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ABSTRACT

This research project focuses on synthesis and modification of ZnAl,0Oq4
nanomaterial by lanthanide metal (Sm) doping via sol-gel based method assisted with ball
milling process. Starting precursors were based on metal oxide group. There were three
methods to study the optimized product in pure spinel complex oxide by oxide precursor
materials as followed; 1) Sample preparation by sol-gel method assisted ball milling process,
2) Sample preparation by mechanical acidic treatment and 3) Sample preparation by
vibrational milling process assisted high temperature calcination. After that structural and
optical properties of Sm doped ZnAl,O4 nanopowders were investigated via the crucial
parameter of different doping concentration. Well-defined ZnAl,O4 spinel phase obviously
occurred in method 3 due to several milling and sintering process leading to produce new
phase in ZnAlL,O, formation and reduce composite form as shown in method 1 and 2. XRD
patterns of ZnAl,O4 powders were identically in spinel crystalline phase without contaminated
phases. The improvement of ZnAl,O, crystalline could be occurred after Sm doping at 0.5
wt%. For increasing Sm content, secondary phases were also detected in SmALO; and ZnO
phase because of the substitution of Sm atoms in Zn positions. All peaks in FTIR spectra at
different Sm loading located in range of 750-450 e were suggested that ZnAl,O4 structure
still stabled in normal spinel after Sm doping and the presence of contaminated phases.
Optical reflectance spectra of Sm doped ZnAl,O, samples in visible range were enhanced by
the Sm impurity energy level in the matrix. For photoluminescence property, the prominent
structured band in the range of 630-730 nm was corresponding to the emission of residual
chromium impurity due to the influence of stainless steel container and balls during the
synthesis. The highest emission of Sm doped ZnAl,Oq4 spectra was obtained at 0.5 wt.% Sm
resulting in the energy transfer from Sm defect to luminescence material in the system. The
analyses of oxidation state XANES spectra showed that the oxidation state of zn”" ion in
ZnALQO, structure and SmO metal phase in Sm doped ZnAl,0O4 compared with ZnAl,O4 and Sm

metal standard.

Keywords : Luminescence material, Zinc aluminate, Lanthanide metal, Sol-gel method, Ball milling

process.
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2.1 lassafreamdnuuuatiuag [8]

Tnssasamdnuuuatiua (Spinel structure) Wulassadavasansusznausenledsinannils &
qmaﬁalﬂmamﬁmu AB,O, Tneii A fie lossuvedansfidaauduiiu +2 Welunin divalent
cation du B fie lessuvedlavgifidnaaudivinty +3 viel3unin trivalent cation lssaiatiua
flassasrauuugnuiad Geerauesliindumsnaunauiu sevindasiaiissensen (Rock Salt) Au
fedluau (Zinc Blend) axmouvaeandian (O°) wwagnsnarmituessuanunad mheleadiug
2wdl 4 07 4 YeseennyBnson uay 8 YousmsBnsen aunfiuiilasvaineid 12 derin Faandufiey
99 1 pyyaUINges fu 2 eyyavananilulassadne fugrudesoennyBnsen 2 destumnsyBnsen 1
Y09 azfloyyavinunaney Tassadeiuguisnau 8 wad axdndeshiudumhowadlided 32
0° 16 ayyauIn luteseennzdnseauas 8 suyavInluensBnseaduandunwd 2.1 fog1sves
asUszneuiilnssamanuuuativa launfaquimaniilaldlans

Tnssadsatiuaindu 2 wou Ao aliwailludesmnssinsoassd AT uarludesssnny?
asoail B” o¢ miﬂimaumjw‘flﬁm ZnFe,0,, CdFe,0q, MgALO,, CoALO,, NIALO,, MNALO, ay
ZnALO, dlassaiativadnuinuieldun oyya A~ wsnagludessennzdnsea uazdnasanis
vosoyya B~ unsnaglutesesnazdnsea BAB)O, lastadrsuuutinuun uazwuluasusenay
FeMgFeO,, FeTiFeO, FesOs, ZnSnZnO,,  FeNiFeO, uazarsfifauvfduudndnuinmeoslsd
(Ferrite)

Octahedral dnterstice
(32 per unit cell)
— i/"“}
el
N .Q\;—-’
ll;i"l_‘_j-l’;.‘-\.
\‘:—"A\':-_’.-'fl"
Tetrahedral interstice
{64 per unit : cell)

R
@ Cation in octahedral site

O Cation in tetrahedral site

A9 2.1 Tassaseatiua
(‘17‘1Im: After A.R. von Hippel, Dielectrics and Waves, John Wiley & Sons, New York, 1954.)
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2.2 dUUAVBITINDANLUA
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AoalluAwaLlATIASINANLUUATLLA
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AN 2.2 034

FeAegilium (Zinc aluminate; ZnAl,O,) Saduasnaedaniaiduoundsudesing
naUszann 3.8 Bidnasouliad lasvaamdnduwuuatiua (Spinel structure) wamssannd 2.2
drunnazfiguldanulunisdudusgiser  (Catalysts)  uasimatvayuiiseuiisen  (Catalyst
support) Lﬁ'aqmﬂﬁmmLaﬁaﬂuqmmﬁqjq ynufasennunsataton wazflanvialiveuth
(Hydrophobicity) [9] Tunauzdeniu Fsreglndalasuanuanlalunisléiluiaamdnvesansises
waaiielUusggndlinumaesugunsalbianysetindvnauas 917y wihaeussananausuiiduuns
ISUAY. AINTINTUAILSZUUTINALAZIEY (Mechano-optical stress sensors) wazgunsaifunm
AuiA3en (Stress image device) 1udy Tnedsdogiiumanunsavuldmumdnillfidesind
auannsalumstlniliuunans vumustensianseuvesansiadl wasilaudAiniuasiia [10]

2.3 saquaunmlug (Lanthanide) [11]

waunlud Husynsuvessglumssiniuau 15 ¢ fussguaunifuiasngfidon (oo
pgmpNRIuA 57-71)  dansnedl 2.1 Tassanndrlusynsuiiiavosnosuinuasidusiamienn
asUsznouvess vt ledfuar v daliffmazifansgandusadutnsfiveaiiuld wagdag
Tnd UV fanmil 2.3 siuaumiludesiinsdniSesdlanaseuliiuly of eosiviaiiavesndinduls
tosnismnsuaduiitianaseusuentu d eesdviadiulng windioiusignsuadunyi 3 lned
aveandinduludag +2 81 +4 unsiliavesndindu +3 Wuiavoandndundndesinlunauiiiuuili
TunsliBiannseugaelectropositive) UASe3dnTues M /M fldrmnusnsdindegluts -2.25v
(Lu) 4 -2.52V (La) Feaaudediannseulanninsudiaanseu dslinvegluglvedlanedase uinuii
Andulessusgluansusznaulesstin

audRiduressinounsuuaunludide andRudimanuaznisaanduunas lngansusenouves

swuaumluddnlngidiaanseuneuaiduaeIus1ansuaty wiwanduiundaanseuly
af posivialasudvanaandiannsou
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Al 2.3 pwsgnaunaunilug (Muduniniansigisnarsiuluge) wdlefdey, HiZey,

waus iy, Tleladivy, srusen wag nmleawou
(www.manager.co.th/Science/ViewNews.aspx?News|D=9560000151463&Htm|=1&TablD=3&

A19197 2.1 519 lungquuaunilun

LAYBZADY Halne Hodangw Jeyaneal
57 Wauny Lanthanum La
58 P38l Cerium Ce
59 WsFlofdle Praseodymium Pr
60 Wlefifew Neodymium Nd
61 Insiiey Promethium Pm
62 YT Samarium Sm
63 Eﬂ’iLﬁﬁm Europium Eu
64 wnlnaLiew Gadolinium Gd
65 wiasilou Terbium b
66 Aalnsldou Dysprosium Dy
67 QRIS Holmium Ho
68 ol Erbium Er
69 wﬁsm Thulium Tm
70 deuvesileu Ytterbium Yb
71 Qﬁl,ﬂsm Lutetium Lu

2 6 a ) 1% i Y} o Yo d o
Tu 55" way 5p Mudaanseutululauinnin msizdisedundsaulndiy WewSsuiisudu d

= 1

Siannseululangmsuadu dlannsoulu f eesdia Jseganelddnsnannauindunuddidy
aunlwihneuenldtesndt vildmsusneanvesseiundinuiisdesntidie aensuiiistuan
nswasuannvvesdlannseulu £f easdviavessinuaunlusidiauganduiiuauniuauganay
vosdlannseulu d-d  eeidiiavessgniuatu luvhuesadsaiuandiuivaniiinandiannsou

Weavessuaunludislasunansenuamnauiuliinntguentesnitsiansuddy deduanin


http://www.manager.co.th/Science/ViewNews.aspx?NewsID=9560000151463&Html=1&TabID=3&

WA LazIIUIUBIaARNTEULALITETBIT AN ludkaza1sUsEnaU Flidsuwasunntn
meldauiuuwimannisuan

2.4 vann1silasuas (Luminescence) [12]

nsdsamiefeamwosasuwiadaindulnngnisaiiietudeudrafies a1unse
illlunsamaaeuiensafigaiviavesansdug ¢ lnsanglutlgduldnaedumaiafildly
madeneimandifesned ginuusngnsaimawduasiifuauuante dninenmanssmaude
Nicholas  Monardes  faudd) a.a. 1565 Tnewendunafiuin asfianaldanldide “Lignum
nephriticum” anansadesasdinituly uazsled .. 1833 Sir David Brewster ldmetuiinlsin
aaolsladiauadundliwuiiendu lud ae. 1852 Sir G.G. Stokes tnT@nduidanguliilug
oBurBfansruIuNTgANAuLAaE I sWaasiaz iUl Flweiiiasesd Sufioldindunns
Mg nuAaiidunennaudsiagtul

maidsuasdidefunanssiaisiudauruamemdanuivhlilinanallegfianiuznsedu
(Exited state) famnsnait 2.2 1wy TilanadiindunsisortulnneuveanIsusssdusimanludi vinls
TuianatfnnisUdauas 13end1 Photoluminescence  @sdfanusaanlailiunisnanas (Fluorescence)
ua¥N5I3a3uds (Phosphorescence)  lutanavesanstulindsnuilldanufasenad Sendy
Chemical luminescence 38 chemiluminescence wagflananaldiundsnuainaynmadisingaany
gsluiduluanafianiuznszfuiSends Radioluminescence %39 Bioluminescence 38
Thermoluminescence %uﬁ’uawﬁﬁwmamzéjuuazLmaﬁ'qﬁ%ﬁmﬁiﬂumiﬂisﬁu Dusiu

nsiaanas WundanuvesezpeudirlsiseldaslasinAueandanuiisgnindmaanui
an Ui (Ground state) uamdsnAmSNufiguluhAmdnuiianiuggansedu doosnougn
nszdulifinisiudeuaniug (State) Wumnanugi lUfanuzgnnssduusn (First excited state)
Fouas Asfhintumumdimansziuie svponunsiadnismendsnudmiuoonuluzives

A13199 2.2 unaseamdsnuiliniluenalusgianiuenseiuy

FUAVDINITLUALLES 5 Y
(TypeDNdURE Rl widawdseulunisnszduluiana
Bioluminescence Biological process

Cathodluminescence Cathod ray
Chemiluminescence Chemical energy
Electroluminescence Electric field
Photoluminescence Photon
Thermoluminescence Thermal
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A.Fluorescence emission in atoms

B. Fluorescence emission in molecules

] v = &
AN 2.4 ﬂSS‘U’JuﬂWiﬂizQULLaSﬂ%U’Jumiﬂuamuzwu

nasuLas Fedunifniioguuiiugiuedlasiaiesaeuildsuniseausuiuegiiniiaag 3
azmouilszaundanududu n1ssunismendinustospeuilaensduRusAuAITEAUNS Y
lnsn1silasandunssuiunsiolwasiiiaainezneunsolianagnnssiulaenisnaniused
! [ 1% v ! & ' [ ! a 1% ' a X
wiwanliil windudanusiiulagUdesnasudruiulugvednneu dnisUanldesuaniniy
A v A ¥ a a = L4 ! a U = 6 4 1
WNauviud 16aan 10-5 3wl viseussndn Sundl N13371I0as vi3e gealsawwud uwian1suanUdey
wasldianlumsiAaunduwnfivietalus Sundn n1seuas wie woawawsawud dauanslunin
PN
n24

2.5 NITUIUNSARENAITAIENTZUIUMIUAFITIneldanua (Ball-milling process)

Ball-milling ~ process 1HuASnnsunansUsziomuileiiliasdvuinidnastngltgnuauuunay
(Ball) Lﬁuﬁwmms puUnfudasvhieesdn Tany indn Ssnvesgnuaiilfagtuegfusiiauae
YuInYRIENSITAUA mm‘umsummmaaﬂWisummaqmsLmemumﬂmaﬂUWumﬂMm dugnun
yuadnimngAunsuaiidesnisansfidvinaasnden msualagld Ball-milling process anusaus
I¢aniBonila 200-325 Wit (mesh) wazenavhldds 5 luasou (micron) sftardeudnszuaunisi
sndutasuends a1l den uanwsiiia Tuftlangunsasnn wieusiiniunissesasiivis
wazasfiaosuda Insarusssasisiundeutugnuaadiuluraansanszuen uazthaamssnszuen
dlunsuuwiuiiinsnyuiesnsiiad elignuansenuivats wasdunimauarslfdiudn
shedsdinmshansanmd 2.5

#AnNN15v9mee Ball-milling process %L’%'u%{mﬁaﬁmimu ﬁ’aqnumsmﬁauﬁ%ﬂﬂmu
wif3wearIAnTInTzUanIuieganiaudaganaun Tasundudilunsunaziinanuss 2 ussieiy
fo wsawies (Centrifugal force) Fsagvinlviansfleganelu saufvgnuadie agndsinnmeRadunds
wiosnnussisgavedlanvilinnasnnssdiuatsgn uasdnusmilainangnuanieluriemss



MW 2.5 Mvhaumedsueasiaeldgnua (Ball-milling process)

nszven SuiliAnnsusty  Ssaseununssiaesiildlagmsuunnudiseulunismuunues
VINNTINTTUDN

ANNIEAINGe (Critical speed) A A alumsvsuvessvsiouniidnarevuinvosasiiun
lowaznisdnnsevemtioun dmyusiveibiiansualdlugnsiganinusenssun (Shear impact)
Tnsnsaninvesgnuaiiognelu uidduiulvasinamensdag masiivmnzaufeannuisi
uswisuasLsRiganssidoaiseglunyaunadmniAun i dagyin i siAanwissialufneg
funantelunifoun (Shell liner) @sfifennmusAings (Critical speed) tues Tngvaluudraem
ANNSIINGALARINALNTST

4223
”C == 555
VD (2.1)
de n. = mnsingm (seusieud)
D = urgudnansnngluriansanszuen (wns)

2.6 35Mslwaaa (Sol-gel method)

nswessuansazaelvalaaazidunisieisuansasidesnswagniliiiniulneldiadosniu
asndeuidlinnuouiiofagiliasunndnasiinmssadaduiusy Welnduasiilminud
Foenns Feisansavanslvanaiitunenluniswienasdligen aunsovinlussuuilildszuy
ayanAld annsarmuaiBinumsdemuadldiuuiidewiouasiiouiosasiinaiaiians
funssuldiduasisiulunsedssfiduuiseriivu naauwedou n1sfuedou wagnismuniou
Hudu iefuasdalumsdnaneilfeglusuremavidooymealussdudniidanuasiiauona
TnssadsldBndae TaeufAsenssuiunislva-alutunousne q wazndndusiainnszuiunisisa
wauandlunmil 2.6

aaa 1Y

UAsendA

v =

ylunszuiunmsleanaussneulisie 3 UfAseidAy Ae Ufnsenlalasla

o

aaa 1 aaa 1

Fa (Hydrolysis) Ufisenn1saiuiiuvesi (Water conden- sation) wagUfise1n1sAIunkLuYes
LaaNeageas (Alcohol condensation) AealNT5N 2.2 - 2.4
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- ~ F-o -4 Supercritical
_Condensation _ o: o P  _ Gelaton drying
°0a°2°
oo °
’\ ©°%, 0 .
Solution Sol
of precursors {colloid)
A\
Spray, dip, or spin coat_- 7~ \
e Draw |
& » 1 \\ Dry
oSodboe \,
o fomomP \
Coated substrate { D,
'

Dense ceramic

Dense thin film

=] aa = Y aa
AINN 2.6 ?ﬁﬂWiLm‘emm’iazmﬂmmﬁmﬁazmEJI"?IaLf\]a

Ufisulelasla®a: M —-0-R +H,0 > M —OH +R — OH (2.2)
‘Ug’jﬁ%afmflsmuuﬂumaﬁ'}: M—0OH+0OH-M->M-0-M+ H,0 (23)
Ujnseanismiviuules: M—-0—-R+0H-M->M—-0—M+ R—O0H (24)
LOaNgoR

'
Y | 1

3 Y1 v a0 = a aaa oA ' I
"'ﬂ’mﬁuﬂ’]iﬂﬁlﬂﬂuv{,@'ﬁwﬂﬁ]ﬁ]EJ‘I/Iﬁ']ﬂQJ}‘V]ﬁGNﬁﬁ]@ﬂ'ﬁlﬂ@lﬂ{]ﬂiﬂ? UUAD AIAULTUNTA -LUd

i o
Y Y

AU fisen dnsndrusendnaiuazansaiy uazgaumgll asluluaniziagiloulufiuansineiu
dinasielassaiauazantfveswdnduginuand1aiy [13]

2.7 NTNIUNIUITIUNTIN
nATglulagdulaiim@nynasduasesiianlangniuidueenlondadeululasaieat-
woaegduswauinn dahluemAfedfsldnusmnuisedun AdEnsfnsiBnsduasest sy
fensthluuszgndld ioifunisAnududulsenevlunisvheided sudsnnudullduee
Usglomilunslinuanlasiaduiidesnisfing dainnismumuunenaidonuin msdunsiey
Fanlangniruddusenleddsieululasiaisalivafifinsdomeernouvessinsineg avanunsniiy
UsvAvEnmmavauesianldlnsanizaniimisuas sauvedaduinsfuiunndeudnie enfivdu
. Mindru uazgf2adde [14] Tdvhmsifoussmounslasiadaliuatuanusafiadldidutan
Waskasla laglavinisduasenianalivalaveasgiiun (Cobalt-aluminate;  CoAlLO,)  #38
NITUIUNITNITHUATIZINTE0UEA18AI8AIUTOUYBS polynuclear multimetallic  compounds
TngldBunusfiiulessuesminusnuaznglaun wui nsduaseiansis 2 wuivinliAndy
Janatiualausasgiiiun andnuszanas 50-60 wilumng uanslunwil 2.7 uazBudunanisidu
HANIATIETINEATUANAIINNIUNTEUIUNITIH O gUn Il 1000 BIANTALBYAAIENANITIATIZY
Tassadamdndenaideavuvesisdiondlunind 2.8 daunanistanisidsuasuesianldviing
nraialagihfanalivalaveasgiiiunaisuasnszduilniueninau 400 uag 475 unlulunssa
wanawalunind 2.9 aziiuledn Wefinsnszdunisldmiueiiniu 400 ululuns azdfianis
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Waauas 600 uluwns drunisnszduneldanuenadu 475 wlumes axiifiansddsuasi 710
wiluiuns lnedunavdwaduguiinmensiu Funannsdsundanuludesduduiidinimes
looou o™  suminnnszdneanielulasadrsativa

W.A.l. Tabaza wagangdde [15] lavihnsduesenianlassasialivavesuuniii@euegiium
(Magnesium Aluminate; MgALO,) MiFasesadailen (Ce) senszurunswlndiiieltiduian
Waauas Tnsansmaduitlde wylumsavesuuniifouuaregiidon Fanuin winfuaiiildasd
Tassaisatiuavosuuniidenegiiunudiaziduasildanmsnssuiumsdansesiansiinmnisen

-

[

AR 2.7 pNaneaInAIRIganssAuBidnaseuluudeIiureianalivalaveasgiiiunlagly
funsudves (n) lorourasmniniem kay (1) leauvainglam

an

any

iy

Antensity [Counts]
f !
E

(22)
)

)
) & (422)
0 =
el l am Ju @ j
| Iy L 4 i | A

2 heta [deg] Ztheta |deg]

AR 2.8 HANTIATIELATETIIRANAIENITELUNTBITENdueianaTiualauaaogiiunlag
ldaunsudves (n) legeuvamisnisn uay (1) lepsursenglalun MEWILAITNY &

oM i 1000 BaAYALTEE

—~
)
=
—~
2
[

1.5

1.0 4

Emission Intensity (a.u.)
Emission Intensity (a.u.)

T e A ‘0 700 750
A (nm) A {nim)
MuA 2.9 HanTieTginsauanesiagativalaveasgiiiunnielinisnsedumenintg1inay

(1) 400 WNLULIAT kA (V) 475 UNLUURS
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(n) . , (v)

T " T . T L T

MgALO
1 MgAlLO, Reduced 1400°C e
1% Ce

] i [ A .

E Reduced 1400°C
i 1% Ce
' Annealed 1400°C
i 1% Ce

A Annealed 1400°C]|
. undoped
_ ﬁ = As prepared : " 3
= 5 oW "= o9 undoned ] ) s prepare
LB 87 )E 88 e I N

Annealed 1400°C
1% Ce

Annealed 1400°C
undoped

PR TN TR R TP TR S B

counts (a.u)
counts (a.u)

400

1 ) | | JCPDST74-1132 {ucpos 74 |°’ §
10 Elﬂ 3Iﬂ 4Iﬂ 5‘0 Blﬂ .’ID 8‘0 E:C 100 34 35 3 3T 33 3‘9 4‘0 41
26 (degree) 26 (degree)
AINN 2.10 () wan15ATIEY XRD  veslanaskasaliuavesiunili@suogiiiunuay

(1) 5198LLDUANULANVBITIUIU 311

PL intansty (a.u.)
‘\‘ T
r/\
1

. 00 05 10 15 30
| a\-t:a concantraton (ma®:)

T~ 05%

PL intensity {a.u.)

. A1.0%

250 3:I|U 35I:| -K;U -1-5‘:] 5CI|:| EIEID ECIIU E.I'EU ]'::'ﬂ T.;-Cl 800
Wavelength (nm}
{ o | 3 [%
A 2,11 adnasunisidasuasuss MeALO:Ce  meldnswnly 4 Wasidudvaauna

a A v

A Na o Y = = | = N A
‘Vl'qm‘ﬂﬁllaﬂ LLaSﬂqﬁ/]Lzﬂ@ﬂ’JEJﬁ']CﬂeUaLUEJNW\TLL?{@Q&L‘UQ']WW 2.10 WULWYIIMUNTLADUYBDINANTEUIU

Y
= dl = A

WaAn 311 dlelinislesm@adenadly F@liiud finnsunuiesmouvessinddidevadlululase

9
S a

afwesunilenogiiug  Usinumsdesindadouimnzauiviiliuunifouegiiuninng
Wasuasdiondanudugsiigawintu 0.75% daansunmil 2.11 dwalslasiulunasineu a
onumgil 1400 asmwaldua iunan 5 Hlusiildazdonfnannshansluenneld 4 Wedlduduves
unalalasiauluunaeinou a gamail 1400 ssrniwales Wunan 5 Falue esanifuieulviivi
TiAn Ce”" dwalviannsafianaiauasls

J. Zhang wawy3u3de [16] livinisduasienianuasuadasiasiativa veuuniidey
aumuafensiesmgisiidon (Mg,SnOgEu’)  HIUNTEUINNTHANMNINIBAM (Solid  State
Reaction) wui ilevinisnsgduansmiodnefefaddansllewn a armenedu 250 uiluiums
2z a5 Me,SnOgEu” U3nQaung Lm'Lﬁawqmmsmzﬁuéﬁ8%’&?{5@@3'1131@Lam gyinlaans
fegraldwuadifeieenuiegisimautaandunind 2.12 lnonsilasuasdeingg vendn e
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ai 212 amidnguanansiuadauasvestanlassaialivavesuunidifguauniuniign1siiess
IS 3 Ll Y v v A o 1
gLatien (Mg,SnOq:Eu ) (n) masl,mmimzq}umaiaaaamﬂﬂamm ey (V) NsUaduas
MAIIINNITNEANIEAUMEsETansllowan

(M)

()

Relative intensity a.u.

(m)

T T o — T T T | — B

304 3?5':- 1 JI;I:J 450 500 550 G600 EIZ-_C- ) ?l.]:ﬂ 750
Wavelength nm
awd 2.13  wamisiansivasiaswesianiasainatiuaveuniigunauaiunniuni1siaesis
= - v v v v A o 1
gussln (Me,SnO.EU ) (n) meldnisnssiusiiesiddansilalowan (v) nsiUaauas
AIINNISVEANIEAUMETIETanIbalowan wag (A) N1silasiasegeselliomaain

nsveanseRumesddansililewn

3 a v L% ! = 1 ! 1 = 1

Mg,SnOgEU @nunsaedunglsainnanisinnisivasues Jauvsnsiaaasoandu 2 99 Ao Tugas

a & ] aa  aa ) | ! =~ Qll
ANHEIARY 498 Wiluuns Wun1sauasdilieaniinainasvan Mg,SnO, daun1siatiadunad

4 < ! = 3+ o - A o
ANNENIATN 616 WluwnT WUMTUAWMAEITIe Eu” dwuanslunmd 2.13 uasiilalin1svgn
nsgAumeTIddansbiloanuad asded1sdinsaunsailauasdeluladn Waawnainnisasiuay
1997199998LaNATOUTINTINITUTINGT oxygen vacancy lulassadavesarswan dadunauain

3+ = o 9w Y Y ' vaa &£ & Ya VYo =
nside Eu dwhlilinsdnfundsnuluniswanadddfdtu anduraedideliinisdneinig
= a = 3+ 1 Y v 1 A o Y i v v
WoUSuaweeanside Eu Tudiaaududu 0-0.1 wudt Wevhnisianiswasanielinisnseiu
Y o Ao i a A PN & a a 3+ = v Ql'
mesiddansliloan NMsiUdawasdidenasiinannTumuuTinunsiie Eu” waslnnuidugegai
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5‘”“‘"}‘_ _d—"—_l_ﬂ/\— 01
UC‘ T T T T T L] i T T
BOx10" ~ 0.06
g DCI- T T T T T -_l T T
3 110"
[ )
z N Y .
m 04 T T T T T T T T
% 'l
g son10"
E 0.02
2 ose A . N ...
T 040"
v Vo 0.01
Ao
= LLOT S - ) . — c T
1.20¢10" _/’\‘\__ 0.005
0.00 - f T T T T T T T
Eﬁnxm} _/-\‘-—_ 0
0.00 f T

T T T ] |
W0 350 L) 450 500 550 GO0 B850 TO0 750
Wavelength nm

A 214 wansidSeuiigumsinnisiasiaesianiasiasnsativavesuniiesainiun iy
a =~ 3 A a A v Y v
msiesmgisiden (Mg,SnOLEu")  IUsInamesansidess) aeldnsnssdudae
Ssddanslalowan

3+ o ¢ ! i a a =3 a A 3+ A Y
Eu  wwinu 1 LTJE)iL“UUGﬁ@Ja AIUNITIUAILEIELANIZLNNNINVUAUUTUIUNTTIAD U™ LYULR8INY
P~ v = 3+ 0w . o =
LLa%iJﬂ'J']ﬂJLGUSJEﬁQEEWVI Eu wmau 2 LU@?L‘UUC‘EN@ WQLLﬂWQSLUﬂ']W‘V] 2.14

RJ. Wiglusz wagaaig [17] ldvihnsfinuiniseeniagativauunii@esegiiuniiidoss
lopouglsiUay (MeALOLEL") shenssuiunislelnsmeneasautuaaulilasin a1nn1sveassnuin
wanfusiidaanesiidiailasahafuativaldndinnninm a gungiigs InslusAtedldn
wanAa & gaumail 700 Wag 1000 BIFLYAITEE F9VUIAVBINANILWIIAY 11 Uag 14 U1 luins
mudfugamgilunsi drunisiinUiinuasideveslossuglaionaynuin eifinysuw
asdeiiuniuszdsnalfuunandnvesasanasdefeuiisuuagatiuauundiBenogiiunis
fauandlunmil 2.15  wazidlevinsilasgsiansiesiwneiaioansamidianaseuluudessiiui
Gouly MeALOL0.5%Eu” ﬁqmmﬁ 700 serwaldva azlalassassiduurumanluseauuily 8
Awe17 75 wiluimas uagnun 10 unluing aeludsznevlusegaunnseandegnguiiiy
Tnssadaenarinueadnsefanmi 2.16 deawniisilduuasdnannssumaznmdied
Al fuidesunainnisingnuiiifuiatesansiiedis dauntsfnuinisdenasuosans
MgALOgEU™" znseinngldounll 77 asAiAaluy Feazuanin1sUauafitinann1saaNIy
wdsendlusedududenan D WU F Tasagiimadsasdunsegnedaiaulugsamuenadulssana
600 ulULLAS F9NINT 2.17 91nAmazdiuledn a3 MgALOLEL™" FHIUNITNT o gauvgil 1000
ssmwaduaszliidanuduuasiganindeiiouiisuiunsmiiigaumgil 700 s vaidea
dosnsafioznouvesyladeuilvaniresnonvesuniifouuaregfifiouunn iy o gamglis
dewaliAnnsmudivesgladeuuuiuiesansiliiAanaudualdton udazsiliudauas
nntudednmadfiuunugladen duflgugigasnianiavduaddind desnlossuvesy
TsWouannsadluunudiesnenvesusniioslulassairovdnls Tnodoililassaisauannseg 39
dwmaasiaegns i Heulvlannsndwasldd



~ B MgALO_:Eu prepared at 700°C
—A— MgALO_Eu prepared at 1000°C

A
— \-\-\\“
E 15 - \
P bt o
: 1 ‘x“x__ d-ff-_—’r B
= “"\\.‘_‘A’i__f'—"/_’
E, . = L]
0 ln wul ‘-\.“_‘._‘-____"
5=
T T 5 T e T L T i T
0 1 - 3 4 5

concentration of Eu [% mol]

15

A? 2.15 wuananvesiagalivasundi@enegiiiunileiiuuiniuaisiiesvedlessuylsiey
MHIRINAITLET 4 @il 700 Lae 1000 eer ALy

NE o

'\ » Lt w3 3
\ 3 B 10 e Py

Al 2.16 AwggINATEIgaNsIALBENATeuLULdedr uvasianaTawinl@uneaiiiunlaed

USunasansidevedlosauglsitlon 0.5% aeannisiin ol gaunigil 700 asrngalfya

normalized intensity [a.u.]

emission at 77K, 7, =266 nm

MEALO P $% heated a1 T0IC

normalized intensity [a.u.]

MBALO,:Fa 2% heated at MC

MgALO, Eu 1% heated at NC

MGALO, Py 0.5% hested at 207C
T T

T
550 575 600 625 650 675
wavelength [nm]

] emission at 77K, 7.,,, =266 nm

MEALO,Eu 2% heated at 1000°C

MEALO Eu 1% heated at 1006C

700 25 750 ] ¥ x 3 £
550 575 600 625 650 675

wavelength [nm|

el 217 wanmsiSeuiisunisiamsiddwasvesianiasaivalivavesuniligedegiiunme
nsi3eleseuglslioniivsinnuesansideieg meldaamaiiluniswn (n) 700 uaz
(¥) 1000 I UYALTEA B NITNTLAUMEANULNIARY 266 WINUUAT 0 NI 77

9ANLARIU



16

(e)

-
[
L

(511)

(311)

5
JcPDS ]
No3g-1240 |

20 30 40 50 60
20 (deg/CuKa)

AN 2.18 (1) HANTIATIETIEENISRgIULYes S Eendlufvazane 1.4-butanediol  soud
8371879 100:0 (ZM-0) 75:25 (ZM-25) 50:50 (ZM-50) 25:75 (ZM-75) waz 0:100 (ZM-
100) wag() YUNBUAAVDLIER ZnGa,0uMn’’

L (222)

| (400)

b (422)

Masahiro Takesada uagagde [18] lavinisiesngviianisetias@aninaan (Zinc gallate;
7nGa,0,) Tidemsloosuvosuanida (Mn’) lnsmdsnainnszuaums solvothermal Tagldsavi
avans 1d-butanediol  wauiu Ineusudnsiaiusewinainazsasinazanel d-butanediol 19
uanFaLionHanIsI3eduAIYesTan I NNaN1 IMAassazIUIY a9 ZnGa,0aMn” axiilassaiiendn
wuvaETua (spinel structure) Inedlaszsiannnansiaszsidaenisiaeuuuessdond uasdneds
311 JCPDS  No.  38-1240 diurunveteuniavesdanagludia 10-13 wiluuing lnenavesiivi
avale 1,4-butanediol iﬂﬁa'mam'amiLﬂﬁauuﬂaﬂmqa%waﬁaa 7nGa,0uMn”" fauanslunnd
2.18 AIUHAYBINTLIOINAILNUI Tan ZnGa,0cMn’* xfin1siSesuasluigaugniniy 505 un
Tulwns Fainainnisdsuudameslessuy Mn” ainsediudy T, — ‘A, @wfinnisSesasiiany
g1andu 245 uiluwns awdiusiunisiewUsegsening O° WU Ga™ dauamdluniwd 2.19 ile
ihian1siseavasdan ZnGa,0uMn’* 1 505 wilumasuaninalunmd 2.20 11vn1sinsIitile

500

400

w
(=3
(=}

200 A

PL Intensity (a.u)

100

0 ] 1
200 300 400 500 600
Wavelength (nm)

¥
o A

AN 2.19 HANTH30LaAIVRITan ZnGa,0aMn” " Tusvhazane 1,4-butanediol  seiinfideuly
ZM-0 ZM-25 ZM-50 ZM-75 wag ZM-100



17

500

400

300

PL intensity (a.u.)

200

100

(] 1 I I
0 25 50 75 100
Water content (wt%)

H { v U 2 i i
Al 2.20 MslasunUasnuduveanssesaavesian ZnGa,0pMn” finauenana 505 wily
westuteulysnsiaiuvesnivinazaty 1,4-butanediol  sawNwans1eiY Aelanisiy
NAWUNITNTEAY 295 WULLIAT

MENTIEIUNANEATeIRIarattkar i luTUARUN1TALATIENENT WU NBATIEIU 50:50 Va9
wagAvaranyl,d-butanediol TipatuuadlunisiTowangn widlevinisiiiud3unaniiun
YU AgdmalinauiLadlunsiaaEmaal



UNN 3

A5N15ANHUIIUINRY

3.1 ensndiuazaunsal
3.1.1 @Al

- FAraplsn (ZnCly; Ajax)
- oglilleumaslsdianazlawmsn (AlCL+6H,0; Ajax)
- Farpenlen (ZnO; Ajax)

- ogiulsusanlen (ALOs; Ajax)
- uguNseueenlan (Smy0s; Ajax)
- lavzusuuisen (Sm metal)
- ansavangweuluduulansenlan (NH,OH; 30% PA-ACS)

- @YNUDA
- ‘1311151@%53@
3.1.2 gunsad
- ipSeadians 3 sumu

- 1ASBILAD WU UNLNBS NSEUDNAIN

- iesestunivansiagluiviaunaiivan

- LASBIUARIIILTITEUEY

- IAsemY U e mTUUA

- nidpuaNaIERNYLIAEURIUALENGTY 4.8 LYURWAT 89 6 LYUFAIRS

- ylpunBslALLY

- gnuawestaiilusenled (Zirconia Oxide;Zr202) vunaLduruauEnas 2 uag 5

AALUAT
- NSEAENTRIANS
- Ala

Y
- P1AUAINS DU
TR
- ASAUA

3.2 YUADUNITABLUIIU
3.2.1 ASTUIUNITHILATIZATY

'3 a

AN
U

Ay ' ¢y aad
L‘LWWILQ@ﬂ'JEJﬁ'W!ﬂq&ILLﬁuVﬂluﬂﬂ'ﬁEJ'Jﬁwuﬁ']uI‘Ua—Lf\]ﬁ

SIUAUNTTUIUNITUARILYNUA
nsduATIEvdeRegiiunmIsumenszuIunIanagnau tnglddinaslnuazogiitey
naslsienvglawnsaduansiiy antuinmsenansazansuenluioylonsonlosdswinmiiiluns
Dusdiviliasmsanazneu Tnenssuaunisiunsdaasisiisasdondmelui
1) wisuasazatelaedednaslsd 0.1 lwans uagevgiifleunaslsa 0.2 luans Tudhaen
Us%3 500 Uadans 'mﬂﬁ?u‘fjumumsasmaﬁqmmﬁﬁaalﬂunm 30 W



19

AN 3.2 LATBIUEIEN LN UL

2) nepwenluflenlonsonlesluasazareded 1) ieliannsannznou Tnenaandsay 5
finddns wdaduiindansaava (pH)  unseisaisavatedl pH 8 fefiwansluninii 3.1
mmi’uv‘i']mifjumuﬁqmmﬁﬁamﬂunm 30 U

3) ﬁﬂmﬁmﬁmﬁﬁlﬁluﬁwﬁqaﬁwﬂaamﬂizﬁ; Tneldszuvgnanniatisludamzneu sunseis
pH wirfy 7 wdsmnthuhleufigungi 100 ssruwadoa aunseisnznouuis uagyn
nsuangnoulnunsasBen

4) dndadaailuenioamgdl 900 sarmwalya Wuan ¢ 9l

mﬂﬁ?uﬁ']mé’aLﬂ57”ﬁLﬁaiﬁLﬂui’amUsvﬂauaaﬂlﬁtjﬁ?l,%a%’auiﬂﬁaa%ﬁaaﬂLua%aﬁaaﬁmmﬁLﬁa
mammnamaumlu@maﬂi LUIUNITUARIYYNUA ImaﬁmnauLLaumlummLaaﬂmmaauiumi
VnaDItAD SIUYNNNSEY (Samarium:  Sm) LummﬂLﬂuﬁﬂmmmm‘[mmmuiuauumﬂmﬂamaq
Faudaduansiaulalunsiuwiniseluaded Gziamﬁmmusuaqamaaﬂa unsSeaueanlen lag
ganuaswivansudniagusznovalivadedegiiundunan 18 Hilus Tnglfiaiomsuaniy
dmsuuaitruigaseu 100 seudeundisaandunnd 3.2 antuinedildainnnsussnsunisien



20

3.2.2 nszUrUNsAuATEidedegliiuniifafissanguuaunluddsonssuaunistuniu
NINEAMNIUNNUE1TaTA18n5A (Mechanical acidic treatment)
miAdvduiddnuuiefunmsdaeneitaguszneveonledidsfeutaguindsdeanladiay
saliflousenludiiesesinnguuaumlusmenszuiutumumanenmsmivaisazaensa u
nsdunTeiNandueTanUsenaveenlynddeuianmanddeanlyduarogliioneanlenazyinnig
Fuaszidienszuauiiuniunisnisaindiufuarsazarsnsalasldarsdeiufudedonnles
saiifleueanlys wanunIeueanlys waznsadnin lnunsesuiunislunsduaTeilsivazidn
daiolud
1) Yi1n15eensagnsnUIung 30 dadans mﬂﬁ?uﬁﬂﬂﬁmm%auﬁqmmﬁ 80 89"
LRIGES
2) ldasssudsdeanludiarogfidouooniadadumsazargludo 1)
3) AmusUTinamesieusiFeusonludnldaduasazatewindu 0, 1 uay 2 Wedldudlag
tiviin
4) yhnsaumsazatefigungil 80 esrLwalduarieANEad 100 soUADUNTIaUnTEITY
A158818NIATLNLDDNIUIUA
5) thndndaeilude 4) suflonnaill 100 esrwaltea aunTzMINzNaULKS LATINA1TUA
nenaulluniaziden

a

6) UndnsaeiiUinNoamall 1100 ssrngafua Wunan 4 Falus

U

s a =

3.2.3 N3TUIUNMITAIATIEVTIABRILUANLIBAIET1ANFUUAUN LUARIBLATOIUANA UGS

u
a

saufunsiniigamgiigs
AR vIAsfunsduaTeiTanlseneveonleddouTanmadndedeanlsduaz
aqﬁLﬁamaaﬂlmﬁﬁL%ﬁwﬁmmjmLLaumluﬂ‘é’aaﬂismuumwa‘”&mugﬂ (High energy ball milling) Tu
nsdunTeinandue TanUsenaueenlenilteuiagmandsfesnlys eglideusanled wouusey
ponles warlansuennBumdumsdiiu lngnssuaunislunsdaaszidneandendeeluil
1) Yhnstensieiuisdeenluduaregiiiiensantedaduniovaioslae
2) fvusUTinaweweiFeusonledildaduasazaneintu 0, 0.5, 1 uay 2 Wedldud
Tneimiin
3) Ynsuafianandaseu 400 wag 710 seusioundt Wunan 4 Fluduiniesuandsaigs
Faamil 3.3
4) thudnfusilueniigaumgll 1200 esmwadea Wunan 6 $ilus
5) tmsiildluuauasinfigumgiiaddn 2 ads



21

= = 9
AN 3.3 LATDIUANAINIUEN

3.2.4 MIUATIENENYULVIIAIDENY
3.2.4.1 33nsiaeuuvasddiond (X- ray diffractrometer;XRD)
dievhnisieneilasiamdnvaseymauiludsdegiiun lnsmadanisdeiuuresied-
\ond U X'Pert PRO PANalytical wagthdeyafiliannsailudnavvunvemdn Tneldaunis
Yoe31509 (Scherrer’s equation) sauanslunnd 3.4

0 NI

= oy |

AN 3.4 LAF99LDIATIEVNIEIT NS UUTDISIADND

3.24.2 ndeswansimidiinnsaunuudensia  (Field Emission Scanning
electron microscope; FE-SEM)
douguinewazdnvaeiuinveseuniauludedegiiiug  viinsnsiaeulaendes
fa @ 1 1 . . (% a ada a 6 1
ANTIAUBLANATOULUUADINTIA JU Hitachi S-4700 Asuanslunmd 3.5 91nIBNMTIATIERAINGT?
anansauszanvIIAYeeuMAle



22

Ml 3.5 1A3INA0IANTIAIBIENATEULULEDINTIA

3.2.4.3  nsAsIzilaseadamiwainiessddunise (Fourier  Transform
Infrared Spectrometer; FT-IR)
Tassaieiusemaininasmyilsiuluasinedne annsaiinsevlaeiaies FTIR fu
UATR Two Perkin Elmer fananslunndt 3.6 mofudnndensiasmeiiiannsaduiu
lassasmanilunisiineynin@edegiiiunle

2NN 3.6 LATBIIDIATIEY FTIR



23

3.24.3 mﬁl,ﬂiﬂzﬁvn\‘lLLﬁﬂé\"JElLﬂ%'aﬂ Fluorescence spectrometer

MlesziautRnsUamadluasiege anunsedinszilaeia3es Fluorescence
spectrometer U JASCO FP-8600 fauandluniwdl 3.7 iilefnundvinavesnsidelavzuau-
ymludiiog fanndndsdogiium

V

AN 3.7 1A399HD7LAT1E9 Fluorescence spectrometer

3.2.4.4 msdaseilassaiiadedniieisnisaanauiediend X-ray absorption
spectroscopy
NIRRT addntuasiied1sneIsn1sganaussdiend X-ray absorption
spectroscopy (XAS) 9 ALl UN15ILATIE QU d0 ivnaail 8 nisaAnausidiond
aontuAdouasiulasasau (p9ANISUMTL) 2.UATTITANN WinAnwdnEnavesnsIelany
waunludiinsyyiselasiaireaguandsdegiitun Tngdidunsiinseifieundsanuves
Zn K-edge uaw Sm Ls-edge AINAM 9662 war 6719 Bidnnsouliad

o aa I P . ] a .‘-‘u = '3 ~ A
AINN 3.8 aﬂ'nﬂ/nLﬂs']%ﬁiﬂﬁ\‘iﬁi'mlfﬁ\iaﬂﬂflEJ'Jﬁﬂ'ﬁ@ﬂﬂauaﬂaL@ﬂsﬁ U @01UNAADIN 8



uni 4
NAN1598

4.1 WawazN15aAUIIBINNTTUIUNTAUATIZRIAAUTENaUaanlanlisdaulaseaisatiuaden-
apfiuaiiiadesanguuaumludisiugulva-wasuiunszuaunisuadasgnun

sAdsdniAnuiisifunisduassifanuszneusenledifoulnssadisaliuaded
ogfiuniiFosesmnguuauniludieidiugiulsa-nasaniunszuiunisuadaegnua lunis
dunsevindndudiianusenovesnlenddoulasiaisalivadedogiiunavyinnisdunsisie
nszvaunslea-lRakunszuunIanazneusau IagliAnufasoidanudunsa-uamiidu 8
wanfasifildaziduianusznevaliuadedogiiiuninnszuiunislea-areiidnvaz Junsdunids
wanslunindl 4.1 (n) nduisndaangidelilutanussnovesnleddsdoulasiaineadiuaded
sgfiuniiliosmesmnasuaunludusinniSen fegnszurunsuamegnua waniamdldeziduian
Usgnovaliuadsdegiiuniemesiquosniseuasiidnuasidunsdyn liwdsunlasdanasiis
undauandluniwd 4.1(w)

(n)

| W - il

12 a =

=] o : ¢ a v o a ag @ YK a %
il 4.1 Tanuszneveenleddideaulasaiialive (n) Fadeglun waz (v) Serealiiunieonie

Y

SUBULS Y

4.1.1 namsaasieRautan1elaseaisuasiaausznavaanlandsdoulassairsativagen
sgfiwafiiadesanguuaumludisiuguleawasaufunszuaunisuadasgnun

mMsiTesilasiainanvesdedogiiunidomesmuensniFonildannssuiunsdansies
FeTEmadeauresiidionddinmd 4.2 ludeulumaasuulanSnamesasiiousuaiFoudn
\Wuresiudvindu 0.05 0.10 0.15 wag 0.20 Wuin AeuMsNARANsTgMAT 900 psenwaLdea
fauanslunmil 4.2 (1) Unnglassiamdnuesisdegiiunnsafumumisns 20 Wiy 31.3° 36.8°
44.8° 55.7° 59.3° uay 65.4° duusiulaseasnevedadegiiiunszuiu (220) (311) (400) (422) (511)
waz (440) Tnedrsdennguuuunadsauuesisdionduinsgiu JCPDS No. 05-0669 dausuiuuns
Aenvuveausinniousenledlulasaiudsdegliunnssiusuntes 20 winfu 2830 32.8°
3.8 38.6° 40.5° 45.4° 47.0° 48.6° 50.1° 51.6° 54.4° 55.8° 57.1° 58.5° Uay 59.8° duiusiulass
SawinvesiinduiniSeneenlanseuiu (222) (400) (411) (332) (422) (521) (440) (443) (600) (611)
(541) (622) (631) (444) uag (543) ImﬂﬁwaqmﬂgﬂLmeiLgmwumaq%’ﬁwﬂsﬁmmgm JCPDS No.



25

as-prepared ; o
(n) Erep _ () Calcined 900°C for 4 h
§ =z o Sm,0, " ZnAl,0, I o Sm,0, *znAlL,0
S . 5 5 e S 274
S T & = s
L 82 83 5 4 g§
TR L ..v'l.. K iRk AN A Rt ko = g
! sm,0, g B g
©
1‘! J h 2 = 4
5 W‘MM \"'M “"‘“ﬁ\ W-EMNM‘W\ W‘M%J‘ e e — Foaaloh o ”" ) o asd i A
s 36 sm znA‘ ° 3 rpncsspppirn st VAN ot \nitrs o ecctmsstiod S Psaho S Vit MAA A bt A Pt "’“‘sm'o‘~
" & \{_U’ % 23
.-E-_" | v - o 9 I * o i »
@ Hapi WW‘ "w o = sl ! TSP U WU .0 SN
H 015Sm° :ZnALO, * 0 0208m -z 0,
= ; o /\w o q "o
= 2
(= MMW%W
L r“ﬂ ¥ M WMWM Mﬁl e £ MV‘ MWW
L 0.105m " znal ,9, 0o wrsen sy
»
—— '\w\-\n *-mwmmwm_*“?*%.
. * 0.10Sm .ZHA\ZU4
w-.vwww ? F\ * ' i
o 1M o o
oisEn znilo bt St b st il Mmcsamssmgpmsoctren]
- — 0.05m 120410
20 30 40 50 60 70 80 T T T T T

20 30 40 50 60 70 80

20 (degee)
20 (degree)

= a Y v ad =1 o s a ¢ a A s v a
AINN 4.2 ﬂ’ﬁﬂ]Lﬂi?Siﬂﬂiﬂﬂi']\iﬁ?EJ’JﬁﬂqﬁLaEJ'JLUU“UENiQaLEJﬂGUGUENG?NﬂEJQNLUWVIL"\]EJ@’J‘EJLLGUJJN']LTUN

ganlee (N) NBUNY kA (V) VAUNITIgN ) 900 irLAlTea

121661 TogiieuTinunizdewsnnGeuesnlediutulifiavesueuidsuoonladirudnlng
Funmanieulveunisiians widleyhniswnatsfhesafigumail 900 esrwaldea sULUUNS
denuulnsssendnisdogiiundedesnueun oussaaniowuiunounism fauninfuri
Aetudazdrnglugvestaquauniofanneulndn (Composite) iilasansmusuunFonssogly
Tassaisuesunaniseueenlod meluaslassanméndadogiiun Juesnanuziustsdaauile
ArsesianIUuuun1sdaluy wede9giemanszuiunsdug wismilinnaiiy weusniSen
oonledaunsaunsnfvdonsrarediludidogiiuntuguuuressiavieleso Tianaazvinlviauli
ARERIERIERE 5m??amf\mzLﬁ@ﬂmﬂﬁsJuLLUaawNIﬂiaa%'Nm&f[,umaamwé’ﬂ%aﬁaqﬁLummﬂﬁw%‘wa
vosnsiluleesuvesaiside vililimsfnulassadimadednladndie

s s a

4.1.2 NANTSAASITIENUANILEIVRIEAUSTNO VDN ALY aaulasassaliuadenaaliiun

9 Y

fiFeResmnguuaunludisiugulea-wasuiunszuaunisuniisgnua

MsmsainaNdAnsiadasemanseianaeulndsddegiiiuaiinan s useenlys
Tugsanuemadu 500 f¢ 700 wiluwns lnsnsiinsiedldvinliansannenlndnddegiiiunina
weanniFoueanled Sadatusuuaduinugudnas 1.5 wudiues 1Hdeulundesusideuwnua
M1UNSENTgaMall 900 esmwallsadianslunmi 4.3 91amsiaseiisiedeq
Photoluminescene spectrometer flgangiivios wuiransiaeg et duandininuduasld
wwdpsiinsliuanszduifimanuemadumiiiy 404 wluues ldinsdsawosasiegaeg

Tugrefeasnsilloanuasuadlugrunuoniy drufiauiiintulusumisnnueady 565 601
645 waz 710 wrluluns Jsdsnndastunisidacuasluainssiundseiutes ‘G.,—> Hs,
“Gg /> Hry2 “Gooy Hop WA ‘Gspy Hi [19] Insansinegnanaunisinvsdinisiawasdisnngd
A0 TINIUAITINN LuaqmﬂmﬁmLsmmsuaﬂmaaiwsvmwms‘maﬂLLavamaamﬂmmmwau
v binsildauasvassinuauuseugnannaunssiansaudanisivaasladey wailonnuy
nsvvIumMsnayvdmalirudundnuosansiinty LLaz%ﬁmiLUa'aLLaqmﬂﬁqmiuﬂzmmmmm?iu



26

as-prepared

(n) & Calcined 900°C for 4 h
. =404 nm o ) E _
e 12 3. =404 nm H 0.20Sm™ ZnALD,
7 exc n ot
0.15Sm ZnAIID.
—020Sm™: ZnAL0, 0.108m": ZnALO,
64 —o0158m™ znAI0, 0.055m™: ZnALO,
> —0.10Sm™: ZnALD, 5
k= o
2 5 [——0055m" A0, . H
5] H c
b= 5]
= ]
44 =
3 T
2 @
T 3. —
: £
S
Z a2 b4
14
0 I T T T T T T T — T T T T T
500 550 800 650 700 750 500 550 600 650 700 750
Wavelength (nm) Wavelength (nm)

AN 4.3 anafun1sdalasueeesdedegiilunilidosewsuuissneenleanusuug 9
(N) ARUINT LAY (V) MK gl 900 BIATALTYA

601 wluwing Faaztfunailauamesiaduns GoulvlumsidosinueninBouivanganlunisih
Tfimadsamnniigalunisnassiiie madeusuuiFeueenledi 1.5 Wefdud eswinUium
vosasasnasiivoafuluvlifasddulunsdeadliios duniafvassuadluliunm
1N P19vgdmaliaAtAnn s INmiuNeluasran FuilmAsnisanaudilunsiuauaanes
Tanla

innsnaaesdawiulfihnmaasinisdaniesitanlsenevsanleddstaulasadiaal
wadsdogiiundidosesmnauuaunilug lwidlddendnyismueuniiondusigusn wud ns
duaseiieisnisunsmegnuatiiosisideoiaasduilildndnfusinoglusuuunTanaesindndo
asvdnuagansiFeduenigaiaiusdisdniau Jsenvavdmaliuszansamlumslaaanessin
waunludanas daugumgilunisimneisazSsliifisaneiagsiliarsiderdoglulaseadimanls
asFedensedluanugoonles mnnisAneuiandunudn maviliasidesgluguuvunsideld oz
Humaifisdseansnmmmadwuasasniafusilviatuld lnsertasihnssuiunisundaufunsld
asaraensaiiovhlmiansharsrasiustlumsaeiu nionfurhnaunniglugumndfigands
900 osrniwaLdna Wethelinsnedn unanfusioanledidefoufity



27

4.2 Wawazn15aAUIIEINNTTUIUMIFUATIRR AN URanluA B tautannanTnaanlun
wazagiilonsenlediiiadiesinnguuauniluddenszuruduniunienieninsauiu
d178A18NIA

Mm@ iAnviRnfunsfianeitanusznoveenlafifsfeutaguinddoonleduas

sgfilousenludniiesesinnguuaumludmenszuiutumumaneamsmivaisazaensa u

nsduaTeiNandun TanUsenaveenlyniddeuiagmanddeenlyduaregiiiioveanlunagyiinig

Fuaszidaonszuruduniunsnisamsauivarsazatsnsalagldarsdadiududedeanled

ogfilousenled ueuunFensenled waznsndnin Faasdnog199INNTELATIERILHILANTIHAT

gamgdl 1100 ssmnwaldoa iunan 4 $lus nandusinldaziduiagusznovaliuadsdogiiunayil
anwarduradvrunumaes lnglavinsiesgsiautiniedugiuine Tassadawan wazantfinig

GG PAILRIEN LA

4.2.1 HamsaAsIERautAnIlassaiasdaausznavsanlyddsdoulaseadsativagen
sgfluaiidedesinnguuauniluddenszuutuniumsmenmsaufussazaiansn
mMeeilasaamanuestidegiiundemesiguuniseuiliannssuiunsdanse
FreEnmadenvuvessdenddnmi 4.4 lufeulamaudsuulaiinuresnieusunGendn
Duesidusiminuesansidewiiu 0. 1 uag 2 wui daummmmﬁmﬁmsﬁﬁqmmﬁ 1100 @9f1-
waea ludeulvfidalaiiinisidesquunniioaluiagndndsdoonlunuazagiidousonlasnuii
UsNQIATITINANVORIABRUANTITUAUILIYDY 20 WU 31.3° 36.8° 44.8° 55.7° 59.3° 65.4°
74.1° uag 77.4 © duiusivlasiainealivavesdedegiitunssuiu (220) (311) (400) (422) (511)
(440) (620) e (533) IndnedeansUuuUNITAEIULTE EanduIngg U JCPDS No. 05-0669 Tu

Intensity (a.u.)

1 Ll 1
20 25 30 35 40 45 50 55 B0 65 70 75 80
2theta

MNN 4.4 MFBATIilaTIawIEiEMsduIuwressidiendvesianrandeneenlanuavegiidiey
senlenfiedmeugun-Soneanleduiunn 0 1 uaz 2 Wesdudlngumiin



28

vauziefudamuiiiigaiavesieieenleuavegiifousenlanusingedluaisietie lnedygyn
ffuvis 20 = 31.7 345 36.6 47.5 565 627 67.8 uay 69 duwusuignausnlulasadng
wnazlnuea (Hexagonal) wes@sAnanlanszuiu (110) (002) (101) (102) (110) (103) (112) uaz
(202) pudiu Ingg198991NNIINBATIERNINTFIU JCPDS MNekay 36-1451 uagaududaayol
e 20 = 45.7° 60.5° uay 67° ﬁamﬂé’mﬁ’ui’gmﬂé’ag@ﬂmgmLuumaﬂazqﬁLﬁwaaﬂlﬁﬁLWa

VYBILNTUIN (V) WAETIRLIALS 20 = 25.50° 35.1° 37.6° 43.3°, 52.5° 57.47° Lay 68.17° donndediiu

prgivlounanlenmawoan (Q) §198991nnTAATIEININTEIN JCPDS vianeay 46-1212 diu
stuuumsdsnuludeuleiideiifiniadosquauanZenlutanvdndsdoonleduazeaiifousanled
wui InssndnvesndnsdamidinanilouruteulundiliiinadesuumnGouluanmdndsdeonlad
uavegiidoveenlud Tnsguuuuveslaswmaniltaudulassairauuvatiuadsdogiiiun Taseaina
wuulenwElnueavesdeanten warlassasisuunnsuitasieanvesegiiluteantys lnadslad
n1sUINguatksnnussreanlentluianuan wansiinisileuwsnuniouesnleddsliinadonns
Wasuuladlassadrsesianudn uslnademudimesdyanuuesmdniudnvesinaadedesn
ludnazegiifoueanles G99199z1inanesnouvssueunIgNe199 I UnUTIoyn AN
ogiiflenlulassadrevisdiunis faduiesududediiBnsinseilasadedugaiolfluns
Aasgvinsieguatermonludazdiuvadasiasivasndn
amednuagiuRmenisn e Taandndsdeanleduazeaiiioveanludiiiomougumn
Bousenlusfidnaiulazimfigamad 1100 ssruvaloa fauandlunind 4.5 Ingnmil 4.5 (n) wans
SnunriuivemsanifhegnsiignsduresemnGeluTaamdnini 0 wWesdud wuteynad

MNN 4.5 MFIRTeRdugIvIne1vesianmanddeanlenuazegiifioysenlaniiemensuu ey
s A § < H Y
gonlwau3um 0 1 uay 2 Wesiudlagumiln



29

) = ] 1 1 Y = v 41' Ao aa 44
anvaueng dn1ssnnauegrmunuuluseavlulasuns luvasimeriulueulendminigiess
a [ L v 6 @ & v = 1A

wrnnseluTaananinay 1 uag 2 Wesdud Awandlunmi 4.5 (¥) way (A) nuIndnsnszang
fvssansiegundulasianisteulunisidesguaunnsenluiagmanyindu 1 Wesidud wadle
WnUsnansidesguaunseulutanuaniviaiu 2 Wesidud wunasazinisinigdaiinannTud
widugruingirdeduleulaililinislesgueunneuluasuan lnvaennaediunisiiasising
melasaiewigIsnsideuuressdiend

4.2.2 wan15nsnsiantAnuasasianusenausanleniddoulaseainatiuadenoglivum
M3afawsignguuaunluddrenszuuuniunanieaimsauiuansazatense

mMslnngantinuawesiaguandsieenlediazegiideusenledfiiomeuyuuniFen
oonleduTuim 0 1 uar 2 wWedsduilastwiind e in1sganduuasine UV-Vis spectrometer &
wamsluninil 2.6 wui figdiuumsganaunasesasiosslulrazReulvisnsdsunuuiviloudy
Tneiinsganduuaslugnuseddansilleaniileannandvsnavesasndniiduianuanse ninaded
oenluduaveqiiioueenles uin1sgandunasvesianusuuiseulasenleddslivnngileanind
Uunadegludagudn dskiunngiianisaanfuuassanyn diunsiesiziaudinisasesianmen
fedoonluduavegiifoueenlediiiefeusiunGunonladiuiinm 0 1 uas 2 Weidudlneimniin
MgTBN1TUduasIATIENTY Fluorescence spectrometer 1ngyNISNsEAUA1SHIRENAIENEIU
nsnsEduTineIAAUWNAY 404 ulules iguvnivies dauanslunmil 2.7 wud Aeulvns
BeounusniFoaluTasmanindy 0 Wedldud sukuuNMssmamosasiedisreuine dauandls
uinTagndnfiuseneuseddesnlud edogiiun uazegiidensenlud liiaunsnfiaziasuadls
slesimadesimusunFonlutanudnd 1 way 2 wWedidud wudn arsiedsiiasannsaauding
Wasadlsiflennandvinavesaisiie unnnGemhlitnmswauawesassogseglutiuasty

2% Sm

1% Sm

Absorbance (a.u.)

T

0% Sm

T ¥ I 4 T 4 I 4 T ) T T
200 300 400 500 600 700 800
Wavelength (nm)

MW 4.6 MAaTgvantinisganaukasveiagmandereenleniasogiiloveenlydiilafieuay
wFeueenteal3un 0 1 uay 2 WesiWudlaeumiin



30

s
[\ A
\)/"('J J\WUJ‘ .r\ :.”‘ \4"\‘[“
/’k J\\MM‘A‘
- "
- \"'-\,‘,‘
Y,
2% Sm
.
5
© I
S |
-9 |"H .II ) f“u‘
. N A N
[7}] . S )
& i M\““"‘ww
@ ]
E 1% Sm
0% Sm
N e N
O WL T A -
for oS RTNNTT A L S
T~V 177 72 AT =& 1

500 550 600 650 700 750 : 800
Wavelength (nm)
AWl 4.7 mlnziauiRnaawuamesiaamandideanlnuazegiidonoonlediiToroumaan
Sueonlasusun 0 1 way 2 wWedldudlaovhuin

S1UNNL DI UAALD 1Al UYIIANNENAAUNAY 565 601 Lag 645 U lULLAT T9dennassiu

o
YY) [

Msasussiutundsanuveslooouusasn 5o (Sm”) 990 Ge—>Hen  (Gop—>"Hr)  uaw
(Gsrps Hop)  ANUEGY GﬁqﬁmitﬁaﬁmLLmeﬁsJaﬂu‘ffawé’ﬂﬁ 1 Wesudazliaianudunig
Waskawnniign eaaniinisnszaedaldmuiaguanileisutuioulvdug uilleviifiuuiunm
nsiiesiuenanGeslutagudnd 2 Wesidudazyilinswdawasanastsazdunainainnig
ushiuduignirvesaadeoniniuidmaliausinsduasmasfananadld

4.3 nauazn150AUTI8INNTLUIUNITAALATIERTagUsENavan lenBsdaudaauandedoanien
wazagiilsnsenludiifadusianguuauniludfsenssurunsuadsauisaseugesauiy
nsLEnTigaumgiigs

sAteddAnenisatunsdungitandsdogliuaiiiefesinnduuauniluddie
ﬂssmumimé’mqué"uﬁaaqﬂum (Vibrational  ball - milling  process) S UNTTUIUNTINT
gumnfias lunsduesgvinansusiarlfansieiundniuied eenleduarogiifouoonled dawsg
ﬂ&j:uLLaum"Lum“lé’LﬁaﬂIawzLLszmmL%ﬂaJLﬂ‘fJuam%ﬁﬁmm 0, 05, 1 way 2 Woddudlaetmiin ans

Hupsreiianiuazthansisiuyninaudensyuiunsuauuududsgnuadaeruda 710 seuse

wit e 4 dlus mnduiluansfildannisualuuniigumnd 1200 eseusadea WHunan 6

Flus nduasiagitldluinsuauaziandn 2 af ndsmnmsuaaiiaarieaziluniigungd

450 psmisaidea Wunan 2 $alus Ingluidetavesuaienfudvinavasnisuaiidmaronisia

Tassarsatiuadedogiiun waznsdungiiandadogliuniliiemesimnguuauniludiiuiana

sinee) dasioluil



31

4.3.1 HamsaAsIeRautANIlaseaiasiagusznavaanlyndsdoulaseadsativagen
agfllundignszuruNIsUARIBANIEITBUGITIR UM TIgaumgTige

lassaisndnvosdsdegliuniliainnszuiunsdanneishenszuiunmsuaioanuiasey
aefunsnioamgigenenmsliesgiitnindsnuuresdsdienddanmi 4.8 ludeulunisun
WAz lUTIUAIIS WU Tunsunaded 1 Wué’cgﬁymmﬂgmmmaq%’qﬁLaﬂ%ﬁﬁi’%mm 20 Winu
31.3° 36.8° 44.8° 36.8° 36.8° 49.1° 55.7° 59.3° 65.4° 74.1° uaw 77.4° Fadenpdesfiuszuly (220)
(311) (400) (311) (422) (511) (440) (620) uaz (533) veaBIAegiiun lAyd19BaNNTMIAATIEI
1195574 JCPDS No. 05-0669 LLaSgﬂWUﬁmmﬁmﬂﬂiLgﬂ’JLUU%@Q%ﬂﬁLaﬂ%ﬁﬁﬁLL‘VI‘L!'\‘I 26 WinAU 25.6°
35.20 43.4° 52.6° 57.5° Uay 65.3° FeaeAAEITUTTUI (012) (104) (113) (024) (116) waz (214)
vosegiiflonsenlus Ingd1sdsannsniingies ainsgiu JCPDS No. 05-712 Sayanaiisnumiis 26
winiu 317 345 366 47.5 565 67.8 war 69 duiusiuipaeausnlulassaasnsslnuea
(Hexagonal) 90s@sAaanlanszuivu (110) (002) (101) (102) (110) (112) wag (202) Muafy uandli
Wiudnfideulunisimdoudandn inidundnfueilutdaduarsdsznevdsdegiiunuazfuin
asusznevaglifuoonlsidauduasduiy ieifuswiuseulumsuawazaawidundsi 2 wes 3
wnud Ypnediluajesduvesdedegiiun paiedugiiluvessereenlusuazegiilonoonles
wlilrosUsng fuhFadumstuduldin msuauaznisliaauiounans 4 sovashldiAnnsned
Hutaneenledifedouvesisdegiiuniunngu 120] lunuidedauildainusliasdaiuinisun
AIEAIINGITBVAITIUIN 3 nds wioudusiunNTouTgumgigiaan 2 a%s Tapandn nsdis
Houlumsduaszisedeulafsmunsnomifundndaridsoumnasiwiuiidulanseanles

e

— e L Sl S
1 milling witl

L]

l H Second milling with sintering
A A M

Second milling

I First milling with sintering

A AL f First milling

20 I 25 30 35 40 45 50 55 60 65 70 75 I 80
20
awdi 4.8 melneilassaiandndeiininisiuuresisiionduesdadogiiuniiunisuauay
i luusiazseu

Intensity (a.u.)




32

4.3.2 HamsaAsIeRautan1laseainsasiagusznavaanlyndsdoulassadsatiuagen
sgfiluaiidadiesinnguuaunludfisenszuiunisunfissauiFseUgasauAUNTIHN
gaumgiigs

msiTsilasiaimdnvesdedogiiundomesmuennnSonildannssuiunsdansies
e TuSeulumsasunlasSunavesamsiousunnSenandu 0, 0.5, 1uay 2 Wesidudlay
thwitin wansuridldanduianlonzesnleddsfeualiuadadegiiunasisnuusdunsdinduans
Tunwdl 4.9 lnsnsdesmuauinGouiiviinuunnesiulillidmalidvesandusifinmaudsundas
Uanniin neamslieseilsnedeiuressidienddnmi 4.10 fenui dounisidelavusy
wiseuadludreaiiiunzusnglasiasiwes@fegiiiunsyunu (220) (311) (400) (422) (511) wag
(440) Tag$19BannguuuunInieuuresadiandunnsgiu JCPDS No. 05-0669 lasnssuiunsun

OO mn (A oA« VER

s a A

il 4.9 TagusenavesnlediliseulasainatiuatefogiiunidomessueNniseuiiinmunis

Y

139 0 0.5 1 way 2 WasiSudlnginun

W zna10,

e AR R =

2.0 wt.% Sm

L___u_)\%

1.0 wt.% Sm

Intensity (a.u.)

Y & SN

0.5 wt.% Sm

i Jl Undoped

| PR P T I R I R S . .

20 25 30 35 40 45 50 55 60 65 70 75 80
20 (degree)
MW 4.10 MFeTenlassaiameitnsdeiuuressidiendvesddogliuniiienigusuuisey
N lUANUSLNINTSIIWANANGIU




33

wazNgungiamangqassagdmalninisnedidundnddegliuniauysaluiniu Usiaaindy
gy =

malavgaanlsfainansisiuiidsaaiovulussuy drugduvunisidenvuresnadelansuauan
Boueenledlulasiandsdegiiuai sUuvumadeiusaaniouiudsiogiiun lasfideulons
FelavsusuanGeuwitu 05 wWediduilasiminludsdegiiundsnalinruiuninuesdsdogiiu
ngafian Wevimsiivduanisidelany wwuszendnluludsdogliuanudt fnsiAnigaie
wanUaendidiums 20 winfu 33.6° waz 34.3° dusiusiulasssiendnvestusniFenegiiiun
(SMALOs) 531U (112) wazd@ervanion seuiu (002) Mnnadina1asulain nslelaneusuuisey
Tutasnndudlludsdogfiunazdmalifinisunuiivososseuded (Zn) FesrnounmuniFou
(Sm) FdmalnriinisiAnigniaudanyuasunangn?
Msieselassairamaaiivesiagdsdogiiuniesmesnuenuniondioiades FTIR
Spectrometer Tugaaiauadu 3000 - 380 Aoulumnsfmandbunind 4.11 EULLUUSané’cgcymﬁshu
nszvaunsdemelansusiniouazdsluvundanunisduvesiustlulassadramiloududy
doyay1uvesTenagiiun Imé’zgzgmﬂa%ﬁﬁmmqLamﬂﬁuwhﬁ“u 491, 550 way 656 Aoululung 9
aenndosfumavesdsdegiiunlasairsatiualundanunisduvesiusy.  ALO  symmetric
stretching vibration (V1), A-O symmetric bending vibration (¥2) wag Al-O asymmetric

stretching vibration (13) [21] Tnedaaafinsaanulugie 750 - 450 Aewufuns auidunisseyda

N 3+ o a ! = Y Y] o a a
nsileguedlensu AU lulassasweenngdnealungy A0, Fiaenadasiulassaiativauuuund
(Normal  spinel) siatiuansnsaasulainisigelanzuguuissuasiuddogiiiundsasiliarsvdn
o I % a a | a % o 4‘ I 9 <
ganalulassasisativanuuund lmmmﬂaammmimaaiwLﬂug‘du,uuau ueeg1elINnINNIT
AnszRuanasdsilidaiuisansianuigniawlantasuaitelulassasislanesnnsianuluiznig
\Guuresssdiondla

e SR R .
2.0 wt.% Sm \

— |10wt% sm 2\ d
.
)
]
Q | ey s iS
c 0.5 wt.% Sm
8
= f\
5 Vi
c \""'
E W“““""”“"‘W"‘!"
ZnAl O,
' 1 L I ¥ I ¥ 1 v 1
3000 2500 2000 1500 1000 500

Wavenumber (cm™)
AN 4.11 MFeeilasiadimaaiivesddeaiiiuniidenielaveisunniFouiusnauansaiu



34

4.3.3 wan15nseiantAnuasasiagusenaveanleniddaulaseaineatiuadedoglivum
Midadaesgnguuauniluddienszurunisuadagaiiuiisaugesrufunisiai
ERIVEHIE

NTIATIERANTRNIUAIY R TANTIADTIUALIDNIETIRUTLLTENUSININ 0, 0.5, 1 ua 2
Wosduslnedmingedinsasieunassie UV-Vis spectrometer lutnsaueninay 250 - 800
uluies fauanslunmd 4.12 wuin lunwdt 4.12(n) fsUuuumsasvieunasesansiogslunsiaz
Foulvdsnsiisunuuiimiloudu Tnefinsgandunadugusidsanslleaniemnaindvinaves
asndniiiuiandsdegiiiun druguuvunsasiounasmesmaislavsuenunGonluiagadogiu
anuin dnsideuvesueunisganduluguiuu Red-shifted  fisumsnugnnnaulseanm 375 -
400 wiluns faudaldvhmsdnsuuuudeyalaglinnuduiusues Kubellka-Munk function way
ﬁmmwmﬂﬂiazﬁauLLmﬁuaﬁa@ﬁ’qLLaquammiﬁ 2.1 [22]

(hVFR.) = A(hV - Eg) (@.1)

a 6 a LY a ¢

naumsasnanlanaansmdunsmauaung U Nvesiandregiiunuas angea

q q
a A a0 v L 44

¥ a a d’ 1 o L dl
E)ﬁiJL‘lJG]LQ’eJﬂ’JEJﬁ’]G}LL‘UZJ&J’]LiEJiﬂu‘Uiiﬂm‘VlLLﬁﬂﬁ]Nﬂu@ﬂI‘Uﬂ’]WW 4.12(%) 1agHALAUNGIIUABIAY

Y
[

Wity 3.35, 3.24, 3.29 way 3.38 Banmseuliad auNeulunisielavzlsunSeiiu 0, 0.5, 1

¢ & & ] & v dl a d A ¢ 2 &
waz 2 Woesidudlagdmin szniuladn nsiielavsuyuinieunyusua 0.5 waz 1 Wesigdudlay
U mtnludanuandenegliuainlifua unaeuAaIvuUesddegiliunanas denaliaiunsaly
wasulunInssAuiesndn 3.35 Bianpseulianld dunisidelansuruunisauiuiuiauinnii 1
Wesiudlaeundn Juduly sefinisifdeuvesveunisganaulugluuy Blue-shifted  ilvien
WAUNSNUABINUVDITIADA NN LY

100 25

%04 (n) 21 § 1 @)
] 0.6 Wt.% Sm X

80—_ - § 20wk Sm
70

[P (R)Y
[

25

60+

4
- " '.vl.'. i
'-Tr-fv/— b

e
b 8V}

50 4
40 4

(hvE(R))

0.5 wt.% Sm
10wt%Ssm_
2.0 wi.% Sm

-

304

% Reflectance

204

104

0

260 300 350 400 450 500 550 600 €50 700 750 800 15 20 25 30 35 40 45 50
Wavelength (nm) hv (eV)
AR 412 () JULUUMTARTIOULAY Lag (V) NTATUINMIAILOUNGNIUABIINUYDLTANTIA

9

a A v = A a ! Y]
@QQJLum‘ﬂﬁl@ﬂjﬂia‘m%LLGUlIlI']LiEJ@JV]UsﬂJWMLLG]ﬂm'Nﬂ‘U



35

140

IR =404 nm

excited

120 +

100 +

0.5 wt.% Sm

(o]
(=]
|

7]
[=]
1

1.0 wt.% Sm

Intensity

~ 2.0 wtL% Sm

oy
[=]
1

[\
o
|

0 e e . SN

540.5;30 580 600 620 640 660 680 700 720 740 760 780 800
Wavelength (nm)
=] o ! A ¢ a AN v a A a ]
AN 4.13 aLUﬂmmmsLUmLLaa‘uawmmmqmuwLf\]amsf[a‘wzLLezjaJﬁ,nLﬁaamﬂimmw 9

'
a =

duUNITIATEaldANLavesTan R ealiunilemelaveuruiseNUSua 0, 0.5, 1

Y
¥ e

waz 2 Wesulnethmingaeisnsiddauadinsizidng Fluorescence spectrometer Tagvinns
nzduasTogweNdIuMInTEAuTIeIRALYITY 404 uiluas Teamgiivies fuandly
AW 413 Wi arsdegneiasiinnsaaslaifiawiuiifad uisuwdsnnueaaulugig 650 -
730 ululns Sedanadsstunisasasanaisiiolulasifiey 23] %atﬁmiuiwd’mmimmﬂgﬂ
Usasntwewmoun Woshsrinaezaenvasasfisufivuiainfiu 0.62 Ssanseu (A) Fedlvurmdn
e MOLYBMTUNISBITTuUA 1,10 Ssansen feuerneuvedlasiiouisanunsadnluduiusyiu
laseasavesanIvanganegiiunlaingndl (VuInezneuTedirkazagiiidesingu 0.74 uaz 0.53
Ssansen) Fuinngmswasamesansiandeilundnfusioonsn dadefimaidosaueun
Bouasluasudndsdegiiuanuin madsawemandarioniuuiniu Tnsasiegaiiiiuns
FefelanzusunZesiideuly 0.5 Wesdudlagtnin ssiinsduannniigaidiefisutvans
véndadogiiun FuinainmsileguedanzuennFonasduduaiulunisundsnuuasininsedu
Fehlidnsdesundanuiasnnseduiiansuantauniu dudufeiliaudfinndduamestan
Mé’ﬂ%ﬁaqﬁmmﬁwﬁu dlodunafinaenadulugae 560 - 650 wiluwns wuifinvesaisunsyin
Antu FaasinndninavesasielavsusuinGemihlitinsduamesasiogsoglutag
waslugrumueaiuguadudandlugieniueandueindu 564 602 waz 644 u1luluas 99
aonndesiuNIIasusERuTun S uveslosouLsuuToy (Sm”) 911 G ,—>"Hs s,
(‘Gs/—>"Hysp) waw (Gasp s Hopp) eudnsiu [24] egslsinuifiofinisiiuuunanisdelansuaum-
Beufiinnnin 0.5 Wesdudlaeimiin avildniswaawewandnsananioananifanistes
HulaseiamdnvesduaniZouegiiunuasddeanledfiildesuneluduremansinszilasaiig
nanAlsadlend



36

4.4 M3ATzilaseaiIugednvasiagusznavaanladidedoutannandedaanlynuazagiliion
aanlYAiiliaf18519nguLaAUN lUARIENTZUIUNITUARIBAIIULETITOUFITINAUNITIAT
ERIVERAGE

q Y v

Tunmd 4.14 \Wunrsuanmaaiunasuvesiandadezglunluieuluddegiiuniiiomelany
WENNIPUNUTUIUAN 9 MaEnTaAaTIzimaTia X-ray absorption near-edge structure (XANES)
Tulnuansisaawad Imaﬁmﬂsﬁmié’m@qmmgmlﬂu%qﬁaqﬁLum Tunsimszimemaliataziduds
Tunsmaniuzean@indu (Oxidation state) vasianusazyin Tunanisinszmlossutiaziiuladn
XANES  anasuiilaainansiiege@edezgiiiunlunnnisienslasusud s sunusunueng q 4
(v = [ v .«.:4' ¥ a [ a @ 1 A A Y] t:f!
anwauwivilouiu XANES awUnasuiilannaisuinsgiudedegiiuadusgieunn wiedntenidaun
H213U1V0UNIAANAUNA TN UL IUNT TN UV ITIALUARZA5AIE 192V UN I ANAUNNA I
9662 Biannsouliad Gelinsgandundsaulusuminferiulunngaisde@edevaliuniing
n1siRenglavzruiF eI o FRSIUTUNIAANEUNANILYDIA1TD19BY [25] Aatiuia
a111508uduladn eznouvesdentulasiaseatiuadinslAanureandaduwingu 2+ wWalfiesunu

Y a a ¢ ¢ pr| ) Y ' 7 2+ =% & v & aa
A159199999A08N bR [26] iau1ansERuNasugaeluty 3d veslesaun ZnT FuluszauTund

a & D) P a A ' | - )
n15UsseBdnnsoul Ay Fdiinmsuringuesiinduy luguneuveun139ANAunNa Y (Pre-edge
region) TuusdazaiUnasuvemnouly Auliudaliveunisnanaunasnuiinuualinfe 1 Bsdunus
funsdarIuBannTeuINTEAUNANIUEREaIN s TUs dp nelussmeuvesen pdnalsinuiiaed
Waula91NNIIA I RATIAIBE1NINNITEAATIXRMEIBURD N15UTINGToINALUEIU white  line

. A da X oo a ) A o = o ) a & a
region (WAMFIATUAAIINTBUNITAANTUNANIU) BYIATLUSEUIBUXANES anasuvesdadogi-

2.0% SmZA

1.5% SmZA
1.0% SmZA

0.5% SmZA

Zn K-edge

1 : I o I ! I b
9625 9650 9675 0700 0725
Photon energy (eV)
AWA 4.14 XANES anasuindanunliainnismaaedlugmunganu Zn K-edge v8333A0giiund
\WWomslang LS uIUTUIMAN 9



37

2.0% SmZ

1.5% SmZA

1.0% SmZ

Normalized Absorption (a.u.)

0.5% SmZ

SmL -edge

N y T ! | —
6700 6720 6740 6760
Photon energy (eV)

s a =

AN 4.15 XANES @lunasuinasmnuilaannnisnnaediugunassu Sm Ls-edge 209@A0ailiuni

Y

& v a A a i
Lf\]@ﬂ']EJIa‘VigLLGMJN']LiEJN‘Vl‘UiﬂJ']ﬂJWWQ i

s a =

lwanardadogiiuninunisideselanususBoniivinmsing q ssdnsinfindesodiadaioy
$1uIU 3 AATFIUNUINEIIU 9665 9668 way 9672 Bidnnseuliadlugiu white line region e
Wisuiflguiu XANES arnpsiuvesdidoonludlaseaing Wurtzite [25] anmnsaiiaszsiiiuifialsn
9rRoNTBIDONTIIUTIogdenTaUDLAoNTeY Zn  Jziuruszaonannii 4 exmeuiduduly [18)
M damnsnthludmiusiasmaiunssturesegnen zn” TuiluanszBnson (A-site) way
ponAsrdnsea (B-site) melulassairswesensiesisdosgiiuniieulvingg Ssenvazdsualiiin
autAlmivestagilefinisvdsundasituuezaesluisazils dndunmil .15 uansanasy
XANES v0s8srogiiuniiFoselanguesnizoniiusainmsn q Saf Sm L -edge TulvunnisFosuas
slsvhnsFeuiisuiuannassiusnadwedangusuaniFeunguiy anaunadu XANES ved Sm
Ls-edge agiiulsindveunsgandundssmvessidienduesidogiiiuamn 4 Meuly axfidUsyann
6719 Bidnnseulad danulndidssiuasuasglanzuensniFen edudulsinnisiloguoauemuan
Seulusadegiiiuayn o ReulvilannzesndinduilmiloutulanzusuaniFoude iavesndindu
Wity 0 FeudsdenaliaudinauduwadiiamnsafiosfinandasiousunnFen osnly
nszvIUMsIaasasiaziUauadldazdesegluannyiiulessuvedlavy JsazdsmaliiAnnis
Waiswasld [27]



unil 5
ajUnan1sIdeuaztolauaLue

5.1 a3Unan133Y
mAfedldinsfnmnmsdaaneitaglavensudduoanleddeteululasainativanes
Jedogiiundeniniesennlunssgauauniludinunszuaunisiugulsa-eadauiunssuauns
um ImEJﬁﬂmﬁﬁﬁf&ﬁﬁmaGiamiLﬁmmﬁmﬁmsﬁ%aﬁaqﬁmm (ZnALO,) Miemelansuaunilus  laun
nszvIuMsdaaTed Yinamadelansuaunlug wazonmgiluninanansfodne Sstladowmdnil
Suinadeautinidasaing wwandn duguine uaslassadameiussed sufaudiniouas
vostandndae  Tnenaindundnsusitsfogiiunlulasaialiuafiauysaiuasusandasiuly
gnsdlneluavesiereenlensengiidovsanladviniu 1:1 ol @At ZnALO, Tneru
nsvuIunsuandenugs Wilasinsideifinisfnutadonsduaneionssuunmsiugulsa-as
ffunszuiunsuadisnsruIumMsinansiislul 1) madueseidensyuiunislea-mariou
NSEUILNIANALABUTINAUNTEUIMTUARIENUA 2) M3dasizvisensyuauduniumsnienin
Srufuansagatensn way 3)  MIELATIZAENENTEUIUANTUAMEAINLEITOUZITINAUNSINT
paungiigs MInn1sdaanesimenszuaumIgenia 3 Fadwut nssuaunisd 3 asfunssuiumsi
vl Aanan S usidedegiiiunfiiauuignias uasanusuanisfendndasilusUiuuresian
Usneuldidiomstasudusuuuuianeenlyd fareudhsasilnuiatesluiiesgs dudeuludos
Tndsugaileviaeiussiafiosuesarsnaiu safansWaadoannsndilvegluasmdnls dau
nsdanspilunszuIunsi 1 mnedwiunsdiasisindnfusiluguuuunisdanszianidnly
Tne (Bottor-up) #asiimsmAramdunsa-anargumgilunisin s zaniaziindu
wAnSusinuicensld uazansdsiulinsldifuaneenled mnzasiiliiAnnsuandeulessuy
Tussuusagmssamivesansifundnfnumildontu wagnsduasiedlunszuoumsi 2 nuinisld
arsavansnsnataeilinisaaiesuestageenludluasiasiuld Tnandnfusiilddsuuuunan
sz meadiuavesiedopiiunuazeanloduesisduareplifondenannansdeiy wazlunis
dnseidhonssuaunsivhlivauin nawrasnelugungiifigindt 1100 esrueaidos szt
Tinsredudunansuriasdeaiunfistusnge
msdaneioyniadifegiiuniideselansiaunidieansniGen  fonszuumTUAE
PurseugsTImfunsnfigangfias lnenwUSnalavsuuanSousineg Gwiiunsuadnay 3
as aufumsthluimnfigamndl 1200 esrsadea wui nisuawagnsliauiounats 4 sevas
slmAnnsnesuiutageenleddufouresdedogiiuniuinniy JuLuunmadsnuureamaie
TavzueniniZenoonlodlulasiaidedegiiundinaniouiudedegiiun Tnefidoulunisidelans
wranFenvinfu 0.5 Weddudlaeintnluisdegliundsnalieuduninvesdefogiiungaiian
devihnsifinUmnansidelansusuaniFeudlulugsdegiiunnuin finmsinigaiaudanUaoud
FutusiulaseamdnvestunniGoneaiiiun (SmALO,) uavdsdeanled Fadusainain msunuiives
BEADUTIA (Zn) MeezaauLIINNIEY (Sm) sdwmalilinisifinigaawlandasudanany diunis
AnneilassasamaniivesiandedeaiiiunFomesiuuuiiiendieds FTIR n19ielanguauin

[
v a

Souatludadeaiiiundinayiliasmandnadulassasivativanuuund faiudnsnaveanisiielans



39

5.2 YaldusuuL
Weaannnsduaseindndaeddegiiuniiiionielanswaunilunuguuiseuiie

a | [

NILUIUNITUANGHIUEITINMIENTE UL TR g TigeazdaevinliiAnnisnedudundn Sueii

Y
k24

Aoudrsusgvsidlefinsldansnsiudutaneanled uinisldgnuaauauaglunszuiunsuatuazii

Y
%4 =

TiAnnsdevuvesanstugnueadlundndae feluaisezdeadonldgnuaniinnuudiasnusounss
UATIANIEIIRUNENY 19 enfiviu gnuawesiasidle WWuduy



unil 6
AJUNANENUIY

Tudiuvesagunandnauidsasidunisnenuiefuenasnanuideildsuannigi
Tasamsidouagldsunmsafiasieunsusodoyaenansiiisadeanelulasins “msdansevivay
USuussaudiinisivdauasvesianusenaveenlenidadoulasiasisativagenogiiun (ZnALO,) lny
nsidolessuresalunguuaunlud” SudulassnmsfiAatunmelurisnaisswing 1 sanew 2558
19 30 fugngu 2559 Tszezan 1 Unaealasen1sidy

6.1 N1UTYN/AUNUT F2AUUIUIYIA (International Conference)

1) Wanichaya Mekprasart, Kanokthip Boonyarattanakalin and Jakrapong Kaewkhao,
“Structural and Optical Properties of Sm Doped Al,Os/ZnAl,04/ZNO Host Composite via
Mechanical  Acidic ~ Treatment”, International  Conference on  Science  and
Technology of Emerging Materials 2016 (STEMa2016), July 27-29, 2016, Pattaya, Thailand.

2) Wanichaya Mekprasart, Kanokthip Boonyarattanakalin, Wisanu Pecharapa and

Keiichi N. Ishihara, “Optical Characteristics of Samarium doped ZnAl,O, Nanomaterials
Synthesized by Vibrational Milling = Process”, 4" Southeast Asia Conference on
Thermoelectrics 2016 (SACT2016), December 15-18, 2016, Danang, Vietnam.

6.2 215871552AVUIUIUIA (International Journal)
1) Wanichaya Mekprasart, Kanokthip Boonyarattanakalin, Wisanu Pecharapa and
Keiichi N. Ishihara, “Optical Characteristics of Samarium doped ZnAl,O, Nanomaterials

Synthesized by Vibrational Milling Process”, Key Engineering Materials, article in press.



AMANUIN N

Tuduvosnanuan n audunsmenuistusrunsidunudss naansiininiiazlann
Tasanisll sulufsdusuvszanamadasins “nsdaangitasyusandinsauamosian
Usznaueenleriedoulassainativadefogiivug (ZnALO,) lnen1siielossuvassiglunduuauni-
Tus” Fadulassnsiintuniglutisnansewing 1 Ma1AX 2558 9 30 ugI8U 2559 TIUTEYLLIAN
1 UnaenlAsen1sive

A.1 a1 lglunisivg

ATIIBAUINUIY

NA9U/ANTTY fvuAnNs(Feud)
1-2 3-4 5-6 7-8 9-11 12

1. ANwIN15H38UANTADEN
WNTIATI/ 9T Tan
GRRIGEY

\4

2. w3euTanatinaueidan
ogiiuniliFemesgnguuay
mbua (Dy Er uag Eu)

3. AnwdnUsfiduaseauds
fdrdyvedianiudinas
lassasreatiuavosden

A\ 4

ogfliuniiosgsinuaum
lugl 1usnsd1uveA1TLi0
LnansyiauNsen gungll
Tunswnans Jusu

4. HMnsAs1ERauntinig

lAseasne dugiuinen uag
audAnaesasUsenay
Mp3eula

5. 1 Q8UTIENUINY UNAY
ABINNT




A519NANUTULARZEIE

45

A \oud naufinninazdsa
1 1-6 Sadpansiaiifisulurenisneans wioufuminszuirunisimunzasly
MIdunIziasiiogns AnwfulsiinanenisnssuIunsduAsIsians
naslassassvasansiogneiildanusazis
7-12 nsinsidelavensudtuiidmadensiivantiniuasesian wiow
AUATULEALDNAIUNINIBINISLAZ A TARUNIUITAIIVINTT

N.2 SUUTZUULINDNI5IY

szezaIN1saiulasInig 1

U aauel 1 9.A. 2558

219 30 n.8. 2559

U838

S18ALLRYN

n. MIAAIEIAT1IQNANTIATIY 1 AY

128,480 UM

W U953 1 AN SRTIRuRU 11,680 um
szozian 11 weuw Juldu 128,480 U

Y. VUINATEDEY 70,000 UM
ATIATIZVRBE 60,000 UM
AnAunaieUR TR 10,000

A. NIAAT a0 156,420 U™
Tandinau 4,920 UM
a51e8 19U EUNO3);* 6H,0, Er,0s, ZNCly, ALOs*6H,0 85,000 U
LAy
pUnsnimaniuasfagdunFes 16,500 U
gunsaiBlanvsetinduardu 50,000 U

JUTW (vanal¥aosiavatagaunsoduadedels) | 354900  uwm

Mynge sulszanalussiagmneaiunsaduaiela




AANUIN U

Tudauvesnianuan v azifunissesuisrfuionaisnaauidedlduainnisi
Tasamsidouagldsunmsafiasieunsusodoyaenansiiisadeanelulasins “msdansevivay
USuussaudinisivdauasvesianusenaveenlenidadoulasiasisativagenogiiun (ZnALO,) lny
nsdelessuresmalunguuaun-lus” FadulassnmsiRatuniglutianansswin 1 aaeu 2558
11 30 fueey 2559 T3sEEEa 1 Unaenlasanisidy

.1 MIUTLYW/FUNUT 5TAVUIUIYIA (International Conference)

1) Wanichaya Mekprasart, Kanokthip Boonyarattanakalin and Jakrapong Kaewkhao,
“Structural and Optical Properties of Sm Doped AlL,03/ZnAl,04/ZnO Host Composite via
Mechanical ~ Acidic  Treatment”, International = Conference on  Science  and
Technology of Emerging Materials 2016 (STEMaZ2016), July 27-29, 2016, Pattaya, Thailand.

2) Wanichaya Mekprasart, Kanokthip Boonyarattanakalin, Wisanu Pecharapa and

Keiichi N. Ishihara, “Optical Characteristics of Samarium doped ZnAl,O, Nanomaterials
Synthesized = by = Vibrational = Milling Process”, 4" Southeast Asia Conference on
Thermoelectrics 2016 (SACT2016), December 15-18, 2016, Danang, Vietnam.

2.2 91581532AUVUIUIYIA (International Journal)
1) Wanichaya Mekprasart, Kanokthip Boonyarattanakalin, Wisanu Pecharapa and

Keiichi N. Ishihara, “Optical Characteristics of Samarium doped ZnAl,O, Nanomaterials

Synthesized by Vibrational Milling Process”, Key Engineering Materials, article in press.



N15USTYW/AUNUT 5TAVUIUIYIRA (International Conference)
International Conference on Science and Technology of Emerging Materials 2016
(STEMa2016), July 27-29, 2016, Pattaya, Thailand.

4th Southeast Asia Conference on Thermoelectrics 2016 (SACT2016), December 15-18,
2016, Danang, Vietnam.



115819552AUUUNYR (International Journal)

® Wanichaya Mekprasart, Kanokthip Boonyarattanakalin, Wisanu Pecharapa and Keiichi
N. Ishihara, “Optical Characteristics of Samarium doped ZnAl,O, Nanomaterials

Synthesized by Vibrational Milling Process”, Key Engineering Materials, article in press.



4" Southeast Asia Conference on Thermoelectrics 2016
15-18 December 2016, Sea Garden Hotel, Danang, Vietnam

SACT 2016

sact.snru.ac.th

Acceptance Letter

11 October 2016

Dear W. Mekprasart

Thank you for submitting an abstract for Southeast Asia Conference on Thermoelectrics 2016
(SACT 2016), which will be held on 15 - 18 December 2016 at Sea Garden Hotel, Danang,
Vietnam. On behalf of the organizing committee, we are pleased to inform you that your
abstract has been accepted in presentation oral session.

ID: CO0039
Title: Study of optical properties of Samarium in ZnAl>04 host matrix synthesized via
vibrational milling process

Type of presentation: Oral (Oral presenter 15 minutes)

Please remind that the conference website and full paper submission website are separated.
Full papers need to be submitted via online tool on e-sact.snru.ac.th in 15 November 2016 —
16 December 2016.

After review process, accepted papers will be selected in
- Advances in Natural Sciences: Nanoscience and Nanotechnology (IOP Science)
- Integrated Ferroelectrics (Taylor & Francis)
- Journal of Materials Science and Applied Energy (Thai-Journal Citation Index)

We are looking forward to welcoming you to SACT 2016, Sea Garden Hotel, Danang,
Vietnam.

Sincerely yours,

(Assoc. Prof. Dr. Tossawat Seetawan)
President of Thai Thermoelectric Society
Conference chair SACT 2016



SRR R SO A

R RN N ey




4" Southeast Asia Conference on Thermoelectrics 2016 ﬁ\

15-18 December 2016, Sea Garden Hotel, Danang, Vietnam
SACT 2016

Optical Characteristics of Samarium Doped ZnALLO4 Nanomaterials Synthesized by
Vibrational Milling Process

W. Mekprasart®!, K. Boonyarattanakalin®*?, W. Pecharapa®® and K. N. Ishihara®

* College of Nanotechnology, King Mongkut's Institute of Technology Ladkrabang, Bangkok, 10520, Thailand
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Abstract

Optical and fluorescence properties of samarium (Sm) doped zine aluminate host matrix (Sm:ZnALO;) was studied.
Sm:ZnAlyO4 nanopowder was synthesized by vibrational milling process assisted with calcination treatment. Structural and
optical properties of Sm:ZnAl,Os nanopowders were investigated via the crucial parameter of different doping concentration.
Structural properties of as-synthesized samples and Sm:ZnAlOs powders were characterized by X-ray diffraction and
scanning electron microscope. For optical properties, Sm:ZnAl:Q, phosphor materials were analyzed via diffuse reflectance
and photoluminescence spectroscopy. The preliminary results suggested that Sm:ZnAL O, powders were identically in spinel
crystalline phase as host ZnAl:Oq structure affirmed by XRD result. SEM images indicated the Sm:ZnAl-Os after the synthesis
distinctly obtained in ultrafine power due to the effect of several milling and calcination to form in ZnAl,O4. The optical
reflectance of Sm:ZnAl:O4 samples was affected by the presence of Sm dopant in ZnALQ, strueture. Meanwhile, the phosphor
material shows strong yellow-green, orange and red emissions with peak wavelength under ultraviolet excitation centered at
565 nm (*Gs2—>%Hz), 601 nm (*Gso—>Hzz) and 645 nm (“Gsz°Hg), respectively. The significant influence of Sm
luminescence property in ZnAlOs host matrix will be further discussed,

Keywords: Luminescence, Phosphar, Samarium, Vibration milling, Zndl:0,
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Structural and Optical Properties of Sm Doped AL, O3;/ZnAlL,O,/ZnO Host
Composite via Mechanical Acidic Treatment

Wanichaya Mekprasartl’*, Kanokthip Boonyarattanakalin' and J akrapong Kaewkhao®

! College of Nanotechnology, Kin g Monghkut's Institute of Technology
Ladkrabang, Bangkok, 10520 Thailand
? Faculty of Science and T. echnology, Nakhon Pathom Rajabhat University,
Nakhon Pathom, 73000 Thailand
" E-mail : wanichaya.me@kmitl. ac.th

Abstract—  Samarium (Sm) doped aluminum oxide, zinc aluminate and zinc oxide host composite  matrix
(Sm:ALOy/ZnAlL0/Zn0) was synthesized by mechanical acidic treatment accompanyving calcination treatment. Structural
and optical properties of Sm:ALOyZnAlO/ZnO powder were investigated via the crucial parameter of different doping
concentration. Structural properties of as-synthesized samples and Sm:ALOyZnAl:04/Zn0 powders were characterized by
X-ray diffraction and scanning electron microscope. In part of optical properties, Sm:AlQy/ZnAl-0,/Zn0 phosphor
materials were analyzed via UV-Vis spectrometer and photoluminescence spectroscopy. Sm:ALQy/ZnAl.0,/ZnO powders
were identical in composite phase of 41,05, ZnAl:Q4 and ZnO compared with host structure without Sm doping affirmed by
ARD result. The optical absorbance of Sm:4L,0yZnAl,04/Zn0 samples was still same edge position by the presence of Sm
dopant in host composite structure. Meanwhile, the phosphor material shows strong yellow-green, orange and red emissions
with peak wavelength under ultraviolet excitation centered at 565 nm (4 Gs _;—)6H5,,g), 601 nm (d Gi,_v—)ﬂH,—-,-g_) and 6435 nm
('G5, Hyp), respectively. Moreover, the significant feature of luminescence property is highly influenced by the increase of
Sm doping concentration at 1 wi.%.

Keywords—I.uminescence; Phosphor; Sm doping; Solid state reaction; ZnAlL O,

1. INTRODUCTION fascinatedly interested as an important host of
phosphorescent materials. Due to trivalent ions and intra
4f shell luminescence of rare earth dopant, many oxide
materials are properly studied as RGB phosphors. Zinc
oxide (ZnO) has received a great deal of attention for host
matrix with lanthanide doping [7]. The luminescence
properties of Eu-doped alpha-Al,O; host matrix indicated
that the Al,Os:Eu’" samples present excellent orange-red
emission bands upon excitation [8]. Z. Zhu and research
group reported that Al,O; was a suitable host for rare earth
element because of large transparency from short
ultraviolet to near infrared region [9]. Moreover, spinel
structure in chemical formula of AB;0,1s a typical ternary
oxide semiconductor which chosen as matrix material in
phosphor luminescence. Zinc Aluminate (ZnAl,O,) or
natural name in ganite has been recently considered as a
functional material in host luminescent applications due to
; . = its wide bandgap energy, high chemical and thermal
zinc aluminate films exhibited green and blue stability [10]. Moreover, ZnALO, has been widely

cathqdolumincsccuce, respectively [5]. The luminanlce and employed as a good host phosphor material as a result of
efficiency of these phosphors were found to be 11near£3i uniform particle and narrow size distribution [11].
dependent on the excitation voltage. In addition, the Sm There are various techniques for the synthesis of

lon has been used as an activator for the red/orange phosphor material in host oxide materials. Normally, wet
luminescence  at room temperature. Long %igterglow chemical processes including hydrothermal process, sol-
properties of phosphors were obtained by Sm™ doped gel method, molten salt synthesis and co-precipitation
SrSnO; matrix reported by T. Wang and research group method have been developed for improvement purpose to
(6]. y ! ultrafine and homogenous powders and well-defined

For the enhancement of luminescence properties, host doping distribution [12]-[15]. Meanwhile, solid state
support 1s an 1nportant parameter o concerning, Among reaction is convenient process for the synthesis from metal
the various available host matrixes, oxide material is oxide precursors. However, the requirement by the

. s

Luminescent or phosphor materials are a kind of
increasing prominent technologies in various applications,
for example, displays, luminescent pigments, luminescent
lamp, X-ray detection [1]-[2]. An increased number of
investigations in inorganic phosphor materials have
received great attention for potential application especially
in solid state lighting technologies [3]. For the potential
doping candidate, rare earth or lanthanide-doped oxides
are widely used as activators in luminescent materials due
to their high fluorescence efficiency. Strong activator in

- red phosphor under ultraviolet excitation was successfully
fabricated by the cooperation of Eu’" ion in Lu,0O;
nanofibers prepared by a simple sol-gel and
electrospinning process researched by Z. Hao and co-
worker [4]. Meanwhile, Z. Lou and J. Hao reported that

luminescent material containing Tb’* and Tm® ions in
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composite powder. For Sm doping in host compoasite,
absorption edge and absorbance range of the samples was
identical compared with host material. Therefore, optical
absorbance spectra of Sm:AlLO:/ZnAlLO,/ZnO powder
was attributed to host absorption. Optical properties in
absorbance mode were insignificantly influenced by Sm
doping in host matrix.
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Fig. 3. Optical absorbance spectra of Sm doped
ALO:/ZnALOJ/ZnO host composite with different Sm
loading.
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Fig. 4. Photoluminescence spectra of Sm doped
Al O+/ZnALOy/Zn0O host composite with different Sm
loading.

PL spectra of Sm:ALOy/ZnAL04/Zn0 phosphor and
host composite matrix were shown in Fig. 4. The
phosphor materials were measured at room temperature
under excited at 404 nm in harmony with Sm excitation.
For 1 and 2 wt.% Sm doping in AlLO:/ZnAlLO,/Zn0O
samples, the emission spectra produced in red-orange

40
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region at three strong peaks at 565, 601 and 645 nm
attributing to the direct emission of Sm®" at *Gs »—%Hs »,
(*Gs2—°Hzn) and (“Gss ,*Hyy), respectively [17]. The
strongest emission was performed at 1 wt.% Sm in
AlLO:/ZnAlLOyZnO matrix. However, PL intensity at
2 wt.% Sm in host composite was decreased owing to
concentration quenching resulting in the increase of non-
radiant energy transfer between adjacent activators [18].

4. CONCLUSION

Sm:ALO3/ZnAlL04/Zn0O host composite with different
Sm loading was successfully synthesized by mechanical
acidic treatment. The composite formation of host matrix
was identically pattern compared with Sm:ALO/
ZnAlLO4/ZnO material interpreted from XRD results.
Meanwhile, absorbance spectra revealed that high
absorption of Sm:ALO:/ZnAl,0,/Zn0O sample was
occurred in UV region attributing to host matrix
absorption. The absorbance intensity was increased by the
influence of Sm Joading but the absorption edge was still
same pattern in each condition. The emission spectra
produced red-orange region at three strong peaks at 562,
600 and 645 nm. The strongest emission was performed at
1 wt.% Sm in ALO;/ZnAl04/Zn0O matrix.
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Abstract. Optical and fluorescence properties of samarium (Sm) doped zinc aluminate host matrix
(Sm:ZnAl,O4) was studied. Sm:ZnAl,O, nanopowder was synthesized by vibrational milling
process assisted with calcination treatment. Structural and optical properties of Sm:ZnAl,O,
nanopowders were investigated via the crucial parameter of different doping concentration.
Structural properties of as-synthesized samples and Sm: ZnAl,O, powders were characterized by
X-ray diffraction and scanning electron microscope. For optical properties, Sm: ZnAl,O, phosphor
materials were analyzed via diffuse reflectance and photoluminescence spectroscopy. The
preliminary results suggested that Sm: ZnAl,O, powders were identically in spinel crystalline phase
as host ZnAl,O4 structure affirmed by XRD result. SEM images indicated the Sm:ZnAl,O, after the
synthesis distinctly obtained in ultrafine power due to the effect of several milling round and
sintering process. The optical properties in reflectance mode of Sm:ZnAl,O, samples were
significantly increased by the presence of Sm dopant in ZnAl,O4 structure. Meanwhile, the
luminescent materials showed red emissions under visible light excitation in range of 650-730 nm
by PL spectra. The improvement of ZnAl,O, photoluminescence property was obviously obtained at
0.5 wt.% Sm due to photon transfer from Sm to host material.

Introduction

Luminescent materials are a kind of increasing prominent technologies in various applications, for,
example, displays, luminescent pigments, luminescent lamp and X-ray detection. An increased
number of investigations in inorganic phosphor materials have received great attention for potential
applications especially in solid state lighting technologies [1]. For effective doping candidate, rare
earth or lanthanide-doped oxides are widely used as activators in luminescent materials due to high
emission properties. Strong activator in red phosphor under ultraviolet excitation was successfully
fabricated by the cooperation of Eu® ion in Lu,Os; nanofibers prepared by a simple sol-gel and
electrospinning process researched by Z. Hao and co-worker [2]. Meanwhile, Z. Lou and J. Hao
reported that luminescent material containing Tb** and Tm** ions in zinc aluminate films exhibited
green and blue cathodoluminescence, respectively [3]. Host support material is a key parameter to
concerning the enhancement of luminescence properties. Among various available host matrixes,
oxide material is fascinatedly interested as an important host of phosphorescent materials. Due to
trivalent ions and intra 4f shell luminescence of rare earth dopant, many oxide materials are properl
studied for the possiblity of host matrix. Zinc Aluminate (ZnAl,O,4) or natural name in ganite has
been recently considered as a functional material in host luminescent applications due to its wide
bandgap energy, high chemical and thermal stability [4]. Moreover, ZnAl,O, has been widel
employed as a good host phosphor material as a result of uniform particle and narrow size
distribution [5].




There are various techniques for the synthesis of phosphor material in host oxide materials.
Normally, wet chemical processes including hydrothermal process, sol-gel method, molten salt
synthesis and co-precipitation method have been developed for ultrafine, homogenous powders and
well-defined doping distribution [6,7]. Meanwhile, solid state reaction is convenient potential
process for the synthesis in form of metal oxide precursors. The requirement by the process is high
temperature system for its material formation. Therefore, several mechanical milling and heating
process is proposed to good formation of homogenous phase [8]. However, high emission by the
product in nanoscale should be significantly shown due to larger surface area per unit volume.
Meanwhile, the homogeneity of dopant in a phosphor matrix is also a significant effect on
luminescence properties. In this work, the authors believe that the product of homogenous powder|
and distributed doping material can be facilely synthesized via mechanical milling and calcination.

Experimental

Sm:ZnAl,O, materials were prepared by vibrational ball milling process assisted with calcined
treatment. Al,O; and ZnO powder supplied from Wako Company were used as oxide precursor
materials. Sm metal phase was an alkaline element represented as doping material. Firstly, Al,O3
and ZnO powder was loaded in stainless steel holder with the ratio of material weight and ball at
1:10. For Sm loading, the amount of Sm doping was loaded in host matrix at 0, 0.5, 1 and 2 wt.%,
respectively by vibrational ball milling process at 710 rpm for 4 h. Then, green powder was sintered
at 1200 °C for 6 h. After that, obtained powder was re-milled in vibrational ball milling process and
sintered at 1200 °C for 6 h to provide strong crystalline and uniform product. After third milling, the
samples were annealed at 450 °C for 2 h to eliminate contaminated phase. Finally, Sm:ZnAl,0,
nanopowders were obtained. The structural and morphological samples were characterized by
powder X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR). The optical
properties of phosphor materials were analyzed by UV-vis spectrometer and photoluminescence
spectroscopy.

Results and discussion

Structural properties

XRD patterns of Sm:ZnAl,O,4 nanopowder prepared by vibrational ball milling process with
different Sm doping were depicted in Fig. 1. Prominent XRD peaks of the sample without Sm
loading were identified to ZnAl,Og structure located at 20 = 30.8°, 36.5°, 44.4°, 48.7°, 55.3°, 59.0°,
65.0°, 74.0° and 77.0° corresponding to (220) (311) (400) (331) (422) (511) (440) (620) and (533)
planes of spinel phase, respectively (JCPDF, No. 05-0669). The XRD pattern was certainly similar
to well-defined ZnAl,O, spinel phase. Owing to oxide precursor materials as Al,O3 and ZnO,
several milling and sintering process are neccessary to produce new phase in ZnAl,O, formation.
The decrease of precursor material size is obtained by milling process that easily to the diffusion of
metal atoms under sintering method. In case of Sm doping, XRD patterns were identically with
ZnAl,O,4 pattern resulting in the interstitial position of Sm metal in ZnAl,O, structure. The
improvement of ZnAl,O4 could be occurred after Sm doping at 0.5 wt.% due to the partly
replacement of Sm atoms in Zn atomic position [9]. The corresponding crystallite sizes of ZnAl,O,
matrix prepared at different Sm loading were determined by the major peak of spinel phase (311) in
XRD patterns using Scherrer's equation. The average size of ZnAl,O, crystalline were
approximately 34, 47, 40 and 43 nm according to the incresae of Sm dopant. However, ZnAl,O,
crystallite size was decreased by the addition of Sm concentration especially ratio at 1 wt.%. It can
be seen that contaminated peak was also occurred at 20 = 33.6° and 34.3° relating to SmAIO; (112
plane) and ZnO (002 plane) phase. This result indicated that Sm atoms were substituted in Zn atoms
position due to milling and heating process leading to the decrease of ZnAl,O, crystallite size.

The infrared spectra of Sm doped ZnAl,O, nanopowder prepared by vibrational milling process
assisted with sintering method are shown in Fig. 2. The FT-IR spectra show a series of transmission
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Fig. 1. XRD patterns of Sm:ZnAl,O, nanopowder at different Sm doping.

2.0 wt.% Sm \f
W
1.0 wt.% Sm \/\\M

0.5Wt.% Sm
\;\M

a

Intensity (a.u.)

Transmittance (a.u.)

: T . . :
3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 2. FTIR spectra of Sm:ZnAl,0, nanopowder at different Sm doping.

peaks in the range of 3000-380 cm™' which are related to spinel type pattern. Dominant peaks at
656, 550, and 491 cm ™' are same pattern in all samples corresponding to Al-O symmetric stretching
vibration (v1), Al-O symmetric bending vibration (v,), and Al-O asymmetric stretching vibration

-1

(v3), respectively [10]. All peaks in FTIR spectra located in range of 750-450 cm . This result can
be suggested that AlI** ions are in octahedral sites of AlOg group related to normal spinel in the
structure [11].

Optical and luminescence properties

The optical properties in diffuse reflectance spectra of Sm:ZnAl,O, nanopowder in range of
250-800 nm are depicted in Fig. 3. High absorption in UV region was obtained in all conditions.
Optical reflectance spectra of Sm:ZnAl,O, samples in visible range were enhanced by the infuence
of Sm metal compared to pure ZnAl,O, material. Moreover, the absorption edge of Sm:ZnAl,O,
slightly shifted to higher wavelength by the increase of Sm dopant as shown in Fig. 3 inset. These
results showed that absorption edge of Sm:ZnAl,O, had shifted to lower energy value by the
addition of Sm content associated with the impurity energy level in ZnAl,O4 host matrix [12].

Luminescence spectra of ZnAl,O4 nanopowders with the amount of Sm dopant are shown in
Fig. 4. The phosphor materials were measured at room temperature under excited at 404 nm in
harmony with Sm excitation. Normally, the emission spectra of Sm characteristic produced in red-
orange region at three strong peaks at 565, 601 and 645 nm attributing to the direct emission of
Sm® at *Gs—>Hsp, (‘Gs—°Hi) and (“Gsjz,°Her), respectively [13]. However, the prominent
structured band in the range of 630-730 nm as shown in the spectra was corresponding to the
emission of residual chromium impurity [14]. Due to the operation at high speed vibrational
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Fig. 3. Diffuse reflectance spectra of Sm:ZnAl,O4 nanopowder at different Sm doping.
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Fig. 4. Photoluminescence spectra of Sm:ZnAl,O4 nanopowders at different Sm loading.

process, the contamination of chromium phase can be blended by the stainless steel balls and
container during the synthesis. The strongest emission was performed at 0.5 wt.% Sm in ZnAl,O4
matrix. Therefore, the enhancement of ZnAl,O4 spectra at 0.5 wt.% Sm was interpreted that Sm
phase could be activated under this light irradiation relating to the energy transfer from Sm to
luminescence material in the system. For 1 and 2 wt.% Sm doping in ZnAl,O, samples, PL intensity
was decreased owing to concentration quenching resulting in the increase of non-radiant energy
transfer between adjacent activators [15].

Summary

Sm:ZnAl,0, nanopowders with different Sm loading were synthesized by vibrational ball milling
process assisted with calcination treatment. XRD patterns of Sm:ZnAl,O4 were identically patterns
compared with pure ZnAl,O4 material. Well-defined ZnAl,O, spinel phase was enhanced by several
milling and calcination process. FTIR result confirmed that the formation of ZnAl,O, spinel was
obtained after this synthesis accompanying with the presence of Al-O symmetric vibrational mode
in octahedral sites of AlOg group. This bonding was related to normal spinel in the crystalline
structure. Meanwhile, reflectance spectra revealed that absorption edge of ZnAl,O, powder had
shifted to lower energy by the addition of Sm content at less concentration due to the impurity level
of Sm doping in the matrix. The emission spectra produced red-orange region at three strong peaks
at 562, 600 and 645 nm corresponding to the influence of Sm dopant. However, the prominent
structured band in the spectra was related to the emission of residual chromium impurity by
stainless steel balls in high speed vibrational process. The strongest emission was performed at 0.5
wt.% Sm in ZnAl,O, owning to the energy transfer from Sm to ZnAl,O,4 matrix.
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