe-ZnO samples at different mol% Fe

nano wder are shown in Figu re‘ 1 and 4.2, respéétively. The XRD paftefns of the

0 “ﬁ% B o ey AR N

aracteristic peaks of hexagonal wurtzite
ZnO at (100), (002), (101), (102), (110), (103) and (112) planes which corresponds to
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the standard JCPDS file no.36-1451 (Sharma et al., 2009). In addition, the content of
Fe might be too small to determine its existence, which possibly indicated that Fe was

well dispersed onto the surface of ZnO nanopowder.

700°C

550°C

,a
o Jx///‘\\\\ e ik
/BN
Iz

lu@.& 'ﬁ\} | Fezos.

20 70 80
_-__,I____. ec) \.

Figure 4.2 XRD patterns 01% Fe-ZnO samples at different

nanopowder, & '!.r the doped sample ne 00 and 5350°C. This peak might be

‘bbserved in bare ZnO

indicated to (11 1) plane of ZnS which corresponds to cubic zinc blend structure (Bera

R e g

ated during the production of ZnO. This peak was also gradually decreased

ﬁ. creasing calﬁanon W ﬁ e osmble reasonuthat high
Q ;\ﬁ \ﬂn ZnO

f nanopowder. It can be inferred that both cubzc zinc blend structure and rocksalt
structure have been transformed into wurtzite phase of ZnO.
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The crystal sizes were also determined by XRD analysis using Scherrer
equation and FWHM of (101) peak representing wurtzite ZnO was selected to
calculate. The results are defined in Table 4.1. For the sample doped with different Fe
and calcined at 700°C, the average crystal sizes around 37.63 nm which was slightly

Table 4.1 Crystal sizessand Suiiace areas o {m -ZnO samples.
" CalCinatiol Crystal Size. . BET surface area
ek, é\ L ¢’
ZnO nanopg £ '\L\‘ . (“:l 4g8 )

0.5 Fe-ZnO - r \}\ 4.90

2.5 Fe- ;e 4.98

5.0 Fe-ZnO 5.52

5.0 Fe-ZnO 7.39

5.0 Fe-ZnO 175
4.1.2 BET surf:

Table 4. e, samples prepared at
different Fe «p‘— l,":g ature. It can be seen
from table 4.1 that al : : ZnO. The Sggr of the
samples dopec “ ith Fe at 0.5, 2.5 and 5.0 mol% slightly increase from 4.90, 4.98, and
5.52m? g, respediﬂ. It can deduce tha‘ge Sger increases along with increasing

I AW
°C*provi f 7:75,77.397and 5.52 m? &", respectively.

The calcination temperature alsgshowed the ef’faI on the Sggr Withi}creasing

DR AR

sintering.
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4.1.3 Surface morphology
The SEM images demonstrate the surface morphology of the samples, shown
in Figure 4.3. Surface morphology of all doped samples is nearly rectangular chunk

shape as bare ZnO nanopowder. An agglomeration of the samples could not be

occurred obviously, and the surface mar halogy of doped samples was not generally
different from bare ZnO. This impliéd thatghesSurface morphology of our samples
was not affected by bothidoping Fe amount __-‘_".gﬂing calcination temperature.

i —

0.5 mol% Fe-ZnO, 700°C

- —

©  2:5mol%Fe-ZnO, 700°C (@ 5.0 mol% Fe-ZnO, 700°C

@ " 5.0 mol% Fe-ZnO, 400°C

© 5.0 mol% Fe-ZnO, 550°C

Figure 4.3 SEM images of the bare ZnO and doped samples (20kX).
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4.1.4 Optical absorption property

Commonly, metal ions doping obviously affects the light absorption
characteristics of ZnO. Figure 4.4 and 4.5 show the UV-DRS spectra of Fe-ZnO
prepared at different Fe contents and the spectra of 5.0 mol% Fe-ZnO calcined at

different temperatures, respect own in the figures, the spectra of bare ZnO
shows no absorption in v ). A significant increase in the
absorption at waveleng assigned to the intrinsic band
gap absorption of Zn! /). Figlre 4.4 1cveals that the samples doped with

different Fe contenis=displz ongér absorption inuihe visible zone. The light
absorption increase ; e, accompanied by the
color of the samples ghanging Am! \:'N dition, it can be deduced
from Figure 448"that 80 mol% Fe -alcine at 700°C -_ its a higher powerful
absorption in the wiSiblefan, G

1.6

5.0 Fe-ZnO
= 2.5 Fe-ZnO
“sesss (.5 Fe-ZnO

Absorbance

]

*Seticoetvnns
\q._ '..-...'...IOI......I..IIII.

T —— ——— —————— ———

f T AT TR TR T

Wavelength (nm)

A AARIRTRLHAAGR B

contents, calcine

Sessssesstsanen

———
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1.6
— 700°C
— — 550°C
1.2 ssssss m"c

—==—Zn0 nano

0.8

Absorbance

0.4

800

Figure 4.5 UV-DRS ’nO samples at different

s, . |
The band gap energy {EJ ples was determined by fitting the
absorption data to the »ﬂ {uation. 3 4.6 and 4.7 are shown the graph

of (khu)m"
samples. ;
the E,. Accordiig (0
well as the Eg af ba

of ZnO reported ili'li Eturc (Meansiri, Lao‘J, and Promarak, 2006). In addition, we

m ﬂﬂﬂﬂ AL E YL LTI LY e e

e might act as e~ trans?r from ZI'IO(VB) to Ft‘.203(v]3)

Q‘m&Nﬂ‘iﬂJ URNINYIA Y

he, Tauc plots for all
I""i‘ o gives the value of
;';; were about 3.11 eV as

e ZnO. The Eg of the samples in our stud y are closed to the value



25

— 5.0 Fe-ZnO
20 F — — 2.5Fe-ZnO
AL L L) 0'5 Fe-zllo
——— ZnO nan¢ -II

(k.hV) 12

0.5

E!'l“[]ﬂ“ﬂi (811173
mm FINIURINEIAY

Figure 4.7 Tauc plots of bare ZnO and 5.0 mol% Fe-ZnO samples at different

calcination temperatures.

33
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4.1.5 Oxidation state
XANES analysis was used to identify directly the Fe oxidation state in the
sample. In XANES, the oxidation state of metal cation can be concluded from the

energy shift of the pre-edge absorption features. Pre-edge is a small peak before the

edge peak arou “which simil thewpic-edge peak of Fe;O;. The
- > \\\ ‘\\ ransition in Fe. The results

confirmed that Fe i 1ples a trivale \ aracteristic of octahedral
e Shapg’ of - \"' : ‘8spo o to Fe,O; was not

different on both sttidieg eory, Fe** is relatively

o
stable as compared (@ Fe! 2 to its h .\ R @) (Naeem and Ouyang,
2010). Hence, thefXANE

suitable for photodeggada

amples in this study were

700°C
550°C
400°C

Fe03

E l Absorbance (a.u.)

ﬂmwm
’Q‘m AN AT TN TR Y

Figure 4.8 The XANES spectra of doped samples at different Fe contents, calcined
at 400°C, and references FeO and Fe,0s.
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é 400°C
£ Fes03
g FeO

Figure 4.9 The XANES E 5.0 : e-ZnC cined at various temperature,

i T
416 Surfadl cnidgtrisisid)

Figure 4.10 and 4.’ _5*1 II.I g;
The y.of geta potential is called

ial of all catalysts with respect to

solution pH.

m:’ found that the zeta

thezcmpo §
A

potential ch i : ge at figh pH. The pHy of

!
bare ZnO and ¥ ‘I ZnO samples are about 9.5 pH units shown in both Figures, which
quite closes to the‘pl-lzpc for ZnO (9.0) reported in the study of Akyol, Yatmaz, and

VELE ﬁﬂrmwmﬂ'r e
am Mﬂ‘im mn'rmma ¢
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30

IS5

Zeta potential (mV)
o

1

—

(%]
T

el
-30 - -
5
l'

\\ | for bare ZnO and Fe-ZnO

.L’

Figure 4.10 PlofS of ¢ 1 PO #T..
€ - “‘ d at 400°C.

30

mm

Figure 4.11 Plots of the zeta potential as a function of pH for bare ZnO and 5.0 mol%
Fe-ZnO samples calcined at 400-700°C.
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Catalyst surface presents positively when pH < pH,,, and negatively when
pH > pHzpc. The structure of pollutants also changes with the pH. As known, 2,4-DCP
has its a pKa value of 7.89, presented by the following reaction.

CsH3Cp,OH — C4sHsC ' (4.1)

When the pH ofithe solutior g anLits'pKa, the pollutant exists mainly

) of the samples due to
the opposite charge JdeficcO1rSiudy began with fixedthie pH of the reaction at 8.5.

4.2

vith a three central points
under two replica 1, wasiuse 110 /defermi operating conditions for
maximizing the 2,4% percentdegradatio \ cal approach infers about
three parameters effects (mol% Fe; calcing perature, and catalyst loading) with

a relatively small numbe ng this design, 30 batches were

recommended. In order recommended work, some
parameters weke : offS, mg L', pH 8.5, 1 h
- ;—_l‘v"ﬁ g the degradation
were tabulated in Table 4.2.

adation was considered as the response '_ iables. The computed

reaction ti ‘r o=
efficiency. Th

The percent
value at diﬂ'erent.‘aﬂ level combinatioruas treated statistically to develop the

"FTW‘WIEWI‘?WEI'W]?
Q‘m&Nﬂ‘iﬂJ UANINYA Y



Table 4.2 Box-Behnken design matrix and the response (% degradation).

Parameter
Run order % degradation
Fe (mol%) Calcined temp. (°C) Loading (g L'l)
1 2.50 1.25 20.898
y) 5.00 1.25 55.778
3 5.00 050 20.487
4 19.968
5 26.139
6 11.785
7 57.895
8 20.253
9 18.781
10 23.248
1 30.832
12 30.461
13 12.980
14 27.760
15 22.571
16 22.691
17 41288
18 24.850
19 22.690
20 31.898
21 L 50 2.004} 43.860
22 250 1.25 20.986
21.638
VED wﬂmwﬂ‘m‘ﬁm
32.484
amaiﬁﬁiﬁma“ﬁmagj
5.00 0.50 19.508

30 2.50 550 1.25 25.749
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Normal probability (%)
(=23
o

Generally, it is #mportant t¢ he fitted model to make sure that
AL i
it gives sufficient approxifaatioti 1o the st. Normal probability plot of the

residual (Figure 4.12) was ﬁ;".—um:; >ss of the model. The points in this
plot should ¢ 1 a straight'lin argenormally distributed.

If the pom ‘u{ill'.la‘l-'l-lFd-izb--n-'l\la-z-.-cln'zlluﬁ‘un maltty 3 Sumpﬁon may be

invalid. As thé r¢ hat our experiment

- _
values would b il 1 good agreerr ficted value.

BT oL v

scatteuf residuals on both sxdcs of zero, suggesting that the variance of original

A Wb KEactrk T alant dlar ) T

of 2,4-DCP.
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Figuf€ 4.13PlofofiFes: efs [ec -\- ted value).
Table 4.3 Estimated rggresSion cocfficien % degradation.
f ATL ) rd error of
Tern AT Coeffit p-value
efficient
Constant p——rr: 2.199 0.000
JTES 7
mol% Fe S T 1.346 0.007
calcined empl ; : 6. 0.001
loading | 7 Y ) 0.001
mol% Fe * mot% 982 0.129
calcined temp-*calcined temp 8.345 1.982 0.000
loading * Ioadmg‘|I -6.416y » 1.982 0.004
ﬁ wmm‘w BN oo

mol% Fe 0.740
calcined temp * loading 1.833 1 904 ‘9347

respective p-value are presented in Table 4.3. Conventionally, at 95% confidence

interval, the small p-values (p < 0.05) indicate the significance of the corresponding
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coefficient. According to p-values we found that the terms are significant including
mol% Fe, calcining temperature, and catalyst loading. While the interaction of mol%
Fe and mol% Fe, mol% Fe and catalyst loading, and calcining temperature and
catalyst loading are insignificant terms relating the p-values > 0.05, which evidently
observe in Table 4.3. The pa :.,p%ll"-a sonsidered in this study which shown in the

;i {ﬁ-k (5.241 x calcined temp.)

. .' *-n*‘* 0% Fe)’ + 8.345 x
.4., oading)® + 8.902 x (mol%
\ -

42 x (mol% Fe x loading) +
(4.2)

Actual value

ﬂ‘lJEI’J‘VIEl‘VT‘WEﬂﬂ‘i

Figure 4.14 épanty plot of % degradatxon

ARA ARIAUBIINYIAY.

It is observed that there are tendencies in the linear regression fit. It means that the
regression model is adequately fitted with the actual values.
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The quality of fitting the equation was expressed by the coefficient of
determination (R*). The R’ values provide a measure of how much variability in the
observed response values. It can be explained by the experimental factors and their

interactions. The R? value is always between 0 and 1, if it closer to 1, the model is

stronger and better to predicts the ge his study, the value of R is evaluated
¥ in the response could be explained
by the model. Howeverythe adjusted deferfniffition®Coefficient (R%q) is 0.7508, a
ue to the result of the

insignificance terms

Table 4.4 ANOVA rg

Source p-value
Regression 0.000
Linear 0.000
Square 0.000
Interaction 0.001

Residual Error
Pure Error
Total

A y
W e shown in Table 4.4.

ANOVA was;m.e : , eq‘my of the model. The
Fischer’s F test'{F-value) is a statically valid measure of howvell the factors describe

the variation in thg’ data about its mean (Lig and Chiou, 2005). It is the ratio of sum

SRR UG
desi i or ratio ©f sum squ to sum Square residual error

turned to be 4.819 (2795.44/580.11). It was greater than 4.0 indicating th‘jne model

ARTBEATRAATINY 1A Y

The standardized residual for the batch run in our study is shown in

Figure 4.15. The standardized residual was a measure of how much standard
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derivation the actual value deviates from the predicted value. Most of the data should
lie in the interval of + 3.50. Figure 4.15 illustrates that the value from our experiment
was below the interval of + 3.50 of standard residuals, which points to an
approximation of the fitted model to the data has been good with no data recording

error.
=
9
(-4
|-
z
w
24 26 28 30
= «4.2.1.2 Main effect investigation ———————— ./
Ny ~o——— o
T e {s.shown in Figure 4.16.
The results e 1ted hat i doping tended to higher percent
degradat:on lots exhibit that 5.0 mol% Fe present a highest degradation.

R
q wwﬁi‘ﬁfﬁf‘i‘ﬁi ISR

significantly different. Obviously, the highest degradation efﬁcwncy could be
observed for the catalyst calcined at 700°C. This result agreed to the XRD pattern
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which showed that some metal or unstable phase could be taken out from ZnO at

700°C.
Fe (mol % . ' calcined temp.(°C)
35 - k! L
30} /
25f '
204
151 N
700
351
30 J
25 ¢
201
15
DCP degradation.
| T 580 hwith increasing the
catalyst loadi:;ﬂo deg ”"jj ition efficiency slightly
decreased wh Og L' of the catalyst loading was used. Fis is may be due to the

fact that the mcreﬁ“the number of catalyst particles will increase the number of

R RERTNRAnS
tions, pho adation was so at de ecause of the

aggregation of free catalyst partigles resulting in a gdecrease in the number of surface

9 ﬁﬂ AT -



(a) Calcination temperature and Fe content

calcmedt * mol% Fe

30 \u\

700

600

500

400

0300 5008 =400 700

ﬂ‘lJEl’J‘VIEWI‘ﬁWEI']ﬂ‘i
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Figure 4.17 Contour p?ts and surface plots on different effects

AW L al UBATNLARLL.

snmple method to optimize the efficiency of the treatment and contributes to the
identification of the interactions between the variables. The surface and contour plots
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are given in Figure 4.17. The effect of calcination temperature and mol% Fe is shown
in Figure 4.17(a). The high degradation efficiency was associated with high
calcination temperature (680-700°C), and evaluated mol% Fe (4.5-5.0 mol%). Strong
evidence of interaction between catalyst loading and mol% Fe is shown in Figure

higher effective witheal gathigh temperature (680-700°C).

imal operating parameter

which was selg doply firther in the next otr experiment was of 5.0 mol% Fe

] ), calgined at 700°C, 1.5 g L)
obtained from the B _ as select study the kinetics of 2,4-

he results shown in Figure 4.18,

control experime 2, -DCP was less than

4.0% unde Jjﬂ ect photolysis. S J“J tion insignificantly,
the tests were then de d m general. 2,4-DCP was
hardly degraded-n the present of 2 mM K,S,05 without caﬂts i.e. less than 14.0%
in 120 min. ln thqbﬁnment using 5.0 m# Fe-ZnO sample, the concentration of

W74 4 A e
C hi ably could be

explained via the following reactighs:

am@ﬁ;mmﬂn@z ANYQY

SOy +H,0 SO +OH" +H* (4.4)
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hv o :
SO; +2,4-DCP ——  SOI +oxidized species  (4.5)

The presence of S,05> was sufficient to oxidize 2,4-DCP in the presence of
is is because S;0s> can generate the sulfate

catalyst under visible light irradiation.
xidizing species. Additionally, SO4~

e -h" recombination. In the
K>S,05 (100%) exhibited
combined with K;S,04

(19.27%) at 90

100

80
! .0Fe-ZnO + K2S,0g
60 | = A Zn0 +K25208

. ' 208
.0Fe-ZnO
Photolysis

% degradation

—— il

.e PETTTTLLL §

 —

‘L‘ j — o —
R

100 120

I
rradiation time (min.) ]

,MP under various conditions

i rei. : egradation o ’
PR T T o
qllThe experimental _resultsﬁhow that doping=with Fe’** improvedithe photo-
RS R R TR

surface. It was easily reduc in conduction band, and thus increases the charge

separation as given by following reaction (Naeem and Ouyang, 2009):
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Fe* + €0y —> Fe™ (4.6)
Fe**+ O, — Fe*+0; 4.7)
Fe** + 8,0%" — Fe*+ S0} +s0; (4.8)
Fe** +8,02" N O~ + Fe** 4.9)

OH'+ H* (4.10)

The enhancement of degradation by addition"of Fe'* ion was due to the
electron scaveng : : ecombination results in

increase of the eff

From the resg \ sure’ th 1% Fe-é 1s an optimal catalyst.

In this section, ig . tigated, The experiments were
), 7.5, 10.0, 12.5, and 15.0
mg L), while gther fparametersi weie. maintained oe t. The constant factors

2 mM KzSzOs, pH 8.5,

performed at differg

consisted of 1.5 g Lifof 3.0 o b4 F [
and 120 min reaction time. H: ~
it 9

The results in Figure 4.
—

lhe maximum degradation (100%) is
jon. (5.0 mg L™). At 90 min of
rcaction, i ;.-,.....-., Fficiency decreased to 3. 63.26. 50.30, and 46.33%

when incredsg/th ). 125, and 15.0 mg L

respectively. E

We could feﬁ that, at low 2,4-DEP levels, the degradation efficiency was

R R B R TR
ratio " to 2,4-DCP molecules as a consequence of the increase in the 2,4-DCP

concentration, ¢

QRTRINIUNRIINYIAE

obtained within 90_mi

U
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Figure 4.19 % deggad: 24-DCPO! Fe-ZnO at different initial
concentrations. (Conditions: 1.5 g 1. b‘ alyst, 2 mM K»S;0s, pH 8.5, 120 min.)

This study ap .r-fr"': Kree 1 erical differentiation formulas
(Equation 4.11) to find the 55;1 “:,é,'n"‘“ ro) for each initial concentration
et e T
(Fogler, 20 _ :

Y]

- (4.11)

.II
]
W

"HUE THERSaanT

taz — t,“ min.

¢ =Y /s
N WA RAElRA 80 oy B -
q determine the relationship between the initial degradation rate (1/ry) and the initial
equilibrium concentration of 2,4-DCP (1/Cy).

4
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1 . L. 4.12)
I kK C. k&
where: k&, = reaction rate constant (mg L' min™), obtained by a linear plot
of 1/ro vs 1/C II,
Ka =  the adsorption equilibrifimonstant (L mg”
“* SN\ i
Co = rium ce '0f2,4-DCP (mg L")
in the dark in this paper)
@
g
E
e
2
&
= 20.1013x + 1.7877

0.20

Il:'i

Figure 4.20 Langmuir-Hinshelwood plot depicting lineat rélationship between

1/rp an l/ 0.

F’Iuﬂfl mmm DB LT Lo oty o

this p can be used to dctenm the adsorption constant (K,4), and reactton rate

ARTEYNILL YT Y
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The results above demonstrate that the kinetics of 2,4-DCP photocatalytic
degradation under our experimental conditions follows well the Langmuir-
Hinshelwood rate equation (R = 0.990).

:‘F’
!" i

AULINENTNEINS
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1  Conclusions
Fe-ZnO catalysts e st d by impregnation method.
They were characterized BY*XRD, B -DRS XANES, and zeta

potential. The study ef2@=DCP alylic reaction in visible light source was
carried out based on BoX-Bgh lesign Xperime i, and further on Kinetics in the
Langmuir-Hinshelwog = [{ The conclusi: be drawn out as follows;
1) Fe-ZnQgWas piepated By i LAY 1 oviding the specific
surface areal(S of - g\ Fe species in Fe** form existed on

sented in rectangular

2) The dop gFc ificreased visible bsorption. This was probably due to
Fe act as e gransf \valence bangd of ZnO to valence band of Fe,0;.
3) The study of 2 n, based on Box-Behnken design of

experiment provided-z: al co is. Under fixed parameters of 25°C,

pH 8.5, and 2 mM r‘,‘r. 205 2% _ best condition was observed at Fe
loading of r d Wi catalyst loading of
¢ ;'TJ high coefficient of
determiaation-

4) The 2,4:DCP photodegradation kinetics study was mied out under the best
condition @tﬂ&d from DOE. Its dﬁdation rate was found to followed the

of 5.0Fe-ZnO

ﬂ‘ﬂ:ﬂﬁn mmﬂqnﬁ ZnO combined

1th K32S,03 about 5 tlmcg-

o WTRIELdA TINE TR
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5.2 Recommendations
1) Since the effectiveness of photocatalysis was based on the adsorption capacity
on the surface, catalyst modified for higher surface area should be attractive.
2) The investigations on pH of the solution, and electron acceptor concentration

should be carried out in de

3) Although RSM can : fill for eXpefimental design and analysis, some
limitations still ' i value might not be defined due
to range of levels of factors be ALTOW O Lo wide, critical factors may not

be correctly defified_or specified, or large vamations in the factors can be
misleading (&

AULINENTNEINS
AR TUAMINYAE
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APPENDIX A

The transmission spectrum of NaNO;

A 500W xenon lamp emiis b V anc ,J' / ght. To investigate photocatalytic

activities of the prepar 4 catalysts under vi€ible®ficht, the light beam was passed
through 1M NaN@g=soiut e gths shorter than 400 nm.
The transmissic
(Cheng et al., 2004

ted in the figure below

100 F
90

75 f
60
45 ¢

T%

30
15

800

Fagure‘\ .1 The transmission spﬁm of 1M NaNO; solution.
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APPENDIX B

Characterization data

B.1  Crystal size calculatic

Table B.1 Crystal sizesofit

ZnO nano 35.93

aleinec P HM : Crystal size
Sample _ ‘ 97 // 5 6
. 21 ) . (om)

0.5Fe-ZnO 37.58
2.5Fe-ZnO 37.58
5.0Fe-ZnO : _ 37.74
5.0Fe-ZnO ; 215 939 . 10.9499 37.74
5.0Fe-ZnO ' 0.9497 35.95

B.2 XANES data

L A
Table B.2 T ;,'-....,_ dge ener gy of th > sampls ~c and m I::F:r ds (Feo’ Fe203)-
wple g ‘ -etige energy (eV)
FeO || L 711349
W dF
Fe 03 - 7115.81

7115.81

S AN BTN

5.0Fe-ZnO € 550 F=9 7115.30




B.3  Zeta potential data

Table B.3 Average zeta potential (mV) of bare ZnO, and Fe-ZnO samples.
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Sample

Calcined

ZnO nano
0.5Fe-ZnO
2.5Fe-ZnO
5.0Fe-ZnO
5.0Fe-ZnO
5.0Fe-ZnO

400

400
400

o |
enp ) 81

\vg Zeta potential (mV) at pH 4-12

117

7.7

9 10 11 12
-6.90 -14.60 -28.00
-17.50 -20.70 -27.00
-9.05  -19.60 -26.30
-14.10 -21.00 -24.30
-19.00 -25.00
-22.50 -25.70
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APPENDIX C

Photocatalytic testing data

Table C.1 Calibratione: ""'a f 2,40 P-—

C.1  Calibration curve of:

66

Area

7.1
13.9
28.4
57.3
117.7
2375
480.6

Nlo' fff}ﬁ u\._ %

g 300 b
y=11.9679x

ﬂ'NiEl’J 'Vl‘iWEI’TTT'i
’Qﬁ']ﬁ TR

Concentration (mg L'l)

"j

Figure C.1 Calibration curve of 2,4-DCP
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C.2 % degradation
The photocatalytic efficiency of 2,4-DCP is calculated from the following formula:

% degradation W (C.1)
where: C, = ! concentratic r
C = ___{he .. Centratiq] fZ,mdiaﬁon time t.
Table C.2 % degradatioh oS0 ! "t\:“x P :‘;"1‘-:“' ditions.
Rx time ﬂ )‘7 ! R ?:ﬂix
. 2 AN \ ZnO+  5.0Fe-ZnO
(min.) ‘ 3S
- K2S,08 +K28,08
0 : 0.00
15 37.89
30 47.79
45 15.98 55.16
60 17.56 62.44
90 19.27 100.00
120 445 =Ko l01

.

Table C.3 % deg
=5

Rx time 'II

100mgL’ 125mgL' 150mgL’

(min) OmgL" 7.5mgL”
0.00 ©.70.00 0.00 0.00
&;umw&mmmm
27.04
55.16 §3.29 47145, 4318  @B82.29

ammmmgmﬁmmaﬂ

100.00 72.32 68.24 53.09




68

BIOGRAPHY

Miss Pradabduang Kiattisaksiri was born on December 13, 1985 in Chaiyaphum
province, Thailand. The author receiv | heg helor Degree of Science in Health
Science from Faculty of S :

asat University in August,
2008. During a bachglor study, - intérestéd in participating in several extra-
curricular activitie§™Pe |
the 24" Unive
of safety and enya
Resin CO.,LTD

compressive

science camp 2005 and
seriences in field training
sit factory, and Techno
was “The study of
dust”. Her interest is
hazardous wa

AULINENTNEINS
RININIUNRIINYIAE



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Chapter I Introduction
	1.1 Motivations
	1.2 Objectives
	1.3 Scopes of the study
	1.4 Expected Outcomes

	Chapter II Literature Review
	2.1 2,4-dichlorophenol (2,4-DCP)
	2.2 Heterogeneous photocatalysis

	Chapter III Material and Methods
	3.1 Catalyst preparation
	3.2 Catalyst characterizations
	3.3 Photocatalytic experiment

	Chapter IV Results and Discussion
	4.1 Catalyst characterizations
	4.2 Photocatalytic testing of 2,4-DCP

	Chapter V Conclusions and Recommendations
	5.1 Conclusions
	5.2 Recommendations

	References
	Apendix
	Vita

