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ABSTRACT

TITLE : PHOTOLUMINESCENCE PROPERTIES OF EUROPIUM DOPED
CALCIUM STANNATE PHOSPHORS BY SOLID-STATE REACTION

BY : JINTARA PADCHASRI

DEGREE : MASTER OF SCIENCE

MAJOR : PHYSICS

CHAIR : ASST. PROF. RUNGNAPA TIPAKONTITIKUL, Ph.D.

KEYWORDS : SOLID-STATE REACTION / CALCINED / LUMINESCENCE
PROPERTIES

In this research, CaSnO, and Ca,SnO, were synthesized by solid-state method.
The solid-state technique is well-known to have 3 main advantages, 1) ease of processing and
economized, 2) involve less solvent and reduce contamination and 3) give high yields of products.
The synthesized materials were used for plasma display panels (PDPs) applications.
The synthesized CaSnO, and Ca,SnO, expected to exhibit better luminescence properties
comparing materials synthesized by other methods. This work can be divided mainly into two parts.

In the first part of work, the powder CaSnO, and Ca,SnO, were synthesized by solid-
state technique. The starting materials, CaCO, and SnO were thoroughly mixed. The mixture
powder were thermal properties are investigated by DTA technique. The results of DTA show
endothermic peak at about 710-730°C. The selected temperature for calcinations in range of 700-
1300°C for 6 h to obtain crystalline powders of CaSnO, and Ca,SnO,. The CaSnO, and Ca,SnO,
powders were then characterized by XRD and SEM to confirm phases and microstructures. It was
found that the major phases were the CaSnO, and Ca,SnO, orthorhombic structure and
microstructure of particles have a flake for 1300°C.

In the second part, the Eu’ ions were added by 0-8 mol% on CaSnO, and Ca,SnO,.
Disc shape ceramics pellets were formed. The green pellets were then sintered at temperature of
1350-1400°C for 6 h in electric furnace. Bulk density and shrinkage of ceramics at 4 mol%Eu’" are

higher than that of the other samples. The microstructures of ceramics were studied by the SEM



technique. The results revealed that grains shape can be observed as the mixing of circular and
polygon shapes. It was also found that the high concentration of Eu’’ on CaSnO, and Ca,SnO,
ceramic resulted in higher proportion circular grain shape. Moreover, the grain size was around
1.5-2.5 pwm. Phase formations of ceramics were characterized by XRD technique. It was found that
all samples contain a single phase of CaSnO, and Ca,SnO, with orthorhombic structure.
The luminescent properties of Eu’ in ceramics were investigated by the excitation and emission
spectra at room temperature. The emission spectra of samples in wavelength range of 550-750 nm
under 273 and 394 nm excitation. The different doping concentration leads to the same profile of

red emission but different in relation intensity.
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3.6.4 MIATIVABYMIIIVWAIAELATOI FluoroMax-4 spectrofluorometer
Anve a a s & £y a

1Hﬂ1iﬂﬂﬁﬂ\11ﬂlvlﬂ‘LlHiJﬂL‘lﬁ11IﬂVINTLIﬂ15cﬁulﬂﬂinﬂlﬂﬂu‘lﬂlu1‘Uﬂ11"iﬁ$tﬂﬂﬂ

d‘ ] 2 [ v A [ ko ¥ & [ ]
INDATIVTDUNITLI DI °]Nﬂ1i’)ﬂﬂ1ﬂ15l5ﬂﬂllﬁ\iﬂl@\iﬁWi'ﬂflﬂIﬂﬂl‘mﬂiﬂ\i’)ﬂﬂ1iliﬁ]\ﬂlﬁﬂ
o o e o MY A v & s
VYIINI ﬂ'J‘lJﬂiJﬂ15VINTLI‘Uﬂ\i‘]ﬁ]i‘ﬂll?iﬁWN15ﬂ'JﬂvlﬂﬂHiﬂﬂllﬁﬂllﬂ'ﬂﬂllﬂﬂ‘ﬂQE]'OLi’CTL‘B‘LWI

J =) =t ) (4 e

(Fluorescence) uazWoanos s (Phosphorescence) mmﬂu/"luiagmummuﬁ (Chemi/Bio

Luminescence)



NN 4

o d
Nﬂﬂ'l‘i')!ﬂ‘i'lzﬁ‘i’llﬂﬁﬂ

9
‘U'Yluﬂa'l’lﬁﬂNaﬂ']i‘ﬂﬂaﬂﬂuagﬂﬂﬂi']thaﬂ']iﬁﬂH']ﬁiJﬂﬂ‘VINﬂ']EJﬂTW‘U’E)QNQ CaSnO_.,
o Y Y ¢ & '
1ag Ca,Sn0O, ﬂmuﬂizu'Jumi1ﬂmwmau1umnmuﬂa"lmu HIXTUITOHLNAANITNATON

[ ' ' ~
polu 2 dIUAD FIUVBINITAILN CaSnO, Uag Ca,SnO,

4.1 HAMSIAIEHHY CaSnO,

4.1.1 Wan13AsIVFRLANTANIANUTOY
4 {o 1 < o
iioWaAY CaCO,:Sn0 AdadIu 1:1 Taeliion1uoa (ethanol) Hludinaranion
4 * o o o g °

Ao Ialouoa (zirconia ball) tegIelunsi Idasdidy udwhiduds st T
a o P 9 9/ a Pri a = o 9
AInedmanlfeunlaamennudeudiomaiin TG-DTA fiuaasdenini 21 ngihiiin1da

a a ¥ o d ¥ 4 a % ' a
Hams g dniminaniesnnmsaidui 120 ssrmisadod Famahiervfansszive 1
H a a H g ' a ¥ o o
vosluanaimieorufafansneiieonsnneady [40] deuinumsgaudetiviing

o =

Fanutszanm 20% figunad 728 aseuraion Fensefuiingannudouiidfigaves DTA
oz 748 parnisaiFua Fsdtumiisfiniigefiganinfansaaiedaves o, 11 Caco, [2] M3
gudnhminfiausodunamiv1éFanudn godahminlszue 1-2 % assfuiinnsae
anudoudi 930 osruaadoa Fah lgmainl§Ase1ves cao fu sno, ieldifama
CaSnO, ﬁqmngﬁé&ud 900 eeruraidoa [41] Tavnswves TG Wunsidunudes e
UNUQUNYI uamﬁqmiqm;ﬁﬂﬁmﬁﬂﬁﬁaﬂmmjmmic?'ﬁmmi‘lumsﬁuﬁuqiwqmﬂgﬁ‘lu
msBuRamauignives Casno, dmSurane TG-DTA fusunasnafinnnamsins e

A1umatin XRD



39

Or {0

5t
< 0
2 -0l --&J$
(/)]
8 2
= -15¢ )
2 m
) 4-60 5
< 20t DTA — a

728 7
_25 l
90

0 200 400 600 800 1000 1200
Temperature (°C)

AT 21 71/nASY TG-DTA Y09HINANIENIN CaCO, LD SnO TudRs a8 1:1

4.1.2 wamsaseaeunsnanaaveINIfIveg
A o ] I a = '
Wiorhwana TlWvaumsuaa lmingumgil 700 sruwadoa wolua
ia & ] :
nnatualsznouludumaves sno, uasmla Ca,Sno, Uz iluin uaswume cao @ntiou iie
1 o Iy 3 ' A a =
FuvuUMsuAa ledfiguugiigeiu wunfigumail 1000 esrradea Usinge Casno,
3 ] Y s 9/ é & LY 1 a
YuNIEITARIULAZIININ U AYDY Ca,Sn0, Lo SnO, Ysluindle Fsbudumsnefama
as [ 4 A o ¥ 4 2 a
CaSnO, AUNANIA DTA A531U Tag isudi 1000 peresastoa Wudull vinduiomuguugi
o ' a a N |
Tumsuaa laniganat 1000 serurades Usinguea Casno, (taaslunIng 22) iinduisooq
& A o = 1 d' o o a
IUNTENINGUNYI 1300 DR UaaEd WUINNERTNY IR0 CaSnO, NFIQUHANMIHAR
laifimanzandi 1300 ssruvades doandestiuranisnaaeswes C. H. Lu uagauz [11] #
3 a 9 aa o 3 ~ T a A o A ' 9
Tdes v i ngunginldlunsunalaningavuiinasemsifamaiauysavsoarsndn1a

t o d  w a d  a 3 a
NNoUNIHBUAIVDI CaSnO, ©1AANIIHOTUAIVBY SnO, UAT CaSnO, Vun Ny 11 au

o Y a o aaa 1 & & o
M IAIRan19%11A58152%7919 SnO, uag Casno, Uziluuinarodly Ca,Sno, FInuhn

-1

I [ o & o L4 a
700 ssrraidod Hudu Asudie lamees Casno, ikumsuna laisingungil 1300 oeen

a 9 ad (aan o é', = ] v v ° 3
waiea 111199 Eu,0, Medtdjisonluaniuzvewddnaisndadiuangneutiliiu

suluesdin



40

% *I* * 1300°C
A A -~ A
* ® *x 1200°C
— I »JLM ® A \ "
| 1100°C
k. A A /\~__4—JL—-——/\—A'\——

’:-; MM—LM__.J\LA_ 100000
S
2 H | 900°C
[ v~ A
@
2 I \ 800°C
- A A_ A A K._.._,A
®
700°C
® ®®
A .
j’\ ° o ¢ mixed powder
10 20 30 40 50 60

20 (degrees)

amii 22 jduvumsRoauusiiendueInaNausEnINe CaCo, tag SnO Tudasid 11
diorumsuna lanifigumgiia1en e O = CaCO, ® =Sn0 ® =Ca0O ® = SnO,
¥ = Ca,SnO, itag %k = CasSnO,

b 4
1AW XRD dunsadeulfisemaniivesnsiiamla Casno, lansil

3CaCo, + 3Sn0 + 3/2 0, —> 28n0, +Ca0 + Ca,Sn0, + 3CO, (700 13 800 DIAUHALTOT)

28n0, + Ca0 + Ca,SnO, — SnO, + Ca,SnO, + CaSnO, (900 19 1200 BeFUFAITYH)
SnO, + Ca,Sn0, + CaSn0O, — 3CaSnO, (1300 DIAUBDUTL)
4'! o o 9/ =Y 1 c.; a ‘3 4'! P=3 [
mammsmmmmsﬂvaﬂﬂvﬂsmmmmzﬂammmﬂﬂwmamwﬂ"u

a d @ P 2 o v @ da X dyy a 4
gunginisuna lminaaninisied 4 awamssudeandestuanfevun ldesue 13

o~ ey d‘ =y 3 d’ = ) ] L4
dedunds Tud§fsorninavuigumgil 1300 osrasmes wuNdinswumauves Ca,sno,

I ¥ ' sd & A = & ' o
E]Q llﬂW‘]_llluiﬁiJ'lmuﬂUﬂ'ﬂ 5 l“Ll'E]S!"If‘LIGI HRINVAAIIUTINITNUDIATOI XRD E)U’lxivliﬂﬂ'm



41

dimhdeyadiuinievas TaviSnaveunailziuiudie diwundl ca,sno, agiovas 0.8

Tavif511m uazwuaves Casno, geiieiavaz 99.2 Taoilsutm

4 o A a o @
mafi 4 $evazTaotSinmuean Casno, Akumswuna laiiguingiisiany

Huasnannavy Gowvaz)

gamgiinnalal (C)

SnO SnO, CaO Ca,SnO, CaSnO,
no-calcined 46.8 - 53.2 - -
700 - 64.3 35.0 0.7 -
800 - 66.1 0.4 33.6 -
900 - 59.2 - 384 23
1000 - 51.0 - 36.5 124
1100 - 39.0 - 27.7 334
1200 - 7.3 - 29.0 63.7
1300 - - - 0.8 99.2

4.1.3 M3A3aRVANYSEIATIAT NNNYANAVBIAIIAIBEN
@ .Y L4
INNSANYITNY AL FUFIUNIIPANIAYDING CaSnO, AIWNADIFANTTAL
ad v 1Y yd 2 o A ] 9 9
BilanaseuuuVdeInsIa TAuaasldirutsdnyazeyninves Casno, Werumsivanuion

NQUNHNAT AININT 23

ShHm 000D 28k K590 Farm

4 o 4 < LY - o
mwi 23 dnvaie Inseadeganinves Casno, dioTianudowilune 6 411ue Higamgl (2)

700 (b) 800 (c) 900 (d) 1000 (e) 1100 (f) 1200 ttaz (g) 1300 DIF AT



42

SORm DaBOOY 2aky KLon Sabm 8008008

Lakw KGoa TEPM DODonR 2akw »oan SOrm G0Q0BA0

Leky LSoa SHFm

4 o 4 [ @ { a
M 23 dnvae Tassadeganiaves Casno, Weldarwdewdiuna 6 42 Tue Ngungi

(a) 700 (b) 800 (c) 900 (d) 1000 (e) 1100 () 1200 uae (g) 1300 PIFUN U (AD)

DYNIAKY CaSnO, 04 QUNYL 700 D3 1000 DIAUFATT WLDYN AN

o [~ o) I~ LY 4 P ]

anvazilunssnay vazilwnaailziludy Wouaaleiin 1100 891200 serua@es wun
o g 4 X o X 4 d ¥ ¥ Y a

anuthundamuay @uianaalaay) symansnilunsinauanasiosas wisununa

a @ o o v =1 9 as 5 A P

aynariiuandlnInnsnannaiethundasdianiuldse sintuiounalemin 1300 oeen
a ' a o o 4 & - Y ad

waidoa wu eynanslidnuazdlunfanimus Faiwen 1dn dnvazveseyniameiiy

a j o3 2 [ ' a j
maﬂamﬂﬂ‘uummﬂuwmﬂwwm SnO, [42] ‘Bﬁﬁﬂﬂﬂﬁ’ﬂﬁﬂﬂﬂaﬂﬂ XRD 71 SnO, winAUU



43

=

¥ v [ .
Aangungil 700 esraud uazvua liiguvgil 1300 serusaTod AuaaalunIng

9
]

P o & G a 3 A o o

22 4AzA19199 4 A9UU MSETEURA Casn0, lenae 1diteu luganglimsmwiuna lania
a * 4 @ 3 a {

gaungil 1300 serumartoa 1dszuznarlumsimus 6 ¥3Tue uazlidns Wu/asgungiind 5

= ) = d' [} = = L}
asryaiFsaaaui e luwssusiings i

4.2 MINIVUNI Ca,SnO,

4.2.1 wamsasvaevanianInnuien
Wow3on Casno, 19 caco, waufusno ludadau 21 wudwawan
381319 CaCO,:Sn0 Lﬁﬂmsqmgﬁﬂﬁmﬁmﬁﬂﬁaﬂﬂszmm 4% YT SRIFUT 600-700 Bee
waided Fmahofamsgadaiminues caco, Wameilu cao 2] Fsaseduiiams
g mdouiinigauos DTA #i 700 ssnmaiFes uaznamsmoanudouiizzo ssnadua

' = i o @ X d & o
ﬂ'lﬂ')'l@'l‘i]lﬂﬂi]'lﬂﬂ']iﬁ SnO lﬂﬂﬂ']iﬁ%"lﬁwuﬁg‘ﬂuU]ﬂﬁ'lml]u SnO, BIWAVDINTADYAIUDY

LY

=S g 1 gl =y
CaCO, HazMs a5 1IWUTZV0Y  SnO, Bududnasannwan1es XRD o'l axmiuiimsadie

a =

o 2 ¢ Ve 4 a ¥ ' a
wuﬁgﬂluﬂ\ulﬂﬂqmﬂﬂu 700 93A YLK %qa'lﬂlﬂﬂlﬂﬁ Ca,zSnO,, AR N 700 DIFUYALN YT

Y

[43] Taotins i TG Guvwullduuuigamgidanmh 24 edudulan dusmiifama

Y

b
a Y

Y84 Ca,Sn0, FMSUNANT TG-DTA BUSUNADNATINNNANT XRD

10
0_
< {15 m
S S
e 0
7] >
o —
= 2. {
) 130 O
2 5
\
| 720 | 45
710
-4 T T v T T T T T T T T T
0 200 400 600 800 1000 1200

Temperature (°C)

M1 24 @1lnaTyu TG-DTA YIRIHTUTENTI CaCO, Uy SnO TudnsI1dIU 2:1



”»

44

4.2.2 WaMsasIvaBUMsNBMHaYBINIAIBENS
msidengamgiilunisuna’leiainma TG-DTA FuRansnlasuulaimia
y 4 a LY A Y ow 5 2
anudoundszun 600 ssruwadon iudulil iveanuazainuaz ldwdsnudigaezisy
¢ a & v o 3 o & o
una laniaua 700 seruraoa Wuauld dunar 6 42 Tue uaasdening 25 nasmsuna
« Vo a = o a aan ] o o
Tariwudgasgungll 700 - 1300 seeusaioe i ldiRalgaseredeanysol Taniilyl
" a a ' Ao LI 7 o
nagoumsnamamadIumailn XRD wuHenauios limuvuaumsuna laidsinanuma
g g 1A L] ] I =Y =
YOITIAIAUNA 2 o135 ualodwanay luli v naumsunalmingumail 700 eswuraidoa
o da d
wurlaffeduilszneuludemaves sno, uazia Ca,sno, Uztlusn uaznume cao
o 4 ' o a X VA o a
@nieu Woruvuumsuaa laningavglgeiu wunnguvgll 1000 esruwaidod Using
5 1 L Q % L
e CaSnO, Iu110819FAIULAZEININLIMAUBY Ca,SnO, 1Az SnO, Uzilunde Fedudu
1 oa a A A a o ¥
asnonaWauATONTUAUUATINNANIG DTA 537 1000 osruaraidoailudnlyl s1miu
A~ A a 4 ' o X A
domugungiilunisunalaigendt 1000 esrmuraidiva Usingvla Ca,Sn0, YuGouq
4 a a ' a o A a
MNTTNINGUHAI 1300 DIA U AFON WUIUN NI VDI Ca,Sn0, U¥2199MuiinIsuaa
7 ~ a o =
lasifimanzeud 1300 seruaraFod doandoanuan1sNARDINDY C. H. Lu wazanue [11] 714
a P adq gk va X o ' a = LA ' PR
o311 13 9amglifl 1Flunsuna laingeulinadenisfiamanauysavieoanannian
J d @ = Jd @ [
NPUMINBIUAIVDY Ca,Sn0, D1UAANITNBIUAIVDY SnO, CaSnO, 1Az Ca,Sn0, Uzilunuin
3 a - o d  a a .3
Fawuh 900 osruaioa 1udulyl uaznisWeiudues Ca,Sno, 981ha CasSn0, Iuulzily
% a A o aan ] v g’; Y 3 a
F99191AA10N150 Ca0 ¥R Sn0, AeuLNedIU INTUTIRAmUINA1eElUu Ca,SnO, 7
S A ¥ y A X o & A gy A ¢
auysadoriunisifadndeuiuniu deiuiie 1dwe Ca,sn0, AHuMsuna laniain
ad = o an (aan g a g Ao
auniif 1300 seruradod 1 11Re Eu,0, A0351UgR5en Tuaousvowisdnnsifidadu

9
3 X o o
argqnouth llaugahiuasin



45

1300°C

-
%

-

1200°C

—~ | H “ 1100°C
| A \
g o l 1000°C
>
'a —— L A A
5 h 900°C
E v e M
- 800°C
[ A
h h “ 703°C
OJJ«. P e O mixed powder
; - ) m___J\_/_._I:- A .I\A_’_/_ ._;;_‘
10 20 30 40 50 60

20 (degrees)

4 =1 [V o 1 Ly t
MR 25 JUUUDMSBeNUUSIFONTVOINIHEANIZHIN CaCO, 1oy SnO ludasidiu 2:1

diorunisuna lanifgamngiisien e O = CaCO, @ = $n0 ® = Ca0 ® =S$n0,

¥ = Ca,Sn0, 1taz * = CaSnO,

14
vnna lnmanamamunso@eulgisermuniives Ca,sn0, lanail

4CaCO, + 2Sn0 —> Sn0, +2Ca0 + Ca,Sn0, + 2CO, (700 D9 800 DeruTRTU)

3Sn0O, + 2Ca0 + Ca,SnO, — SnO, + 2CaSn0O, + Ca,Sn0O, (900 019 1200 LA HIEEG))

nan1sas1vgeudSuudesas lavlSnavoudaniuseddsznou Tae

@ 4 ' o ) g
A5INUIHANENYDS Ca,Sn0, tiprIuMsuAa Tl 700-800 aeruwaiboe uazilasouily

2 kY ] ] @ A ' P s
CaO "]Nﬂ?iﬂﬂﬁBﬂﬂzllllllfﬂﬂﬂNiﬂﬂuﬂ mamuﬂmma"lcuu‘n 900-1200 DaF BN YT 'W'UL‘N’GT

v [ @ 1 a
Casn0, Uzluanegnuiiu1dda uagnuiSuaunayes Ca,Sn0, wintisdeuas 89 Ngungiims

o ~
una T 1300 s usayee



46

al 9 a o a0 @
MINN S iﬂUﬁZIﬂUﬂ%NTﬂlﬂlﬁNNﬂ Ca,Sn0, ‘V]N']‘Llﬂ']iLNTLLﬂﬁVlWUﬂquQMﬂNﬂU

P T
Wunauanavu Gesazvesriminma)

d
gamgiunalatt C)

SnO SnO, Ca0O CaSnO, Ca,Sn0O,
no-calcined 34.9 - 65.08 - -
700 - 29.0 342 - 36.7
800 - 29.2 34.1 - 36.7
900 - 52.2 - 16.8 31.0
1000 - 42.4 - 301 274
1100 - 23.7 - 36.8 39.5
1200 - 4.5 - 37.0 58.5
1300 - - - 11.0 89.0

4.2.3 mnTaevdnyuzlasiadImeganInvessIiedy

@ @ g
i]']ﬂﬂ']iﬁﬂ‘ﬂTﬁﬂymgﬁmﬁ'IUﬂ']\ﬁ‘]ﬁﬂ']ﬂﬂlﬂQN\i Ca,SnO, ﬁ'aﬂﬂﬁ'ﬂﬂﬂaﬂiiﬁu

%

@

ad ' 1Y Yo =2 A )
DANFATOUUUUTDINT 1A ulﬂllﬁﬂﬂcl MU ﬂngﬂHﬂTﬂ‘Uﬂﬂ CaQSnO“ Lil'f)N']uﬂ'ﬁchﬂ'ﬂil

Sounigaimgiianan Aanwi 26

a @ 9/ A v 9/ <3| & a =)
awi 26 dnuaie Inseadaganinues Ca,Sno, Welvanuiowdual 6 42 1ue Ngmmgl

(a) 700 (b) 800 (c) 900 (d) 1000 (e) 1100 (f) 1200 1t (g) 1300 DIFUTAITY



47

Lt KSoa

i 26 dnyaie Tnsaardraganminves Ca,sno, e lianudeudlunat 6 92Tue 7
UMl (a) 700 (b) 800 (c) 900 (d) 1000 (e) 1100 (f) 1200 1AL

(g) 1300 DA UBATUH (AD)

[y 1 { a ¢ % '
anumzgls19v09Ke Ca,Sn0, Nigangimsuna laisaua 700 §3 1300 098
@ { 1w J @ T (=] @ A v
waldod uaaadenIwi 26 wudnyuzeymaliviauanasnuediun lada figilsis
] 9/ =1 ] 1 ] A P 1Y 3 S o =1 ] '
Aoudnanuazlizilsielumiveu Weunalminguuglgeruiidnyuznanuaziizusiela

] % Q‘ 3 d' =
udueutzduiy (drenda) (a-e) unaleniivuuinyui 1200 99 1300 perrimTow (f-g)



48

' a a Y a 'Y a ' ' Y] [ v a v v
wueymasulvuialnafesnuuasiglsrsaeudienaisny UN150518A0UDE19
: - 3 o
aluauegungll 1300 ssruraifed FIdoandoInUNANI XRD
[ Y 3’1 G e Sld' =
Aaiu Tumswissuoymane Ca,5n0, Matde1ditou luguvglimsmuea
oA a 1 <& A o X a =
l1idi 1300 eruwadod luszoznaimawiug 6 ¥21ue Taolidns1iu/asgungine

| v o A ° o o 3 A = ]
5 paruTArBIaAoUIR 1N luSatiadugins susiinge T



UNN 5

HamMsIAzHideyam i

Y
Uﬂﬁﬂa']'la\?Waﬂ'ﬁﬂﬂaﬂ\ulagﬂﬂﬂi'lﬂwaﬂ'liﬁﬂ'ﬂ']ﬁuql]ﬂﬂ']\?c] VYDIHITUN CaSn03
A Ay P Y o o
Iag Ca28n04 LME]L%BGI’JUQIEL‘WUII (EU203) ﬂigﬂﬂﬂﬂjﬂwa‘“ﬂqﬁﬂ'ﬂmgﬂ'mﬂ']ﬂﬂ'lw ANHMUS
9 aa X a a - a
Tﬂﬂﬁﬂﬁﬂ%ﬁqlamﬂ Lwﬁﬂlﬂﬂmuuﬁgwq‘ﬂﬂi5“7”\311?‘\3%]8\3!“35'lilﬂ Iﬂﬂui']UaZLBUﬂWﬁﬂ'ﬁ

¥
NABDIAIL

5.1 WaM3ANNANTANIINENNYBUTIIEN CaSnO, 1Ay Ca,Sn0, 11ip100A8 Eu,0,

b4
TumsAnautianieanionmusarsln Casno, uag Ca,Sno, U lavhnsdu-
oo a a & a3 a a4 o
mesNguvgil 1350 uaz 1400 vernaded Taslumsidenlias liniAnyIdnyuznIg
Yy oA a ania & a ta a a o
menmaeudenrs1ini lidadisudozi uaz lufamsnasuazais @uuglinisdumesn
=Y =1 a a a dy 4 o 1
1450 oserwardod 1Wudull wsiinfansdadiswazvasuazain) etiminiaiovas
' ¥ .
NISHARAZAINNUAU MU UYD AT WNNFAA U0 Eu,0, Nanua 5 dadiu Ao Sovaz
@ 1 a @ a ~ o
TaoTua 024 6 uaz 8 NAIINAIUNIMITUIMNBINUNYN 1350 uaz 1400 Ber Ao 11y
; i
a1 6 %11 lawadaae lail
5.1.1 WanINII9TL3BEATMIHAR VBN CaSnO, Hag Ca,SnO,
1NMTMIA3BUATMSHARIVOUWS 1IN CaSnO, KHiDINERIY Eu,0, HAAIAS
P 1 a A A 9 3 S 9 ) 1 =1
AT 27a WIS tindeNeAI8 Eu,0, 113U IM300aN13MARI5ZMINN 0.59 D49 0.88 LAY
4 a 4 o % = T
0.30 14 0.82 iaFumas A 1350 uay 1400 ssmuraidod mumey Fuiuldafevazmsva
datisn luuanaranuiln disnosandosaznsnadaveauws1ln Ca,Sn0, 189420 Eu,0, uaaa
AR 27b WU s inTiA 13 esazn1sMAR13E1I19 0.88 019 1.56 uaz 0.15 03 1.33 1ile
a { -t o a Ao 2 X
FUNDIN 1350 LAY 1400 IR UFMTOE Awd AU wuNAdadiunsiie Eu,0, Muuniiy

Tu'lATnasemsosazmivadisgataulin



50

12} - e—1350°C 20¢ —*=1350°C
—0-1400°C —0—-1400°C
1ol 16}
= =
s < 1.2¢
o 08r o
> &
~ x 08
£ 06 =
o ® 04l
04r
0.0}
0 2 4 6 8 0 2 4 6 8
Eu,0, contents (mol%) Eu,0, contents (mol%)

4 v @ d v @ @ )
ﬂ'l‘Wﬁ 27 ﬂ'J']iJﬁiquﬁﬁzﬁ’J'N‘lrﬁJ']mﬂ'lﬁL%{EJ Eu,0, ﬂu%'auazmiﬁﬂmmmwﬂm (a)

CaSnO, 1482 (b) Ca,S$n0, MUAIAY

5.1.2 HAN13ATINABUANNHUIMUUUBAY 313N CaSnO, UAZ Ca,SnO,
deRo13an il 28 a-b uanansaNuduRuTsznI1edosas TaTuaves
M9 Eu™ AUMATUMU LU0 0N CaSnO, 4ag Ca,Sn0, WUIMIANUMUHUTR Y
msumedn 2 $regamgiduusTvudndu ndsmbuduur Wuanawd liuanesy
Taol¥nnumuiuniusendng 3,143 §93.226 uaz 3.191 §43.257 nfudegnuianuAmas
dm35U CaSnO, LAz 2.818 §32.978 LAz 2.863 i1 2.944 fuABgNUIAABUAIAS dmiL

a

e = s a o w :
Ca,SnO, NNUNSZUIUNMsFUMBS Ngaingd 1350 uag 1400 verusaFod Aud1AY Fi019
nanlanin luuandreny
Tagitou lumsi@eildmanunuunivniniigadmsuislin CasSno, uaz
< A /3 St v 4 a &
Ca,Sn0, NifSamside 4 uag 6 lualedidud Nanszum 3 nfudegninAfsudmns 49
' VoA v ' ' @ ' @ 2 ' Y A 3+ @ 1 P
aanunuiud latiat luuendrsduedisdany dee19na1n1dnsive B’ ludadiud
X ey ° v @ ' s X X "o
g lufinavh ldnisdaduniuveseymamuiy udtuegiuanumuzauve S uimns
2 Py a a 1 o ]
Ao 1Y Feliswaufeduliunansite v,0, luasilinnun msiderhlddismnumiien
d 3 o 4y 1 4 v @ a a
¥ovaz 1.5 nlodidud lagTua [43] mszmsfeluilBunun limunzieymedadudhanula
o o b'Y v A @ a ! 3 Y = Q2 A& o Y=t !
wad Inavhldnissaiesdaveseymaniwlufamsunnseshldidegilnan vaildunade

[ ¥
NITUHUAIUDILY T TUN %Qﬁuﬂuﬂﬁﬂﬂﬂiﬁmﬂﬂa SEM



51

—e—1350°C 31L —e—1350°C
3.30t —0-1400°C —0—1400°C
o 30
§ 325f u) & e 4
=2 L
b g 2 g B
= I =~
2 3.20 o ‘Z’
o o 281
[m]
3.15¢
o (a) 27| (b)
0 2 4 6 8 0 2 4 6 8
Eu203 contents (mol%) Eu203 contents (mol%)

P @ o ' ] 3 [ .Y
MNT 28 ANUAUNUTIEHINYSUIUNISINE Eu,0, 1uﬂ‘§mmuﬂﬂmﬂﬂuﬂ‘umm

WULHUYBUYIINN 111D (a) CaSnO, 1AE (b) Ca,SnO, MUFIAY

5.2 wanInsvasulnsaaiamegamadiie SEM

1INMSANIANE AL AU IUNIYANIAVDUTSINN CaSnO, 1A Ca,Sn0, AIUNADS
panssmisianaseunuudeIniia lduaasldifiudednuazveunsuveassiiin Casno, uaz
Ca,SnO, ii0/28 Eu,0, uaneasu danmii 29 §1 32

521  wamsnsavaenlaseadianieyanInveussiin Casno, idadiumside

1 o a S o = [ =
Eu,0, UANANAULAZFUIMDI QUM 1350 10 1400 BIAUXTH LAAIAININA 29 Uag 30

MW 29 1IN0 SEM ¥093511in CaSnO, N1/5119:115190 Eu,0, 71 (2) 0 (b) 2 (c) 4 (d) 6 uaz

= -

[ : ' a a
(e)8 Tnmﬂegwuﬁ lﬁ'&)ﬂ"luﬂ']'i"]fuwmgﬂqmﬁﬂll 1350 A uyDLsae

Ll



NN 29 NND1Y SEM Y8151 CaSnO, NT5110N15109 Eu,0, 7 () 0 (b) 2 () 4 (d) 6

J o S A a oo a ~ 1
iuaz (e) 8 Tumﬂmwum WIHIUMIYUNDINGUN YU 1350 s3Iy aye (919)

52



53

/WA 30 NINE18 SEM 403151500 CaSnO, NS531NMM3199 Eu,0, 7 () 0 (b) 2 (c) 4 (d) 6 taz

) ~

¢ g ) ~ ¢
® 8 Tuanlofidud dorumsGumeigumgil 1400 sarmsaFos

V



54

/WA 30 NMINE10 SEM ¥831510N CaSnO, Nf5110M5638 Eu,0, 7 () 0 (b) 2 (c) 4 (d) 6

s LA a oda a '
uag (H 8 Illﬁl‘l.l’f)il“]illﬂ Lﬁamumwumaiﬁqmﬂgu 1400 fNﬁ']l“]iﬁL“?iUﬁ (n9)

sils19u8u315in Casno, Ndaaiudovaz TnoTuaves Eu™ iWu o fle8 Tua
sd Ja o a o a o q‘
nlesiua Ngamnin1sdumasn 1350 uag 1400 BIAUBAFUN HAAIAININN 29 uaz 30
v Qs < { a 4
wuNanyazveunsuilunsInan N3 uazglvaromasy (polygon) Uziluny ety
=1 3+ =3 43 as =} Y o o 43 = t 9
M5199 Ev”  miuanduanyasveunsuiluuir Tdumizdrnuuiniuuaz dauianoudng
° A a o = A " o o a IIS o s/ a a
ajuaue Wennsandnyuzveunsuiimayeuasnulunsun lngiau Mldgngunfann
o o 43 ° 43 [~ o s 1 a 43 t = Y
nmsoaauglanaazaduauenniy duwari ldanurnuuiumuvulazisuReIny
A a da = 3 =S = J = IAS t
WeFumMesNguUMQNUINTYUDI 1400 DIRUFAFLT WUIUNTUYBY CaSnO, Huralvngyuni
1350 e raItoe Feaeandeanuravesnununlun g 28a diede B TulSuw
3 v A = LY 3 s LY (3 = 9
VINTU NUNTNTWFNAANULINTY TuvaziRonunsnsgatealveansuiuud Tvu Tl

a

da A4 A g X A 3+ X o
lumana dledumesnaunaluin¥uuazds Eu™ v nvuuny



55

522 Wwanmsasdveeu Inssad1an19ganinveuwsI1in Ca,Sn0, AdadIun1Tde

Eu,0, UANA1IAY

/NN 31 2 INDW SEM ¥0315100 Ca,Sn0, NMIS11n15130 Eu,0, 91 (2) 0 (b) 2 (c) 4 (d) 6

Sd o Mt a oS a a
uaz () 8 Tuanlesiud WernunsFumes Ngungl 1350 essuvaifed



MNA 31 7N IND8 SEM 983495180 Ca,Sn0, N5110M15639 Eu,0, 9 (2) 0 (b) 2 (c) 4 (d)

. ' a oJa = J
6 uaz (f) 8 Tuanlofdus diorunisdumesNgaungil 1350 osruwaidod (7o)

Q

AN 32 7MWY SEM 83351300 Ca,SnO, NfSu1ain 1580 Eu,0, 11 (2) 0 (b) 2 () 4 (d) 6

= =

S d A a Ja
113} (f) 8 Tllmﬂﬂit"lﬂm mamumwumm‘nqmwﬂu 1400 23y

QU

56



MW 32 NIN018 SEM ¥0453180 Ca,Sn0, MI5WI1MN15199 Eu,0, 7 () 0 (b) 2 (c) 4 (d) 6

= =

d d . v a o’ ]
uaz (f) 8 Tnanloddua WorumMIFmesHgungil 1400 oerusnded (A0)

57



58

a 1 dd o a
15100 Ca,Sn0, Nildoulun1siled 0 Eu’ 0 §98 Tuaulesidud Ngungl

L]

= o a @ o o w (Y
NTHUINDITN 1350 Lag 1400 DIAUYDLHFYT LTAIAINTNN 31 UAS 32 ATUAIAY WLNANHUL

=] a Y A A 3+ 3 as
vounsuilunsanay uazgUnarmasuzluny (polygon) tieive Eu” u1nAUNYMLYDY

s

@ 3 = ' 9/ o & ' dg o 14 o
AINUUIMNYULASUVYUIAADUYNTUUTUD NITIFDUADUDUNTUAVY ‘VI'ﬂ‘HgWTN‘VI

a

IANTUIN

ee

a & X (Y ° 2 g 3 by ' 4 X
Lﬂmmelmlm:ﬂmg1Jaﬂamazﬂiz*ﬂwmﬂmmmmﬂﬂm Lﬂuwa'ﬂﬂﬁmmﬁmuuummmuaz

] @ 4N a o 1 -3 1
IFURBINULI BT UNDTN 1400  DIAUFATIE WUIUNTUVDI Ca,SnO, Huuialvgiyunin

=

a ~ & a oo 3 @ d} A a o/
1350 DALY WNTULFDUAANUUINYU NI1TNTSINWAIVDUNIUAVHLINDTUINDINYUYIDY

Y

3 A 3+ 3 | o
UINVULAZIAD Eu” INVULITUNU

E 3.0 - o—1350°C E 3l “e - 1350°C
\/:' -~-0-— 1400°C = .o - 140000
© Py o
N .
» 251 g 5 "
= ' ) ® £ O O
o S 2t PY
N 201 ® o )
© e L o o | g
) ® 5
& >
®© 1.51 e (b)
(a) 1
0 2 4 6 8 0 2 4 6 8
0,
Eu,0, contents (mol%) Eu,0, contents (mol%)

AN 33 AUATUINABYOUL51TNEB (2) CaSnO, 1A (b) Ca,Sn0, WAKIHA5IT 0 D 8

Tualesirua

1INMNATY SEM oA 1uisvinainsuinasnlo 1Usunsy Imagl suiamnsy

MAGYBUWIIAN CaSn0, LAY Ca,SnO, NNTBU TUNITRBUAAIAINING 33 WU uws 1N

) =

P (K] ~ 4 a o ¥
CaSn0, 1 TukiumselvansulagaloFumaiNgumgil 1400 osruvaidod 9101w

Y

ld a

. v g o ¢ g )
ﬁuummsuaﬂaamamqmu"lﬁ'ﬂmwmumst% 4 Iumﬂaswue\ msummmﬁﬂqmmmam

= =

' 2 a X 1o a a -

gavgiimsdume? WomulSuamsdeiuniunwuniiguygll 1350 esruaadod nsud

3 & 1 a - 1 a d o 4 &

YU AT FIA19910 1400 DIAUFAHFOE WLIUNTUAAAIVINNT 4 TualoTua duda
s d o ' ¥ - ' =

8 Tuauledirua vuransuvsauaazou lulinisena 1.7 — 2.5 lulaswas Taofiuua Iy

luuanarsfussadany uaziionoisanndou lunisdsvuraveunsuliuu Tlua1enu

é ' ' = 3 = a
Fana1 141 WSunavesnsiveiinadenmsmiugunsiesadn Taveaunsyu Casno,



\
"

59

AT U3 Ca,Sn0, INsuvsannonluiisis e luuandreiu Tavvuia
E- I U A o s d o ¥ Y ' o Y
nsuTavuidierdumsiien 4 Tuanlefidua nimivvunainsunduanasesiauiuldsauay
] o ' H o 13 é
VNANTUNYUNYT 1400 Barnraibod Nuwialandih 1350 ermaion AsnIwi 33b &9
+'4 (3 “a o a0 13 4' =) g 1= .3
ABANABINAUNUITBVDI Azad UazAmE [11] ANvINANIUTnTUlBFUINB T NG
Y o v 3’, = 9 A ' ) P o o,
uaasldinuvewnsuiulignyudesauiioiiumsgumes iguugiige Taoiuliaw
= d‘ " d' L) d' g
nszuaumaau Tnveunsuifinninms lessunszlansindauiiyu (convex) lildagngu
#1914 (concave side) YDIVBULNTY (grain boundaries)
@ ) o v
VINHANIIASINABUTAYUT AN IARIBmAlA SEM u Id1dnuazinsu
Inulanuauznay vatemten uazgilseluniveu Wedunafivuiaveunsunuiunsuues
a 1 o Yo M4 A @ 3+ 13 3‘1 a 13 A A
CaSnO, Hvuinanasetiaufu ladalioionas Eu” nYU9INUUYMIANI UNLAUE B9 ile

a

a & X a4 w a L A4 34 a ¢4 &
19NN 11.I‘|Jm$mU’Jﬂu CaQSnO4 Mﬂlu’]ﬂlﬂﬁuiﬂﬂ]ull’ﬂmﬂ Eu llagcﬁulﬂﬂﬁﬂqmﬂﬂNQQﬂu

¥

Q - ¢ o 4 o v o 9 3’; dy J Y A
Tdauden 4 Tuaesisud suransundvanasesiuiuldsa niterenainla@euly
fd o d A A a a P Y o o
4 Tualessud Wuwdoulunanisasunlasvesvuiamnsy FaoanasItuaINITHAR?
1] 1 -1 le H 1] 13 o -y oy -7]
HAZAIANUHU LU U YDUFTILNHI8IN D insuTvua Tadum IR inman s vaaun
b 4
HAZANUNU LYY ATI 1UNaNLINa 1A AaTuaA NI HARILAZAIN UM ILUULIAY

a4 ¢l o& o as 4
ll’]ﬂ‘YIN’E'JullﬂJ 4 Tumﬂasmmﬂ mmmwmmnsuﬂmu

5.3 WaninsaeuMINaaveurIndIMALIA XRD

5.3.1 WanMInsaeUM A ausr313n CasSno,
nsasvdsuMsiamavauys1lin Casno, ludoulunsiioals Bu™ uaas
Q d' dy v A L4 a ' 4 + T
AN NN 34 uaz 35 JuvuMsReaVuTImengveuys iin lundazou lunsive Eu’ wui
4 v [ [l [l
silspums@eauuimilousudmiunnitou lumsiVe Felanani 20 r 22.83 32.37
[ o

ey 46.40 091 AasInt INawasgIuvaund CaSnO, vuutay 31-0312 (JCPDS file no.

2 o3 L4 a . A' a P A 14
31-0312) wuiluszuueos 1550l (orthorhombic) LBNI1TM1 CaSnO, NHIUN15ITOAIY
Eu,0, luiffinas1e iedmanumaninenfin XRD Hiyy 20 i1d 22.5 Be 23 0991 ueag
o a v A A ' o Vo A ) ] &
AI1319% 6 nuwaniivinaaaaseniaury ladadelSunumsRemuiy uasvuiandn lady

A4 a o At - 13
HOBUMDINGU RO UFIUY



8 moI%J

= 0,

;i 6 mol% L

'cér; 4 mol%

[ -

L

= 2 mol% L
non-doped L

10 20 30

20 (degrees)

= o a

7 ¥ ]
M 34 JUlnpunsiBeaUusIFeNdYews 1N CaSnO, 1llBRBAI Eu,0, Tuilfanamieg

a =

dlorunsFumeingaungil 1350 osruaidod

L]

—_ 8 mol%
3
e 6 mol%
& —
‘B
8 4 mol% J
£
2 mol%
non-doped L J \ ' |
———————— AAAA
10 20 30 40 50 60
20 (degrees)

o 2 w o o a A Ay '
MAN 35 3TJ!L‘U'Uﬂ1ﬂaU'JlUuiﬂﬁlﬂﬂ“lﬁJ@\““ﬁi']llﬂ CaSn03 RINI2eL) Eu203 1”1]?”13“3”\1"]

a

WorunsFumeiHgaumngll 1400 osrniaidod

L]



61

' b4
[ L4 a
M319h 6 vnakanngluuumsideuuudiendveuwsilin Casno,

aauHgH (°C) fHoulumsise Eu” (mol%) YHIANAN (nm)
0 54.1
2 54.0
1350 4 53.6
6 47.9
8 40.4
0 58.2
2 53.4
1400 4 52.0
6 454
8 42,0

5.3.2 WamsasaeuMnaave a3 13n Ca,Sn0,
a a A A g 3+
HaN1sAsvTRUMSIRA AU UL 1NN Ca,Sn0, Twloulun15i90d20 Eu
(Y - g @ L4 a ' Y +
werasRan i 36 9939 Jluuumsdsauusiiensvaswsilinluuaazideulunisive B’
wuligduuumilousunnleu lunside IRandnnyy 20 iy 17.91 32.83 wag 31.72
@ Jd Y o
9r1 A3y IWAIAsgIUVBUNE Ca,SnO, viaBIaY 46-0112 (JCPDS file no. 46-0112) Faiily
P a - a a a1 A ] ' yd M
szunees Issendin Wenvrsanrsidnimiumside ludou lvarsg uaasldiviuanudy
a4 da X a0 A& X a da & ' Y 9
yosfianfatulinununiuuazinfifatiuunutaznea1eiy Feisuenisuuianin
v b4
UANANAULEAIAIA15 19N 7 WuRwanAneg Tuge 64 B9 84 w1 Tuwas wenvnil Aumis
s a : @ - @ [ d A
voafiniiam s liveayw 20 Aanmi 37 waz 39 deandosfunnuduiusvesuusniian
2dsin = nA oA d-spacing 1/asu lvi ¥ Tassadewdninamsdsunlas1d Tastuduna
= by as o J a oo g dy ) d a A
msfasuulasdreisliummintwessnnea Tasgiluuumsdeauussmenyyeaesiini
Y 1 a d 1 a &t o @ [} [ - a o 1
Ysuammsidiees uaesimsilnes Ndine wu Ansiuanfis Aumisvesoznon suds
¥ LY o d g o 1 a 4 1 [y
Yovazvenhminaniiuesdilsznoy [45] MinmsidSuamsdwesmansoaglaimsysy

WISIRBI AT LAAIAIAITIN 8



. 8 mol%
. 6 mol%

26 (degrees)

i |
8
% L \ 4 mol%
S M
9 Ak A
=
J\ ' h 2 mol%
jL A non-doped
10 20 30 40 50

60

= 4 o
AN 36 gﬂnmumsmmmusa

A = o
HOHIUNITBUINDINGUH

=5

nil 1350 er Lo e

Y

4

TONFUDIY I

a

a

(200)

A

Intensity (a.u.)

(130)

(111

8 mol%

6 mol%

4 mol%

M

31

32
26 (degrees)

33

62

A Ca,Sn0, HiailoA28 Eu,0, TuilSumeien

4 dy @ o o { 1
M 37 Jluvumsideausdendyoawsiiin Ca,Sn0, iyy 30.5 0ig 34.5 9377 HTHIY

= I
ATFUNIITNYUN

a

=S

N 1350 syl

Y



e

Intensity (a.u.)

%%——E——

‘ 8 mol%
AA
\ h 6 mol%
AM h 4 mol%

I 2 mol%
AL L non-doped|

10

30 40
20 (degrees)

50 60

63

d' dy w A L4 = d’ -] g v
MNN 38 JUnUUMSBENUUTITENFVBUYS TN Ca,SnO, WBIT9AIY Eu,0, Tuif51ma199)

A ' a oo
BHTUNTTYUNDINYUN

o =)

DU 1400 DI UBUBHN

Intensity (a.u.)

(200)

(130)

111

8 mol%

6 mol%

4 mol%

2 mol%

31

32
20 (degrees)

1 ¥ 1
M 39 Filuuums@eauussfiendueansiiin Ca,Sn0, Ayw 30.5 614 34.5 DN LAZHIY

a o
NTHUNDINGUHN

=

01l 1400 paryaLTYE

U



1 ¥ [ o o
M3 7 awewanInguuunmsenuussdiendvauws1in Ca,Sn0,
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gaungi (°C)

deulun1519e Eu’* (mol%)

r=13
YHIANAN (nm)

0 80.3
2 70.3
1350 4 71.0
6 81.8
8 64.3
0 83.7
2 67.6
1400 4 70.8
6 72.9
8 74.7

M3199 8 Wis1mes Iasead1aveassiiin Ca,Sn0, Adadumsifouanalafiu

R N maanamINmes &) v
qUNQU(°C) %Eu .3 R, R R, R, GOF
a b c (A)
0 5754 9707 3267 18250 219 21.1 294 105 1.79
2 5.751 9.699 3265 182.10 20.8 14.8 203 85 0.95
1350 4 5752 9.701 3266 18223 133 70 106 6.6 0.64
6 5751 9.700 3.265 182.17 164 108 156 173 090
5.752  9.699 3.265 182.19 193 149 214 8.2 1.22
0 5752 9701 3.266 18222 199 158 21.8 9.2 1.20
2 5751 9,700 3.265 182.14 210 18.1 252 8.6 1.44
1400 4 5751 9.699 3.265 182.16 149 85 122 177 0.67
6 5753 9702 3266 18228 19.2 123 167 69 076
8 5753 9702 3.266 182.28 21.5 183 263 9.2 1.50
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m31an 11 Jeyadmiumsmuminsvasidmi s in Casno,

[ 1 d
EUFAIGUENAN (mm)

QUNAN (°C) Eu’’ (mol%) v v v —
AN 3N 2 A3IN 3 Alnae

non-doped 15.763 15.762 15.763 15.763

2 15.725 15.726 15.725 15.725

1350 4 15.730 15.729 15.731 15.730
6 15.756 15.757 15.757 15.757

8 15.771 15.770 15.772 15.771

non-doped 15.735 15.736 15.736 15.736

2 15.735 15.734 15.735 15.735

1400 4 15.740 15.741 15.742 15.741
6 15.778 15.787 15.771 15.779

8 15.817 15.816 15.816 15.816

mM919n 12 doyadmiumsfutuninmnasidmiuirsiin Ca,Sno,

¥ ' d
WWHAIFHENAE (mm)

QUi ('C)  Eu” (mol%) T v - —
AN AN 2 AN 3 fAuaay
non-doped 15.645 15.628 15.626 15.633
2 15.667 15.663 15.663 15.664
1350 4 15.611 15.615 15.624 15.617
6 15.631 15.636 15.658 15.642
8 15.709 15.721 15.743 15.724
non-doped 15.65 15.668 15.64 15.653
2 15.691 15.655 15.646 15.664
1400 4 15.697 15.698 15.694 15.696
6 15.688 15.675 15.697 15.687

8 15.843 15.835 15.841 15.839
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M519h 13 Jeyadmsumsmuumanuruwindmiuesiin Casno, Woriluena

YAULUAA
- N Fduermavazutia (@
UURHU (°O) Eu (mol%) A v 3 A —
AN 1 AFIN 2 AN 3 Alnay
non-doped 1.0115 1.0116 1.0116 1.0116
2 1.0147 1.0147 1.0146 1.0147
1350 4 1.0004 1.0003 1.0003 1.0003
6 1.0043 1.0044 1.0044 1.0044
8 1.0164 1.0162 1.0162 1.0163
non-doped 1.0086 1.0084 1.0084 1.0085
2 1.0075 1.0074 1.0074 1.0074
1400 4 1.0048 1.0048 1.0049 1.0048
6 1.0059 1.0059 1.0059 1.0059
8 1.0003 1.0002 1.0003 1.0003

M3197 14 FoyadmsumsmuINmMANUHUILHUE M U150 CaSnO, edsluvinis

vauziton
R N Fluermavaszillen g)
T (°C) Eu (mol%) A v 3 A —
AN ATIN 2 AseN3  Aunde
non-doped 0.8299 0.8300 0.8300 0.8299
2 0.8324 0.8324 0.8324 0.8324
1350 4 0.8209 0.8209 0.8209 0.8209
6 0.8253 0.8251 0.8251 0.8252
8 0.8352 0.8351 0.8350 0.8351
non-doped 0.8237 0.8236 0.8236 0.8236
2 0.8276 0.8275 0.8275 0.8275
1400 4 0.8240 0.8240 0.8420 0.8300
6 0.8261 0.8262 0.8261 0.8261

8 0.8201 0.8201 0.8201 0.8201




1 o o 1 ' [} g = Y ﬂ'l ’0’
ﬂ]‘ﬂﬂ‘ﬁ 15 ﬂﬁ'ﬁ)gammumimmmmmm‘ﬁumuummmqﬁmﬂ CaSnO, e luiin

94

i (@

QUMY (°C) Eu’ (mol%) v v v —
AN 1 AN ATIN 3 Alnag
non-doped 1.1440 1.1439 1.1435 1.1438
2 1.1556 1.1555 1.1553 1.1555
1350 4 1.1383 1.1382 1.1380 1.1382
6 1.1435 1.1434 1.1431 1.1433
8 1.1581 1.1581 1.1579 1.1580
non-doped 1.1379 1.1378 1.1377 1.1378
2 1.1433 1.1434 1.1432 1.1433
1400 4 1.1393 1.1392 1.1390 1.1392
6 1.1353 1.1350 1.1350 1.1351
8 1.1334 1.1333 1.1331 1.1333

4 U 1) o W o) Y ﬂ'l ’0’
ﬂ]iNﬁ 16 ﬂﬁ'ﬁ)gammumimmmmmmﬁmuuummumﬁmﬂ Ca,Sn0O, devaluth

veuzitlon
R . Fduimavaiia (g)
UHAN("C) Eu (mol%) A v 3 A —
asan1  afanz a3 Auaae
non-doped 1.0012 1.0011 1.0010 1.0011
2 0.9865 0.9868 0.9869 0.9867
1350 4 0.9989 0.9990 0.9990 0.9990
6 0.9944 0.9943 0.9943 0.9943
8 0.9908 0.9904 0.9905 0.9906
non-doped 0.9946 0.9946 0.9947 0.9946
2 0.9902 0.9903 0.9903 0.9903
1400 4 09910  0.9911 0.9912 0.9911
6 0.9950 0.9951 0.9950 0.9950

8 0.9919 0.9919 0.9919 0.9919
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ms1an 17 feyadmivmsinuminnumumindmiuesilin Ca,sno, edalueinia

vauzon

. . Feluomavaeilen o)
QUHHU('C) Eu (mol%) A v 2 v —
asan a2 afsN3  Aunae
non-doped 0.8070 0.8071 0.8068 0.8070
2 0.7974 0.7970 0.797 0.7971
1350 4 0.8059 0.8061 0.8061 0.8060
6 0.8021 0.8022 0.8021 0.8021
8 0.8071 0.8068 0.8068 0.8069
non-doped 0.796 0.796 0.7958 0.7959
2 0.8052 0.8050 0.8050 0.8051
1400 4 0.8051 0.8052 0.8052 0.8052
6 0.7980 0.7979 0.7977 0.7979
8 0.8057 0.8057 0.8057 0.8057

1 ’ o fd =2 Y Q'l g
MmN 18 ﬂﬁ'mqga?'hw51Jmimmmmmmwmuuummmmmﬂ Ca,SnO, Lﬁaﬂmﬁlum

sl (&)

BUNRN(C) Eu’’ (mol%) v v o —
Asan1l  Asen2 AsM3  Auade

non-doped 1.1452 1.1451 1.1448  1.1450

2 1.1359 1.1355 1.1352  1.1355

1350 4 1.1441 1.1439 1.1436  1.1439
6 1.1366 1.1362 1.136 1.1363

8 1.1589 1.1585 1.1583  1.1586

non-doped 1.1395 1.1398 1.1394 1.1396

2 1.1507 1.1506 1.1503  1.1505

1400 4 1.1486 1.1485 1.1485  1.1485
6 1.1364 1.1360 1.1359 1.1361

8 1.1526 1.1523 1.1521 1.1523
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grudioya v.1 Tnsead19amiinuos CaSn0y

Name and formula
Reference code:
PDF index name:

Empirical formula:
Chemical formula:

Crystallographic parameters

Crystal system:

Space group:

Space group number:
a(M:

b (?:

c(M:

Alpha (?):

Beta (?):

Gamma (?):
Calculated density (g/cm”"3):
Volume of cell (10"6 pm”3):
Z:

RIR:

Subfiles and Quality
Subfiles:

Corrosion

Common Phase

NBS pattern

Quality:

Comments

Color:

Sample source:

00-031-0312
Calcium Tin Oxide

Ca0O3S8n

CaSnO3

Orthorhombic
P212121
19
5.6615
7.8825
5.5162
90.0000
90.0000
90.0000
5.58
246.17
4.00
6.50

Inorganic

Star (S)

White

97

The sample was obtained from CERAC, Inc., Milwaukee,

Wisconsin, USA.



Sample preparation:

Additional pattern:
Temperature:
References

Primary reference:

The material was heated to 800 C for one hour.

amount of SnO) was present in the sample.

To replace 3-755.

Pattern at 25 C.

Natl. Bur. Stand. (U.S.) Monogr. 25,17, 18, (1980)

Peak list

No. h k 1 d[A]
1 0 2 0 3.94300
2 1 1 1 353100
32 0 0 283000
4 1 2 1 278900
5 0 0 2 275800
6 2 0 1 251800
7 1 0 2 248000

8 2 1 1 239800

O
o
(98]
—

2.37100

10 1 1 2 236600
11 2 2 0 229800
12 0 2 2 225900
13 1 3 1 218800
14 2 2 1 212200
15 1 2 2 20900

16 2 0 2 197510
17 0 4 0 197140
18 2 3 0 1.92560

19 2 1 2 191680
20 2 3 1 1.81830
21 1 3 2 1.80380
22 3 0 1 1.78530

2Theta[deg] I [%]
22.531 60.0
25.201 2.0
31.589 250
32.066 100.0
32436 250
35.627 1.0
36.191 1.0
37.474 1.0
37.917 3.0
38.000 3.0
39.170 3.0
39.875 3.0
41,226 2.0
42.570 1.0
43.059 1.0
45910 30.0
46.001  30.0
47.160 1.0
47.390 1.0
50.129 1.0
50.560 1.0
51.122 7.0

98

A small



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

43

45
46
47
48
49
50
51
52

[

(<=2 S - O Y

(=T N =

N O

1.76380
1.74840
1.70760
1.62660
1.61770
1.60300
1.59840
1.54200
1.47660
1.41550
1.39510
1.37880
1.33930
1.33620
1.33200
1.33010
1.32310
1.31730
1.30820
1.30210
1.25920
1.24890
1.24660
1.23980
1.23240
1.22470
1.21440
1.19940
1.19660
1.19160

51.791
52.281
53.629
56.532
56.871
57.441
57.622
59.940
62.889
65.939
67.029
67.928
70.220
70.407
70.663
70.779
71.210
71.572
72.147
72.539
75.431
76.163
76.329
76.824
717.370
77.948
78.737
79.918
80.143
80.548

20.0
4.0
1.0
16.0
12.0
16.0
25.0
1.0
1.0
2.0
2.0
10.0
1.0
1.0
2.0
2.0
4.0
20
2.0
1.0
2.0
7.0
9.0
3.0
1.0
1.0
1.0
2.0
2.0
1.0
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53 0 6 2 1.18610 80.999 1.0
54 2 2 4 1.18250 81.297 3.0
55 1 5 3 1.17080 82.284 1.0
56 4 4 0 1.14990 84.116 2.0
57 4 3 2 1.13580 85406 1.0
58 0 4 4 1.13000 85950 2.0
59 5 0 1 1.10920 87969 1.0
60 3 4 3 1.09480 89.433 20
61 2 6 2 1.09390 89.526 2.0
Stick Pattern
Intensity [%]
100 Ref. Pattern| Calcium Tin Oxide, 00-031-0312
50
R 1 S ...-.-.-!.“I.t.-.-..,.-..lulJ.-ml‘,..i.....!!\..I-."!l...'.l‘.':'. NI

40

50
Position [?2Theta]

60

L
[
70 80 90

100
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grudioya v.2 Tnseerd19wiinue CaySn0y

Name and formula
Reference code:
PDF index name:

Empirical formula:
Chemical formula:

Crystallographic parameters

Crystal system:

Space group:

Space group number:

a(?:

b (?):

c(?M:

Alpha (?):

Beta (?):

Gamma (?):

Calculated density (g/cm"3):

Volume of cell (10"6 pm"3):

Z:

RIR:

Subfiles and Quality
Subfiles:

Corrosion

Common Phase
Quality:
Comments
Color:

General comments:

00-046-0112
Calcium Tin Oxide
CanO4Sn

CarSnOy

Orthorhombic
Pbam
55
5.7539
9.7015
3.2669
90.0000
90.0000
90.0000
4.79
182.36
2.00

Inorganic

Star (S)

White
Average relative standard deviation in intensity of the ten

strongest reflections for three specimen mounts = 1.9%.

Trace impurity of CaSnO3, and several unidentified trace impurity reflections present.
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Validated by a calculated pattern, with structure data from von Martin, Z. Anorg. Allg. Chem., 371

Sample preparation:

Additional pattern:

References

Primary reference:

237 (1969).

Sample prepared by firing CaCO3 and SnO5 in a 2:1 molar

ratio for 48 hours at 1200 C, with 1 intermediate grinding.

To replace 20-241.

Grier, D., McCarthy, G., North Dakota State Univ., Fargo, ND,
USA., ICDD Grant-in-Aid, (1993)

Peak list

No. h k d [A] 2Theta[deg] I [%]
1 1 1 0 495000 17905 100.0
2 0 2 0 485100 18.274 19.0
3 1 2 0 370800 23980 4.0
4 0 0 1 326700 27275 20

5 2 0 0 287700 31.060 22.0
6 1 3 0 281900 31.716 67.0
7 1 1 1 272600 32.828 93.0
8 0 2 1 271000 33.027 32.0
9 2 2 0 247400 36.282 6.0
10 0 4 0 242600 37.026 11.0
11 1 4 0 223500 40321 9.0
12 2 0 1 215900 41.806 8.0
13 1 3 1 213500 42298 2.0
14 2 1 1 210800 42867 13.0
15 2 2 1 197260 45971 43.0
16 0 4 1 194750 46.598 10.0
17 3 1 0 1.88170 48330 5.0
18 2 4 0 1.85440 49.088 6.0
19 1 4 1 1.84500 49355 3.0
20 1 5 0 1.83900 49.526 4.0



21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

[T

N O O

1.79610
1.78370
1.64970
1.63300
1.63070
1.61690
1.61270
1.60230
1.56550
1.55120
1.54830
1.50450
1.49470
1.47270
1.44910
1.44350
1.43850
1.42280
1.42050
1.41330
1.40960
1.40590
1.37910
1.36650
1.36370
1.35480
1.34750
1.31860
1.31670
1.30460

50.792
51.171
55.671
56.291
56.377
56.902
57.064
57.468
58.950
59.548
59.671
61.594
62.042
63.075
64.223
64.503
64.754
65.558
65.677
66.054
66.250
66.447
67.912
68.625
68.785
69.301
69.731
71.490
71.609

72.378

1.0
4.0
8.0
14.0
16.0
8.0
15.0
23.0
3.0
5.0
4.0
1.0
1.0
7.0
1.0
1.0
1.0
2.0
5.0
11.0
11.0
4.0
5.0
1.0
3.0
2.0
20
2.0
2.0
1.0
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51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

N O O

1.29430
1.27050
1.25870
1.24860
1.24580
1.23700
1.23350
1.22560
1.22110
1.20460
1.16630
1.16070
1.15690
1.15580
1.14910
1.14270
1.13690
1.12340
1.11760
1.10650

73.046
74.644
75.466
76.185
76.387
77.030
77.289
77.880
78.222
79.504
82.671
83.158
83.492
83.590
84.188
84.769
85.304
86.579
87.141

88.239

1.0
3.0
3.0
1.0
3.0
2.0
3.0
2.0
2.0
1.0
1.0
3.0
3.0
3.0
3.0
2.0
3.0
1.0
1.0
1.0
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Stick Pattern

Intensity %]
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Ref Pattern: Calcium Tin Oxide, 00-046-0112
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PREPARATION AND LUMINESCENCE PROPERTIES OF CaSnO;:Eu’**
PHOSPHOR BY SOLID-STATE REACTION METHOD

Jintara Padchasri'*, Pawana Panomket®, Surasak Wanram®, Anuson Niyompan', Rungnapa
Tipakontitikul'

! Department of Physics, Faculty of Scicnce, Ubon Ratchathani University. Ubon Ratchathani 34190, Thailand
2 College of Medicine and Public Health, Ubon Ratchathani University, Ubon Ratchathani 34190, Thailand

“Author for correspondence: E-Mail: jintara_liwliw@ hotmail.com. Tel. —66 4535 3401, Fax. <66 4528 8381

Abstract: CaSnO;:Eu’" phosphors have been prepared
and proposed as a red phosphor for the application in
field emission display (FED). The CaSnOy:Eu™
phosphors were synthesized hy solid-state reaction. The
influence of Eu-doping on the crystallization, surface
morphology and luminescent properties of CaSnQ,
phosphor were investigated. The present results show
that huminescent properties and degree of crystallization
are increased with Eu ions contents. The relationships
between crystalline and luminescent properties are also
studied. Eu’" doping effectively enhanced not only the
crystallization hut also the luminescent brightness of
CaSnO;:Eu“+ ceramics.

1. Introduction

Perovskite type alkaline earth stannaies have
attracted considerable attentions in recemt years due to
their promising application in a wide range fields
including lithium-ion battery (1-2], sensor [3], host
lattice for luminescence materials {4-8] and so forth.
Because of their chemical stability, oxide phosphors
are more attractive than sulfide or oxysulfide
phosphors. Luminescence of rare earth ions doped in
perovskite  structure  has  become  attractive.
Subsequently, optical equipments. such as lasers and
optical amplifiers based on electronic transitions of
rare-earth ions has inspired work on materials doped
with those ions [9]. Among rare-earth ions, Eu’” ion is
well known as an activator for host lattices producing
reddish light emitted due to its D>’ F;(J=0,1,2.3
and 4) ftransitions (7,10]. From the practical
application, light which emitting wavelength located at
region blue, green and red is the most suitable source
for illuminating light and appropriate for various
displays [9]. This was the notivation for the work
presented here. CaSnO; is selected as a host material
while a Eu’ ion is applied as lumiuescent center. The
effect of Eu™ concentration is investigated.

2. Materials and Methods

The CaSnQ; ceramics were synthesized by solid-
state reaction method as shown in Fig.l. The starting
materials of CaCO, (99.00%) and SnO (99.9%) were
mixed together by 1:1 ratio. The powders were mixed
by ball milling for 24 h with alumina balls and ethanol
as a solvent. After drying. calcination was carried our

at 1300°C for 6 h in ambient air. Then, mixtures of
CaSnO; powder and Eu;0O, doping were synthesized
bv mean of a solid state reaction method; its
concentration was varied from 0 to 2, 4, 6 and 8 mol%,
respectively. Disc shape ceramics pellets with
diameter of 16 mm were formed by a dry pressing
technique. The green pellets were sintered at a
temperature of 1400°C for 6 h in air atmosphere with
heating/cooling rate of 5°C/min. The bulk density was
measured using the Archimedes method. The
microsiructures of the sintered bodies were observed
using a scanning electron microscope (SEM). Phase
purity was established using X-ray powder diffraction
(XRD). The luminescent excitation and emission
specira  were measured by a FluoroMax-4
spectrofluorometer (HORIBA JOBIN YVON) with a
430 W xenon lamp at rooin temperature.

Ball-milling 24 h

1

eri11g and Calcinations

‘ Grinding in agate mortar ’

Pressing pellet

Figurel. flow chart for preparing CaSnO; ceramics
by solid-state reaction.
3. Results and Discussion

The XRD patterns of sintered samples are shown in
Fig.2. It can be seen that the CaSnO; ceramics sysiem
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with various Eu.0; concentrations exhibit similar
crystalline tendency without other impurities.
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Figure 2. XRD patterns of CaSnOsvEu’™ (x =
4, 6 and & mol%) ceramics.

Figure 3, SEM micrographs of CaSnO;:Eu™* a) 0
mol%, b) 2 moi%, ¢) 4 mol%, d) 4 mol% (high-
magnification), e} 6 mol% and f) 8 mol% respectively.

These results show that all samples contain a singie
phase of CaSnQO; with orthorhombic structure (space
group P212121) consistent with JCPDS 31-0312. In
our work, pure phase CaSnQO; was produced. A similar
product of normal solid state reaction has been also
reported at 1400°C [3]. No second phase was detected
at the current doping level indicating that the Eu®” ions
are obviously homogeneously mixed and effectively
doped in the host lattice. This indicates that the Ca®
ions can be partly replaced by Eu** but not Sn* ions
because the radius of Ca™ is 100 pm. Ev** 95 pm
(CN=6) and sn* 71 pm. Liu et all. [6] have reported
that Tb™" replaces Ca” ions in the CaSnQO; host. Due
to the non-equivalent substitution. an excess of
positive charge in lattice must be compensated. It was
evident that the introduction of an activator matrix
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certainly modified the lattice parameters due to the
difference in the ionic radius between the dopant and
the substituted calcium ion.
The average crystallite size (D) measurements
were carried out employing the Scherrer’s equation:
D=0.9412{(fcos) ()
Where % is the X-ray wavelength (1.54054), #and
p are the diffraction angle and full width at half
maximum (FWHM) of (121) is used in our case [11].
Eight diffraction peaks can be indexed as (020), (200),
(121, (002), (040), (141), (321) and (123) diffraction
lines of high intensity. A strong peak (121) at 28 =
32.066° is used to calculate the average crystaliine size
(D) of all samples. The average crystalline size of
CaSnO;: Eu™ samples. ranging from 35 to 62 nm.
indicated that the doping concentration influences the
crystatlite size (see Table 1). Initially. density
decreases from 3.211 gicm® in un-doped sample to
3.19 g"cm3 in 2 mol% Eu". It increases with
increasing the Eu®” (6 mol%) and density decreases
with increasing Euw’". The result indicates that Eu”
addition is leading to a slight readjustment of the
structure and there is no exact tread of density
variation referent to increases of doping.

Table 1: parameters calculated with respect various
Eu™ ion concentrations

Eu,0, D Bulk density ~ Grain size
(mol%)  (nm)* (giem®)® (um)

0 62 321 741

2 56 319 218

4 51 325 1.77

6 46 3.5 1.74

8 35 3.20 1.83

* Crystallite size of strong peak (121) at 26'= 32.066°.
" Bulk density can be calculated using the Archimedes method.

The SEM imnages for all phosphor with five
different Eu®* doping were shown in Fig.3. It is found
that, the doping does not greatly affect the
morphology. The average grain size for the samples is
about 1-3 pm, while the sample morphology for 4
mol% Ew*" doping supports a higher density than that
of other, shown in Fig.3 (c-d). The shape of the grains
started to change from near spherical to faceted at 2
mol% Eu™" and round-shaped grains were formed in
the specimen 4-8 mol% Eu™. In fact, the figure shows
the morphology is composed of 2D grains, which
extends to few microns agglomeration gmins.

The luminescent properties of Eu™" in a CaSnO;
host were investigated by the excitation and emission
spectra at room temperature. Fig.4 shows the emission
spectra of CaSnOy:Ev’™ samples in the wavelength
range of 550 ~750 nm under 273 and 394 nm
excitation emission spectra exited either by 273 or 394
nm light. There are five main sharp emission peaks at
380, 391, 614. 654 and 700 nm. It may be concluded
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that the emissions are caused by the f—f forbidden
transition of Eu®" with 4° electron configuration of
*De — Fy(J=0,1, 2, 3 and 4) [7. 10. 12] transitions
of Eu** namely the *Dy = °Fo (580 nm), *Dy - F,
(391 nm), Dy > °F» (614 nm), *Dy — F3 (654 nm)
and "Dy = 'F4 (700 nm) respectively.
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Figure 4. Emission spectra of CaSn03: Eu™
ceramics at different doping concentrations, excited at
(a) 273 and (b) 394 nm.

It is well known that the Dy — °F, transition is
magnetic dipolar in character and is independent of the
crystal field, unlike the *Dy = Fq. which is a weak
electric dipole transition. Although Dy > Fo
transition is forbidden in a centrosymmetric
environment, it is allowed in low symmetry sites. This
is evidenced by the complete disappearance of ‘D, —
°F, transition in the emission spectra of Figd [14].
Furthermore, the luminescence intensity of Eu™*
complexes after entrapment in the host can be exhibits
the ratio between the area under the emission curve of
the hypersensitive (*Dy — 'F.) transition [15], which is
sensitive to chemical bonds formed between Eu’* and
its surrounding ligands. The Dy — 7F:) intensity
increases with increasing covalence of the ligands or
decreasing site symmetry. On the contrary, the
magnetic dipole allowed {)D, — °F,) transition is
msensitive to the crystal field environment. Thus, the
intensity ratio of the transition *Dy = F: (red) to Dy
- ’F; (orange),

RO=(°Dg > F2)/ ('Dy > F;) (2)
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is a good measure for the symmetry of the Ev’" site
[16]. A lower symmetry of the Eu*>" site leads to a
higher value of R/Q (>1), the opposite would lead to a
lower value of R/O (1>R/0>0). This corresponds to
the degree of symmetry around the Eu®™ ion, about 2.6
and 2.4 for 273 and 394 nm (near ultraviolet)
excitation compared with the typical corresponds to
the degree of symmetry around the Eu** low synunetry
site [17). The values of RO decrease with increase of
Eu’* ions. It is reasonable to believe that the doping of
Eu™ will introduce lattice defects, which will
undoubtedly reduce the symmetry strength of the local
environment of Ca™ sites. Consequently, the
asymmetry ratio of Ca,;SnOy:En’ decreases with the
increase of doped Eu™ concentration as shown in Fig.
S(a-b) [18].
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Figure 5. Effects of concentration on FL intensity
at 614 nm and excited at (a) 273 and (b) 394 nm.

As mentioned above, the intensity of the red
emission for each phosphor excited either by near
ultraviolet line is strong (intensity is beyond 70
thousand except at non-doped). In addition, with
increase of Eu™” doping the intensity of the red
emission grows gradually and then quickly reaches a
maximum. The intensity of the red emission
(corresponding to 614 nm) as a function of Eu”
doping can be seen in Fig.5. It is point out that Euv**
doping in the CaSnO; to get intensity red emission.
The emnission spectra of the samples excited by near
ultraviolet is almost the same. and is also similar to the
reported profile of the emission spectra of other
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samples excited by ultraviolet light. This means that
the preparation method, crystal structure. crystallite
size and excitation light have important role in
affecting the relation quantum transition efficiency
among the transitions from ’.DU - 7F”. F,. -'F;. ’F; and
"Fy of Eu®".

4. Conclusions

CaSn0;: En*" phosphor with perovskite structure
was successfully prepared by the solid state reaction
method. The Eu** concentration was varied from 0-8
mol%. It’s evident from the XRD pattern and SEM
that the Eu’™ activators incorporated into the host
material serve to promote less crystallization and little
developed grain sizes. Luminescent properties were
also investigated. The intensity of the red emission
peak at around 614 nm can be excitation either near
ultraviolet (273 and 394 nm). The ceramics with
orthorhombic structure Eu®* doping excited by 394 nm
show excellent red emission. Different doping
concentration leads to the profile of red emission for
all the samples. This kind of ceramics might find
promising application in PDP (plasma display panel)
because it can compensate for the lack of the red light
component to improve rendering.
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Abstract

Calcium stannates {Ca,SnQ,), which has an inverse spinel structure, was adopted as the host material of emitting phosphor. Eua0:—doped
Ca;SnQ;4 {Ca,Sn0,:xEu, 0.00-0.08) were prepared by solid-states reaction at 1350°C under atmospheric air with constant dwell time of 6
h. The Rietveld analysis of the X-ray powder diffraction (XRD) was used for lattice parameters calculations and the XRD pattern results
show that there was no phase transformation observed for ail sintered CaySnQO,: XEu™" samples. Presence of EwsO, also improved
sinterability of the produced ceramics as cvidenced by their SEM micrographs. Luminescent spectra acquired at room temperature of all
samples were observed in a broad range of a visible light wavelength region under ultraviolet light excitation. The ceramic samples
produced by the present study showed the most intense light emnission in the red tight region.

€ 2013 The Authors. Published by Elsevier Ltd.

Selection and/or peer-review under responsibility of the scientific committee of Symposium [Solid-state devices for light
emission and detection] — [CMAT.

Keywords: Caleium Solid-stat Rietveld analysis.

1. Introduction

Alkaline-earth stannates for the phosphor host materials ot rare-earth activators have attracted intense interest in the past
few decades, mainly due to their applications in lighting and display devices. including plasma display panel (PDP), field
emission display (FED), white light diode. etc [1-3]. Recently. the phosphor host materials of rare earth activators have been
proceeding and luminescence properties have been reported for CaSnOy: Pr. Tb-Mg, Eu®*, Sm* [4-7]. SrSnOy: Eu'™ [7],
BaSnO;: Eu’” [7]. Ca,8n0;: Tb*, Sm™, Eu®", Ti [5,8-11]. Sr-8nQy: Ti, Eu®™ [11-13], Ba,SnOy: Ti [H1]. Kim et al. [14]
reported a new high luminescence phosphor, Mg-SnO,:Mn for application in plasma display panel. In general, the properties
of phosphors are strongly dependent on the crystal structure of the host materials. The structure of Ca,SnO; consists of
chains of SnO; octahedral which are linked by edges. The calcium ions are surrounded by seven oxygen ions in an
arrangement of low symmetry.

One main problem in the Ca:SnO, ceramics is the formation of intermediate phase as CaSnO;. The Ca;SnngEu‘“' (x=
0-10 mol%) solution can be prepared by solid-state reaction with sintering temperature up to 1300°C [10], and CaSnO;
formed as an intermediate product which later reacts with CaO to from the orthorhombic phase. Yang et al. [15] prepared a
sample with a composition of (CagecEty45),Sn0; at 1250°C by solid-states reactions. Although, the sample was proposed to

* Corresponding author. Tel.: +66-4-528-83R1; fax: ~66-4-528.R381.
E-mail address: rungnapa@rocksimail.com
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show pure Eu™ doped Ca;Sn0O, but it contained a small amount of CaSnO; as the inclusion. In this paper. the single-phase
Ca-SnO4:Eu’* were prepared by solid-state reaction method. Alf structural changes in the crystal structure were considered
via a structural refinement; the microstructure features and the influence of Eu™ in the sintcring process were studied.
Finally, the relation between the luminescence intensity and different En'" doped was also investigated and discussed.

2. Experimental

Powder samples of Ca,SnO4 were prepared by solid-states reaction from stoichiometric mixtures of CaCO, (99.9 %.
Fluka). SnO (99%, Acros organics). The resulting mixture was calcined in an alumina crucible in the air at 1300°C for 6 h.
Then, the nominal concentration of Eu®* dopants (0, 2, 4, 6 and 8 mol%. respectively) were applied. The ceramics green
pellets were produced via uni-axial pressing and then they were heated at 1350°C for 6 h in air. X-ray diffraction (XRD)
measurements were carried our on the PHILIPS X-pert model (CuK,, radiation, 2= 0.13406 nm). A step size of 0.01°(26})
and scanning range of 10-60° was applied. The bulk density was measured using the Archimedes method. Sample
morphologies were analyzed using a JMS-540 LV scanning electron microscopy (SEM). Optical properties were measured
by a spectrophotometer (Fluoro Max-4) at room temperature. A xenon lamp was used for excitation of the phosphor
particles in the UV region and the emission spectra were recorded in the VIS region.

3. Results and discussions
3.1. Samples X-ray diffraction

The XRD patterns shown in Fig.la are basically the respond of a single phase Ca,SnO, ceramics system with various
Eu;O; concentrations. All samples exhibit similar crystalline tendency without any impurities. The Ca,SnQO; crystal is
characterized into orthorhombic structure with @ = 0.37539 nm, » = 0.97015 nm, ¢ = 0.32669 nm, space group Pham lattice
symmetry. It is in agreement with the standard JCPDS No.46-0112 the same as other reports {8, 10, 13]. However, for the
closer detail in selected 20 range of 30.75° to 33.50°, shifting of 20 ot the (200), (130), (111). and (021) peaks belonged to
Eu®” contained specimens are clearly observed as shown as the extended plots in Fig.Ib. This is implying the changing of
the d-spacing in crystal structure of those samples. Addition of Eu;O; into the Ca,Sn0O; ceramics composition has obvious
influence on the crystal structure of the ceramics. The lattice parameters of CaSnO, ceramics calculated from the XRD data
are summarized in Table |.

Table!. Crystatlographic data and structural refinement for Ca;SnOaXEW™ (x =0, 2, 4, 6. & mol¥%)

Ca-SnO;:Eu” L attice parameters (A) cell vo_lumc GOF

Sintering Temp.(C) __ Activator concentration {ino!%) b 3 (A)
0 9.6998 32649 182.139 237
2 9.7162  3.2761 183.19%) 187
1350 4 97105 212645 142838 207
6 9.7033 312648 182498 2,05
8 97183 32652 183.347 184

With increases the Eu®” content, the a-, b- and c-axis expansion are clearly seen in the Ca;SnQ; ceramics. Firstly, a-. b-
and c¢-axis increases trom 5.7514, 9.6998, 3.2649 in un-doped sample to 5.7550, 9.7162, 3.2761 with 2 mol% Eu™. After
that, it decreases with increasing the amount of Eu® (4 and 6 mol%) and it increases with increasing in sample with 8 mol%
as shown in Fig.2a. Yang et el. {I5] reported that change of d-spacing is due to densification of the cation (Ca®*, Eu®* and
Sn*), occupation sites. They concluded that the Eu™* ions substitute for the Ca®™ sites, rather than for the Sn* site. The
consequence is the increases of the d-value [16]. Fig.2b shows the etfect of Fu’" content on the density of Ca,SnQ,
ceramics. Firstly, density increases from 2.91 g/em’ in un-doped sample to 2.97 g/cm’® in sample with 6 mol% Eu*. After
that, it decreases with increasing the amount of Eu®™ (8 mol%). The result indicates that En’" additive into Ca.SnOs
composition leading to readjustment of the structure as evidenced by the XRD result shown above. and the same time it
promotes a higher densitication compared to un-doped sample after sufficient amount were added.

3.2. Scanning electron microscopy
To obtain densed ceramic, the solid states sintering ot the Ca.SnO; ceramics were carried out at 1350°C with the constant

dwell time of 6 h. The resulting of microstructure developments are shown in Fig.3. Microstructure change related to
amount of Ew”™ were clearly observed in term of difference grain size and distribution of porosities. The observed grain
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sizes are 2.15, 2.85, 3.02, 3.2& and 2.72 um (very smallj for samples with 0, 2. 4. 6 and & mol% of Eu'", respectively.
Increases of Euw’” concentration tend to increases the grain size as well as giving materials with lower porosity as evidenced
by density values reported in Fig.2b. However. the densification improved systematically with corresponding decrease in
porosity and enhanced intergranular connectivity. Nevertheless, since about 95% of this porosity is "open’ in nature, it can
be eliminated during the sintering step, thereby leaving a dense and compact body [17]. Also, relative density values were
measured from the mass and the geometrical volume of the pellets before and after sintering. This gave values the density of
pellets relative to the Eu** doped in the Fig.2b.
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Fig.1. (a) The XRD patterns of Ca:SnQ; ceramics sintered at 1350°C for 6 h with different Eu*" doping and (b) the extended plots of the patterns in the
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Fig.4. Emission spectra of Ca;SnOu:xEu’” (x=0-8 mol") sintered at 1350°C (ay and Eu*” dependence of normalized FL intensities at 618 mm under UV
excitalion of J= 273 nm (b},

3.3. Luminescent properties of Ca;SnQuxEw’

The luminescent properties of Eu’ in Ca,$n0, host were investigated by the excitation and emission spectra at room
temperature. As shown in Fig.4a, the emission spectrum under 273 nm (},=273nm) excitation consists of emission lines
located at about 599 and 618 am, They can be attributed to the characteristic transitions of Eu* from* D(,—r‘.'Fj where j=1, 2.
3, and 4 [18, 19], namely the SDy—"F, (599 nm) and *Dy— 'F- (618 nm). Besides, the most intense emission peak at 618 nm



114

Jimara Padchasri et al - Procedia Engineering 00 (2013) 006000

occurs through the forced electric dipole transition (‘Dy— F»), whose intensity is very sensitive to the site symmetry of Eu**
ions. As a rule, the intensity ratio of (*Dy— F3)/('Do—>F}), known as the asymmetry ratio, reveals the degree of distortion
from the inversion symmetry of the local environment of Eu®* jons in the host matrix [19]. Here the asymmetry ratio is 2.30
calculated from Fig.4a.

The Eu™ concentration has litle influence on the position of the excitation spectra. The emission intensity of Eu*"
increases up to the maximum at the concentration of 2 mol% and decreases at the higher concentration (4-8 mol%). When
the doped concentration is low, the emission band of Eu*" is observed and the emission intensity of Eu®" is enhanced with
the increasing (0-2 mol%) of Eu®* concentrations was shown in Fig.4b. Upon UV excitation, the Ca:SnO,:Eu’™” phosphors
exhibit strong red luminescence. The emission spectra not only contain the characteristic transition lines from the lowest
excited *Dy level of Eu’™. The strong red emission lines at 600 nm are due to the transition from ‘Do to 7F. level of Eui‘, the
integrated intensity of other transitions from Dy excited levels to F, ground states is less intense [12]. Therefore in the host
material Ca;SnO, crystal, the emitting center does not occupy a site with a center of symmetry.

4. Conclusion

A solid state reaction method was used to synthesize Ca,SnO,:Eu®” phosphor in this study. The orthorhombic phase
crystallized afier calcinations at 1300°C for 6 h. SEM observation indicated a narrow size-distribution of about few microns
for the particles. Luminescent properties were also investigated. The emission peaks situated at 618 nm (2eV) showing
prominent and bright red light which is attributed to the De—'F), electric dipole transition. The excellent luminescence
properties make it possible as a good candidate for PDP application.
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