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(Preparation of Groundwater Sediment/Titanium

Dioxide Composite for Decomposition of Agricultural

Residues)
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o a 1 ! = a s d i . [ [
NINYINTTITNVIAIN 9.7 0.48189 2,805 taglnniflounianisan (Tio,) Wudan

a v Y o = Y] a a & ca 1Y)
SUAY WAVIINSANENANEMEIRNIEYRIa1sTIwS N A lagmAaTaLdnasSANLNSATY (XRD)
wAdANdesganssalBiannsouRuUapInIIn (SEM) malianisdnnisnszatenaanuauniv
salal (EDS) wagimallaniSesnsuanasusuvlsian awalngalal (FTIR) lassadiluiana
194 Gs/TiO, Mwsvulausenaumemavesasuinatarsinalmmuieulaeenlen uaslesou
sonlydviinduilng (0-Fe;0s) jUusevaseynialunuulifiusrsnaziniziududou
[ =l 4 = . a < 1 1
2IAUTENBUNIIANUIZNOUAILT IR Ty dey (T, p9nTLaU (O) way widn (Fe) aruny
Herdulsznaumsiuszuad Fe-O way Ti=O AanssunisAnwiujazerlnlauaniladndsa
NN5AAEHIVRIENTANATINIINSIANeS (earlouay) wansliiiuneldnisanesadiusadiu
19 (Visible Light) Usg@nsaannsaaienivesaisanaislneslausuves TiO,, Gs/TiO, way
GS FAwfU 12.0, 73.6 way 35. 1 wasuanuatny



Abstracts

In this reasearch, the groundwater sediment/titanium dioxide (Gs/TiO,) was
prepared via a conventional calcination process using groundwater sediment (Gs)
from natural resource at Pasao, Uttaradit province, Thailand and commercial titanium
dioxide (TiO,) as starting materials. The as—prepared composite were characterized by
X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive
spectroscopy (EDS) and Fourier transform-infrared spectroscopy (FTIR). The Gs/TiO,
exhibit diffraction peaks indexed to the planes of anatase TiO,, rutile TiO, and
0-Fe,03. The morphology of Gs/TiO; sample consist of the irregular in shape and
agglomerate particles. The elemental analysis of Gs/TiO, sample was Ti, O and Fe
elements corresponding to the mixed phase of Gs and TiO,. The representative FT-IR
spectra of the prepared photocatalysts consisted vibration bands spectra of Fe-O
and Ti-O. The photocatalytic ‘activity toward the decomposition of agricultural
residues (diazinon) = was demonstrated under  visible light irradiation. The
decomposition efficiency of diazinon residue over TiO,, Gs/TiO; and GS were 12.0,
73.6 and 35.1%, respectively.
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1.1 AnudunuazaudIAyuaIn1sive

Jagduansidndngiivuavdnd (Pesticides) lagnirunldludiununsnssuuay
gaamnssi Wudwauan Tnslonizeswbmedunisinens gt lddestuluauay
Angivsnge Lﬁamﬁﬁmgﬁﬂﬁﬁwmﬂmamﬁmmamimwm Fofuansiendnn Seflnansenusie
unInTarsrULAIIndeu Tasanaasdnimne maaauLaysUweu ansenann via
Tuunasinsssuwd vsnafiuauwarluusseanie Fadsmansenusen1siasyreiv dafuas
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wnsvaneiilosanUsy ansanlunisiadnuuas e fae aueusiee wiaansannAsegle
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nsidaarsdidanuas Ieinasidmaluladnissidauuuialy (Conventional
Treatment) udlsiaunsofivgfrdnarsandnelidossdussansam dadu Feldinisnien
waluladnisidaduge sld Wy nszuiunisgafind usudus (Activated Carbon
Absorption) winuin fusansnanlunistdnlafinddseain widslidnmdn fie diufu
fudardiamnuannsolunisgrduisgngegauasliannsogedulisndely esniluiiin
vaan1sgadugnidlunuaudy ardesnsunaduiilelmiszdanlddnglunisusvanmeaiuiy

fudlviiuszansannlunisgadudnasmilangauin (Regenerate)

v
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Tutagduitlainsinuiuasldiuinsrals dmsunsMdaasnnAavmanIsinens fe
UiAzen Wlauanladnd (Photocatalytic) Sudunsatsuasdaniillelan (Ultraviolet)
niouasidida (Visible) 1dlunasnszsulsiouniavesatsnedati (Semiconductor) 14
UanudayauniaLsalaa (Radical) a1311909MA18WUEEUIAITANANNIINITNYAT LAgNUT
nslduasdansililoanvsouadidila Saufumisaufisemssuanaan (Catalyst) @115
udnsmafnaargliinnninisliuassanslowavionariiaiioedauien
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unim 2
LNAITHAZIIUIVLNINGIVDY

2.1 @15ANANNNISNTAS

A13MNAIN19N19LAYAT (Agricultural residues) Lﬂuﬁ’]iﬁﬂﬂiﬂuﬁﬁ]ﬂiimﬂ’]ﬂﬂ’]iLﬂ‘HGﬁ
Lwamﬁmﬁmwﬁ muumwuaumwﬂmuma ﬂaf\mumﬂ%mimmﬂaqnumﬂmmwwmi
T9iueg1aunsrany mumaqmmﬂmiLLWiivmmammwwwumLLa“mmwmmu ol
dewnaniladusnaquinune fesriunswaniavanmuadeniiudeuudasly definsld
aspiifuegsunsuaneindugosidnasiivanidlunandn adiedundnussiuin
ﬁuﬁﬂma'Wﬁ?uﬁmmﬂaamﬁwiaﬁuﬁm

lnoglousu (Diazinon; O,0-diethyl O-[2- isopropyl 6—methylpyrimidin—-4-yl]
thiophosphate) LﬂumimwLLuawmmmimewawmLLmJ A.A. 1952 AIELNIIZIY
mmmaumm'ﬁmmuﬁuam,aulszma yARananauladlnalsa (Acetylcholinesterase) 75l
wiasdlnglf Tnezlovuouduaisaiildanmsduaszs Juvosnadllfiddediina
W lifindu lidesladeuszqluihaing wazilde3ad3ndl 2-4 dUa1v gniauseianlag
asAnseundiglanlyioglu “Moderately hazardous” class | WieUTISURATEUFILATNY
Juiivlulve fie dinnuansnssunsenmisuaze lneslyusugninlvedlunguansadl
SURTIBATN NIU. AUATBILTIL W 2541 Lagiludngdunsieviiadl 3 au neu.Sg
Sumse 0.6.2535 AnudatuiBuieseadidinlutimiafu 350 uilundureans Ay
Wududufivseuyudeglutas 90 fs 4d4 Sadinsudeilansy lnoglvusureudsiiazany
dlad wazadeansluiuianduiaslunistudsuludldfuuaz dfafud miuiy
Imaa%’ﬁw’mLﬂﬁ%ﬂlmﬂwauL.Lamé’fqgﬂﬁ 2.1 (Daneshvar, et al., 2007)

-4 CH
3
S N~ X\
e | | N
o CH,
CH;

Ui 2.1 Tassaramaniivedlneslouey
(Daneshvar, et al., 2007)



2.2 aznauliuimaraulndanulnntisulasanlas

pzneutumanesindaiulnmifeulasenled (Fe,05/Ti0,) nzneudldaintiuina
dlngasiesdusznaundnilumdneenled (Fe,0) Suunufindn (£ = 2.2 eV) usily
Fussuisenlilaua-nladndlilid aunsothuwaudiulnndeslaeonledAfiuuunin
N9 (B, = 3.2 eV) uiifundsid Wldvagituszansamlunsiduiise §izetnloua
milafndfiniuld imsenisresindnseninlangoonlediulvmideulnoonledannsorae
AALUULAN wazann13aduNIsnuiusynindiannsouiulea (Electron-Hole
Recombination) vaslnyieulasenleradla (Zhao, et al; 2011)

2.2.1 A1smsgunznauttuInIanauingnnulnnteulasanlaya
nsmssunznaulnuITareulnaniulnnlleulaeanlan (Fe,05/TiO,) @uisa
al aa a 1 Qy

wsenlalnedsnaaiinamalll

1. wenlusailfa (Mechanochemical method) (Ghorai, et al., 2011) A54lY
adl g v o« I3 ¢ a & Al = I3 o v
Fnsunansaesufe wanesnleswazlnnuieulnesnlanfianiusidurewdesiuniuwaz s
nsiiauieugumgiduievn AN s aeuLNa

2. 38l9a-13a (Sol=gel) (Mohammadi, et al.; 2012; Mora, et al., 2007) 354UL47D

< g.J/ ¥ o ¥ I~ g.JI % ‘:l' a dll
ansazanelduansisiuvilviansilulea (Sol) uaztaa (Gel) Mniduldnisinigungiigaive
MAAnNsUag UL E

3. A5lwalanesuea (Solvothermal method) (Wang, et al., 2014) 35UldAu
SaunazausudaglmAnnisduaszslussvuni arsdunsoidudivinazany wu Llen1uoa
wvnuea Wudu Fiamnsaruauila sUsssazauineualas

4. 35lelasmesuea (Hydrothermal method) (Tang, et al., 2013) 35#1l¢A14
Sounazanududisliinansdasigrlussuuniidndudiiazats amisaaivaua
JUTUazILIAUNIALAR

2.2.2 Ujisenlulauanilafindvaamanaanledneulndadulvmdealasanled
1. Ufiselulauamlafind (Photocatalytic)
UFAslnllauadl (Photochemistry) 1ud fAsenilduaadusansedulaana
YA TUAZILNIINTEAUTIAUFIAN R 15198 38nU AT dena13I UhATe e
wanlafind (Photocatalytic) Falagnfndrufisendnanazdessnouseduaniaas
nsuuas th uazufaeendiau uansfeguil 2.1
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Uit 2.1 Ui lwlenanlafing (n) wasinlaueil ()
(Photocatalyst & Chlorophyll, Online)

2. natnuasunselnlawanilafing

UFAzelnlauanilafing lunistatinasduniglaealudy sz Anannnisi
Uihaihvesansuszsamlilauandad 75iYesin (Hole) sxiinufAsensendinduiiulansen
lasfBoau (OH) uarih (H,0) Andulansenialsiinea (OH®) uasshroaddu dufiuiim
Aavesansusznn Wnllauandad Auoidnnsouasinujasessnduiveandiau (0,) Wady
gUieseanlun Boswshnea (0,%) Weslaasendaisinea (HO®,) uwazlalasiaulaseanlun
(H,0,) AU FAS s8mAan (H,0) fugtiesesnlesdosulsinea (0,*) Insanunsn
\inlansondaisinea (OH®) lddn

Tuvaugiannzniufaeandiauldifiome agylilusmeu (HY) Fafnainnis
uandrvenit Wunsudidnesey wnuAadulalastawsinea (H°) Tasannisne wud
lelasiauisinea agvimihiluieeniuauinanluyjazelnlauanilaing iesain
lslasiauisinea Wuansileniainufizen

LY

A a a [ ] 1 ! Aa Y a &
L‘LlEN‘\]’]ﬂlﬁﬂﬁE)ﬂ‘UﬁLi@lﬂ@ﬂ (OH") hazyDIINNINIVDIGILAGAAR HAMENY
3

D

Judszauan mseendladussdasinadiulansenluddesu aziinlensendaisinea uas
YuziRLITUYeII AN seRnT ladiuansdunidnme uansiagun 2.2
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Ui 2.2 nalnuisenlnlauaeladnd
(What is photocatalyst, Online)

3. Mainufiseneentadurasdfizelilawemilafnd

Anld 2 nsyuInng fig

1. nsinaydAsgnesndmduvesteritnulansenlyndesu (OH) uazi
(H,0) \Andulansendaisinea (OH") wazUjizen3anduvesdidnaseuiueandiay (O,
wialalasiau Baeu (H)windugdieseenlandeosines (0,7) wWeslansandalsinea
(HO®,) vi3e lalastauishirea (H®)

2. iU FAsnsendinduresansdunidiigaanuutesing (hole) vessn
wAmAan fau madauFfseTilauamlafind nuih ufAsemdniiin felensendaish

o a
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Ufnselnlauamlafindvesnansanledreulndniulnmdeslaeenlas (Fe,04/TiO,)
wianeanlustigantuuinvednnideulneanles wazuinisudidnnseuainmsuandy
LUuAgIBanNsnduINTINiveBianaseukazlea nalnnsiinufiseuansdegui 2.4

Eo(V)
-0.19

+3.01

sUit 2.4 nalnvesufselnlaunnilafindves Fe,0./TiO,
(Sun, et al.,, 2012)

Feganalnnsaanganssunigvily wansdsaunisaelull (Liu, et al, 2015)

TiO, + hU = e + h' (1)
Fe** + e —> Fe?t 2)
h* + H,O — H" + °OH (3)
Fe?* + O, + HY. — Fe’* + H,0 (4)
*OH + @15DUN3E —> NSEA18F (5)

2.3 \esaudnusdanunsninines (X-ray diffractometer, XRD)
wioudnassanunsnlnfinesd (X-ray Diffractometer, XRD) 1 uin3asiiofildlunis
"3Lmﬂ“ﬁmﬂLﬁﬁLLUUl@Jﬁﬂawﬁaast (Non-Destructive Analysis) @wnsavinlgsaiinses
ﬁmﬂmwa 516 (Sequencial) ¥383tATIENNA185IMNTBUTU (Simultaneous) Inaade
wdnMsEeIULIesSEENg ednuieaiulassadieudn (Crystal Structure) N1534ASIEH
mamﬂizﬂawaqm@mm Iumimiqu@mmmmﬁw (Qualitative Analysis) wagta4
USN1aILAT1z9 (Quantitative Analysis) m%aqﬁaﬁﬁmmé’wﬁmMﬂiuﬂﬁvmumimmu
ﬂmmwmsmam amsumaaﬂmauumammmLLa ARERIL 1uﬂsvmumimmi’1 lu
wmaumm (s 29, 2547; wiu eusans, 2533; Jsdni 9ANAa, 2543)



2.3.1 nann1siiuvenadandnasdinunsnlafmed lnosuanndoulassed
nszualiiiussdugs (High-Tension Transformer) siwmiinfiudesnszualifindlugsin
welnalildZeutu Sidnnseuluduiumnuiuuinald fufuaranussdndssrindaualng
wazuolungetu shlididnaseutadlusuth (Target) finsUanudesiadidndoonusiy
MantRfivassuesaldoy naonssdisndivarsvdasundenusidavelans il
wolum wu lauddy (Mo), Weawmu (W), lasilles (Cr), Tauea (Co), [¥u (Ag) wazindn (Fe)
FaazliSdiEndiinuenindusneg fu fafudemnsdenldlimuzaufuansidesnis
Answilneiludonldmeuns (Cu) Flianuenimduwindu 1,562 Swanau aviine Kq uas
Kp dnsumstianeitmusidudesdfedibndamenieduier (Monochromstic X-ray)
FatuSadaddusunseauduiionda Kp dielimaeiiie s Ky 98191787 N15E0nLRUNTDS
LWUANAISIAeN AL g au ﬁ’wﬁwaam%’a%LSﬂszﬁmBQQWﬂﬁwﬁmUizaméﬂﬂiqm%’uma (Mass
Absorption Coefficient) Aamus @Eng Ke sxgnivlsdudwesssdidndiuavadlnelanes
uaan §5EBnaniulnesuadntsAannsENUaTUURIe8 e dein LI Tunnuaasindle
fiwed (Goniometer) aETaHoundurumegisazaulUsGinie@n wazdlulumiesu
doyaraseenuntugiuuurasfrinsndukanINFUTUEITENIN 20 LavAAuduyessed
uanafaguRl 2.6

Detector

Position Sersitive

Position Sensitie

Detector

Crystalline
Sarple

Crystalline
Sample

X-Ray Tube
X-Ray Tube

Intensity(a.u.)
Irtensity (a.u.)

SUN 2.6 nanNN1sVINuTeAsaRdnTLToANLNsnIaTinDS

Y

(X-ray powder diffraction analysis, Online)

L4 ¥

2.3.2 auUAvaeseddng SeddndonAunulngsuINY 1o w.e. 2438 Fu5unTIdnn 5

Y
wda"d LY

ATy (Rontgen Ray) ¥sdidndliussdndnmantilunduuwimanlaih (Electromagnetic
Radiation) tAaduainnsanUasendsudiuiu anendinisiindunsisemiunaes
Euaqawamaqmaﬁu’%nmﬁgﬂmsmmﬁLﬁﬂmau (Electron Shell) shagiimmenaaulugs
0.001 Saamen fa 100 Ssanex lunavanasunduusimanlain uansssgudl 2.7 dwduau
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(%

ananmlulasmediddnduu dninemansladauusgruvessiddndandnuaznisldauli
AINANEINSAlUNTVIZANEANUERsEAUNSIUTTda e nlulas Am1sne 2.1

N - STAURRINY woy

oo RTNLTIRRULR > N
00001 nmn 001 nm 10nam 1000am 001 em 1em Tm 100 m
L " ' ) | L . L 1
Jrawnaas S9R Xgay 3 SIRDwr I n‘n‘u’mg

e
Radar TV M AM

——

o /d;:nnﬁueuiuh' i, Ty
400 nm 500 nen ¢oo~n 700 nm

JUN 2.7 andnasueduuiindningh
(@unwsupausimantaliin, saulad)

a LY LY v A @ &
M99 2.1 FEAUNRIUYDIALDNY

WAIUVDI5IAOND Y9N IABY
Sedbndnasanugenn (Ultrahard X-ray) saust 0.01 Saanow July
FEAUNGNU 124 keV
Seddndnasnuas (Hard X-ray) 51 1.0 83amay 09 0.1 Sanes
FEAUNGNU 12.4 keV — 124 keV.
$ESndndaus (Soft X-ray) SENIN 10 D9l 09 1.0 dsanay
FEAUNGIY 1.24 keV — 12.4'keV
$@Bndmdsausiun (UltraSoft X-ray) Faust 10 Seamon July

SLAUNAIY 1.24 keV

2.3.3 N52UUNMSNASTIEENG S9815nG ausainldainanznmsdsunlas seiu
wEuvesernonldnatsid MefinTueInusssHTIRINNMTaaNEEIesEnsRuTunYE
waraywiRdntuinnnalanisdidnnsednd nanie Wosneuldsunisnsedu (Excite) 1
Wasusesundsnuditnansenulnensefuusnatulaessidnnseuvesenon suduusnm
voniedvasenunnisansesundsnuannzunilaeinaveseyney laifinisiuasuulasiu
\HunszuiunisUan-vdesndsaudiuiu ndnuivanUdeseeniniiiondt $dEnd usdn

anneiunisnszauliezneuldeuseiundenuialuiiedos nisanseaundenuganiey
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¥
Y

UnAvinadedva udrlanddespduwimaniihesnuiazidond Ssdunuun Ssdvsaes
yilpdadinaanifmiiouiu antuiiunasinds dmsussdiond deausauvseandu 2 via
munszUIUNIsUanUasenasudIuiuaInazneuUInATUlAITBIaNaTeY Ao

v a & 4 % . . a o 3 v a & ¢l (% a

Fadndianigea (Characteristic X-ray) ddnyaugilusadiondnindsanune?
(Monochromic) 1Ws18LAnaINN1TaATEAUNSIUNLILY

v A & & 1 PRy . a v < v a < ¢ (% 1 A

Fadiondiaililas (Continuous X-ray) ddnwugiludedandniingeaudeiiios
N3¥218NAWNAATIAEEA UNATUTENTY Indlasunn3n nseuIunsvesnsanydes Sad
Wndvisaesriiadnalndsil

- $9dOndlaniza (Characteristic X=ray) Us1ngn1salvesnsiinssdiond
a & a X 4 aw = A dll =~ Y B o v o

yinll HinTwdlodlannTaunsepLn1ANIYIEdLT solnnaunaIuguAfauninuuiy
Biannsou Turlaasduluvesdidnasou wu du K 4u L uargsloundwulididnaseu
Bianmsoulutulaes o SUNS U NLIANN AT UM TEU837ULA 9598 QABDNIIN
Taasiinfidnsvesddnnseuluidaasty liezneyedluansinsziunazazansziu
wduasdanzUnilugitnandudu laeddnasouveislastudneenluazanseiu
wduasnliviiiundsugamileivedaastuly momivanvdesndsulugused

¥
=

Wndeanliudidiuwnuiiasiuly ndwudiminiiardusgfiuanuwnnmave sz

(% (%
CY v a =

wasuamideaanivssuiatug Flindsmanizal daly Sddnduieiidadivedenin
Saddndianigsa (Characteristic X-ray)
U A & &1 =i 5 ¢ a v a & ¢
—39dLengmailey (Continuous X-ray) U310 A190U09N15LNANEALONY
sewiles (Continuous X-ray) {iANBANATAUNAN WFUAABUIFdUUARENY (Coulomb
Field) Usiaallnadundganiumunuiuesauisliiladainlididnaseugydendanuetng
< | v A @ 1 al i & . . . 1 P
FIL5ILATURDYSIFDNYDBANT 158137 Bremsstrahlung 1150 Breaking Radiation Nauun
Sidnaseudgundl awvhsunsisefvawinihusnalndiiedeaniinanUszuesesnay
didnaseuvzgdenasuundulituiuicvesingluruanudnaie) sulieawnainnis
N32139U09818nAT0U AITUNAINUYISIEONIMAATUIEAINISNTZIERDLEEY MINNETY
ingndegeanvesdianasoulsugd ddinaseulguafiindanugmeiasnsedulididnnseu
Tuadlaestulureseznaungaeanld Naziinsiddndanizalzdudousy fuaunasuves
v A ® ¢ 1 P [ d'
Sddndsaillouate uanwiagun 2.8
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relative intensity
ohf X-rays
J

characteristic radiation

maximum
photon energy

bremsstrahlung

0 50 100 150
photon energy/keV

sUM 2.8 alnasusaiiinilazanesuniyfvasssddnd

u

(Continuous and characteristic X-ray, Online)

2.3.4 nMaiReuuas didnd Wedddsndnnnenuimidvemdniaeyim 0
Ueduresdiindasiinnsnssiiwaaturetesaeu it Sndi wwe s sedindasinu
USetud 2 vet0znay Geuisdiniavinnisnsede wazaiufivaeiaviuluddu 3 ves
0zMON WansdsgUR 2.9

Ray2 ‘n.

1
\ [
'} N N *
Ak!)planes ,\\\ /
e
18]

y)
~

JUN 2.9 MaldeuRTesad@idngaInuan
(X-Ray Diffraction, Online)



13

Fadnnszidteenaneznauniianig drulnggninaeniesaannszininesney
auq ag19lsnnnu Wessddndninue1nduneInnamIuus T INAN BN TVINTA

FadnnszidseonuninnIsEsuAuNINNIIMNA1AY F838nUsINN190IlI NSiEeLuY
(Diffraction) waz3IA@LSNTALAANITRL VY (V50LE5UNY) Arawllaanzvessdthuduluniu

ﬂa‘U@ﬂLLUiﬂﬁ WEPIAIENANIT 2.9

2dsin@ = nA (2.9)
:&' = U a v A & 4
Wa 0 0] YUITNINNAN1YRTIE NG
R ANLENAAUYDITIEONT
d R SEHMNTENINTE LUV IANAANSESUANS AN

dezaeulundniinisdnsesailussdey uaziiszpeinasgviesnauy 4 fu
Sr¥eddndinudnluluudasdunosesnesaniansifsauudugivuiuiy nadsnuuild
Snwagadefuniainuusheinsnisuuasiey (Reflection Greatting) Asd1dnylunisiin
madenuuesididng Juagiuaniiz 2 Ussms fio

1. $edmnnsenu SidiAenu wosdudemnduseuiuifionsu
2. sewvinsswinsiuresesaen mslidlnddesiunme neduvesisdisng

ey lunanvosTansne lusssuvaiiassassiutuey dueslufesziuemen
wEnUsEnoUMdeynavlaznduayaey Tansusiesinduselon Tuuuasssosinasening
ogmaufiutiuou uardriiluynfianis Tunsfnulasadnawdnasinusuuuuvediazen
118 (Lattice) 7iflgUs1amaismndinuiuey Teedendnasansinsiu Tunisdnwmdnain
LUARYRILUINALFBE UL HEnUSEneufaslaTin1t1e ifinsdn5uedivesernenly
dnwariidunguuesszuruiivuiuiu Wesidvesrdunnnsenundnfinguuessyunufivuty
i WAagIEUIUAIDUTIAANNTENUUEILDINUUANYEAA I8N TEINK LWISIdasYiau
awuldile Yadarviauannngusruiuivuiuiu unsnaoafuluuiaiudang ey
wisuisdidndiiaziousanunaziidvinfundsnussdidnddinnnszny anuuiAafingn
$1adu Feldnshaduiauiaioudndisdinusnlnfinestundausnluusnd a.a. 1984
nsgiadagtuiinninerreufiumedinyszgndlilunisaiuauuagUsvananalitolvid
mﬂmmL%’JLLazQﬂﬁaqLujushmn%u

JagUuilveayaunsgiu Ae Joint Committee on Powder Diffraction Standards
(UCPDS) Wudeyafiliiussuiiisudoyavesansiegaiivihmsdaaneilaeunidudoyad
Tdlunsasunalunisnaaes wagldinisdaiudoyauinsgiuvesalsusenausieg 1nnan
66,000 %iln MislugUuuNI3n (Card) uazasuunaARa (Compack Disk w3e CD) Fsieuas
azmntunTiATIEilaveanTiiees
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2.3.5 daulsznauvaaaiondnasdaniunsnlnfivas
1. w3eernindediBng (X-ray Generator) waznaonssdidnd (X-ray Tube) &
WininAnSESng
2. usiunsoausn (B-Filter) wiiinsessd Kg sanan3sdiind
3. laniosiauadn (Divergence Stit) futhillunisenuauiiuiii
LAz USUANEANLNTANISHENLALAULTUTUYBIS ST AL LT AL

4. Twalaesadn (Soller Slit) finthniAruANALEINNTALUNSWEN YN

LAIRNATENUA DY

5. 3¥n39@dn (Receiving Slit) Ant71USUAMNAINITOIUNTUEALAEAUTUTU
YIS AF LT
6. AwARLABIARR (Scatter Slit) UnUNNaANUNIAS
7. Wwlulasimes (Monochrometer) IUHUINaANUNLALNTDISIE
8. wihesudgaa SwinsussdonaminmuiagiUasiiidudyanalvi
= v 1 o 1 a ¢ v - < éa a 4
2.3.6 N15LAPUAITADLNANTUNISIATIENNIYLATD DNV AN NN AN DS
) | ° v a ¢ v A < fa a ¢ ) |
a1siegdmuiAsIsinenseudnasdanunsnlaiines lneniluaveylugy
03T anunTnuauNtas e NdvuIntann 45 lasou LagdnflelInsEyinatane
WINAUNNAANIE UTIMRIMTNYR 8139908199 fipuseuaNTaANe Mo819NReAaelinisises
AUDINANDY199a5% (Random Oriention)
JUABDUNITLHS BUFTTAIDE N
1. tusregrsuaduntandensnuasnuneygiul
1 = ¥
2. SRUNIALLD YA IUATLNTIVUIN 325 4%
3. W launonasludaldansfiiognd wanluAesvn

24 né’aﬂqawiiﬂﬁﬁLﬁnmiauLLUUdaﬂﬂ‘é’]ﬂ (Scanning Electron Microscope,
SEM) (funius 2adua, 2547; Jaws Useiviay, 2538)
Jundosqansimididnasoudmivingiifivumdn teveneliiiudnvauslnssaiiees
Nufwesiodns W mdnwazawiia (Sterecgraphic Image) Imaﬁaiﬂﬂé'aﬂqawiiﬁﬁ
5355uA1 (Optical Microscope) fiA1ua 11150l UNITLANLAITIaZLE8n (Resolution) 0.2
lulasiuns wasdiindvensgeanlafiy 2000 Wi dredadrinvesnisuaaiuludiu
ANEINNTe Tun1suanuaskasMavenendedganssAusanaseu (Electron Microscope)
Jefidaniiunumd ey Fsiled 2 via Ae ndesganssemididnasounuudosiiy (TEM) uaz
ndeIganssAuBAnATauLUUdeINTIA (SEM) InendaqanssAudidnasouluudeinsin
(SEM) fimaseneligavirdundesganssaudidnasounuudositu (TEM) @idweuasdn
Uszanas 10 wiluluns) msteoudegnaiiefiozgeendes SEM ilaidndufiazdeandon
shetslitivuauiainfunisgdondes TEM Al (ns1zlilldnsaataainnisiididnnsey
\nAouiivzarinuiiogne) msafrenmiinldlasnisnsaiadidnaseuiasfouarniufian
ve3i08efininsdnaa dadundes SEM Fegniiunldlunisfnudusiuineuas
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Meavidenvednunriuiavesiiesns Wy snvasiuiduuenveailodeuaviwadningn
yoslavizuay Tan (Judu
fofiwasndas SEM lewSsuiisufiundes TEM fie amlassadiafiiuainndas SEM
wdunmdnvaraudd luvasiinmainndes TEM aglfamdnvaraedin Snvisnsld
NUNEeY SEM azfinnuniaiiezldnudieniindss TEM 1
2.4.1 winnsvihnuvasndesgansaiBidnaseunuudasnaig Tassaieiugiuuas
psAUsznou MvhliAansuesfiuveindesganssmididnaseuluudesnsin azadnofy
Nd999an33ANEITUAMUUANDSILE (Stereo Microscope) wanabnn1siiauaziane1eiu
ndeaganssAtdiAnnseunuudsInTIn Ussneaums unasiuindidnasoudwinuiingn
Sidnmseurileteulitustu Tnonguadnnseudiléainuvasiidnazgnissdoaunalaidi
ntungudidnnseuagiiuiaudsiusaniad (Condenser Lens) Litavinlsingudidnasou
naneduddidneseu Jrainsauiulinreddidnaseulnansednldnudesnis wn
dioansgUitinrmaudnazusuligididnaseudvunndn ndmntuddidnnseuasgnuiu
szoeTnifalnoiaudlndTng (Objective Lens) aslUuufintunuiidesnisding udsangd
'5LSﬂmaugﬂﬂimawusﬁumm3ﬁﬂﬁl,ﬁﬂ§1,é‘ﬂmaunamﬁ (Secondary Electron) du &4
”@mﬂmaLﬁﬂmiaunaaqﬁﬂfﬂggﬂﬁ’uﬁﬂLLazLLUaQLﬂuﬁtyzmmaLﬁﬂmaﬁﬂé wazgniluass
Junmuuselnsirdasly tagannsaduiinnimainutinaelnsiiedlaiae
2.4.2 drulsznavveindadganssAlBianasaunuudonsn
1. uvasiilndlanasou
2. Aidnlnsuuniufniaust visuaanefivianiiiaruaunisdesnsa
3. uaaygna uarssunaIuALATNRY
4. vodldansfiegng
5. NI Ind MBI NATeU
6. gUnIalasIenIn

1 ¥ fa © ! [ d'
ﬁ’Ju‘UiBﬂ@U“UﬁNﬂa@Qf\;a‘ﬂiiﬂu@Lﬁﬂ@]i@‘NLL‘UUa@QﬂiWW LLﬂ@\‘lG‘NE‘U‘VI 2.10
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Electron
Beam

Electron Gun

77 /TN h  Anode

”|| Magnetic
LRSS <4——Lens

ToTV
Scanner

Seanning

~'secondary
Electron
Detector

Specimen

o 1 v fa @ !
E'UVI 2.10 ﬁ’J‘L!UiZﬂEJ‘U?JENﬂaEN?\!amiiﬁualﬁﬂGli@‘LJLL‘U‘UﬁENﬂiWW

(Scanning electron microscope, Online)

2.4.3 N3LA38UAIIABE19EIMSUNITRATITRRIENTRIansIALUBIAN ATOULUUEDS
31 fogufiagiundnyidendeanssaudidnaseuluudesniin axfoseglugud
Usrmntvidennudule 1 waglanminfiiliilr ontunsdlldndesanssmisidnason
Luudednsinviinauduanyiniaey Iumim%wmiﬁ'gasjwaﬁﬁuagﬁui’mqﬂ JEAIAUD
nsAnwiiegausarviln MainuTanligeinvilouns@iinet lnenisuidiegeinuua
#u TngldimunmaesantihvFonnmanuminzay udnihluaiafmensafieliiAanis
Iyl drsaeensiivunlng dosinlitivuinidnasuasdosiilfsniugsesiiegiafe Lile
Yestudegslusuivaunsalindyayradidnnseu G?hasmﬁﬁauﬁ’aﬁﬂlw%agjl,l,é”ﬂ,ﬁamia
aghenilane (Conducitive Paint) 1w nUn13du w38 nun1iAsueu awnsaihldes
alaslaglsifiosaruseinmsusuununisarusmeness inszanueu (O Wusimun dens
Tansnseenaenunaninsalnt ldawnsalieseila
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2.5 1A5899AN15N52218NA 99U d@1dnlnsiimes (Energy dispersive X-ray

Spectrometer, EDS) (duiius 23dw1, 2547; 33ns Useitviaw, 2538)

WA30eTANISNsEANeNd 11y awnInsfiwes (Energy Dispersive X-ray Spectrometer,
eDS) iunesileflidalunmsinuuinavessiniifoglumsiedieidosnsdnuilagléts
$addndNiFondn d139EBndugunfl (Primary X-ray) filfanvasnsdidng (X-ray Tube)
uBsnsslufiansogadsddndusugidasmearinudiluluosesdaduanvelibidinnsou
wluveseznouiungaooninnezney fauianilfsidnaseuuoniifissdundsnuiigandy
drlunuiilussdundsnudidinis wieswisudesndanudiuiuulususdisndyfend
(Secondary X-ray) 519 usiagsnazyassSadndyAngfioonun fszdundsnuiidnvas
anzffindfusndu Sedendnnsilunmsiereidaiinanss Bamnwees g us
azgdaludiagald wasn1sdudyaiuidendianigsig azldn1sianisnszanendsanu
awnvsiwes Wusmdudganalunsideurenniorianisnszaendnu awnlnsfiwes
Jueeslonlindsmsdenniendesanssaiblannseulvudonsn dsilndnnsvianu
yaaaIoinnInszaenday anlnsives

2.5.1 nénnasviuesnadasinnisnseanendseu aninsimed Tussuunis
WATIs NP 5IEENG Lnan1sInNINIZNENa U MsaUnlnswns (Energy Dispersive
X-ray Spectrometry, EDS) si23nFsandealdlutlagiude Fiasaduuy SiL Famune
dmdunsinsedidndlamesfidndsnulutig 1 8 30 Aladidnnsauliad weiinvia
LQ@%MWLﬁBN@’JWNU%@WgQQ (High: Purity Germaniurn, HPGe) @eaninsaindadidndianize
eieaaning Ao 3 fis 200 Aladidnasoulaas egialsiniy wiitavdaesundouainy
U3gnsge azanunsainfadidndlanizsalitaaniint udlumsirsgisausiinvie
Si(Li) Feansnsanllugumgaanui 1 Aladidnmsouliad Addinnudnduegunn e
$a@Sndiie 2 wuy wisunanuvessadlndudyg aliilusuvesindlui lnsvuin
vosdgyaalniliiinisesnvesiain %Lﬁuﬂﬁmﬂimamaﬁuwé’mumm%’aﬁLﬁﬂ%ﬁmﬂﬂswu
oo mﬂﬁ?mawumaLL‘UU&&@JLﬁmﬁawmmﬁm%Lﬁué’ﬁga’;miw%wmﬂﬁ’ﬂumiwmmﬁwﬁ
on1eluados wazuansnaliaTwiuuIon luguvesanniu wioufiran1siesesiids
Usmnamazannm tnslusunsudisaguiitlegsiienududeunnnssiululuusasnguddn
LLamﬁqgﬂﬁ 2.11
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X-ray tube

/ Analysis Crystal

Collimator

Detector

Counter

v
| =] PN [ 1234]

PHA

JUT 2.11 ¥AnMSIINUTBLATEHIANTITNTEENA1N @UnInsHives

NFIATINERIAEITANINTEBNAY anlnsiiines & 2 75 fe
- MFAIATIARUVENEYA (Point Analysis) [un1Tiinsgiiigaiieinasaiian
N5AS1EY A9EluNITIeszAUsedan 1 lulasiuns LagdnUseunn 1 lulasiuns 21nin
miate Tdhangeay 120 3ud
— ANSAATITARU VLS (Region Analysis) 1JUA13N51IAENBLANATEUAIUURY
Frogndluiiufilammualitianuandseana 1 ilaswns anEadogns Inanfuiias 120
9
2.5.2 nMsnseuiaagredniunasiasizi Taeia3eanisnszanendeeiy awning
fnas
mMaweuiegwvhisuigaiunisinnzilaondesganssatdidnaseu Weviins
Srsedaundnnslude 2.6.3 udr senIsidendumnusiidesnsiasgiindumnd ey
Usgnaulumesinyining

2.6 30 sNsuanasudunssaannsiitnes (Fourier Transform

Infrared Spectrometer, FTIR) (@Unnsuvasnauusiivanluin, ssulai; FTIR, Online)
wseslisesnswanesuursuseaUninsiwesilumealiansaninsaladviinnds
Tngvaluinsesflonsaruninsalatiudinazldudnnisnszaienas (Dispersion) VasaLUnmns
T a 1 |3 1 d' 1d v o 1 1 a aa a a
nsunsdwmantnilugsiaulaidudinue wu Tutiswesdunsisanduszansainlu
N3wuNUTEIANURE1TBUNTE ansellun3d wasiussailluluana swudaiunsavenda
Uunaesausenauiiflegluluanavesansnaniieganlinsuyile
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2.6.1 vdnnsiuvetaTesBesmuawe fudunssnanInsiimes wmada FTIR
Hanal Wsreznalumsnseaeudesninnaiady q Sddunsisadutimiweniy
wilidnlniinfifianuendulugie 0.783-1000 lulasiuns wiewavady (Wavenumber)
Tuda9 12800-10 cm™ Tagiavadu (cm™) = L/wavelength (cm) Tneluga9voe¥ed
dunsusnazuwuadu 3 929 loun

— Buwsnsalnd (Near Infrared) ¥291auAAY 12800-4000 cm!

~ Burlsusanans (Middle Infrared) Faav@uAdy 4000-200 cm

— Buwsusalna (Far Infrared) HraiavAdy 200-10 cm™

Fravesdunsusaiisivselesilunisiesiginiaad liun drmedunsnanan

(Middle Infrared) afiuselavlunislidesadulassafiluana lnsFsddumsnsnasd
wianumnindsded deluianavesaniganaussddunsianazyililuanaiianisdunaznis
NYUVBINUSE Imaﬂaa mﬂﬂausqaaumwLsm‘wmmmmaummﬂuﬂummmlumﬁaumaa
Imaﬂamaﬂmiuu muumsaumaLLmav%umvmmmmﬂumiaumL‘Wﬁvwmemqnulﬂmiw
ansadinadaiinldlunsaseilaseasag LLazsuuWuaﬂmiaumaLLmazﬁnumlm@mammu
Bundt FHunasuiun (Fingerprint) danldusslomilun1siingaghduamnin wu nns
Iasgivliavesnyileridu (Functional Group) ¥8sa138uvstna Ndsaunsatnildluns
AR MTIUTIuladnm g Ingeadenannistasizraungueiesiasiaudsn (Beer-
Lambert's Law) JsUSinaasiduduvesansisenstuasavansandudndinlnensaiuen
n39ANaY (Absorbance) uAsveansayanatiy Insmadaianuisodinsesilévafiagne
Fuvesuds vosmeuazing Snvadumadaniannsainseildosiends fanuuiud
a¢ madadiadufitealdlunsiinssiesnunsvatslulagdu wu nmsiemeidiuned
wos warllnsiadl

2.6.2 drulszneuvesiataFesnsuanasudunsusaanlnsiiines

1. uvasiiauad (Source) avgnlualnusouauiigamaiigeussunas 1500-2000
iU wararUanUassuasdifianuluridulsusnosnyn
2. duwmeineilslines éf’zyr;g'm;LLaﬁfmuaaﬂmiugﬂﬁmmmﬁﬁaﬂ'j'] BuLnes

o

v a

wWoslsunsu (Interferogram) Femosulasdyyruidilulnduanaiudnass lngldnis
Ay snswaresuildreuiamesdislunisiuindaziniinisidlululaseimes
Naguenduas iWudwasmnueninduifes inldwausasaue1indugnasaintuiaid
Aeiu wedumesiveslsiimesanusainssrilaegesindiiioinau1sansiatandaeu
YoNANLETIAGULASATUA LAY
Y 1 a o a yg a I 22 =
3. f9819 (Sample) NazinundaszRlanimiluvosds vanailnazing lagd
Wnaeseudeg1slun1sindiogieiuunngg wu nsllnunadenluslun (KBr Pellet)
dusudiegisweands wienisldaninwad (Liquid Cel) dusudiognsreunal wienie
s o [ 1 A & 123 [ 1
wag (Gas Cell) @msumiegnenidunig Lduny
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4. \A309573M (Detector) mtinfinsratandsuuasiiiiueenuiaindaegig
Tnefia3einsiatalnlsdidnysn (Pyroelectric Detectors) azuUasdyanauadumnsisaiy
Amaliialvid1ad1uly (Sensitivity) g9 Ao Amnesisnian (Deuterated) lnslnadgu
(Triglycine) wagdainn (Sulfate) @1315095997AA%9 400-4000 cm™! wagaunsaldiunig
aneiauasifinnudugaldd uazamnsaialifgumgiviesund Jududfideuldiuly
dm¥u FTIR duaIesnsaiaefineudnmes (Semiconductor Detector) léuf Lua$Aag
(Mercury) uaaiiles (Cadmium) wmagi3es (Tellurium) e3asnsiainanunsansiafalaludas
650-4000 cm™ #defAalvinuligandtnuufnnesisnen (Deuterated) lnslnadu
(Triglycine) wazdatna (Sulfate) Lwiﬁ%aa"wﬁ’mﬁaaﬂsﬁﬁﬁqmmﬁﬁwﬂ ey Aeunnsldau
Fenaerdudelulasiauinariifaudaess Inswinas Jealdduniomsiaaves FT-IR
Microscope @mUsznougaaasedsFosnsiuanosudunssaanlnsiines wansiagud
2.12

Spectrometer

1 Source 2. Interferomeler

B MEBEBIBEB

n P00 X0 300 O 15D 10D X0
‘Wavenumbers (on- )

}L

. Spectrum
4 Detector @

JUN 2.12 nannsvihnuvenesaslitesnsvanesudunssaaninslivnes

%’aﬁmaqLﬂ'%laqwul,%‘sﬁmmawg%m@umwLmamﬂimﬁma%ﬁa %8 TUNITIUATIZINTD
meteaUnasuvesansiegarildisininasedursisaanlnsiimessssunvalain
ws1ganinsaiaiinauieans q legnseiiies (Sequentially) 138031 Fellgetts Advantage
w3 eesssun1vzilunisinfiaraauianunsald Crcular Entrance Aperture winu
Entrance Slit ﬁﬂﬁl@fﬁﬂé’ut,mqqeﬁut,%ﬂ'jw Jacquinot’s Advantage t18lvn1suentazaAI
gnfesdduiFendt Conne’s Advantage Usgmsaavhedesilinsiinsiesiine uasaznn
Jushensldnesfinmesmununisienu feidsvenniemidesnsuanlefudunsusnan
Tnsfiwes Aoidunosiiiisiauns dosderthgednuguuasdosegluiosiiamuauauiu
MABALIAN
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2.7 ATefifisadas

T. K. Ghorai wagmg (Ghorai, et al., 2011) ¥nnsdaasgivanesnlanneulndniu
Tunufleulaeanlan (Fe,05/TiO, composite) lagldisiunnlulaiifa (Mechanochemical
method) 35n13ARetmEnsenleduarinnuiloulasenleduuasiuiuluniasun (Ball
mill) 1aan 4 Fludlagldindususzanusldlusiuatiosun wiilveudigumad 100
psmaded \Junan 4 $alus luauiseiineasddnnududuvennanoonlaiuaylnm
Jeulneanlenludnsidiu 5, 7, way 10 wWaswudlaelua (mol%) waltnluneasunisaans
a159uvsy 4 wilnde lsanilu U (Rhodamine B) lunSassaisuv (Methyl orange) Insea ug
(Thymol blue) Tuslua3wea ndu (Bromocresol ereen) Usinginnisiadsafiaanaidudu 5
WosiwudlneTua Suseansnwlumsaaisansduraeis 4 ¥ia 19avian

H. Zhao uagAug (Zhao, et al., 2011) ¥N15FUATILNLALATIIENWULLANIZVDLUAN
panlwamedlndniu luniflvulagenlyd  asduasizdvinlalaenisiiuansavarewianlum
madulnndeilaeenladfidauansilineuseislelanmesuea winilunigumgi 450
ssmwaies Wunar 2 $lue siminnisasiednwalaeldivedadndisdanusadu
(XRD) npliAndesqanssaudibnaseuriindainsin (FESEM) uazwmetindansilileian-33
va (UV-VIS)

E. S. Mora waz@gug (Mora, et al., 2007) ¥1N1549LATISRLAZATIVANBULLANIZVD
wmaneonlednoulndnfulandonlaoonlsd msduasiziinldlaonisndeutuves
asazarsmanesnlesuazlynlionlnesnludfiavesnszanudiwi gumail 400 aae
waida Junan 2 dalug mnhwinnsnsiadnuny walANdosganssaidianaseuniinges
310 (SEM) wasinaiasansibilaian-3ddaawnlnsiuns (UV-VIS) uazimadiayiseinsua
Wosu awnlnsalal (FT-IR)

A. Sarkar (Sarkar, et al;, 2016) ian1s@nwiujasenlnlauanilaind Tunisaaneans
MdAuuasRaf (DDT) warddouiuniauva melinsasuaddida Inglddadsdalng (BiSs)
aunmautuduiisuiten wiwhnsseuiisudss@nsnmnisaaneiuianueenlys
\nsAN15En nudassdaliatussans mnlunisaanuansis 2 wielddnin Tnganunsaaans
asMIALNAIRATIAIITNTY 2 x 107 M L9Ta 60% wagaaeddouumniauuganududy 2
x 10~ M launnnan 90%

A. Topalov wazanz (Topalov, et al,, 2003) ¥i1n1sAnw1ujazelnlauaniladnd Tu
nsdatearstidauuas wiilaslseau (Fenitrothion) Tuti anelénisansuasydd (Uv-C
light) Wneldlnnidenlasenlediludissljisen wuindnisaaredmeujiseisudugud
(zero-order kinetics) UszanBnngsaalunisaaisogil 9.2 x 107 luasednsreunit nda
nsaateruly 15 9219 LLﬁzUisﬁ%%ﬂ’]Wéﬂﬂ%ﬂLﬂu 3.1 x 107 Wanednsnouil 1ain1s
aaneruly 66 Falus

M. Qamar kazAng (Qamar, et al,, 2005) vin1sfnwufnselnlawaniladng Tunis
aangasmIndniy nsndulna-3-wadin (Indole-3-acetic acid; I1AA) wagnIndulaa-3-
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79130 (Indole-3-butyric acid; 1BA) Tuti neldnisansuasedd (UV-C light) Tneldlnmn
Weulaeonleaiduinseufisen Tunsfinwufiseliveaeunavesaininuiunsn-aig
vipvaslnniieulaeenlen Anududuvesnaise wagn1siulalnsiauilaseanlannui
annsaaanensndulna-3-uadnn lasiasininnsndulaa—3-0a9isn

N. A. Mir kagmz (Mir, et al,, 2013) vinsAinwiufisenlvlawaniladnd lunisaans
anstinuuasdngis lsesdlnumy (Thiamethoxam) Tuti aneldnisatswasyd (UV light)
Tneldlnnudeulasenladidudassfizer Tunsfinwufiserldvegounavosaanuiu
nsa-n1e vdavesinnudeulaeenled Arundudusudu USuna@ise navesnisiiy
lalasiawdaseanlan Inuna@eulusun wagieslitauasdan nuindinisaanafasie
UfAseSusiunila (First—order kinetics)

wianoenlenaeulndniulmidoulaeenlasmiduasimisenouaiiussansamlunng
aawarsdunidatedfnzelnlawaniladng uddediningazldnisdaunsienly
WosUfoins uafiauululdlumsl¥iansssuni Wy aznouthuinanuss TR
Faflosduszneulumdneenladiiiunssuinismaaiiiieddaduidloudy q udald
Mswsaalsdlilolds nwave widnesnles waznisaeslndedulnndoulaeenled waa
uvihnsaaeasanasvanIsineasneuiisevlawanlafngd



uni 3
N1SNAADY

3.1 @01uMIIN1INAARY 1ATRNR QUNTRlLATENIAY
3.1.1 @91uNiIN1IMAase AngIngIAtansazwmalulad 1n1INe1aesIvag

9nIANE

3.1.2 3esilauazaunsal 1Aellanaraunsal kaneRnIT1aN 3.1

3.1.3 d@15A% @5ANNIIUNNTNAADY LARNAINIIIN 3.2 MUAIRU

A1319% 3.1 LATsllanazaunsal

iw3silouazgunsal UIENANGN/ U Usine
1. nsesgiiaidaanalnslyilatises (UV-Vis) PGintrument/T90+  England
2. deudnusdAnunsnladmed (XRD) JEOLAIDX~3530 Japan
3. NAeIgANIIAUBIANASOURUUADINTIA (SEM) JEOL/JSM-5410LV ~ Japan
4. wheainisnszanenasnd dwninsiimas (EDS)  Oxford/ England
IncaPentaFETX3
5. insesiSusnyTuaresuBuslssaarnlasiaes - PerkinElmer/ England
(FTIR) SpectrumRX |
8. LASpuARBUNDWNYARNNTA JEOL/ Japan
(Fine Coater) JFC 1200
9.  ®k1 (Furnace) SCI FINETECH/ Korea
FTMF-705
9. eSeaduidn 4 sums Mettler Toledo Switzerland
(Analytical Balance) AB304-5I
10. g8y (Hotair oven) Thai Polymedic/ Thailand
Gallenkamp
11, desdansilein (Ultrasonicator) Labquid/ England
136H
12.  1ns3um (Agate Motar) - -




24

M990 3.2 @15A3

Yoansail nI/ANd USENENER Useine
‘U%Ej‘i/lé
1. Acetic acid (CH;COOH) 99.7 % Vv/v Merck Germany
2. Acetonitrile (CHsCN) 99.9 % v/v Merck Germany
3. Ammonium vanadate (NHVOs3) 99.5% w/v Ajax Australia
4. Ammonium hydroxide (NH;OH) 99.0 %  w/v Ajax Australia
5. Cerium nitrate (Bi(NO3)3.5H,0) 98.0 % v/v Fluka England
10. Diazinon (CgH15N205S) 99.8 % Vv/v Merck Germany
6. Dichloromethane (CH,CL,) 995 % w/v Ajax Australia
. Ethanol (C,Hs0H) 99.8 % Vv/v Merck Germany
8. Hydrochloric acid (HCL) 98.0% 'v/v Fluka England
. Methanol (CH;0H) 99.9 % v/v Merck Thailand
11. Nitric acid (HNO3) 65.0 % v/v Merck Germany
12. O-Phthalaldehyde (CgHa(CHO),) 99.0 % w/v Ajax Australia
13. Sodium hydroxide (NaOH) 99.0 % w/v Ajax Australia
14. Sodium sulfate (Na,SO4) 98.0%  Vv/v Fluka England
15. Sodium tetraborate (Na,B407) 99.8 % - v/v Merck Germany

3.2 NNSLASUETTIAY
3.2.1 81582181 INTFIUNIAYANIIN (Sulfuric standard solution)
1) AUIUANULITUAITAZANELINTIIUN TATATIIN
1.1) Awruanudududuluaiivesnsadailasnaintsninlaeldaunis

M = 10%D/M,, (3.1)

AMviua s M = anutududuluansvaansadaiiagn
v v [~3 & @ 6 U a a
% = ANUVUVULTULUBILIUAVDINTABANITN
D = AIUNRUILUUTBINTATANISN (NSUMBLARARS)
My, = tninluanavesnsadailiin (nSusielua)
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1.2) MunulSinasvesnsaiagldlagldauns
Gy = GV, (3.2)

MRua LA C, = amududuisudiu (uasedns)
C; = Anudutugaving (wasiadns)
V; = Usunsidudy (addns)
V, = USuesgniineg @adans)

3.2.2 nMswnseudsazataueuluteulansanled (NH,OH) 0.25 luans
1) e wosludoulansonlan Usuing 13.28 fiadans adluviaindsuinsaunn
100 Uadans
2) USuUsuansseinngu audsdninusinassaiagn
3.2.3 MsiAsua1ITazanansaluasn (HNOs) anutdudy 3.0 Wwans
1) YansalumsnU3nng 20.78 Jaddns aduviaindSuinsvuia 100 Jaddns
2) UuUsunmssievangy audslndnusuns
3.2.4 mMswspuansaratsansgulaezleuay anududy 100 ANdy
1) Fslaezlovey 0.1 Ny asluraniavsunmsuua 1000 Jadans

2) YSuUsuasmeinnau auasladnliuans

3.3 NM1sMs8URzNaUUIUInIanaulnannulnntaulnoanlaalaadsn1siwtaa

Tl

1. Wnznettihuimaindedetimans q seu udreuliu

2. SpumgnautinuImaflldiuAznseues 200 udnilumniigunad 650 asen
wadea Wunan 1 $alus aeldneneuinuimaiwadsudumaneonlad (@-Fe,0s) 1380
Tnega31 Gs (Groundwater Sediment)

3,41 Gs wazlnnudeulasenled (T0,) uruasuduluaiasua (Ball mil) Tu
Snsndu 1:1 Tnoana wio%) 19an 4 Fluslneldiifushussauudldlulsuaiionunn

4. wnigamndl 800 ssrwailea Wua 4 $alus Fenlaggedn (Gs/TiO,)

3.4 MSANYIENUANINIBATNLAZNILATIYRIRZNaULIUINIanaNlnann Ul

Haulnaanlyn
3.4.1 n1snsIvsaUanuaelassaislnenzaadneisd anunsnladwas (XRD)
1) drsegesununliiasiden
2) Saluresnansvesiudnansiegns ndeRntsuuuvesansniseu
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3) udedes XRD Wiethluiessimlaseadisvosans
4) thifeyafilaluioudisuiudeyaluuilu JCPDS
3.4.2 N3A5IERUANYUTAUgIUINE InendasganssalBianasauuUdansIn
(SEM)
1) dhdregrelusilmduansivivase Insdrlunsyanedludvinazateiesiuea
U3ans
2) thlweluniossansilada Ussuna 5-30 wiil
3) tnznouiinriuaseluaisazaissing1n nealdaduiinasomuNoLALa
Uaoeluriuaziasuldindeuinees lnaeseumdounes (Fine Coater) fanssualniin
15 fadueulus Wiy 150 3uad
4) lvAisasinnanvauznsdag uinel laandssganssaudiannsounuudes
N30
3.4.3 MaAssimsniiuesdusznaulagtaiasinnisnszanendsnunisiunins
fmos (EDS)
1) dhdregneluyintnduasuvivass Ingihlunszanedaludivinazateesiuea
U3avs
2) thluwehluedessanslada Uszana 5-30 wid
3) thnznouistiuassluasazaufinans BenldaasuTians1EmMUNDILAILE
Uaoeliuiuaziraduldiadausneves lngwesanadaunes (Fine Coater) sanszualnii
15 faaueuus Wiy 150 AU
4) ﬁwlﬂ’?meﬁmﬁmﬁlﬂuaqﬁﬂszﬂau AL ETTANIINT LN 1 UNELA
nsilwos
3.4.4 wallaWiFesnsuanasudunn snlnsalat
1) Yresieg9IINIsualiaviden
2) FashegsimIeulgudn 0.001 N3 wazlnuvadeuluslusnin 0.01 n3u adly
Tulnsaum vinnsueashiannu
3) YnlUdadeaudy 1500-2000 Yaussenis1ein tnanoiduusiuune (Ker
Pellet) tusuursnsasuumiy (Pellet) wrafemmulaiiafnaissegsliiudedldseng
(Sample Holder)
4) dlviiangvinsiraeunyileidu lnewisesnsuanasudun susa awnlng
Awos

3.5 AnwUszansainnisuisenlnlawanilafindvasnznauuiuinianaulngs

nulnneulaeanlydsanisaaiedivasaisazaieunnsgiuleezlouey
nsaanemvesaIsarateunsgulnezlausulaenadisaniunes sauduwandda
eldan1ie Ao
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1. anududuvesansazanslaezlauou windu 10 Ay

2. Ysunawearalaisnnuee wiiu 0.5 niuredng

3. svpgnavesufizelnlawanilafind windu 0-120 wii

wdhnsmanuNturetlnezlyueu neukasnaslfizelnlauanlasind nels
annzleuly 1nde 1-4 lnowmedegiididaaalnslnlafives wnudenisyiufazelnle
uannlandvesnsaanemvesansazansmasgnilaesloueu uansisgud 3.1

aonl LED

bm.ﬂlll_-ﬂl'il -3\
: ‘fﬂ'l vanulneyleuou
‘ ‘u.mn wiitmén

\ < ﬁ ¢ e >
nosuiawiala

ol i ' =1
AIDIAULLLUAN

* o
-

oy
oy

S n@esn

L

, b
P N
5UT 3.1 sUnuumsingunsalvitdgiselulauanilading



uni 4
NAN1SILaZNUSIUNE

P H A o ~ I3 Yo PRy vy  a

nswssunznautivinaneulndndulnnudeulasenled legldiagniluiiesduain
WNEINTNEINTTITUYIA 9. UMY .4809 2.903An0 waglnnideunianisen lunisnsey
pznaulruIntarsulnaniulnnideulneenlonlngnssulUNITRILUUNLAL WA
° = Y} PR A = fa ) A P
INsEnwIaNwAZIRNIzYRsasInssulalaemATANwL SO ANLNSATY (XRD) wmAdAnaad
aNIIAUBLANATIULUUADINTIA(SEM) aTianasinnisnszatenaanuauninsalad (EDS)
wazimallayisesnsuanesudunsusa analnsalat (FTIR) drunis@nviuisenlnlaue
mla-Andronisaasdivesarsandnenanisnens (leezlousu) wandlmiunelanisans
Sednueasuls (Visible light)

4.1 N1ASIVFDUANVUSNNLATIES19YIRzNaULNUInIanauInannulnn-
Weulaeanladlnemaiadnussaninsnlaiuns (XRD)

NIATIVAOUSN BTN TULATIATINUDY TiO,, Gs/TiO; wag Gs NLATDLINTLSIANLNTA
lofiwas nauanaiagun 4.1

a-Fe O,
—— TiO, (Rutile)
";“ — TiD2 (Anatase)
S * =8i0,
2
2
o (n)
£
l.x PRI P l_ I I WA, — A (v)
T j, Attt Pt A AN i AT NE——— ()
'. | I | I|I ||I| .+ II !II [ I llll |l| . Ao I
20 30 40 50 60 70 80

20 (degree)

U 4.1 JULUU XRD w84 (1) TiO,, (V) Gs/TiO, uag (A) Gs
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Tassa$1amdnves TiO,, Gs/TiO, uaw Gs lisun1suszifiulag XRD a1ngufl 4.1 (),
sunuuiinuansfialnndloulneanlennaesuiva (anatase) 91984lae JCPDS no. 21-1272
wagilazng (utile) §148alae JCPDS no. 21-1276 Fadunuirlnnidoudwidydd
duusznovvealaozuimauazslnd doufinves GS (§UAl 4.1 (A) anunsadnvidailuds
Wlananwas o-Fe,0s way SI0, Tasnisusingdwessaantsiasaiuud 26 = 24.1, 33.4, 36.0,
40.8, 49.4, 54.0, 57.5, 62.4 way 63.9 99F1 @BAAABINUITUIU (012), (104), ( 110), (113),
(024), (116), (122), (214) uay (300) ¥84-a-Fe;05 MuFIFU (JCPDS no. 00-024-0072)
haulamla a-Fe,0, sstiindunigvdnisivnimdouigumgiigununzan (wiflgumnd
600 DIALTALYLE) ﬁ?fﬂaamiﬂﬂzjmiLﬁuﬂszﬁw%mwmmmiUﬁzQﬂﬁﬂ%’mu (Sun, et al., 2014)
Gs/TiO (3. 4.1 (1)) finuansnnsidenundl 26 A1 25,3, 27.4 uay 33.4 ose denndesiu
3¢11U (101), (110) uax (104) 989 TiO, 8gunnd, TiO, gi‘vla‘ wag a-Fe,05 MUY U1IYA
fwadnegiiussunm 26 Wity 26.6 8 BausznaudgsmnsEeuuTes S0, JCPDS
no. 01-085-0795) Si0, Tneyhluiiednihuwdauasianaes (Huang, et al, 2013)

4.2 N3NTIRFDUAN BT ININEIVaIRZN LIV aRaN IR U e

lapanludlaemadiandosganssaidianasaukuudansia (SEM)
N1373I90UANYUEIUFIUTINGI1V03 TIO, GS/TIO, kag Gs 3NNNABIYANTIAY
BLANATOULUURDINTIN NALARIGIFUN 4.2-4.4

1um BBBE86H6

sUTl 4.2 SEM lailasnsnwlvea Tio,
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13kU XiB.888 1km BEABEA

SUT 4.4 SEM lailasns1nwes Gs

A SEM 4831881 TIO,, Gs/TIO, WAz Gs gnuiausluguil 4.2-4.4 faegns TiO,
Usznauseeynafiliaiiausuazoymainziududou (Uil 4.2) synia TIO, farwemn
liAfesunTummsuaziinisdnBedlilufianeing o dnwazmedugiuineves GS (Uil 4.4)
fsurunlulasiwesuarliaiiauefivunuagauenlasadouszana ~ 0.3 lulasuns
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Inenisldnszuiun1siiigamgiige (3UN 4.3) aun1Ared Gs/TiO, gAHANLALTINTUTENING
TiO, Uag Gs

4.3 nMsazinsIniilussdusznauvasnznaulivinnanaulndniulvmi
Wanlasanlanlnamatindan1snszarenassy neadninsalald (EDS)

M3IAsIeinIsniiiusdusenauves TiO,, Gs/TIO, wag Gs 21NLATEIINNITNTLANY
wasumeaninsaled nauansisguin 4.5-4.7

0 1 2 % 4 5 6
ull Scale 1048 cts Cursor: 0.000

gﬂﬁ 4.5 EDS @unns1ueeusd TiO,

0 1 2 3 < 5 6
ull Scale 1000 cts Qursor: 0.000

;J‘U‘T/'i 4.6 EDS atUnn31983 Gs/TiO,
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Full Scale 1048 cis Cursor: 0.000 keV|

gih’?f 4.7 EDS @hnns11e9 Gs

NaN15ILATIE3519FI0E19109 EDS wanslugui 4.5:4.7 £0S Ifuanalsiifiudn
p3AUsENOUNENYDIRIENT TIO, fe Tiuaz O (U7 4.5) wazuiuna Fe, Al uag Si awd
wansludiieg1e GS dmSufiaene Gs/TiO, naduduindis s Fe, Ti kaz O denAdasiumna
NALYBS Gs Way TIO, MsdunniSinailsainnsiiaegi £0S faudnlifluaseusin
N7 (Tadic, et al., 2014)

4.4 nMlnzanaiuianTadeunyisiduranznautiuinianesindn
Aulnniilsalasenled InsmaatianiGesnsuanaiudunstse anlnsuns
(FTIR)

MR EiaUnn Sl LileasIeaeumyiledty 984 TiOs, Gs/TIO; uay Gs InLATesyi3es
ns1ualesudumisnsn anlnsiimesluriawaumsdudl 400-3500 selwuiuns (cm™) wa
uamagaguil 4.8



33

503)(670) ()

Transmittance (%)

(570) (1105)

I : T . | = I ! T - I ! 1
500 1000 1500 2000 2500 3000 3500

Wavenumber (cm'l)

g‘dﬁ 4.8 FTIR aUna31ued () TiO,, (v) Gs/TiO, wag (A) Gs

U7 4 uansanssa FT-R fifudunusesinssugisoninienllugis 400-3500 sio
luALNg 9agsanTes TIo, Tuguit 4.8 (n) findiflennandiugsd 500-800 Aeldufiums wandls
udsnnsduaziiiou THO (Abdel-Wahab, et al,, 2017) dlnnsudnuazaos GS (g‘dﬁ 4.8
(m) wansuauivaneanlusanuazmanesnlus/aant adind 481 uaz 570 Aeldufiung B9
\Hudnwaeiiusy Fe-0 989 a-Fe,0; 1105 sioidufiiuns Jududruvisweanisdn si-0-Si
ngu M3UsngMvednaiegng 645 setduinming dudusenafidaulannainiiuss Si
O-Fe (Kishore, et al,, 2012; Chitra, et al,, 2014; Lien, et al., 2008; Abbasi, et al., 2016)
dmiueagaanvesiiegie Gs/Tio, Uszneumeanafuvesuauduaziiioues Fe-O uay
Ti-0 fauandluzuil 4.8 ()

4.5 Usgansamnisvinunsenlnlauamlafndvasnznautiuinianeulngaiu

Innifisalasanludsanisaanadivasasazarsunnsgiulaazlouay
idosarnnisgaduuaznisaatsuaslagnssenasinliiinnisindnaisnndnses
lnozlououldFesniudessufiudninavosasmarinenisaaefivadlaerlououdie
Tnlladalanes arnnsunsganaussd UV-Vis vesufiseniinandfisersetusonandugy
7l 4.9 sufandliifiuinnisganduasazanslaezlsusuanasiionarlunisans fediiudy
wandliiuinfinisaanediveslneylsusuiinniauuiivessnissufizen
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(Abs)

=)

n1IAANAY

P
AuEnau (Ualung)

JUN 4.9 Madsuwdasesansanansleeglouauly UV-Vis vidaninnsaiesed 0-120 wii
miensliasslfnzen Gs/Tios

nsaangdvesansavatenssulaezlsuenlngnznoutiuinaneyindadulnm
dWewleeenled sauiuwasidila lneanududuvesasazaidlnozlouou 10 AfdN Usuna
YoarnznautuInIareslndaiuinndolaeanlesiafu 0.5 n¥ureans uazsyuLan
yosuFAseTnlauanlaing winri 0-120 undi waudmIRazURl 4.10

100 -
90. 1
80
70

3 Photolysis
£ 60 .

- B T10,

iE 50 i

{Q 40 - GST102
€ 30 GS

u(_‘ '!O

c 2
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0 T T r - :
0 30 60 90 120

aReunds (W)

3U# 4.10 YszAnsamnmshuisenlilauaslasindves TiO, Gs/TiO, kay Gs

nsaanevasarsnnAsineslauauwniiofnssljisen TiO, Gs/TiO, wag Gs wandlu
U7 4.10 mstadinisganduuasedlaeslousu fimuenndugsaalunisganduuas (247
uluiuns) Wetannuiduduresansineyloueusieian luvneiuasnieldnisaisdadi
veaiuliduna 120 wiit Weldiidaisdla 9 (Photolysis) wuinlaegleueugndesaans
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6.25 Waslwud WoldiussufAsen Tio, msaarsdaiiiies 12.0 Wodlsud ndanian
UFATN 120 wnitwiiiu Aanssuiidanss Tio, Waufasersuidesan Tio, vheldiludas
UV ilesarndesinaaulng (3.2 eV) (Silvestri, et al, 2017) 59lunintiu Gs/Tio, &edl
Aanssuntsteniniinfigaluusiniies s Ussdnsamnisaaeiavedlaeglsuey
residue 11N Gs/TiO, wag GS HA1 73.6 WUaSIwUA Wag 35.1 WWasloud AUa1aU Naued
n1sinnsdesaineseuasinliiiulainausassu faselnlauunandinldlaonismisy
F98 1NANNAIUYDY Gs/TiO,

JauNaAI@ns Langmuir-Hinshelwood unuusiassmisaaunamansilidlaesialy
WeaSungaaunamaniuesnsriIumsIufATuTuandaiu M5ANYIMAABMANETUYT
1ensnsaaneveInsineendndulnlauunys nesarsdunssivudouainas Tio, 7
lasunisaitesedayiduuuudiananisaaunadI@ns ku Langmuir-Hinshelwood
(Szczepanik, et al., 2018) ﬂﬁWWmﬂﬂ’ﬁ‘I/lﬂaENLLﬁmﬁﬂgﬂE‘Uﬁ 4.11 ANNTINTITAAYFIVD
waainfu 0.0006 (wlalada), 0.001 (TiO,), 0.0102 (Gs/TiO,) wag 0.0035 (Gs) Aou
aun1sanduius (RY) wamsliiuinnisaaigiesalsines laueulunszuiunmsinlauumniva
ladasiinduninUiisedanuiinis anuatnduresmsanoesidadusihiusasisnmaes
UfAsesusiunda (Sun, et al,, 2014)

0 30 60 90 120
'y =-0.0006x%
R* = 0.969
0.1 -
y =-0.001x
-0.3 % R* = (9955
~ 0.5 y =-0.0035x
8 0.7 B Photolysis R*=0.9969
N -
£ o] ¢ TG
1| @ OSTio
A GS y=-0.0102x
-1.3 1 T R*=0.9557
-1.5

1281 (W)

UM 4.11 gasmaiinuiselnlawanilaindves TiO,, Gs/TiO, wag Gs fian1saaufives
lnoglouou

ludunsumassisenliansvuilenasgnduianiuouniamisesiuiumsanesadeiey
nalnues photocatalysis 798 (Davari, et al., 2017):
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didnaseugnnszAuIINLauItaudiuduauAsudnduaeise (Gs/TiO,) viliing
didnasauiuLaInuewiuls fsaunis:

Photocatalyst + hV — Photocatalyst(eq,” + hy') (4.1)

e WAz hy' ansainUfiseniu O, uar H0 easeeyyadasyiinuiizenau
02 wazlufigainidu «OH:

H,O + hyp" —> HT + «OH (4.2)
O +ep — 0Oy (4.3)
0y + H,O — H,O, (4.9)
H,O, — «OH (4.5)

OH  PindnannsguIumsilawamladnddwsumsaaedivasarsineslauaud  CO,,
H,O @91 (Hassan, et al., 2017);

«O,” + diazinon — diazinon-00s (4.6)
‘027 + HOz‘ — HzOz + Oz (47)
«OH + diazinon —> CQO, + H,0 (4.8)

Wofinlsyansnmnisaatesiveslaeg loueusenas UL ing GS (0-Fe,0s)
a1u1501459u U571 photoactive wfinduildfuegisunsvans Wy TiO, To
BeoSaundnued T, Aeauasediin Tio, Wuasnsussdanedmsuanueindudia
111 400 wrluns (WY = 3-3.2 eV) ogaslsaniy TiO, awisarimtdusfudidnnsou
wazvilannissinanulul (Olejnicek, et al., 2018) mmﬂ’]aﬂaﬁs&hmﬁ@mﬂﬁuuawaa
Tio, annsavengludsiiuiiuasiiueaiuldlaenisusuisy Tio, fu GS n1sUfuusans
mauauaqmqu,mﬁmmemﬂsﬁamaLLauwé’muﬁmeaq GS uananiautReeURnoads
WE9wed GS §55in31 TiO, Wilesann GS mmm@jm%’uLLmﬁumLﬁulﬁﬁ’mé’maa (Cao, et al,
2017) nalnmsvhufAsendenaves GS/Tio, legnelinisaresedfiueadiuldaunsauans
Ielugui 4.12
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Peee f
& €

3 Diazinon
M GS (a-Fe203)\’ 0y residues
TIO,
-OH CO, + H,0

Vv ;
W oht b b b he h

UM 4.12 nalnmsiauiselnlasenilasindves Gs/TiO, Aenisaaeiivedlaeylausy

H,0O



unil 5
A3Una uazdalauaue

P H A o ~ I3 Yo PRy vy  a

nswssunznautivinaneulndndulnnudeulasenled legldiagniluiiesduain
WNEINTNEINTTITUYIA 9. UMY .4809 2.903An0 waglnnideunianisen lunisnsey
pznaulruIntarsulnaniulnnideulneenlonlngnssulUNITRILUUNLAL WA
° = o A o a < fa ) A P
INsENwIaN BNz YasasInssulalaematA N sIANLNSNTY (XRD) wmAadAnaad
aNIIAUBLANATIULUUADINTIA(SEM) aTianasinnisnszatenaanuauninsalad (EDS)
wazimallayisesnsuanesudunsusa analnsalat (FTIR) drunis@nviuisenlnlaue
mla-Andronisaasdivasarsnndnewnanisness (leezlousu) wandmiunelanisans
Sednueasuls (Visible light)

5.1 agunan1ivnang
5.1.1 NM3As19daUAnEaEnIsTasIadswasmnautnuIaianeslndafulnm oy
laeanlunlnamadadnasdaniunsnlaums (XRD)
N157579d0UAN B NSIASIES 1909 TIO,, Gs/TIO, Az Gs AniAIeudnaLsdan
wsnladiwed nulmdeudemavddausenouvetnagzuinanaz3ing diuinves
GS Aanauw0d o-Fe,05 Lag Si0, Way Gs/TiO, Usenaunigilanduass TiO, axuIng,
TiO, 3INd Wag o-Fe,05 Auaniy

5.1.2 NM13057950VAnyzdugIuInEIveInnauthuInanesindaiuln ey
lneanlanlaewmafinndosganssaidianasautuudainsnn (SEM)

N19M5I9A0 VAN WAL FUFIUING1V03 TiOs, Gs/TIO, hag Gs 9INNA0IANTIAL
ildnnseuuUUdDsNTIA WU TIO; Yszneusheoyniaiilimiauenazeynianiziuiu
fiou Snwazmsduguineives GS fsvunalilasivesuas bimiiauelivuinuazaue
TagiadeUszana ~ 0.3 lulasiung syniaves Gs/TIO, QnNaNLAYTINAUTENING TIO, Ua
Gs

5.1.3 mi"‘ami'wﬁmsmﬁLﬂuaaﬁﬂﬁznamjmmnauﬁwﬂmaﬂauiwﬁmﬁu‘lmm
Wenlneanlunlnawmaininnisnszatenasery neadnlnsalat (EDS)
mﬁmezﬁmﬁmﬁL"f]uaaﬁﬂszﬂawm TiO,, Gs/TiO; kay Gs %Wﬂm%@ﬂ’?ﬂﬂ’]iﬂi%ﬁ]’]ﬂ
ndeumsanInsalal nawanaliiuinesdusenaundnvesdieg TiO, A Ti wag O
wazUSual Fe, Al uag Si uandlufiagns GS dmiuiege Gs/TiO, Hatiuduinilss Fe, Ti
wag O danmassnulanauued Gs way TiO,
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5.1.4 mﬁmiq:ﬁaanm%’mﬁamfaaaawgﬂaﬁﬁwaemnauﬁqmmaﬂauiwﬁmﬁu
Tnnulisulasanlen lnemaadaysemauanasudunsnse awnlnswns (FTIR)

MsisEsiann3L Wilensavaeuvyilerdu ves TiO,, Gs/TIO, wag Gs 1NLA3RY
Fosnsruanasudunsnsn wuin Tio, wandiiiuinisduasiiou Tio anpsudnweas
999 GS wansLauwaneanlendaniwaswaneanlyn/8an1 1nd 481 wag 570 solfuAuns
Faududnway Fe-0 v09 a-Fe,05 d1m5Uf19819 Gs/TIO, Usznousagailnasuae iy
duazifiouvos Fe-O uaz Ti-O

5.1.5 ﬂizﬁm%mwmsv‘hﬂﬁﬁ%ﬂﬂmmLLﬂm‘laané%amznauﬁﬂmmaﬂauiwﬁmﬁu
Innllealasenladsdanisaatenivasarsazalsuinsgrulaeslouau

nsaanedvesarsasarsinnsgdlaeslsuaulngagnautuiaanesindniulym
deulasonles saufunaidla lnemududuvesansazatslnazlouau 10 AfdL USuna
yosmsnznautiuIaTaneulndnfulnmidenlnoonlsdivingy 0.5 niusdedns uazszeviian
vasuFAzelnlananmlafind wiafu 0-120 uiil Welaifigsslag (photolysis) wuitlaesle
usugngosaais 6.25 Waslwud eldfnssufateon Tios msaanesiliiies 12.0 iwesivus
n&rniaUfAse 120 uiiiindu Bslundadu Gs/Tio, Sslifanssunisdenniinfianly
usIAFDEIIvNA UsAnsnmnnsaniefaveslaoglsuauresidue 1nnnd1 Gs/TiO, wae
GS fifin 73.6 Wosiwws wag 35.1 Woslwua nLaisy

5.2 UaLauaLuY
5.2.1 msnesauluviesgifnig

ATIdNYMLYIIT AR IMATA Y
- BET
~ MVUINBUYNA
~ NINTTATHBYNIA
~ 8%

AnwauTiviesuusdu  TuuFazelnlauenilafing
~ NAUBIUTUIUFI
— Havesn LTIy
— NAUBIAULTULE
—~ 18

5.2.2 nsussenaldy
msidaluimegrasaiietlugnisuszandly
Anwuamslumsuszendlussivgnamnssy
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Joint Committee on Powder Diffraction Standards (JCPDS) Card
No. 21-1272

JCPDS 21-1272 (anatase)
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Joint Committee on Powder Diffraction Standards (JCPDS) Card
No. 21-1276

JCPDS 21-1276 (rutile)
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0.94380 109.406 2.0
0.90720 116.227 4.0
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d [A]

0.90090
0.88920
0.87740
0.87380
0.84370
0.82920
0.81960
0.81200
0.78770

117.527
120.059
122.788
123.660
131.847
136.549
140.052
143.116
155.870
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Joint Committee on Powder Diffraction Standards (JCPDS) Card
No. 00-024-0072

Name and formula

Reference code: 00-024-0072
Mineral name: Hematite
PDF index name: lron Oxide
Empirical formula: Feo03
Chemical formula: FeoO3

Crystallographic parameters

Crystal system: Rhombohedral
Space group: R-3

Space group number: 148

a (?): 5.0380

b () 5.0380

c (?) 13.7720
Alpha (?): 90.0000

Beta (?): 90.0000
Gamma (?): 120.0000

Calculated density (g/cmA3):  5.26
Volume of cell (10A6 pmA3):  302.72
Z: 6.00

RIR: -
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Status, subfiles and quality

Status: Marked as deleted by ICDD
Subfiles: Inorganic
Mineral
Quality: Calculated (Q)
Comments
Deleted by: Deleted by 33-664.
References
Primary reference: Smith et al., ICDD Grant-in-Aid, (1973)
Peak list
No. h k L dJAlL  2Thetaldeg] | [%]
1 0 1 2 3.68600 24.125 33.0
2 1 0 ¢4 2Y03007 8 MU {00
31 1 0 2.51900 - 35.612 70.0
4 0 0 6 2.29500 = 39.223 2.0
5 1 1 3 2.20800 . 40.836 0
6 2 0 2 2.08000 43.473 2.0
7 0 2 4 1.84280 49.417 31.0
8 1 1 6 1.69660 54.005 36.0
9 1 2 2 1.60130 57.508 8.0
100 2 1 4 1.48730 62.385 22.0
11 3 0 0 1.45430 63.966 21.0
12 2 0 8 1.35140 69.501 2.0
13 1 0 10 1.31330 71.823 7.0
4 1 1 9 1.30780 72.173 4.0
15 2 2 1.25950  75.409 4.0
16 3 0 1.22850 77.662 2.0
17 3 1 1.19080 80.613 3.0
18 0 2 10 1.16450 82.827 3.0
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Stick Pattern

Intensity [%]
100

50

3 4 1.14160 84.870 4.0

2 1.10420 88.471 4.0

1 10 1.05710 93.554 4.0
2 4 0.96110 106.543 3.0
1 14 0.95960 106.783 3.0
1 0 0.95210 108.007 2.0
3 10 0.90900 115.863 2.0
1 6 0.87940 122312 2.0
2 14 0.84480 - 131.514 2.0
Ref. Pattbmy Hematite 00-024-0072
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Abstract. In this paper, the groundwater sediment/titanium dioxide were prepared via
a conventional calcination process using groundwater sediment from natural resource
at Pasao, Uttaradit province, Thailand and commercial TiO> as starting materials. The
as—prepared were characterized by X-ray diffraction (XRD), scanning electron
microscopy (SEM), energy dispersive spectroscopy (EDS) and Fourier transform
infrared spectroscopy (FTIR). The photocatalytic activity toward the decomposition
of agricultural residues (diazinon) was demonstrated under visible light irradiation.

Introduction

Deterioration of water quality has become one of the major problems worldwide,
especially in developing countries. Compared to conventional techniques applied in
wastewater treatment such as reverse osmosis and distillation, photocatalysis utilizes
light as an energy source to produce oxidative species such as *OH and *O2". These
species with strong oxidizability are capable of degrading recalcitrant organic
pollutants such as textile dyes [1]. Particularly, TiO, photocatalysts have been
investigated extensively for solar water splitting, CO> conversion, environmental
decontamination, among others. Its non-toxicity, low cost, and high stability make
TiO> suitable for those applications. However, the large energy bangap (Eg) value of
TiO2 (Eg = 3.2 eV) inhibits the absorption of the visible light, the largest part of the
solar spectrum, which significantly limits the solar conversion efficiency [2]. Iron
oxide (o—Fe20s3, hematite) is a promising material for photocatalytic applications
owing to its narrow band gap of approximately 2.2 eV, chemical stability and
nontoxicity, which absorbs light up to 600 nm, collects up to 40% of the solar
spectrum energy, and might be one of the cheapest semiconductor materials [3]. As
reported, band gap of a—Fe2Oz is indirect transition with energy (Eg) of 1.9-2.2 eV.
This band gap value indicates that o—Fe203 could be visible—light responsive and able
to be activated under irradiation with wavelength shorter than 650 nm. However, o—
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Fe2Os3 has a rather low quantum efficiency at room temperature, resulting from a poor
conductivity of majority carriers, a short diffusion length (LD = 2—4 nm) of minority
carriers, and a small absorption coefficient. Enhanced catalytic activity under visible
light by deposition of noble metals, doping, and formation of heterojunction. It is
noteworthy to mention, that the role of the dopant ion (i.e., Fe**) on TiO; is primarily
to improve the charge separation of electron—hole pairs via a permanent electric field.
The photocatalytic activity of the Fe®* doped anatase TiO. catalysts has been
explained in terms of the hetero—junction formed between the Fe/TiO2 and o—Fe203
phases. Such catalyst become very popular in photocatalysis due to its solar energy
utilization efficiency [4-5].

In this present work, to prepare the mixed phase photocatalyst between modified
natural groundwater sediment and commercial TiO2 by treating at high temperature.
The prepared groundwater sediment/titanium dioxide were characterized by XRD,
SEM, EDS, and FT-IR. The applications of prepared photocatalyst for
photodecoposition of agricultural residues have well been documented.

Experimental Procedure

The natural groundwater sediment was used in this experiment obtained from Pasao,
Uttaradit province, Thailand, mainly exists in the mineral form of iron oxide (Fe20s3).
The elemental composition analysis of the natural groundwater sediment was 60%,
18% and 15.5% for Fe20s, SiOz and Al2O3, respectively. It can be seen that the
natural groundwater sediment mainly consisted of around 60% Fe>O3 as reactivity
component. The sampled powder was milled and sieved through a 200 mesh screen
and then used in the experiments. The modification process to change natural
groundwater sediment to a—Fe,Oz was provided by calcined at 600 °C for 1 h
(denoted as GS). The mixed phase Gs/TiO2 photocatalyst was obtained by mix GS
and commercial TiO2 (98%, Loba Chemie, India) with the mol ratio of 1:1 and grind
to homogeneity. The mixed powder was calcined at 800 °C for 1 h under air
atmosphere condition. The phase transition, morphology, element consistent and
functional group of prepared photocatalysts were investigated by X-ray diffractometer
(XRD, JDX-3530, JEOL, Japan), scanning electron microscope (SEM, JSM 5410LV,
JEOL, Japan), energy—dispersive X-ray spectrometer (EDS, Inca 6647, Oxford,
England) and fourier transform infrared spectroscopy (FT—IR, PerkinElmer/Spectrum
RX I, UK), respectively. The photocatalytic activities of the Gs/TiO, were evaluated
according to the removal of the model agricultural residues diazinon solution. The
photocatalytic experiments were carried out by adding 0.05 g of the Gs/TiO2 powder
into 50 mL of the 20 ppm diazinon agqueous solution with 1.2 %w/v of H>O,. Before
the irradiation, the solution was stirred in dark for 30 min and stand for 30 min to
ensure adsorption—desorption equilibrium. The suspension was then irradiated with a
72 Watt LED strip in a black wall box. After the determined time intervals, 3 mL of
the irradiated solution was sampled and centrifuged for 10 min to remove catalyst
particles. Next, the supernatant was filtered through a 0.22 pm filter, the remaining
concentrations of diazinon residues were measured with the spectrophotometric
method using the PG Instruments—T90+ UV-Vis spectrophotometer (UK).
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Results and discussion

The crystalline structures of TiO2, Gs/TiO2 and Gs were evaluated by XRD. As shown
in Fig. 1(a), diffraction peaks were attributed to the anatase (JCPDS no. 21-1272) and
rutile TiO2 (JCPDS no. 21-1276). The results indicated the commercial TiO, was
mainly composed of anatase and rutile phase. XRD peaks of GS (Fig. 1(c)), can be
indexed to the mixed phase of a—Fe>O3 and SiO». Presence of diffraction peaks at 26
= 24.1°, 33.4°, 36.0°, 40.8°, 49.4°, 54.0°, 57.5°, 62.4°, and 63.9° were in good
agreement with the corresponding (012), (104), (110), (113), (024), (116), (122),
(214) and (300) diffraction planes of a—Fe.Os, respectively (JCPDS no. 00-024—
0072). Interestingly, a phase of a—Fe203 are further increased after thermal treatment
at a proper high temperature (calcined at 600 °C), leading to the further enhancement
of its applications activity [6]. The Gs/TiO2 (Fig. 1(b)) exhibit diffraction peaks at 20
values of 25.3°, 27.4°, and 33.4°, indexed to the (101), (110) and (104) planes of
anatase TiOg, rutile TiOz and o—Fe>03, respectively. Some small peaks were observed
at around 26 of 26.6°, which consists with the diffraction angles of SiO2 (JCPDS no.
01-085-0795). To the best of our knowledge, SiO> is generally regarded as a kind of
inert material [7].

-l | oc-Fe2O3
—— TiO, (Rutile)
_ - TiO, (Anatase)
= 2
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Figure 1 XRD pattern of (a) TiO., (b) Gs/TiO2 and (c) Gs.

SEM images of TiO2, Gs/TiO> and Gs samples are presented in Fig. 2. TiO:
samples consist of the irregular in shape and agglomerate particles (Fig. 1(a)). TiO2
particles have a length up to a few hundred nanometers and are arranged in various
directions. The GS morphology (Fig. 2(c)) is in the form of micrometer—scale and
irregular in shape with the average size of the about ~0.3 um in width and length. By
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treatment with the high—-temperature process (Fig. 2(b)), the Gs/TiO. particles were
mixed and agglomerated between TiO; and Gs.

Wy 000000

Figure 2 SEM images of (a) TiO, (b) Gs/TiO2 and (c) Gs.

EDS results of elemental analysis of samples were shown in Fig. 3. EDS illustrated
that the major constituents for the TiO2> sample were Ti-and O (Fig. 3(a)) and the
content of Fe, Al and Si as shown in GS sample. For Gs/TiO> sample, the results
confirmed the presence of Fe, Ti-and O elements corresponding to the mixed phase of
Gs and TiO.. It should be noted that the interaction volume of EDS analysis is a few
microns in depth from the surface over many particles [8].

0 1 2 3 t 3 Il o 1 b 3 4 5 &
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Figure 3 EDS spectra of (a) TiO2, (b) Gs/TiOz and (c) Gs.

Fig. 4 shows representative FT—IR spectra of the prepared photocatalysts in the
range of 400-3500 cm™. The peak of TiO; in Fig. 4(a), broad peak with high intensity
observed at 500-800 cm! is attributed to Ti-O vibrations [9]. The characteristic
spectra of GS (Fig. 4(c)) show the band of iron oxide, silica and iron oxide/silica. The
bands near 481 and 570 cm™! which are attributed to the characteristic Fe—O of o—
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Fe,Os. The band at about 1105 cm™! which are attributed to stretching of Si—O-Si
group. The presence of a shoulder observed near 645 cm™! for the modified samples is
attributed to Si—-O—Fe bond [10-13]. For the peak of Gs/TiO. sample consisted
vibration bands spectra of Fe—O and Ti—O as shown in Fig. 4(b).

(@)
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Figure 4 FT-IR spectra of (a) TiO», (b) Gs/TiOz and (c) Gs.

Since adsorption and direct photolysis may contribute to the removal of diazinon
residues, it is necessary to evaluate their influence on the photocatalytic
decomposition of diazinon residues. The UV-Vis absorption spectra of the reaction at
different reaction times as shown in Fig. 5. The figure shows that the absorbance of
diazinon residues solution was reduced by the irradiation time increased. This

indicates that there is a decomposition of the diazinon residue on the surface of the
catalyst.
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Figure 5 UV-Vis spectra changes of diazinon residues solution after 0-120 min
irradiation with the presence of Gs/TiOz photocatalyst.

Photodecomposition of the diazinon residue over the TiO, Gs/TiO2 and Gs
catalysts are shown in Fig. 6. The absorbance of diazinon residues at its maximum
absorption wavelength (247 nm) was measured to monitor the concentration of
diazinon residues as a function of time. Whereas under visible light irradiation for 120
min in the absence of the photocatalyst (photolysis), 6.25% of diazinon residue were
decomposed. The TiO- catalyts presented only 12.0% of solution decomposition after
120 min of reaction time. This low catalytic activity by TiO2 because of TiO2 only
works well in the UV range due to its large band gap (3.2 eV) [14]. What’s more, the
Gs/TiO2 exhibited the best photocatalytic activity among all samples. The
decomposition efficiency of diazinon residue over Gs/TiO2 and GS were 73.6 % and
35.1%, respectively. The results of photodecomposition measurements indicated that
the photocatalytic activity could be enhanced effectively by the mixed phase
preparation of Gs/TiO>.
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0

== Photolysis
—— TiO,
=@— GS/TIO,
- GS

Decomposition (%)

0 30 60 90 120
Irradiation time (min)

Figure 6 Photodecomposition percentage of diazinon residues solution in the presence
of TiO,, Gs/TiO; and Gs catalysts under the visible light irradiation.
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Langmuir—Hinshelwood Kkinetics is the most commonly used kinetic model to
explain the kinetics of heterogenous catalytic processes. Several experimental studies
indicated that the destruction rates concerning photocatalytic oxidation of various
organic contaminants over irradiated TiO> fitted the Langmuir—Hinshelwood kinetic
model [15]. The values of rate photodegradation constant are equal: 0.0006
(photolysis), 0.001 (TiO), 0.0102 (Gs/TiOz), and 0.0035 (Gs) mint. The plot
In(C/Co) versus t describes a linear behavior as described in Fig. 7. The correlation
coefficients (R?) indicate that the photocatalytic decomposition of diazinon residues
follows the first order reaction. The slope of the linear regression equals the apparent
first—order rate constant k [16].

0 30 60 90 120

. "~y = -0.0006x
-0.1 1 —f— ﬂ R2=0.969
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031 R2 = 0.9955
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§-0.9 | ¢ TiO,
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' T R2 = 0.9557
15
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Figure 7 The Kinetics curve of photocatalytic decomposition of diazinon residues
under the visible light irradiation.

In this photocatalytic process, the contaminant is exposed to UV irradiation in
presence of photocatalytic particles, with the mechanism of the photocatalysis as
follows [17]:

An electron excites from the valence band to the conduction band of photocatalyst
(Gs/TiO2), generating an electron—hole-pair with visible light:

Photocatalyst + hv — Photocatalyst(ecr + hvp*) (1)

The generated photocarriers of valence band hole (hw") and conduction band
electron (ecr ) can participate in the reactions with O, and H2O to generate reactive
radical species such as *O2" and eventually *OH:

H20 + hyw" — H" + «OH (2)
O2+ewp — 02 3)
*O2" + H20 — H202 4)

H,0, — «OH ®)
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The *OH produced from the photocatalytic process for decomposition of diazinon
residues to CO2, H20 as follows [18]:

*O2" + diazinon — diazinon—OO0* (6)
*O2 + HO2¢ — H202 + O2 (7
*OH + diazinon — CO2 + H20 (8)

To increase the efficiency of solar decomposition of diazinon, GS (a—Fe203) can
be combined with another widely used photoactive semiconductor —TiO2. The main
disadvantage of TiO: is the fact that TiO- is photoactive only for wavelengths below
400 nm (Eg = 3-3.2 eV). However, TiO2 can act as an electron-hole separator and
thus reduce recombination [19]. Interestingly, the light absorption edge of TiO could
be extended to visible light region by modified TiO2 with GS. The improvement of
optical response was attributed to the small band gap of GS. Furthermore, the
photocatalytic performance optical of GS was better than TiO2 which because the GS
might absorb some visible light by itself [20]. The schematic mechanism for enhanced
photocatalytic activity of the GS/TiO2 under visible light irradiation can be illustrated
in Fig. 8.

Visible

N

O,
e e e e e e f
ebe |1 12)

e el e Diazinon

GS (Q’Fezos) residues

\ FHOS |
v /oy, -OH CO, + H,0
+ + . + ht ht ht  h*
L i 1 s ‘
H,0

Figure 8 Schematic mechanism for enhanced photocatalytic activity of the GS/TiO>
under visible light irradiation.

Conclusions

In summary, we have developed a low—cost natural groundwater sediment from
Pasao, Uttaradit province, Thailand to prepare a GS/TiO photocatalyst of advance
oxidation technology. The GS/TiO2 photocatalyst was achieved by a simple
calcination method. The obtained GS/TiO> photocatalyst exhibits photocatalytic
properties enabling visible light—driven for decomposition of agricultural residues
with the apparent first—order rate constant k = 0.0102 min!
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