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(Chemical Synthesis of Cerium Vanadate Nanopowder

for Photocatalytic Degradation of the Insecticide

Diazinon)
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uludiFanwniangUsnindreiaunsadunievldlneitlalasinesuealnelifes
THmuman arsiadiifusiitie niensmiuaaled navesszozinalunsdaunsizide
UsyAvsnuesUfAsoinlauanilafndgniniiauifisudu nandaiddaameitugnii
n1sfnednvuganislaonalaangganunsntu (XRD) maAiAndosganssmy
BidinasauLuUdeIniIn (SEM) madianisinnisnssatendaiuawnlnsalal (EDS) uay
walayisesnsuanesusuisise aldalvsalad (FTIR) dwmsunisusziliudszansamues
Ufnselnlawanilasindniglanisaiesedyd (UV) gashusaslaeglyueu (Diazinon) gnld
Guansuafiviifudaunn @iSsuununanandusiidanmzituiliasaiaduuunnsy
Tnusavunuily TnguiludiFemnuianiidaaszigamall 180 ssmwaieafunan 8
Falua fluszansanvesufasetnlauanilaindlunisaarslnezloueugegail 78.38
Woslwus wavAAITsnsdegail 0.0191 Aeundl aneluan 90 il



Abstracts

The nut-like CeVO4 nanostructure was successfully synthesized by the
template free hydrothermal process without chemicals assistance or calcination step.
The effect of synthesis reaction time for photocatalytic activity was compared. The
products were characterized by X-ray diffraction (XRD), scanning electron microscopy
(SEM), energy dispersive spectroscopy (EDS) and Fourier transform infrared
spectroscopy (FT-IR). For evaluating photocatalytic activity under UV light irradiation,
insecticide diazinon was used as a representative pollutant. The synthesized
products were according to tetragonal CeVQ4 nanostructure. CeVO, nanostructure
synthesized at 180 °C for 8 h and showed the highest photodegradation of 78.38%
and the highest apparent rate constant-of 0.0191 min " within 90 min.
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uni 1
UNUI

1.1 AnudunuazaudIAyuaIn1sive
Tuussaansfiveneg udwindey asandananisineasiornduasfivlseinnid
mnuufivgeieddidin famingnsindiedndusminfifinisiodmauasnssudundn
Tuthgiuilidagieslsdsufinislideinivioasunudnsgiiv faanaiaiivadudoudma
Tiammidemededinuasdwanden lnogluueu Diazinon) luasidauuasnguesdun
Turleawniideldunsateiiominyssansamlunistidauuas mae @29 nuoumes us
annsonnénseglduunalusT TR uasnanARnERT NIAsdna AT dud
Waulaludagdu
UjAselnlauanilaindlidsgaarmaulavilanidesamnisfiddnenimlunisuas
wiuuasefindunliliiAnuselevivardadumalulad@ider “Green Technology” #ign
thaldegnsniansdmsumssndelu nmsdosaaeansuaiivduniduasiidmins Tu
UFAs I lauanlafing arsisshagsmdiduansiuseieuas arsieiahiasgady
wasmeldannefithiuarsondautslunsuanlensandaoyyadas sidauaunsolums
é’ué’j@%uw%é W enginwilas asidndngie Wudu (M, et al, 2013)
wsLd550als3uAs (Rare earth orthovanadates: RVQ,) 30871901 TL38U31UAR
(CeVOy) WumshssnhmPueuiusuasarsunesesnlas Tustleviegiaguiosan
antAmaluihuazamantimaduasinss aunsadlldduiantalwi-lugunsaifid
AuansalunImuANLANTY N13desHy n13panau a1sfeauy (Electrochromic
materials) uaglfiduansinsdul fasetnlonanlafind SiFsunuuendunsyuauding
Y99a13 2 fudwneiufe andinisdnnulessuninuyaaeaniuifeusenles (V,0s) uas
audRfiiniawasvesdiSoneanles (CeO,) (Sheng, et al, 2009; Shah, et al,, 2015)
dmiuauided arldinnsdaemsinsuludBouuianUssansamgedmiy
UFAselnlaua-nlafndifioaasansmiauuaslaerlovey vonanidngl@dnuauds
VANEAN UAENIUATVDIRIUNUTLIEUIUAN

1.2 InnUILaAYaINTITY

1.2.1 WieAnwnsdauaszinaunludBoununanlagianaad

1.2.2 WeAnwauTanamenin wazausiniaas vemesuiludizonnunen

1.2.3 oRnwUszansnnlumsaatsansindauuaslaes lsuouresmeulugionanu
AR



1.3 YaULUAVDINISIVY
1.3.1 vauwaauUsznny/nguidmne/dlvdeyandn
N LU B TU L ARFIATIZILAEISNILAL]
1.3.2 vaususuds/aeuaguiion
(1) Yinnsdaasizgrsunludissanuianlagisniand
(2) YINNSUIANHAULLANIENINIYATN LaENIUAT VDIRIUTUTBLTIUIULAR
- wadadndisdanunsady aunlnsalad
- WAlAaNSIABLANATEULUTEAINT A
= mMATANTIANIIATERNENASUYDIFIS)

- wadaWiseinauanesuaunLIe alninsalad
(3) vms@nwdfizentnlawpnilafndlunisaansansimdnuuaslineslsusumens
WUBFEUULAN
1.3.3 Youinsiuiuiinaysves e innisian
YoUIRFUNLT © = HosUFTRnTS
STEEIMMINMTATY § 1 panAL 2560 — 30 Mg 2561

1.4 Usgloniimadnazldsuainnnsise

1.4.1 annsadamsziuasimunnanludFenuinedilszaniamgs Tngismaned

1.4.2 anunsaaarvansnmanusatineslaueunisd fAselnlauaniladnd lasgned
Usgangnm

1.4.3 1A wdaldlud segndiaziauinan fasiaareansiidanuadlaeslouoy
UsyAnBnngs uioldluiiufiinuasmingasand Tneintassuaymaensusiuiony o
ANNIWAUTEYINU

1.4.4 ANUNSOLNELNIHNAIIUNINTINITIEAUTIA WaL/50 SEAUUIUIYIR



unim 2
LNAITHAZIIUIVLNINGIVDY

2.1 loazlausu

lanazlouay (Daneshvar, et al, 2007) (Diazinon; 0O,0-diethyl O-[2-isopropyl-6-
methylpyrimidin-4-y!] thiophosphate) {uansidauuasiigniaildunsnaanusd .a.
1952 A1ELNS1ETUAIU1TaTUTIN15Y 191U oulsiosdfanaoduLadneLsd
(Acetylcholinesterase) Nilunnasdiuluglas taeglo-uowduasiniinlaannsdaunsigi
I laNa= o 6 ) e a \ a ¢ A & aAa  a
Juvewmanlufidgdeduiniady lifindu livadhdeusealiihading wazlirase@inan 2-4
dUnt gninUszinnlngasdnisoundielaniiedlu “Moderately hazardous” class |l
wigunsuRavausuanuduiwlulng fe diineusmznssuniseniswaze laagly
wougninlieglunguarsialidunsioniu nu. AUATEILTINU W.A. 2541 uazdudng
o A A o ™, Yy v A& a I a ada N
JuATIBYLAT 3 11U WU TAQIUATIE W.A.2535 Aaiduduidufivdedelidinludimindy
350 wlunsusedns AaudutuiiluRvieuywdeglugag 90 Gv 444 Tadnsusoflaniy
Toazlausuraudenazarginlad wasmssnnstududeunduidunisvuileuluinldfu
wagtiAud il laswasnnuetvedlaeylwuouianasiagui 2.1

ph CHa
S N
(AN 3
el \““0 -
0 CHs

O
m
@

sUil 2.1 Tassaramaniivesinegluusu (Daneshvar, et al, 2007)

2.2 HF3PUNUNAA

Fi3vanuan (Cevo,) F3uuillelsinuilanos Ao 1Ce (0.19%), 1%Ce (0.25%), 1“°Ce
(88.45%) waz “Ce (11.11%) dnwudsulugusonlesifusussujisonlssuanvanls
uniflesanmsiiaujisenlfiluarsufizevulunmaiineondinduveddnsidu fise
Ug’jﬁ%mﬁﬁ’;wmLasmaaﬂiezjﬁiamﬁ’u%ﬁ'amﬁwmmﬁm nMsSeuiisuluguues V,0s,
CeO, WAz VOx/CeO, uandlifiuiluanandsdinsAnu§Asondidnings 2 w i5eannun
AngNa31sTulLNTEUIUNINANNAIUTENINNTEUY VO/CeO, lnnautifiinaulaiifse



mMaAnUFATeN nslassairanagmain§Atewesszuuiiuinaamsduiusiunganay
lﬁLWaimjﬁﬁmmmmsaLsziwﬁmﬁuﬁwuiuﬁuLiaﬂﬁﬁ%m (Ma, et al.,, 2016)

Fi3uu21unAn (CeVO,) Aoanshadnirifiuuuuinminiy 3.1-4.2 Sidnnseulad
annsalduselovildnarnvarsidulfifuiagmalniuasdisailosie aud@nanieiiu
Tlsnsifusage (Fan, et al, 2016) B3pu1unaniinsldaufiuansisiufietaindu
Homnauanifivnafusaufiten was windn warlwihiduendnual venainidGenn
wwAe §eanusaaatslsyauintasyseauvesddousiuisansusenaudunid wu fues
(Phenol) vSauug (Methyleneblue), azdwauLsn (Alizarinred) oa15ud3 (Orange G) \Ju
i (Phuruangrat, et al., 2016)

(%4 e A
2.3 NFEULATICUYLITUINUINAR
o e 7 ad a v dy
MIFUATIVSLNUNAN a1NTadNAT I lALne TN ATAwalUL
1. F5anuzveanta (Solid state method) (Garg, et al,, 2013) FBULTIBNTURaAIFY
A [ < o o e~ a A o9 va a
flanuziluvendsnmnuiasidnisunneumgigunailimiansiuaeuna
2. A8annyneuiii-(Co-precipitation method) (Banerjee, et al., 2014) 351l4ns
anagnaualTnnulusUatsarareuazldnisngungasieviliifinn1sdeuma
LN Verr ARITEL DRITGIN
3. F5lalasivesuea (Hydrothermal method) (Fengzhen, et al., 2011) F5uldAniou
wagauAugIlmAansduesettussuunivuuiainagans auisonivauma U9
LAy UUINBUNALAR
o A ! 1% N - 9 wa
wennidaiinseansdey WalululuanavedBuununaniiion1suul naaudn
U99819610

2.4 nmsaatarsindaudas (lnagleuaw) dreuinsenlnlawanilannd
2.4.1 Ufnsenlawanilafing (Photocatalytic)

UFAseTnlawadl (Photochemistry) iuugAsenilduasdumnsedulananaves
A13hazaniin1InseAusWAUMLANIGaALET 151925enURse1ReNa1371 U§ATenlaua
anlafind (Photocatalytic) Falagun@udujAzedinanazdesusznausuiauanidas
WAL 11 upzufaoonBiau nanafaguil 2.2



Harmful -
S ¥ Light Light

X starch+0y
WO Organic compound

sUfl 2.2 Ui llaupnnlading (d10) waglwlaedl (¥27)
(http://www tipe.com.cn/library/kb2501.htm)

2.4.2 nalpvasufnselnlauanilasing

Uinselalauanladng lunsvitaansdundslaeiiiludy azidnainnnsd
Uihaihvesansussanlilauanaan fsvesing (Hole) awiin fiteneendinduiiulansen
ladoou (OH) uazth (H;0) hndulensendasinea (OH®) uasisineaddu diwiiusin
Avesansuszian nllauanidan nididnnseuszinUzeIdnduiueendiau (0,) hady
gUieseonlyn Sosulshnea(0,) wWeslansentaisinea (HO®,) uaglalnsiaudesaanled
(H,0,) AU ARTIsziNA (H,0) flugtieieerlidasusieea (0,*) Tnsaunsn
\inlensandaisinea (OH®) 198n

Turagianngninfaoendaulitiyme sxvililusneu (HY) Fufnainnis

Y H 1% U a a [ a [} = {
wandivesn Wansudanasew unuialulalnsiausdnea (H?) lngainnisfinyr wui
lalasuisinea azvimviidudireenduauinanluufiselnlauenilafing iesain
lalasiousinea Wugsnilwenasiinugnsen

Wasanlansandatsnraa (OH) Lazaodi19nIva9skAnNEad Jaulmidy
Usgquan n1seendladvetesineiulensenlundoeu wuiinlansendaisinea uay
Yz UYL TRNT ladiuaTBurEdniy uansiegun 2.3



. Light
Organic

t‘Ompounds\ Electron
9 7‘9 Conduction band

Band gap

h

oxidstion Hole Valence band

e

CO,.H,0 Photocatalyst

sUit 2.3 nalnuiisealilaunsiladnd
(http://www.tipe.com.cn/library/kb2502.htm)

2.4.3 MmaiaUfisereendiatuvasufnserlvlauanmlasing
Aald 2 NszUIuN1g Ae
1. nsiinufiseneandinduvesresinsivlansanlendesy (OH) uwag
i (H,0) Aalulansendaisinea (OH®) wasUfiseT3rnturediinaseufiveandiau (0,
wislalasiau Boeu () naduglileseenladdesumsineg (0,) wWoeslansendashinea
(HO®,) v3n lalastauisinea (H®)
2. NsAnUJTe100NTaTUYRNAITUNT

gNAARAUUYDIIY (hole)
o a 6 > gj a aaa a 6 1 U =
YBIFINARIGAR fatu N1sinufAselWlanelanngd wudl AU4

7
A L lﬂl a =
Asewaniliin Aelansen

9
Y
3

¥
aan 1 1 1 [ a 6 v I
Ju

Fawsinea (OH®) Aua1saunse daun1siinUiisesenineeinaiuansduniduu +

UfiSenses duintuldiioand
A

D
\' D'i'

Redox Potential

+

gﬂﬁ 2.4 nalnnsiinuiselnlawanilasind (Ren, et al,, 20017)



2.4.5. Ujisemsaatgansindnuuas (lnazlousw)
freg1aufiselnlananlafndlddsdoan-lua (ZnO) WuRLssiIEuas
wanaraaunseelull (Daneshvar, et al.,, 2007)

Zn0 + hv — ZnO(eCB_ + hVB+) (21)
he™ + @15A90kUAaY  —> AISERYA7 (2.2)
h\/B+ + Hzo — H" + *OH (23)
hygt + OH® — °OH (2.4)

Fesussldfuuasdidnnseuarnsslanazauduius (vB) lugaeusnduuuud (CB)
as1sleafinnauduuus (hyet) Iaaﬁmmsaﬁmﬁﬁ'%mﬁ’uﬁﬂé‘lamaﬂ%aLsﬁﬂaa (*OH) @3
*OH anansoaasansiinusasld drudidnasouiinendnduuuus (ec) anansaviufisen
fueendaulindnsusiaaiedu *OH wuiy

e + O = 0, (2.5)

°0,” + FSMAALLAY . —> NI5AAIUNT (2.6)
*O, + HO,® + H = H,O, + O,
*OH + ANSNIIABUAT  —> AISEANYF

2.4.6. nalnnisaaenlvesaIsnIInuNaslnaslwuau
nalnnsaanefvesasindnuuatinazloveu uansdsgun 2.5



Wo—, i’) W o—, f (3b)

0—p—0 (Mr=318)

- ' (Mr=320) o—| (Mr=306) o—| (Mr=304)
LI e ﬂ :1 —h aH —
3
e ——
. 4 o /.
i ! y Hi e Hye
b - CH,
" ™ @) (3a)
[ T Y Hyl—
l A Nl L sy
v ! 4 ; :"" - #
—HN CH, " ™%
(1) T i 11
{Mr=152) f’r\: <C“' o i fi &
e HE  cp,
Hm-—-«,\ T {10:,

tH,
Hy

JUN 2.5 danalnnisasiedivetasminwiasinezlaueumeudisenlauaniladingd
(Daneshvar, et al., 2007)

2.5 wsaadnasdanunsnlnfines (X-ray diffractometer, XRD)
wioudnassinunsnlafines (X-ray Diffractometer, XRD) 18 uin3asilofildlunis
Amszimaniuuulivhatef1eg1s (Non-Destructive Analysis) @unsavilgsaiiasiesy
519AEITars s (Sequendial) Wisdisssinatssianeuiy (Simultaneous) Ina1fe
vENMSAEULTeSEsNd iarnwwisafulassed enan (Crystal Structure) MsAse
moefUsENoUeIs1AANT luarsralui@enninwiiaseyt (Qualitative Analysis) uazid
USu1awiAs1e9 (Quantitative-Analysis) m%ﬁaﬁﬁmmﬁﬁmmnSLuﬂivmumimmu
ﬂmmwmsmam amsumnﬂmauumammmuLLa AR ST U ”Lum UIUATTHUATIEI LY
Funousineg Fuius 29dunn, 2567; witu eusavs, 2533: Isdna 9aufa, 2543)

2.5.1 wdnn1sinuvaasaudnwssanunsnlafiwas lneduanudoulassed
nszualiiinussdugs (High-Tension Transformer) siwiinfiudesnszualiiindlugsdn
welnalildZoudu dnmseuludufumunutuuinald faiurmusdndsenindaualna
wazuolungetu yilididnaseuladrlusuith (Target) finsUanudesfadidndoonui
mMantssiivagsiueiadey vasnssdidndiinatsrinSuntenurinvedlansiildvia
wolum W lauddy (Mo), Weawmu (W), Tasilleu (Cr), Tauea (Co), [¥u (Ag) wazindn (Fe)
FaazliSdidndiinuenindusneg fu fafufemsdenldlinuisauiuarsigesnis
neilneinludenldmeauns (Cu) slimnuenrauwindy 1.542 Ssanoy aviig Ky uag



Kp dmsumstianeitimusidudeddfadiindanuenaduien (Monochromstic X-ray)
FatuSadadldusunseauduiiondn Kp deliuaeifias Ky 9819187 N15180nuiunses
winaasidenliunzay fuslavasniadidndlasgandrdulssaninisgaduma (Mass
Absorption Coefficient) NTTIEENT Ky %Qﬂﬁﬂﬁﬂuﬁwm%’qﬁﬁﬂ%ﬁLmuaﬂmsﬂmaa%
uadn a15adisnafiiulaneslauaanszannsznuatuuiieg1s Ssialitunnuvedlnile
fiwed (Goniometer) SadfiaviounadusufogsasiulUs3inW3sadn wazdilulumiedu
doyeyrnseanunluguuuuvesanusnduuansnUdTUsTENIN 20 WagA1ANUtLYeISYE
L.Lamﬁﬂgﬂﬁ 2.6

“X-ray Detector 8

) & ]L Collimators

V=N \29

a N S

| = = = \

N r,,/’ w, “’(,rystal

] | Matched
filiers

U 2.6 vanmsvhaueuaseadneLsEAnuNsnlaTlnes
(http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/bragg.html)

4
a a ¢ £% aaA

2.5.2 duinvassedondg FaaenggnAunulagiuny e w.A. 2438 JuTenedilan
v a a . v A & @ o aaa va < = 1 <

§9813utnu (Rontgen Ray) Sedtandilussdniamandddunduudmanlaia
(Electromagnetic Radiation) LARYIUIINAITUAAUADINAIUAIULAY NIENAINTITANDTURNT
Asemneiaedssvatazneuvessinusnatulnasuesdidnnseu (Electron Shell) sinazdl
AueIPauluYI9 0.001 d9anau 4 100 deaneu Tuwauanasuaauwvantuin wana
(% a" o [y} 1 3 v oA @ e‘gj v a /XY 1 1 v a & 4
AagUN 2.7 dmsunumenmlulasmesdidnduu dninermansladanuigiunesdediand
ndnwagnstdnull auenuauisalunisgansalmsossaunasuldatanmlulag

AINI519 2.1
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- Energy increases —

Short wavelength Long wavelength

[IAVAVAVAVAVAVAVAVAN

107 nm 10%nm 1 nm 10° nm 10" m 10'm
l l | A | | |

e———

Gamma rays X rays Ultravioler i Infrared Microwaves Aadio waves
> Y T T

T ' T 1 Y = T T T
10Kz 10%Hz  10%Hz  10"™Hz  10'Hz 7 S~ 10YHz 10" Hz 1041z 10%Hz 1042 107Kz

High frequency ‘4__'// o - ~ Low frequency

Visible Fght
o g
7% 10" Hz 419" Hz

JUN 2.7 avdnmsuaduuaiuaningi

(https://www.miniphysics.com/electromagnetic-spectrum_25.html)

A15197 2.1 SEAUNSNIUISIFB NG

WAIIUVDI5IALOND H29AUE1IAAL

1. 58dndndsaugn (Ultrahard X=ray) Haust 0.01 Ssamou Fuld
JEAUNANU 124 keV

2. $@dndwaanugs (Hard X-ray) gWing 1.0 daamau 04 0.1 dsamey
FEAUNGNU 12,4 keV — 124 keV

3. SEBndwSus (Soft X-ray) ¥ 10 89@mou D9 1.0 93dnan
FEAUNGNNU 1.24 keV = 12.4 keV

4. $ESndwdaTusian (UltraSoft X-ray) s 10 Ssamou July

(% [

FELAUNANIU 1.24 keV

2.5.3 N53UUNISNATIASAG S985n9 awsaiialiainannzmsdsunlas sedu
WEuvesernonldnansid AN IRNSITITIRIINNNTERNEE e sEnsRuTUnSE
wazayudkanTuInnalamBidnnsetind nanie Wessmenld¥uniansedu (Excite)
WasusrRunduiitnansenulaenssiuusnatulaessidnnseuvesesaey 3 uduuina
voniedvasenunnisansesundsnuannzunilaeinaveseyney laifinisiuasuulasiu
\HunszuunisUan-vdesndsaudiuiu ndsnuiivanUdeseeniniiionit $d8nd urdn
anmezdumsnsydulformendsussiundsnuinluiandea n1sansefundsnuganio
UnAvsndnedoa udilanUassrauwindnlniiesninezBenia Sdunuun Sadveaes
siindaflnnantRmiloutu sefuilundsiuie dvduidisnd Sanunsoudsoonidu 2 via
aunsyUIuNsUanUaosndsnudiuiuainesnenuinatulassidnasou Ae

$93Endianiz s (Characteristic X-ray) fidnwazifudedidndAdngenuien
(Monochromic) sziinannnisansziunasuiiuiuen
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v N & 661 A . A o @ v A& saAa o ' =~
Feddndriaiilos (Continuous X-ray) Adnwuziluedidndninduseiiio
N3¥LINAWIGATIAEIEA UATATENTY Indlasunn3n nTzuIunsvenislanydes3ad

Wndvisaesuiindinalngisil
v a & s Y .. L4 a v ag 3
- ¥dnYLan1zal (Characteristic X-ray) Usingn1sduean1sinaseadlon
a & a X 4 aa = o d' = @ 4 Y Y

yilall IinTuiledidnnseursoayn1Aniluseauy vielnnaundsnugaafouiidinyuiu
diinaseu lurdlaastuluvesdidnason wu du K 4u L udiaigloundsnulidiannseu
didnaseulutulaesiildsundanuinduiundanudamieivestulaasasnanoaniainig
lnasiinfidnsvesdidnaseuluidlaasiy iliesneuegluanisiinszdusazazanszdiv
WdMuasdanzUnflutinradudu lagdidnanseuvenslaastudneenliazanseiu
wiuaunlivhdungeudamiiglvendaastuly Mmensvandaesndanulugused
Wndoanluudidiuunuiinalaastuly ndwuduiules edAUuaULANAIUDIsEAY

(%
a =

wEauBamienanzsmeiatug dndeanuanize faiu SddndelailiditeFond
Sddndlannzda (Characteristic X-ray)

- $s@Bndsialileq (Continuous X-ray) Us1nn13aivesnsiinfedidnd
seiflea (Continuous X-ray) 1AnIINBiannsoundsiniguaauitgauugass (Coulomb
Field) Ushadlnatuadeaninunuisuuresauulifinadinilvdiannsougydendanuegig
sz UapesSedidndonnul 138n30 Bremsstrahlung %38 Breaking Radiation
AouiiBidnaseulsugll asvhsumsizofvaunuliivuinalndiandeaiiinanysyqued
DEADY 5Lﬁﬂmau%qﬁyLﬁawé’qmumad’auiﬁﬁuﬁjuﬁaﬁuaai’mqiu%ﬂummﬁﬂﬁi’m‘] g
Heunnminsziinesdiinasou Mtunaniuvesd iBndfiintuisfidnisnssane
seled Mnndsuignsgeantesdinaseulgund d18iannsoulgugiingdanuge
woflaznszduliBidnnsauluadlarstuluveserneungroantd Aazifnfsdidndianizen
Usudeusgiuanniuvesisdidndsaiiionate uansfagui 2.8
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4 Number
of X-rays
& Characteristic
X-rays
©
Bremsstrahlung
1 2 -
10 20
Photon Energy (keV)

JUN 2.8 awlnmsumailouazannnsuemgiiuesssdiand
(https://study.com/academy/lesson/characteristic-vs-continuous-x-rays-properties-

comparison.html)

2.5.4 Madeauuvesiedidng iag adBndannsenuivdhuomdnlaevigm 0
Veduesddiindazinnisnseidsdasdunesaraes i ningndruvesdrsediindazrnu
TSt 2 vasoznon Faunsdinufaviinnisnsads wazaruiiasfaviluddy 3 ves
oyme LAnIfagUR 2.9

BRAGG'S LAW '
1A 1

A " Y
> t\c\v wi = 2dsinl) ar

a & A =
3'1]1" 2.9 N15LAYIUUVDITIALDNYINNNAN

(http://www.veqter.co.uk/residual-stress-measurement/x-ray-diffraction)
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Fadnnszidteenaneznauniianig drulnggninaeniesaannszininesney
auq ag19lsnnnu Wessddndninue1nduneInnamIuus T INAN BN TVINTA

FadnnszidseonuninnIsE@suAuNINNI1ANE19 Y 92138nUsInN1salian N1sEeIUL
(Diffraction) waz3IA@LSNTALAANITRL VY (V50LE5UNY) Arawllaanzvessdthuduluniu

ﬂa‘U@ﬂLLUiﬂﬁ WEPIAIENANIT 2.9

2dsin@ = nA (2.9)
a =~ ' a v a & 6
Wa 0 0] Y YRINNTYNININANIVRITIEIND
R ANNENAAUYRITIELONT
d R SEHMNTENINTE LUV IANAANSESUANS AN

dezaeulundniinisdnsesiailussdey uaziiszpeinasgvineznau 4 Au
Sr¥didndinudnluluudasdunosesnesanAansdsuudugivuuiu medenuuds
Snwaugadefumadisnuusiansnfuuasiou (Reflection Greatting) Asd1dnylunisiin
madenuuesididng Juagfuaniiz 2 Ussms fio

1. Sedmnnsenu SidiAenu wondudenduseuiuifientu
2. swewinsswinsturesesaen mslidlnddesiunenaduresisdidng

ey lunanvosTansne lusssuaiiassadsiuiuey dueslufesziuemen
wAnUsEnouMdeynavlaznduayaey Tansusiesinduselon Tuuuasssosvinasening
ognoufiuiuou wagdAuluyniianis Tun1sdnulassadandnasfnuizuuuuvesiags
M1 (Lattice) Aiflgusraniasvindiauiuey Fiedundnanuasnnsiu lunsanwindn
NNUIARYBILUINlFeB U111 wEnYsznousElaTIn T ufiTinsinSesivesesnesly
dnwariidunguuesszuiuiivuiuiu Wesedvesed unnasenundniinguuessuiuiivuy
i WAagIEUIUAIDUTIEANNTENUUNEILDINUUANYEAA I8N TEIN LW IdasYiau
awuldileYadarviauannngusruiuivuiuiu unsnaoafuluuiaiudang ey
wisnuiedidndiiazviousanunaziidvinfundsuisddndinnnsgnyu nuuandnan
$1adu Feldnshaduiauiaioudndisdinusnlnfinestundausnluusnd a.a. 1984
unsgaiadagiuiinsineinenfinnefinuszendlilunsaunuuazUszinanaiiie i
mﬂmmL%’JLLazQﬂﬁaqLujushmn%u

JagUuilteyaunsgiu Ae Joint Committee on Powder Diffraction Standards
(uCPDS) Wudeyafiliiusuiiisudoyavesansiegaiivinmsdaaneilaennidudoyad
Tdlunsasunalunisvaaes wagldinisdaiutoyauinsgiuvesarsusenausieg 1nnan
66,000 %ila elugUkuundn (Card) uazasuunafa (Compack Disk w30 CD) Fsieuas
armntunNTIATIEiaveanTAIaENe
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2.5.5 dquusznauvaansananasdanunsnlniines
1. w30ennln5e@dnd (X-ray Generator) Lagnaan5s@dnd (X-ray Tube) i
PUNINANSIFLOND

a

2. uwHuNTOUUM (B-Filter) mi#inseessd Kg eonaniadiontd
3. laviesiauadn (Divergence Slit) nthlun1smivauiung
warUTuAnuaunsanIskenkarANUNTuYeTElvanay

LAIRNATENUA DY

4. Twalaesadn (Soller Slit) finthniAruANANEINNTALUNSWEN YA
5. 3¥n39@dn (Receiving Slit) Ant71USUAMNAINITOIUNTUEALAEAUTUTU
YIS AF LT
6. AwARLABIARR (Scatter Slit) UnUNNaANUNIAS
7. Wwlulasimes (Monochrometer) IUHUINaANUNLALNTDISIE
8. wiheSudgaa SwisussdonaminmuiuaziUasiiidudyaalvi
= v 1 o 1 a ¢ v - < éa a 4
2.5.6 N15LAIPUAITADLIANTUNITIATIENNLATD DNV ANUNIN AN DS
) | ° v a ¢ v A < fa a ¢ ) |
a1siegdmuiAsIsinenseudnasdanunsnlaiines lneniluaveylugy
Yo3T9 @ TnuauN sz BaaNTvuamannId 45 lasou LagdnflelInsEyinatane
WINAUNNAANIE UTIMRIMTNYR 8139908199 fipuseuaNTaANe Mo819NReAaelinisises
AUDINANDY199a5% (Random Oriention)
JUABDUNITLHS BUFTTAIDE N
1. tusregrsuaduntandensmursnunesgiul
1 = ;%
2. SOUNIAZLD U APEATUATIVEIA 325 L%
3. W launonasludaldansfiiognd wanluAesvn

2.6 né’aﬂqawiiﬂﬁﬁLﬁnmiauLLUUdaﬂﬂ‘é’]ﬂ (Scanning Electron Microscope,
SEM) (funius 2adua, 2547; Jaws Useiviay, 2538)
Jundosqanssmididnaseudwmivingiivinndn teveelifiudnvauslnssaiiees
Nufwesiodns W mdnwazawiia (Sterecgraphic Image) Imaﬁaiﬂﬂé'aﬂqawiiﬁﬁ
5355uA1 (Optical Microscope) fiA1ua 11150l UNITLANLAITIaZLE8n (Resolution) 0.2
lulasiuns wasdiiidevenegegaliifiu 2000 Wi dredadiinvesnisuesiuludiy
ANEINNTe Tun1suanuaskasMavenendedganssAusanaseu (Electron Microscope)
Jefidaniiunumd ey Fsiled 2 via Ae ndesganssemididnasounuudosiiy (TEM) uaz
NA9I9aNIsANBANATOULUVADINTIA (SEM) lngnaesganssAudianasouluudensin
(SEM) fimaseneligavirdundesganssaudidnasounuudositu (TEM) @idweuasdn
Uszanas 10 wiluluns) msteoudegnaiiefiozgeendes SEM ilaidndufiazdeandon
shatslitivuauiasinfunisgfendes TEM Ald (ns1zlilldnsaataainnisiididnnsey
\nAouiivzarinugiogne) msafrenmiinldlasnisnsaiadidnaseuiasfouarniufiand
ve3i08efininsdnaa dadundes SEM Fegniiunldlunisfnudusiuineuas
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Meavidenvednuariuiivesieg Wy dnuariuiduuenveaiedeuavivaduings
yoslavizuay Tan (Judu
fofiwasndas SEM lewSsuiisufiundes TEM fie amlassadiafiiuainndas SEM
wdunmdnvarands luvasdinmenndes TEM aglinmdnvarassdin Snieianisld
NUNEeY SEM azfinnuniaiiinezldnudieniindss TEM 11
2.6.1 winnsvinuvasndesgansaiBidnaseunuudasnain Tassaieiugiuuas
psAUsznou MvhliAansuesfiuveindesganssmididnaseuluudesnsin azadnofy
N&999an3ANEITUAMUUANDT L (Stereo Microscope) wanabnnisinauazuane1aiu
ndeaganssAtdiAnnseunuudsInTIn Ussneaums unasiuindidnasoudwinuiingn
Sidnmseurileteulitustu Tnonguadnnseudiléainuvasiidnazgnissdoaunalaidi
ntungudidnnseusgiiuiaudsusiniad (Condenser Lens) Litavinlsingudidnasou
naneduddidneseu Jrainsauiulinreddidnaseulnansednldnudesnis wn
dioansgUitinrmaudnazusuligididnaseudvunndn ndmntuddidnnseuasgnuiu
syoglnalaeiaudlnding (Objective Lens) adluuufistusuiinesnisiny ndsangd
'5LSﬂmaugﬂﬂimawusﬁumm3ﬁﬂﬁl,ﬁﬂ§1,é‘ﬂmaunamﬁ (Secondary Electron) du &4
”@mﬂmaLﬁﬂmiaunaaqﬁﬂfﬂggﬂﬁ’uﬁﬂLLazLLUaQLﬂuﬁtyzmmaLﬁﬂmaﬁﬂé wazgniluass
Junmuuselnsirdasly taganusadudinnimainuinaelnsyirilaiae
2.6.2 daulsznavveindadganssAlBianasauuuUdoInsIn
1. uvasiilndlanasou
2. Aidnlnsuuniufniaust visuaanefivianiiiaruaunisdesnsa
3. uaaygna uarssunaIuALATNRY
4. vodldansfiegng
5. NI Inda udIanaTeu
6. gUnIAlasIenIN

1 v fa © ! v a
ﬁ’Ju‘UiBﬂ@U“UﬁNﬂa@Qf\;a‘ﬂiiﬂu@Lﬁﬂ@]i@‘NLL‘UUa@QﬂiWW LLﬁﬂQ@ﬂE‘U‘W 2.10
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Electron
Beam

Electron Gun

/TS } _ Anode

“l Magnetic
’“'l""""‘"_ . -— Lens

ToTV
Sscanner

scanning
Coils

4 Secondary
Electron
Detector

Stagq specimen

g'ﬂﬁ 2.10 duUs¥NoUTeINA eI IAUBIANATEULUUADINTIN
(http://emicroscope.blogspot.com/2011/03/scanning-electron-microscope-sem-how-
it.ntml)

2.6.3 NIASHUEIIAIBENEINTUNITIATISHRENFRQaNIIALBIaNATOULUUHBY
310 feehsiaztundnwifendesganssmidinaseutuudesnsia asdoseglugud
Usimntvdeanudile 9 uazlanmiafiiilidh snfunsdlldndonanssmididnaseu
LuudesnsnviianinufugyyInia IuﬂWsm%ammi@hadwq%uagjﬁui’mqﬂssmﬁmd
n1sAnwiegusaryila neeudanligeenmilouns@yine lngnisiidiegaiauu
adulagliimunnasmiivdennamnnusenzan udnhluaruidenesdieliaan s
Iyl drsreesiivunlg dosinlitivuinidnasuasdesiildismnugesiiogisie iilo
tosfushegluvuiugunsalindyanadidnaseu fedritaudilniheguilinse
aghenilane (Conducitive Paint) 1 nUn1IRY v3e nun1aasueu ansaildes
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alitaglaglifomiumeiansusuununIsaIuMenes sea1susu (O Wusiawul Fans
Fansnsgaendenunadningalny lawnselaseila

2.7 1A3999AN19A5218Wa9U didnlnsiwas (Energy dispersive X-ray

Spectrometer, EDS) (duius 23dw1, 2547; 33ns Useitliaw, 2538)

A399IANTIINTEANINA WU @Unlnsiitmes (Energy Dispersive X—ray Spectrometer,
EDS) Wuasesilonldinlunisfnyiinavessinnegluaisiiegafidesnisanyilaglags
U A @ ea a ] o v a & ¢ a . av v o a @ 6
$eddndTendn drseddndUgugi (Primary X-ray) Nl nnasn3addnd (X-ray Tube)

Y a Ql' ) I v ad ¢ ad i v = & va &

LB ssluansieges@dndugugitasneanuiivluesneudaduaimelisidnaseu
lureseznoutugneonNe RN ALIWILBLE A TouNUDNTITTEAUNS W UTIgendn
Wrldunuilussaundanuinginds wieunsldesndeudiwiuuilusussdidndyfagd
(Secondary X-ray) 5a9uAazs Iz Uasesedondyfs plloonun dszdundsnuniidnwae
WNEAINLNFITUEI9Y A991ABMENNISUIUNITIATIZIBIUSLNULAZLT AN INUBIT 6 el
azgdaluiiagnald wagn1sdudyaiusdsndienigsis azldnisinnisnszatendanu
awninsfiwes Wusmdudgaralunmsidouveaniosinnisnssatendsu alnvsimes
Juesosdlefilindimsteninmisndewanssadsiannsounuudainsin Jadnannisinnu
YOIATOTIANITNTZANBNANIU Alnlnslimos

2.7.1 BANNISNIILVDIATDIIANITNTZAEWA 19U ardnlunsdimas Tussuunis
AT TEDNG Tnen1sian1snszaienasanu nsaUnlnsiums (Energy Dispersive
X-ray Spectrometry, EDS) %3inSednfisnldludagtiufa viadnseduuy SilLi) Fawmune
dusunmsinssdiondianginfinaseulugag 1 89 30 Aladianasoulian niewiinvia
WwosuilunAuYIaNGae (Hish Purity Germanium, HPGe) 34a11150insedidndianis s
Te4a9nd1s e 3 f9200 Aladdnasoulian ognslsamu wdiriinsdiamesundeuainu
U3gvage avanunsaiassdlndiantediladinitndt wilunslesgismuiiinyie
) o | o 5 ac a & ¢ & A o & | O Ao o
Si(Li) Feanunsainlalugundsanug 1 Aladdnaseuliad Adaanuddusgunn Maidnin
F@Bndva 2 wuu azldsunasuuessidlndudyagalnitlugyvesdndlni Tnavue
yodgaaulniivieesnvesiiin asidulfnialaenssiundsiueesssddndinnnssvy
Wrin ntnsasvesLUUTsLRgIvseranetesasiiud e alviihanilundlsauda
agn18luiATes wazkanmadnsIznuuIen I luguvesauna sy niaunman1sIAsEn
a a o & Aa 1 A v Y 1 [ J J
WelSunamazannn Inelusunsudniagunteddadinnududousnndaiululuwdaznay
ANER Lanesiaguil 2.11
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Ul 211 vdnmsvhautesaiesinnisnszendNY anlnsdines
(https://www.researcheate.net/figure/Schematic-of-a-typical-energy-dispersive-X-ray-
fluorescence-EDXRF-Spectrometer figl 317042379)

NTIATIIS LATTNITNTLENANIY Aalninstiwes 4 2 75 Ap
~ N1TATIZARVURNIZIA (Point Analysis) 1TunTIns1zi7igaReInaoniian
a § au al a 6 = a
A5IAIIZY TS9FLUNTISIATIERUSTLI 1 hulaswas wasanUssuia 1 lulAsiuss a1nkn
fiags Tdhangeag 120 Jui
— ANSAATITARUUUSLIA (Region Analysis) Lun15n510a1818nATOUAIUURD
Y ' L Adanvo Yoy ) a. o | v & A
fpgalufiunlenrualiinnudndssanas 1 lasiuns anRsegns Tdnaifiuinas 120
AU
2.7.2 A5LATYUADEI9AINSUNI5LASILHE 1AELATDINITNTZANENANIUY ddning
fmos
N13LM38UAI0E1TINYURBITUAI T AN NABI9aNTIAUBLANATOULUUEDS
A979 LBYINNTIATIEAANUNENNITIUTD 2.6.3 WA IIVNISLADNALAUITA

Tewsiuseneulumesgsiining

DINFAATIZI

2.8 \aTeaisesnsuanasudunsusaauninsiitnes (Fourier Transform

Infrared Spectrometer, FTIR) (@npsuvesnauusnanlnih, seulath; FTIR, Online)
inTesli3einsuanofudunsiseaninsimesilumaiansaninsaladudanis
Tnehldnsesiiomeadninsalatduinagldndnnnsnszateuas (Dispersion) vosainnsy
nsusSedudmantiinlugsitauladudmmun wu TuriweBunsisaifivseansanly
N334 UNUTENNVDIATOUNTE ansellunid waziussailluluana sudsaunsavenis
Unaesduszneviiflegluluanavesansnausiogisitlinguvia
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2.8.1 vdnnsiuvetaIesBesnsuane uBunsInannsiines mada FTIR
Hanail Wsreznalumsnseaeudesninnaiadu q Sddunsisadutimiweniy
wilidnlnfinfifianuenindulugie 0.783-1000 lulasiuns wielavaAdu (Wavenumber)
Tuga9 12800-10 cm™ Tagtawadu (cm™) = L/wavelength (cm) Tneluga9voe¥ed
dunsusnazuwuadu 3 929 loun

— Bumsusalng (Near Infrared) 9a:@uARY 12800-4000 cm™

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

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

Fravesdunsusaiifvselavilunisimsiziniaadl liun Yasmedunsnsanais

(Middle Infrared) afiuselavlunislidesadulassafiluana lnsFsddumsnsnasd
wianumnindsded deluianavesaniganaussddumsiianazyililuanafinnisdunaznns
NYUVBINUSE T,:umnammmnamaaauﬂmLimwmmmmaummﬂuﬂummaiumsawaa
Imaﬂamaﬂmiuu muumsaumaLLmav%umvmmmmﬂumiaumL‘Wﬁvwmemqnulﬂmiw
ansadinadaiinldlunsaseilaseasag LLazsuuWuaﬂmsaumaLLmaxsuumlmama:uumu
Bundt Hunasuiun (Fingerprint) danldusslomilun1siingaghduannin wu nns
Iasgivliavesnyileridu (Functional Group) ¥8sa138uvstna Ndsaunsatnildluns
AAendlsunalanie IngeiAenannisitasisunungedlesuazuaid $n (Beer-
Lambert's Law) JsUSinaasiduduvesansisenstuasavansandudndinlnensaiuen
n39ANaY (Absorbance) wAsveansayanatiy InsmadaianuisoTinsesilévafiegne
Fuvesuds vosmeauazing Snvadumedafiaansedinszsilded1esnida fauwiug
g9 waiaiiuduiiouldlumsimszdosiaunduarslutiagsu Wy nlnseddi
wodlues uwazllnsieadl

2.8.2 drulszneuvesiataiFesnsuanasudunsusaanlnsiiines

1. wvasiiauad (Source) avgnluarnusouauiigamiige sz 1500-2000
ey wazazlanUaseuaeiiirnudlugidulsusaeenun
2. duwmeineilslines éf’zyr;g'm;LLaﬁfmuaaﬂmiugﬂﬁmmmﬁﬁaﬂ'j'] BuLnes

o

v a

wWoslsunsu (Interferogram) Fedoaulasdygraudilulniduadnasudnase Ineldnis
Ay snsuaresunldreuiamestiglunisiuindazaninisidlilulasuimes
Naguenduas iWudwasmnueninduifes inldwausasaue1indugnasaintuiaid
Aeiu wedumesiveslsiimesanusainssilaegesinduliosnaunsonsiaianasy
YoNANLETIAGULASATUA LAY
Y 1 a o a yg a I 22 =
3. f9819 (Sample) NazinundaszRlanimiluvosds vanailnazing lagd
Wnaeseudeg1slun1sindiogieiuunngg wu nsllnunadenluslun (KBr Pellet)
dusudiegisweds wienisldaainwad (Liquid Cel) dusudiognseunal wienie
s o [ 1 A & 123 [ 1
wag (Gas Cell) @msumiegnenidunig Lduny
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4. \A309573M (Detector) mtinfinsratandsuuasiiiiueenuiaindaegig
Tnefiadeinsiatalnlsdidnysn (Pyroelectric Detectors) azuUasdyanauadunsisaiy
Amaliialvid1ad1uly (Sensitivity) g9 Ao Amnesisnian (Deuterated) lnslnadgu
(Triglycine) wazdatne (Sulfate) @13150n52931A%9 400-4000 cm™ waganunsaldiunig
anaiauasifinudugaldd uazamnsaialdngaumgiviesund Sadunfenld fusily
dm¥u FTIR duaIesnsaiaefineudnmes (Semiconductor Detector) léuf Lua$Aag
(Mercury) uaaiiles (Cadmium) wmagi3es (Tellurium) e3asnsiainanunsansiafalaludas
650-4000 cm™ #defAalvinuligandtnuufumnesisnian (Deuterated) lnslnadu
(Triglycine) wazdatna (Sulfate) Lwiﬁ%aa"wﬁ'ﬂﬁawlﬁﬁlﬁﬁqmmﬁﬁws] ey Aeunnsldau
Fenaerdudelulasiauinariifaudaess Inswinas Jealdduniomsiaaves FT-IR
Microscope dhulsznoutsaaiesidosmsuanafudunsisaaunlnsiines wansfagud
2.12

IR :-:'f |reference|
source = "z} |

sample | 77
compartment IR detector

21225 CHF

31J17i 2.12 Mﬁﬂmiﬁ’m”m*‘ll@\‘nﬂ%awjL%EJ%VI%U&W@%EJ@HWT]LS@E#LUﬂiﬂiﬁma%
(https://www.chemicool.com/definition/fourier transform infrared spectrometer ftir.
html)

fofvosniomioinimarlesudursisnadnlnsiinesdo Taelumsinnginie
Msinannduvesansietsinlsifininadesdunssaalnlnsiiinossssunmaiomii
A iafinnuiane q ldegeaiiies (Sequentially) 3un31 Fellgetts Advantage
LAlA3essssua1azidunisiniiazainuiaiunsald Circular Entrance Aperture uny
Entrance Stit ¥llér1&auasgetuFondn Jacquinot’s Advantage Hagliintsusniazaany
gn¥esAtuendt Conne’s Advantage Uszn1sgatiiedieyhlinisiiaseidne uavagaan
Jusremislireufiuneimuaunisiinu Jedereuadown)Sesnsuanefudunsisaan
Tnsfimes AewfuaTasiiiinaiune Foadortheinuiguuariosegluriesiimuguanuiy
AABALIAN
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2.9 Ui

A. Phuruangrat WazAsdg (Phuruangrat, et al,, 2016) ¥N1S&EUATIERTSLUIIULAR
lne3Slalasmesuea THuoulufonuian (NHVOs) wardiFeulumsn (Ce(NOs);) uans
sy uasAnvinavesnisfulndionsdulnanea (PEG) usdiglunmsduasesi wud
aunsadanszianstlnueadiBoinnuianguinauuwieunauluiiguvail 200 e
wadea Tunan 24 Hilus waveslndlevisdulnaneaiiduasiuavtaelvienudundnues
Hi3mmunaniinsny

L. Chen (Chen, et al., 2006) ymsduasIendiseunuLanlnedslalnsmesuen waz
avvdnumrlagldmaiadndsdanunsati (XRD) madandesganssmididnnseuriindes
j1u (TEM) s1addlddnungae pH Aumnzanlunsdaaseiusingin pH Awanzauldungag
pH<12.0 Tag pH vasmsduaTEniliafiasUsuazauIneunIA na1Ae pH 9 - 10 3l
aunavuaulusuu i dugusnuasiuuiienuadiu. @ pH o wnndn 12 agldans
CeVO4-CeOy i

L. Fengzhen uazAmy (Fengzhen, et al,, 2011) yMs&uATIZRTIToUMULARLIALAD
lelaswesuea uasnsndnunelagldmaiadndisdAnunsatu (XRD) naliandasganssml
Bidnmseuniindesnain (SEM)  Laswadansnsyateidwiugessts (EDS) vailldAnwma
gaungil Anuiduduresansiasuilélunsdansiei vsnginflgamgl 180 esmuwaidea
wdneseildtiFonnunanitersndunings lflasdudeudug sumeymadivtun
M fild drunavasemidudumsdasulnng i 0.6 Tuasiedns avlddSeuunaniis
anudundnganlaeaiudundnozsiamuanuidady

N. Daneshvar kagagiy (Daneshvar, et al., 2007) vinsAnwliselnlauanlasing
Tunsaaiearsmdniuaslneglyuaunelinisaisudeydd (UV-C light) lngldTernanlan
Judseufisen lunisdinwldvirnisnadeudszdndnmae s fedeenles (Zno) wa
yossuuiIse navesaudiduSuduvedlasslouou naveseaudunsn-me uazyiins
neaeufuuasssurRTInsUudeurasinasleuoutien uenanidslédnwidngns
AU Asernuinsaatvaisieawiadlnezlyusumisufizelnlawa-mlagndlaeldden
oonladidumisaufisonneldnsansuasei-§ Inrsaanedseufizedudunis (First-
order kinetics) Uszansnngsanlunisaanslaeyloususg anududuisufuves
lpoglyusuwingu 16 Tadnsusedng Usunudise 150 Tadniusiedns mednsi 0.027 #a
Tl

N. M. Mahmoodi kagaaz (Mahmoodi, et al., 2007) ¥inn1sAnwUgAselnlauani-
lafind lunsaaneansuuilounenisinunsioaslaesleuouuardiiniaaenda (Diazinon
and Imidacloprid) lngldlnnulleulaeenleddudinge areldnisanewase s (UV-C light)
Tnoszuumsvhuiiseuansfaguil 2.13
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Alr Owm UVLC IS W Lamgs A Out

Air Pump

Tl Lt
Water Pump

p ST

Ui 2.13 szuumsiisealwlauaniladind (Mahmoodi, et al., 2007)



uni 3
N1SNAADY

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

9nIANE

3.1.2 3esilauazaunsal 1nTellanaraunsal kaneRnIT1aN 3.1
3.1.3 d@15A% @5ANNIIUNITNAADY LARNAINITIN 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. NA0IanNIIAUBANATEURUUABINT I (SEM) JEOL/JSM-5410LV ~ Japan
4. wheaianisnszanenasnd dwninsiimas (EDS) Oxford/ England
IncaPentaFETX3
5. insesiSusnyTuanesuBuslssaarnlasiaes - PerkinElmer/ England
(FTIR) SpectrumRX |
8. LASpuARBUNDWNYAYINIA JEOL/ Japan
(Fine Coater) JFC 1200
9. eSeaduin 4 i Mettler Toledo Switzerland
(Analytical Balance) AB304-5|
10. @’a‘u (Hotair oven) Thai Polymedic/ Thailand
Gallenkamp
11, w3esdansleiin (Ultrasonic) Labquid/ England
136H
12.  1ns3um (Agate Motar) - -
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A1519% 3.2 @15A1

Fossiadl NIA/AU UIENNER Uszina
U3guis
1. Acetic acid (CH3;COOH) 99.7 % v/v Merck Germany
2. Acetonitrile (CHsCN) 99.9 % v/v Merck Germany
3. Ammonium vanadate (NHsVOs3) 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 (CgH12N,05S) 99.8 % | v/v Merck Germany
6. Dichloromethane (CH,CLy) 99.5 % w/v Ajax Australia
7. Ethanol (C,Hs0H) 99.8 % v/ Merck Germany
. Hydrochloric acid (HCU) 98.0.% v/v Fluka England
9. Methanol (CH;0H) 99.9 % v/v Merck Thailand
11. Nitric acid (HNO3) 65.0.% v/v Merck Germany
12. O-Phthalaldehyde (C4Ha(CHO),) 99.0 % w/v Ajax Australia
13. Sodium hydroxide (NaOH) 99.0 % wW/v Ajax Australia
14. Sodium sulfate (NaySOq) 98.0.% Vv/v Fluka England
15. Sodium tetraborate (Na;B407) 99.8 % Vv/v Merck Germany

3.2 N5AFeUETTAL
3.2.1 81582AN8NINTFIUNIAYANIIN (Sulfuric standard solution)
1) ANUIUANNLINTUAN TTANBIIRTEIUNTATAT 3N
1.1) Awnanudududuliaisvesnsadaihsnandrenalagldauns

M = 10%D/M,, (3.1

AMviua s M = anutududuluaisvaansadaiingn
% o < 6 @ 2 U a a
% = ANUWUYULTULUDILTUNVDINTAYANITA
D = AUNUILUUYDINTATANISN (NSUMNBLARANST)
My, = dninluanavesnsadailain (nSusielua)
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1.2) Auulsunsvesnsanazldlngldaunis

CVy = Gy (3.2)
AAUA LA Cy = Anuutrununy (uanedns)
C, = Anudutugaiing (Wasiedns)

a aa

USunmssunu Hadans)

Vi
V, = USthesgaving (Hadans)

3.2.2 Mswnseudsazangueuluiiudlansantan (NH,OH) 0.25 Tuans
1) e wosludeulansenlan Usuins 13.28 fagaans adluviaindsuinsauin
100 Hagans
2) Yudsunsaethndu suiedadausunnsdaiiasn
3.2.3 nMstaseud1sazangnsalunsn (HNOs) auudy 3.0 Twans
1) Vwmnsalupsnysanng 20.78 Sadans adluwindnusunasuuin 100 Jaddns
2) Yudsannsegtingu U@ iaU3anns
3.2.4 mMswispuansarateansgulaazleueu anududy 100 ANdy
1) deloozlaueu 0.1 ny adlurnindSuinsying 1000 fadans

2) U5uUSuamsmeuInau audsunInusunns

3.3 MSMsENNITEaNUIAN lnedSlalasinesuea

1. wisnasavaediSeuluesn madudu 0,05 luans fazarslunsalussn wWudu
4.0 Wans Usums 80 addns wardsuuSuimsidu 100 addns Arunsnes@Rndudu 0.1
Twans wavansazanswoulmdonuen pududy 0.05 Twaifiavarosenenludoule-
asonlondudy 4.0 Tuans Usuins 80 dadans wadusuuSussidu 100 Hadans alensney
FAnUTL 0.1 Tuans

2. e Memasazatsuelisruen aduasazaredSenlunsm wieusiny
paeaa Wuna 1 92lu

3. thansaganenanilildluyagunsallelasimesuea udrillviaueunay
PUNNIAINII 7

4. pungnoufigaumail 100 ssrwaldea Wunan 24 dalus
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AN 3.3 aneNllunsessuTSeLNULee IneiSlalasimesuea

Saagnadl AMusau (°C) a0 (V.
1 180 4
2 180
3 180 8

3.4 NSANEANUANIINIBATNLAZNILANYBETLSINIUARN
3.4.1 nMsnsradavanuazlasadslagnzousnusd Anunsnlnfias (XRD)
1) ¥nsegianuntiasiden
2) SalugesnanssaiuBnanssete tndeRantasuuuvesanslmseu
3) g 1LA309 XRD WiewlUBwseinilnseasevens
1) thifeyaiildluiSuiiguiuteyaluuilsa JCPDS
3.4.2 N13RTIERVAN WML AUFIUINE LaBNdo99anIsANBLANATaULUUEBINT A
(SEM)
1) thdegnsluvimduaisuvauase Tngthlunssanedludviiararsiesiuea
U3avs
2) thluweiluirsessansleia Usyana 5-30 wadl
3) hnznoufiueIvas slugisazaiunnas voaldafuniRnfemUNDILAILET
Uaoeluisaziasuluindausaenes Instrsasadouvied (Fine Coater) smanszuabniin
15 faaueuus w150 A3ud
4) hlvTesgian vaugnidugnuive) Inendesganssaudianasounuudes
n510
3.4.3 mﬁmswﬁmsmﬁ?‘iLﬂumﬁﬂsznauham%f'aﬁmmsnszm8wé'wmmaaan—
nsiiwas (EDS)
1) dhdregreluvilmduasivivase Instrlunsyanediludivinazateiesiuea
U%qmé
2) tluweluedessanslein Uszana 5-30 wid
3) Yanznoudinriuassluaisazaissinan vealdaduiinnsiomny nouaausn
Uaosliuriuazirasuluindeusienes lnosesadaunes (Fine Coater) denszualniin
15 faaueuius Wiy 150 3undi
1) thlulinsevimsmiidussduseney melniesiansnszanendsaumisan-
nsiimes
3.4.4 wadlayesnsuanasudunuse anlnsalad
1) desieg1euinIsualiagiden
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2) Fasredneiiwenldndn 0.001 n3u waslnuwnadeulusludumin 0.01 n3u asly
Tulnssun insunansiadniu

3) YalUdndnenaudiu 1500-2000 Usudrenisieia Tnanet@uuruune (KBr
Pellet) thuruu1919a9ULIRY (Pellet) lonafenmulniiednanssogslifudedldsogng
(Sample Holder)

4) dnluinsgingiraeunyileidu lnewiSesnsuanesudunsise aning
Ames

3.5 AnwiuszanSamnisuaserlnlawantaing n1saanedivesansazaney
wnsgulaeazloueu

nsaanevesatsazarsunsgulaeslsusulnensdiSenuies saudukaddda
eldaniie fe

1. mnududuvesansazanslneglauey Wity 20 fifloy

2. YsunawvearsUasisiuniee wiiiu 0.5 nsuneding

3. szezianvesUfisenlylauanalasind wiriu 0-90 uni

waviNspNLTNTuYadlaeglauay Aeutazndsugiselnlanaaladind aele
anmeiouly 9nde 1-4 lnewelegiiadaainlnsinlnginos

wnuranTs Uzl lakenalafndvainisaatgsivesasazasunsgulaesle-
WBU UARIAIFUN 3.1
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uni 4
NAN1SILaZNUSIUNE

4.1 N1IASIVFDUANWAUENIIIATIEF1929T B au1u A lnemATaLdnsLsEAN
unsnlawns (XRD)

AMIRTIEUSNYATNNIATES s suueaiildannisdanszilaeislelag-
Wasuea ﬁqmmﬁ 180 sadwalded WWunan 4, 6 uay 8 Falus N pLs LSS ANLISA-
Tnfli;mes nauansdsgui 4.1

~
o
o
N
~

(112)

6h

Intensity (a.u.)

8h

| | | | JCPDS No. 01-072-0282
1 s ' [

20I30|4OI50 60 70
2Theta (degree)

a

5UN 4.1 5Uuuy XRD ve3disemmueailaannnisdiaszilagislalasmesuea Ngamad
180 sarugaLged {Wuian 4-8 alu

lnssaisveananazamUIansvesaveskdnfusiiinmsduasgilignnsaaey
Tngldinaiia XRD 91n3UM 4.1 wansguuuy XRD vosndndnsidizoauunanfidauasizii
180 ssrwaidvanielidrsnaufizetlelameueaiiinatu dmiumsdunsizii 4 9lus
il 3 voafinfilanidude 20 = 24.1°, 32.5° uag 48.2° LARITYUIUNTALTIDUYBIWITHUIILI-
Wil (200), (112) wae (312) drugenduy 9 lidaau HEANITLABIULT INUA KR ST
waszlnuoa (Tetragonal) U3aMs Augudoyaved JCPDS No. 01-072-0282 lainunis
Yuioudy 9| (Fengzhen, et al,, 2011) IALUNTFUATIEAT 6-8 Flue SruauLEnties T
vesdiFuulansonlas (Ce(OH):) gnasaany Inoilugonusigegnil 20 = 26.6 *uag 29.4 °



30

(Chen, et al,, 2006) vuAvBINENRALTAINAUNTIANTRTRNEoAgEnN (FWHM) dean
(200) MuANENRUSVDY Scherrer @nunsainlaneainis (Banerjee, et al., 2014) :

t = 0.90/Bcos6 (4.1)

Tne?  t = quwawan,
A = ANUEIAALYRIS AN,
B = FWHM v83auidaleagn
0 = yu Bragg v0430gIEnTaeTsdland

yendnvateunafilasuluginIaufasenlalasivosueaaisineiu Lanaiam1sng
4.1

AN5199 4.1 VUNeNANlUNTSMSENTSsRues TneiSlalasinesuaa

Faoenad] AMusau (°C) 1381 (v.) YUIAKEN
(W1 luLuns)
1 180 4 1,020
2 180 6 970
180 8 930

4.2 N19ATIVFOUANBULTUFIUINGIVBITFeU1U A lagnATlANE DY
yansIAudianasauLUUdeInsIa (SEM)

nMInTaaUdAvazdugLIng vl sinunanildannsduaseilagislslas
mosuea Mgunaill 180 ssruwaldua LJuaan 4, 6 uaz 8 $2lus nndesganssay
SlfnnseuLUUABINTIA HALARINIFUT 4.2-0.4
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UM 4.2 SEM lulasnsnvivesdiBenunaniidainmsduasizilaeislelasinesuea 9
gl 180 s waiua (Juan 4 §alus

S8prm B8896686

5U# 4.3 SEM lulasnsmives@iiennuianildanmsduassilaeislelasimesuea 7
gl 180 saruaaidua \uian 6 Talus
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15kU X588 SOkm BEEEGAH

JU# 4.4 SEM lulasnsnvivesdilenunaniidainmsdasizilaeislelasinesuea 7
gl 180 s waidya (Juan 8 Falus

NNgUT 4.2-0 4 uanshlasnmvest Sarnunaeildannnisdanszilagislelas
wesuea figuvgll 180 ssrngadoa lagiinaluufAzeiuansinsty Janansasiloynia
yundnadigdni Aftduiiugudnaiaainiauyeeluguysean 70, 30 wag 10
lulasiuas dwduinan 4, 6 wag 8 Falasdalus pudasy iwulddninuunaveseyninana
Slegamnivesufitelalnavesiintu

NnuanIAnfusasiuliimaTe seyaAveIHAR Sus e S s NduAT 12
Jutunevavesionauifselelamesueald sutnvesiionsiiduasgRtufunad
Anufiselelasmesuos UiRselnevhluorifnduldainnszuiunslalanmesuoadens
Anduldauanns 4.2 (Fengzhen, et al,, 2011) (pH-= 9-12) #i3suazanaznawdusynia
vosti3enlensonlud Ce(OH); luvaigiiuisnain NHVO, fiegluguveslessuau (Anion
Vanadate) (@1n15 4.3-4.4) viliiAndaedsawaznisiasayivlnves CeVO, (@unisi 4.5)
(Chen, et al., 2006; Banerjee, et al., 2014)

Ce* + VO — CeVO, (4.2)
Ce® + OH — Ce(OH); (4.3)
VO3 + OH — VO,* + H' (4.4)

Ce(OH); + VO, — CeVO, + 30H" (4.5)
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4.3 nmsiengimsaiidussdusznavvasmanesanledlagmaiininng
N3¥ENAU Neaningalal (EDS)

MyiATeimsniiiussiusznouvestiFounuianildnnmsdunneilagislelas
imesuoa Mgumgil 180 ssmwaoa 1unan 4, 6 uaz 8 $alus 9nAIsnITnIEANY
wiauve9sTn Msaninsalal nauanafaguil 4.5-4.7

Spectrum 3

Ul =cale 1048 otz Cursor, 00000 ke

l
a

JU# 4.5 EDS alnainraedieanuimniilaannrsduasizilagislalasinesuea gamgdl
180 parngaided {Wwan 4 Tl

Spectrum 3

e 4 e t%e,

LIl Scale 1048 otz Cursor: 0,000 ke

U 4.6 EDS andnasnvesdiseaniuianillaainnisduaseilagislalasinesuea gamgil
180 sy waided Wurian 6 alus
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LIl =cale 1048 ciz Cursor: 0000 ke

a

JUN 4.7 EDS awnasves@idennwmeiilnannsduaseilagislelasmesuea Neamgl
180 aaraaided {Wuan 8 47l
gy ¥ =3

aaAUsznoUNUgUYeNlATIaT AN AYRdReN AR NS vuzAT1BannIlaTy
nsszylagldnsAnyiwuy EDS uazuanslugui 4.5-4.7 UnuNs Ui uNIFEeNUURIYDS

q
o 1

PFYUNUAALAAINISNTERNBAVBY Ce, V Lay O mduiliameniuludiagng

4.4 m7Amszsianadu easvaeunyieidu TnamadaySesmuaniasy
dunsusa awnlnsmns (FTIR)

Msieszanny 1ilensavasuileddu veedi3eanunandldannisdansigi
TaeF8lelnsmosiea annidesiiSosvsuanasudurisisn awalysiwesTutiauaunisdud
400-4000 FiaLwURMS (cm ) HALANINIZUT 4.8



4h

Transmittance (%o)

3200 |

1385 795
NO,_ V-0

3
T 1 T T T
2500 2000 1500

H,0

—

T T T 5 | I I
4000 3500 3000 1000 500

Wavenumber (cm'l)

JUN 4.8 FTIR awnesivasdiinnuieailaninnisdansieilagislalasinesuea 7
ganfil 180 osmeaidud 1Uuaan 4-8 1l

nMImeRanasuenIdeuryflinduresditesniuianiliainnisdauneilag
Tlalnswesuea Ngaumgll 180 esrmwaidod 1Uuan 4-8 Falu awnasuves FT-IR veq
A a Ao v A Ao a 2 a ‘:4'
HTUNUUARTIFLATIZALIUAAIUAUMIAANAUTTALIUN 795 ABLTURLLAT UaTLAUTN 9 1
447 foldufiuns Jaszuiduiiusy V-0 983 VO Wagiiuse Ce-O muaidu n1saadud
[ a | < a 1 3 o Y [ =
FALRUN 1623 ADLTURLIAT AL ~ 3200 ADLTURLLAS ANUITOANUA LU UANULLAUNITEN
warvafivesvetlilanafigadulinuaiu (Phuruangrat, et al., 2016; Ke, et al., 2009)
LauaUnAsud 1385 saldufiuns o1agnmvuabidunisduasiiiouves NOs (Phuruangrat,
et al,, 2016; Ke, et al., 2009)

4.5 Uszansawnisiinuisenlnlaonantlafindvesdiseutunandanis
daneAlvasasazanenInsgulaezleuau

nsdanevesasaratunsgulnezlsuoulaens@isaniuies sauduwandida
Tnsanududuvesaisazanglasylousu 20 AOL USunameswsdisauauien widu 0.5
n3usedns wavsreznavesUfiselnlawanilasind windu 0-90 wd
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= Photolysis
——4h
- 6h
-o-8h

CIC,

0-0 T T T T T 1
0 15 30 45 60 75 90

Time (min)

JUT 4.9 Usgannmnisyiwngizerlnlauamlafndvesdiseunuuaniloannisdunsien
lneslalasinesuen el 180 sarwawed Wuian 4-8 Tlud sianisaanesvadlaey
louaul

luswddeiinunnyssaniamlunisisaugisenveddasiasi@iseunnuieg Mviilbaae
n1saaneiivesarsdudatineglouew aeldnisareseded dadauanddilusun 4.9
Uszdnsnmnisgesaaievedlaeslyveu 1agn1sisesa1aunisaalefivesdieninuinnd
duns1einng 4,6 waz 8 Talug v 17.79esiwud, 66.48vUasLwud, 69.981U051wus
Wy 78.381Uaswud aINa1AU InadiseuuLanNda1eniiia 8 alus Iuszansaw
g9ge Inevaluuszdnsniwnistesaangazlasunanssnuanndn seAuaIuuIavs U

& da 1 o o ' aaa a o o LY < a [
YUIN NUNAT wagdIndy 9 voarnisdfisen leaanarsdaasisilutagiuilulingiu
dundauunninneunting

nalnveanisaanefazeslaesloueu TuvnsATdS e s gnesutsluauns 4.6-
4.13 TuRaULINIUNITAAIEAIVOILAIADNITLIIUATOIAIURAIIN TLITUITUAH AIUAIY
n1sifingaianaseudulaavuiiuiives@iioninuien @un1si 4.6) dneainlunisiia
pandadugsvediaa (h') ludseunuiandiglviniseandindulaenswvesinelyuou

[J v aaa c{' o a a Aa
naneuiinaauisen (aun1si 4.7) wenanfifsanunsaiineuyalansendaluan1isid
nsldnulaanileenisaagluanavesd (@aun1si 4.8) vselaeufisensenindlansenda
looau (OH") fulea (@un1s9l 4.9) eyyadaszlansendueaiiniairstuduaseonduaunv
fgnslunisgesaanslaozloususgauiniazlilasunisidenass (Hassan, et al, 2017)
BlinaseuvuiIRIsIUAseawnsansunaveseenduililunaislidueyyadase

. = = o s sa o6 o

superoxide (@159 4.10) Feausaasrulaseenlendunsdsiuiu tneglouou (@unis
4.11) %39 H,0, (@un139 4.12) n1sduasizvius lnezlyusu aunsanuldlaanisufduius
fueuyalensenta (aun1si 4.13)
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CeVOq + hU — CeVOq4 (e + h") (4.6)
h™ + diazinon — oxidation of diazinon (4.7)
h* + H,O — H" + «OH (4.8)
h* + OH™ — «OH (4.9)
e + 0, — 0Oy (4.10)
«0,” + diazinon — diazinon-00« (4.11)
«Oy;” 4+ HOpe — H,0, + O, (4.12)
*OH + diazinon — diazinon degradation (4.13)

5@31ﬂﬁ336’18§h§ﬂ?’]o’l‘l.!’smimlﬂﬁwﬁaﬁlﬂi’lw pseudo-firstorder ANFUUIZANTINI
AIf (k) @115 laanLduNIsanaeeYasAduYsEansnisannay (Cy/C) Nunatanesed (5U
~ aw & " W a P A A Aa o v
#1 4.10) Tunw3gUnui19511309Nv89LATAT 199807 BSeuNU A NTdnwusAaY

¢ O & ) ' A, & W sl P o O 9 A o
wandnduian 8 T9lue (0.0191 viaunil) Wueianian Aaulasswiegania G3eunun-
(= = Yo a ¢ il [ % 1 aaa PR o w %:’ = .

e wuutendglasunisigatiavintudusefiisemtunsundaunde (L, et al, 2015)
AIA1LIleRD 0.0021, 0.0128, 0.0150 Kag 0.0191 FUIN TUNSHYDINITARNYWAIVD
F5UNMUNAATIATIZN G, 6 1A 8 TILNe AUSINU Nan15ynasstlandliiuIndagai
naaauaINIasryUsEAnsnnlaaell Biseuuenduasiein 8 Talue> 6 9Ilue > 4
F31u9 > photolysis kasnI1sAUNUHEUGUIUTEANSATNTDIR NS UG ATl URansENy
Tngnseanatvesufisettalamesueantdlunisdainszi

= | ws— Photolysis k= 0002 ' nun}

- 1 h kK=00128mm™*

» -8 6h k= 0.0150 min*’! ®
= - 8 h k=009 mn"! ®
Q24> 2
J 1.0 1 " =
E] T

45 60 75 90
Time (min)

5UN 4.10 dasmaiinufiselnlauanilafindves@iseunuianilannnsdunseilagis
lalasinesuea Noamgll 180 sarwadua 1Wulian 4-8 alus
somsaagmvedinezloueu



38

AN dunEn mmu%am%amxla LLazm’maﬁwLauamaagﬂmqwﬁmgmiwmfuaq
wandusianuduiudiunaufitelelasesueaildlunisdunseiditon anuanis
nagesimin naluuFAse s dudmsumsdaaneyt Sieimunen feslelasmesiin
sovszansnnlunsUszgndld mniinendliteuntiinauiisefunnmatudmiunis
FupszndZoununanlaedslalasmesuea Adniolufiuduuvazlinadnsiiunnsiaiu
f1981909U Phuruangrat wagAay (Phuruangrat, et al,, 2016) N817331lATIEI 19U TUYDY
F3ou11unan @amnsadanszilaly 24 4aluauas Shah wazamey (Shah, et al, 2015)
senuinsUiauuuiiuly annsaduesgldnnely 48 dalus videlutaanandu q lalas
ales (Guang, et al, 2017) w3alassasegania (Kumar, et al, 2017) ausadansizile
aelu 8-12 $7lug egalsfmunnantinidaniogsilasuos T3vu1unen daasign
anunsauiinldaen1sma (Guang, et al., 2017) YanaIntnsliiuenuansnsalunisaanssh
vaslnezlouau feasduames 33euunen neldnisaissid UV aunsaiulslaenis
fughsudidnaseu wu lalasiaulesesnles (H,0,) (Shemer, et al., 2006)



unil 5
A3UNa uazdaiauauue

5.1 agunan1imnaay

5.1.1 MsnsdavanYMznNlAsIas e sditsunuaniaemaialdnysgan
unsnlawms (XRD)

Tassadsvealauazeuuiavsveavamdn fausidiSounanfiduasgia 180
ssrealdoanigldiinajizelelamesueaiisnafiu dmiunsdunsigii 4 4alug
uansdanannszlnuaauiavdlinumsuudendu 1 enciunsdanszii 6-8 dalus T
v99313uulansenles (Ce(OH),) IuInvBsRAnadefnanaunIaiufifnflsengagn
(FWHM) gean (200) aslpuduiusves Scherrer auanantun1snsedisesinuiem lag
Wlelasmotusaiiiagn 4,6 uay 8 Falus deviadu 1,020, 970 waz 930 uluiuns
AUAGY

5.1.2 N13A5IRDUANWALHNFININYIVB T8N UIA InemATiANSaanssAY
BidnnIauLUUdaInIIA (SEM)

9 o a o o v oo 1% I3 ax s a

anvardugIIneedisenuaanlaannsduaseilagislalasinesuea 7
gamall 180 avrwaldua Wwiian 4, 6 waz 8 Falur arnndesgavssaidianaseunuudes
N30 Jawdndunalefiounavuiadnadiswdadl Nldunuaudnanwaueelugy
Uszanay 70, 30 waz 10 tulasms dwsuiivaan 4, 6 way 8 Falusdnlus awuandu wiuldd
Tuwnveteunnanatilogumaiveiisulalasinesinui

5.1.3 msnzinsigiilussausznauvaaminsanludlaemaiaianisnszans
a9 nsaUninsalal (EDS)

nMsAsgimsniiuesdUsenevresdiFoununanildainnsduaszilagis
lelsiesuea Moumgil 180 esrnwaidoa 1Wuan 4, 6 uaz 8 $alus AnLATeINNINTEE
n¥suveanty neawnlnsalal esduszneuiugiuredlasaiiganiavesdiioiuas
fifidnunzadowini unufisigesiuififenuuivesdidoanuianuansnisnszaiein
199 Ce, V uaz O Mifuiloientilusegs

5.1.4 nsAaszianndy enstedeuvyileidu InsmaaiianBeimauanasy
dunsusa anlnsums (FTIR)

Msiszsiannii lensaeaeuvyilaidu vesdiFeununaedildannsdaunsgi
TneF5lelnsmosuea ninTesiFesnsuanosudurisisn awnlnsiweslutaauaunisdud

a
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400-4000 siglguduns (cm™) alnaiues FT-IR ¥4 Ssunuuanidunsieilaians
LOUNITAANAUNTALIUN 795 AOIGUANAT LAZKOUNT 9 T 447 salfufiuns Feseydu
sy V-0 989 VO,> uagiiuse Ce-O MNEIAU N159Adutaiaui 1623 soidufiuns uaz
~ 3200 AawuRuns amnsaiualidudnvazuaunstauasiaivesvadluanafigady
5 °o v o A ' < A ° Y 1Y) A

WINUAWU wauanesun 1385 Aalduiiuns 91agnAmualilunisduasiiieures NOs

5.1.5 Yszangnimnisinugnseninlauannlafindvas@iteuinuiansanisaanssio
vasarsazaeunsgulaezlouau
nsdanemvesaIsazateunsgulnezlsusulaens@iseunuien sauduwaddida
TngAnututurasasasanglnozlyuon 20 AN USUTMU RS auuan windu 0.5
n¥usodns uazszoznaivesufiseinlawanilafind vty 0-90 undl lueuAdeinu
UszAnsnmnisdesaansvadinezlouou Tnun1sisesardunisdanssnvesdiseuiuiaad
F9A5129 711987 4, 6 waz 8 Talug Wiafu 17.79, 66.48, 69.98 Lay 78.38 1o sSiwud

a a v Y

AU TS s e fidansaziiva 8 Halis JUsgdnSn1nasgn dnsinisaanes

gndunlagmsndennsan pseudo-firstorder AdUsEAVSEMTIALH (k) armrsamldann
unsannegvesAdulsyansnsanass (Co/C) funiaaessd Arfiruialdde 0.0021,
0.0128, 0.0150 way 0.0191 AouTl lUnsEUINITAAIEUAUDIT S UUIIUIARSILATIZIT 4,

6 LAY 8 TILUI MNUAIRU

5.2 UaLauaLuY
5.2.1 msnesauluviesgiinig

ATIdNYAEYImIT AR IMATAB Y
- BET
~ YYUINBYNIA
~ N13NITTHBYNIA
~ 18

AnwauTivdesuusdu o TuuFazelnlauanilaing
- NAYDIUTUNUAILIS
— HavesnudL TGy
— NAUBIAULTULE
—~ 18

5.2.2 n1sussenaldy
msidaluiegrasaiietlugnisuszndly
Anwuimslumsussendlussivgnamnssy
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Joint Committee on Powder Diffraction Standards (JCPDS) Card
No. 01-072-0282

Name and formula

Reference code: 01-072-0282

ICSD name: Cerium Vanadium Oxide
Empirical formula: CeOgV

Chemical formula: CeVOq

Crystallosraphic parameters

Crystal system: Tetragonal
Space group: 141/amd
Space group number: 141

a(@?): 7.3400

b (?): 7.3400

c (?) 6.4700
Alpha (?): 90.0000
Beta (?): 90.0000
Gamma (?): 90.0000

Calculated density (g/cmA3):  4.86
Volume of cell (1076 pmA3). 348.58
Z: 4.00

RIR: 7.31



Subfiles and Quality

Subfiles:

Quality:

Comments

ICSD collection code:

Test from ICSD:

References

Primary reference:

Structure:

46

Inorganic

Corrosion

Modelled additional pattern
Calculated (Q)

015612
No R value given.

At least one TF missing.

Calculated from ICSD using POWD-12++, (1997)
Millisan, W.O., Vernon, L.W., J. Phys. Chem., 56, 145,
(1952)



a7

Peak list

P
O

-y
~

d[Al  2Thetaldeg] | [%]
4.85357 18.264 28.2
3.67000 24.232  100.0
292734 30.513 9.6

2.74538 32.590 70.1
2.59508 - 34.535 1af=2
242679 37.013 4.5

2.28850° 39.339 10.7
2.06920° 43.711 6.1

1.94189 46.741 9.6

1.88590 - 48.215 43.9
1.83500 " 49.642 13.0
1.80245- 50.601 %3
1.71642  53.331 A
1.64127 . 55.982 9.8
1.61750 - 56.879 2.5
NROTOS 500G 0.2
1.52559  60.652 10.5
1.48012 ~ 62.722 1.9
1.46367 . 63.509 0.2
1.43161 65.104 ===
1.37269 68.272 9.3
1.33373 +70.557 0.5
1.32706  70.965 0.1

1.31517 71.705 8.3
1.29754  72.835 2.3
1.27435 74.381 0.3
1.22333  78.052 2.5
1.21339 78.815 3.9
1.20384 79.564 1.3
1.18623 80.988 0.6
1.17312 82.086 5.7
1.16056 83.170 2.7
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33 5 2 3 1.15206 83.923 6.9
No. h k d[A]l  2Theta[deg] | [%]
24 6 0 2 1.14387 84.662 0.2
35 5 4 1 1.12874 86.070 0.3
6 3 2 5 1.09206 89.718 0.6
Stick Pattern
InEen ity 5]

w Ref. Pattgm: Cerivm Yanaditm Dedde, 01-072-0282

i

\30- 4 5
Pustion [7ZThetal
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Joint Committee on Powder Diffraction Standards (JCPDS) Card
No. 00-012-0757

Name and formula

Reference code: 00-012-0757

Mineral name: Wakefieldite-(Ce), syn
PDF index name: Cerium Vanadium Oxide
Empirical formula: CeOgV

Chemical formula: CeVOq

Crystallographic parameters

Crystal system: Tetragonal
Space group: 141/amd
Space group number: 141

a (@) 7.3990

b (?): 7.3990

c (?) 6.4960
Alpha (?): 90.0000
Beta (?): 90.0000
Gamma (?): 90.0000

Calculated density (g/cmA3). 476
Volume of cell (10A6 pmA3).  355.62
Z: 4.00

RIR: -



Subfiles and Quality

Subfiles:

Quiality:

Comments

Color:

General comments:

Sample preparation:

Analysis:

Temperature:

References

Primary reference:

Structure:

50

Inorganic
Mineral
Corrosion
NBS pattern
Indexed (1)

Yellow-brown

The cerium chloride heptahydrate was obtained from
Lindsay Chemical Company, West Chicago, Ilnois, USA.
Sample was prepared at NBS, Gaithersburg, Maryland,
USA, by reaching stoichiometric soutions of cerium (lll)
chloride heptahydrate and ammonium metavanadate
and heating at 750 C for 15 minutes to improve
crystallinity.

Their analysis showed a total. maximum impurity of
rareearth oxides of 0.1%, largely La, Pr and Nd.
Spectroscopic analysis at NBS showed following
additional impurities (wt.%): CeVOq :Si 0.01-0.1, and Al,

Ca, Fe, Mg and Ni 0.001-0.01.
Pattern taken at 25 C.

Natl. Bur. Stand. (U.S.) Monogr. 25, 1, 9, (1962)
Bandracco-Gritti, C., Quartieri, S., Vezzalini, G.,
Permingeat, F., Pillard, F., Ronaldi, R., Bull. Mineral.,
110, 657, (1987)
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Peak list
No. h k L dJ[Al 2Thetaldeg] | [%]
1 1 0 1 4.89000 18.127 30.0
2 2 0 0 3.70000 24.033  100.0
32 1 1 294800 30.294 10.0
4 1 1 2 2.76100 32.400 65.0
5 2 2 0 2.61500 34.263 20.0
6 2 0 2 2.44100. . 36.790 6.0
7 3 0 1 230600 39.029 16.0
8 1 0 3 2.07800 43517 10.0
9 3 2 1 1.95500 46.409 10.0
100 3 1 2 1.89900 - -47.862 50.0
11 4 0 0 1.84900" ' 49.241 16.0
12 2 1 3 1.81100-. 50.345 4.0
13 4 1 1 1.72900 52913 2.0
4 4 2 0 1.65300_ 55.550 10.0
15 3 0 3 1 62480~ Ro LT 4.0
16 0 0 4 1.62400 . 56.631 4.0
17 4 0 2 1.60600  57.324 2.0
18 3 3 2 1.53610 60.194 12.0
19 2 0 4 1.48750Q . 62.376 10.0
20 4 3 1 1.44290 64.533 4.0
21 2 2 4 1.37990 67.867 10.0
22 5 1 2 1.32480 71.105 10.0
23 4 4 0 1.30790 72.166 4.0
24 6 0 O 1.23320 77.311 4.0
25 4 0 4 1.22080 78.245 6.0
26 2 1 5 1.20960 79.111 2.0
27 6 1 1 1.19550 80.231 2.0
28 5 3 2 1.18190 81.347 8.0
29 6 2 0 1.16970 82.378 4.0
30 4 2 4 1.15950 83.263 10.0
31 3 2 5 1.09790 89.113 2.0
32 6 3 1 1.08750 90.197 2.0
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33 1 1 6 1.06030 93.186 6.0
No. h k L dfAl 2Thetaldeg] | [%]
3 4 1 5 1.05240  94.100 2.0
35 7 0 1 1.04320 95.191 2.0
36 6 4 0 1.02620 97.291 2.0
37 5 4 3 1.01920 98.189 2.0
38 4 4 4 1.01840 98.293 2.0

Stick Pattern

Intensity [%]
100

Ref. Patlem: Wake fiskdit="(C=), syn |, 00-012-0757
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7. 2033 Mvnadudn « (Tonasiuise Tiud msieuns uazuvasyudounaaluiiu 5 7)
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Phitsanulok, Thailand
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The nut-like CeVO,4 microstructure was successfully synthesized by the template
free hydrothermal process without chemicals assistance or calcination step. The
effect of synthesis reaction time for photocatalytic activity was compared. The
products were characterized by X-ray diffraction (XRD), scanning electron
microscopy (SEM), energy dispersive spectroscopy (EDS) and Fourier transform
infrared spectroscopy (FT-IR). For evaluating photocatalytic activity under UV light
irradiation, insecticide diazinon was used as a  representative pollutant. The
synthesized products were according to tetragonal CeVVO4 microstructure. CeVO,
microstructure = synthesized at 180 °C for 8 h and showed the highest
photodegradation of 78.38% and the highest apparent rate constant of 0.0191 min~?
within 90 min.

(Received xXxXxXxXxX X, XXXX; Accepted XXXXXXX X, XXXX)

Keywords: Hydrothermal, CeVO,, Photocatalytic degradation, Insecticide diazinon

1. Introduction

Agricultural residues are being considered to be highly toxic to the environment.
Thailand is one of many major agricultural countries and it is a country with extensive use of
pesticides. Organophosphorus is one of the most frequently used pesticides and is commonly
detected in water sources. Diazinon (O,0—diethyl O—(2—isopropyl-4—methyl-6—pyrimidinyl)
phosphorothioate) is a commonly used thionophosphorous organophosphate pesticide to
control a variety of pests on different types of cultivation such as fruit trees, rice, sugarcane,
corn, tobacco, horticultural plants and for other general purposes [1-3]. Once it goes into the
water, the fate of diazinon depends on its volatilization, hydrolysis, and sorption to sediments
and photolysis [4]. Many methods have been used to get rid of insecticide diazinon, such as
ultrasonic treatment [5], ionizing radiation [6], adsorption and photocatalysis [7]. Advanced
treatment technologies have been taken into account to eliminate pesticide residues because
general treatment processes do not work under certain conditions. Photocatalysis has been
considered an effective way to eliminate different pollutants in the environmental. Cerium
vanadate (CeVO.) is an important semiconductor with a wide band gap of 3.1-4.2 eV that has
attracted a wide interest because of the suitability of its useful electronic and catalytic
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properties [8-9]. CeV Oy, exists as an interesting phase of the CeV-O ternary system, it has a
tetragonal zircon-type structure and can stabilize Ce®*" ion even under oxidizing conditions.
Thus, it has a wide potentiality of applications in different fields such as in laser host
materials, luminescent materials, electrodes catalysts, oxidation catalysts and so on [10-11].

In this research, nut-like CeVVO4 microstructure was synthesized using a single step
hydrothermal method without template. The hydrothermal reaction time impacts crystalline
size, morphology and photocatalytic activities. The photocatalysis of nut-like CeVO,
microstructure was analyzed using the photodegradation of insecticide diazinon under the UV
light irradiation.

2. Experimental

All chemicals in this experiment were used as analytical-grade reagents including:
cerium nitrate hexahydrate (Ce(NOs)s .6H20, 99%, Sigma Aldrich, USA), ammonium
metavanadate (NHsVOs, 99.5%, Ajax, Australia), sodium hydroxide (NaOH, 99%, Loba
Chemie, India), ethanol (C.HsOH, 99.9%, Liquer Distillery Organization, Thailand) and
diazinon (98.9%, Dr. Ehrenstorfer GmbH, Germany). For the hydrothermal synthesis process,
appropriate 6.940 g of Ce(NO3); .6H,0 and 1.872 g of NH4V O3 were respectively dissolved
with 25 mL deionized water. Then, the Ce®* solution was added to the NH4VOj3 solution and
stirred, then the precipitate appeared. After substantial stirring, the slurry was adjusted to pH
10 by NaOH. After that, the suspensions were transferred into a sealed Teflon autoclave and
kept at 180 °C for the different reaction time of 4, 6 and 8 h, then cooled down to room
temperature. They then were separated from the reaction medium by filtration and
subsequently washed with deionized water and ethanol. Finally, the powders were dried at
80 °C for 12 h for further use. The products have been denoted by the time of hydrothermal
reaction as CeVOs,—4h, CeVO46h and CeVO4—-8h. The final products were characterized by
XRD (Bruker, Advance D-8, USA), SEM (JEOL/JSM-5410LV, Japan), EDS
(Oxford/IncaPentaFETx3, UK) and FT-IR (PerkinElmer/Spectrum RX |, UK). The setup for
photocatalytic degradation of diazinon was examined via a test tube reactor with 30 cm length
and 2.5 cm width containing 50 mL of 10 ppm diazinon solution and 0.025 g of CeVO,
photocatalyst. The reactor was kept by the black wall box to protect it from external radiation.
Two tubes of 6 Watts short wave UV-C germicidal lamps (Kingrate, G6T5, China) were used
as sources of 254 nm UV radiation. The light sources are placed vertically on both sides of the
reactor. In each test, the reactor was allowed to equilibrium by ultrasonic for 30 min and then
left for 30 min in the darkness. The solution in the reactor was constantly stirred by a
magnetic stirrer. The degradation was determined by removing 3 mL of solution at different
time intervals and filtered through the 0.22 pum syringe filter (MS® MCE Syringe filter,
Membrane Solution, USA) to take the suspension out. A diazinon concentration was assessed
at a wavelength of 247 nm using a UV-VIS spectrophotometer (PG Instruments/T90+, UK).

3. Results and discussion

The phase structure and phase purity of the as—synthesized products were examined
using XRD technique. Fig. 1 shows the XRD patterns of as—synthesized CeVVO, products at
180 °C under different hydrothermal reaction times. For the CeVVO4s—4h, there were three
predominant peaks at 26=24.1°, 32.5° and 48.2° due to the (200), (112) and (312) reflections
of CeVO, present, other peaks are not apparent. All diffraction peaks can be readily indexed
to that of the pure tetragonal CeVVOy, in good accordance with the database of JCPDS No. 01—
072-0282. No other impurity phases were detected. This demonstrated that tetragonal
structure of CeVO4 was obtained [11]. Except for the CeVO4,—6h and CeVOs-8h, a small
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amount of Ce(OH); was detected as parent peaks at 20=26.6° and 29.4° [12]. The average
crystallite size was measured from full width at half maximum (FWHM) of (200) peaks based
on Scherrer’s relation [13]:
t=0.91/Bcosb (8]
where t = crystallite size, A = wavelength of X-ray employed, p = FWHM of the
highest intensity peak and 6 = Bragg angle of the X-ray peak chosen. Crystallite size of the
particles obtained at different hydrothermal reaction times (4, 6, and 8) is 1.020, 0.97 and 0.93
um, respectively.
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Fig. 1. XRD patterns of CeVO, synthesized via hydrothermal method at 180 °C for 4-8 h.

Fig. 2 shows the SEM micrographs of the products synthesized via hydrothermal
method with different reaction times of which the products exhibited nut—like microparticles
with diameter from magnification bar of about 70, 30 and 10 um for CeVVO4—4h, CeVOs—6h
and CeVO.-8h, respectively. Obviously, the size of the particle decreases as the hydrothermal
reaction time increases.
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Fig. 2. SEM images of CeVO4 synthesized via hydrothermal method at 180 °C for 4-8 h.

From the above results we can see that the particle size of as—synthesized CeVO4
products is responsive to the hydrothermal reaction time. The size of the sample synthesized
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at long hydrothermal reaction time is much smaller than those at short reaction time. The
general reaction might occur through the hydrothermal process which would occur by Eq. 2
[11]. For the long hydrothermal reaction time in the basic media (pH=9~12), cerium species
firstly precipitates as Ce(OH); particles while vanadium from NH4VO; exists as the vanadate
anion (Eq. 3-4). On the microscopic level, VO4>- was mobile species which incorporated into
Ce(OH)z grains, resulted in the nucleation and growth of CeVVO4 (Eq. 5) [12,14].

Ce* +VO2 — CeVO, @)
Ce* + OH — Ce(OH)s 3)
VOs + OH — VO + H* (4)
Ce(OH)s + VO:* — CeVO4 + 30H" ()

The elemental compositions of nut-like CeVVO4 microstructure were identified using
EDS studies and depicted in Fig. 3. The elemental maps of the selected area on CeVO4
demonstrated homogeneous distribution of Ce, V- and O constituting elements in the sample.

Spectrum 1

= g el \Weight%o | Atomic%
O K 43.54 82.86

V K 12.81 7.66
CelL 43.65 9.48

Totals 100.00

Fig. 3. EDS spectra of CeVO4 synthesized via hydrothermal method.

The functional groups are identified using FT-IR spectroscopy as shown in Fig. 4.
FT-IR spectrum of the as-synthesized CeVO, shows a strong absorption band at 795 cm
and a weak band at 447 cm* which are specified as the V-O bonding of VO,*~ and Ce-O
bonding, respectively. The obvious absorptions at 1623 cm™ and ~3200 cm™ can be ascribed
to bending and stretching vibrations of the adsorbed H>O molecules, respectively [15-16].
The band at 1385 cm™ may be assigned to NOs~ vibrations which were also observed. This
suggests that NO3™~ anions [17] remain on CeVVO, surface as excess reaction precursor.
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Fig. 4. FT-IR spectra of CeVO4 synthesized via hydrothermal method at 180 °C for 4-8 h.

In this research, photocatalytic performance of nut-like CeVO. microstructure for
degradation of insecticide diazinon under UV light irradiation are presented in Fig. 5.
Degradation efficiency of diazinon by photolysis, CeVOs-4h, CeVO,—6h and CeVO,-8h
were 17.79%, 66.48%, 69.98%, and 78.38%, respectively. Among them, the CeVO.-8h
showed the highest efficiency. Generally, degradation efficiency is impacted by crystalline
degree, purity, shape, size, surface area, defects and others of the photocatalysts. Fortunately,
the current synthetic mediumis friendlier to the environment than the previous one.
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Fig. 5. Photocatalytic efficiency for the degradation of diazinon by CeVO, synthesized via
hydrothermal method at 180 °C for 4-8 h under UV light irradiation.

The mechanism of photocatalytic degradation of diazinon in the presence of CeVOs is
described in equations 6-13. The first step in photocatalytic degradation is the photoexcitation
of CeVO,, followed by the formation of an electron—hole pair (e—h*) on the CeVO, surface
(Eg. 6). The high oxidative potential of positive holes (h*) in the CeVO, allows the direct
oxidation of diazinon to get into reactive intermediates (Eq. 7). Hydroxyl radicals in a very
active state can also be formed either by the decomposition of water molecules (Eg. 8) or by
the interaction between OH  and holes (Eq. 9). The generated active hydroxyl radical is a
greatly strong and non-selective oxidant that leads to degradation of diazinon [18].
Conduction—-band electrons on the catalyst surface can minimize neutral oxygen to superoxide
anion radicals (Eg. 10), which can form organic peroxides with diazinon (Eg. 11) or H,O, (Eqg.
12). Diazinon mineralization can be found by interaction with hydroxyl radicals (Eq. 13).

CeVO; +hv — CeVOs (e +h?) (6)
h* + diazinon — oxidation of diazinon (7
h* + H,0 — H* + «OH (8)
h* + OH™ — «OH 9)
e+ 0, — 0Oy (10)
*0;" + diazinon — diazinon—OQO¢ (112)
*O2” + HOz» — H202 + O2 (12)
*OH + diazinon — diazinon degradation (13)

The degradation rate was calculated by pseudo—firstorder plotting. The apparent rate
constant (k) can be determined from the regression line of In(Co/C) versus irradiation time
(Fig. 6). In this research, the rate constant of nut-like CeVO. microstructure for 8 h (0.0191
min-1) was the highest. Thus, the nut-like CeVVO. microstructure have been proven to be a
good photocatalyst for wastewater treatment [2]. The calculated k values are 0.0021, 0.0128,
0.0150 and 0.0191 min! in the case of photolysis, CeVOs—4h, CeVOs—6h and CeVO,-8h,
respectively. These results indicate that the samples tested can be listed in descending order of
efficiency as follows: CeVO,-8h > CeVO4,—6h > CeVOs—4h > photolysis and this finding
confirms that the efficiency of the catalyst is directly affected by the hydrothermal reaction
time.
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Fig. 6. First—order plot for the degradation of diazinon by CeVO, synthesized via
hydrothermal method at 180 °C for 4-8 h under UV light irradiation.

The crystallinity, phase purity and-morphological uniformity of products were highly
correlative with the hydrothermal reaction time. Based on the results of all these experiments,
the reaction time required for synthesis of CeVO. by hydrothermal method affects the
efficiency of the application. From what previously reported, the different reaction time for
synthesis of CeVO4 by hydrothermal with or without template method gives different results.
For example, Phuruangrat et al. (2016) [15] said that the CeVO, nanostructures can be
synthesized in 24 h and Shah et al. (2015) [19] reported that nanorods can be synthesized in
48 h. For the short reaction time, the microspheres [10] or microstructure [20] can be
synthesized in 8-12 hours. However, the photocatalytic properties of synthesized CeVO. can
be enhanced by calcination [10]. In addition, the photocatalytic degradation of diazinon in the
presence of synthesized CeVO, under UV light irradiation can be enhanced by adding
electron acceptors such as H,O» [21].

4. Conclusions

In this study, simple hydrothermal method was used in the synthesis of nut-like
CeVOs microstructure. The influence of hydrothermal reaction time on the structure,
morphology and particle size of products was studied. On the basis of the results presented,
the hydrothermal reaction time had potential effects on the formation of nut-like CeVO,
microstructure. The reaction time of simple hydrothermal synthesis method has a significant
effect on the particle size and the crystalline size of nut-like CeVVO4 microstructure. For the
environmental application, effective degradation of insecticide diazinon is possible via
photocatalysis in the presence of synthesized CeVOs microstructure under UV light
irradiation. The results indicated that the photocatalysis process in the presence of CeVO,
synthesized at 180 °C for 8 h offered the highest rate constant.
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