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Photoluminescence of willemite (Zn,SiO, : Mn) phosphors prepared by the
MOD process

Byeong Woo Lee, Seon Gil Lee and Hyun Cho*"

Department of Materials Engineering, Korea Maritime University, Busan 606-791, Korea
*Department of Nanosystem and Nanoprocess Engineering, Pusan National University, Kyungnam 627-706, Korea

(Received March 23, 2007)
(Accepted April 3, 2007)

Abstract Willemite green phosphor powders have been prepared by the metallo-organic decomposition (MOD) method,
and the photoluminescence and phase formation were studied as a function of both the firing temperature (800~1100°C)
and the concentration of Mn activator (4~12 mol%). Under 254 nm excitation source, the emission intensity of the
phosphors increased with increasing the firing temperature from 800 to 1000°C. From the XRD analysis, the powders heat-
treated above 1000°C showed willemite crystal structure. The maximum emission intensity was obtained for the phosphors
heat-treated at 1000°C with 8 mol% of Mn content. The concentration quenching was occurred when the Mn concentration
exceeded 10 mol%. The phosphor particles showed spherical shapes with the average size of 0.4~0.5 um by the SEM
morphology.

Key words Willemite, Zn,SiO, : Mn, MOD, Phosphors

MODHel 2J& A3 Willemite(Zn,SiO, : Mn) F3A)|2] =3 =4

ol

oS, oM, =

el Al s et H4F, 606-791
AT S WA 2938 F St A, 627-706
(20074 3€ 234 HF)

(20073 49 3 AA}ekR)

IR

[

e 9F Metallo-organic decompositionMOD)H 2.2 willemite =4 &FAE T390, €A =5%(800~1100°C) ¥
Mn 44 FE(4~12mol%)ol wE WFEAT el tisll ZAEATH 254nm o719 ARESE SA oA 3 <]
A2l 27} 800°ColA 1000°CE F7Hghel whet Al 23 Y37 = A S7Fs95, XRD 4 23 1000°C ©]/42
A 2EoA HPF AR willemite A FXE B FUTE 1000°Ce] =2 A3 willemite FFA = Mn E/34
FE7F 8mol% ¢ W Hd ¥F AEE YERIALS™ 10 mol% ool e Hd A=t 43 AdtEe vE A 4
o] A=A, SEM &4 A FFA YA A2 7ol em 1000°CAA AAE FFA YA A= oF
0.4~0.5 um °] 3t}

.M E LCD(liquid crystal display)E th|g PDP(plasma display
panel), FED(field emission display), ELD(electro lumin-

escent display) & MZE Tt]ZZ#o|e] slido] &g

AE 2 ARFA F53 Dy 3 oedstE e
Arsl AL3le] g7l mal, AR tAEFeold] Fae
O F7kEa, 8Ee vaEge] 7ls B o)
AaL Sk, HZ A, 3 9 ARjHE Fo] A orA
T Alopzto] Yy taEYold et 8t 55
stal §lo] 7]&9] Helek(cathode ray tube, CRT)o|L;

"Corresponding author
Tel: +82-55-350-5286
Fax: +82-55-350-5653
E-mail: hyuncho@pusan.ac.kr

o]FofA|aL gt} o]¢} T T2 JLot T2 MELEE
A sfet oz QPgst slskE FFA tig AT
o] Eks] =T Qi Willemite FF3= o]
sk J ta=Zg ol A& 7hssh AkslE SRR
A28 R NS fE B A 2o %
=3 ATH1-5].

T8 willemite= L olYA|n] Fo] 4.1eV o]BmZ
AR} FFe] Ao R o|FojA = HAlE A9
A Gl SsAl "ot weba TS A7) fEiA



58 Byeong Woo Lee, Seon Gil Lee and Hyun Cho

= F7E AMGATE gl Vofeles sl 9] i
F4°2 wHE0] Fi= o] Wasp shed, olsh o]
B 7] S GEAE FE Mg 5% (doping)

[5]. o1ZA $to =X willemite %
A= 525 nm F29 WEads zhe e o] 7
gk A & FA| 7} At

Willemite Aol oM 23] Ble W= g T
APAE v EFE MnT o]eoln, TAE EHQ]
Zn,S10,2 willemite 7224 ZFzte] Zn3t Si7F 4719

O o 3R] zZn T SiE TAHOE k= AHAPEA
£ O FaL Ut} AL FHe] Aol o8 A==
Zn®| 91Xl X|gEo] 507} = Mne] Holol] os
SAgo] oAl 6]

dut oz &g WFaEe 1 AR P o]
A g el B 3 de dds 7AAl Aok
=, GuHEQl 2% 3 oJete] A EEe 24
4 HANA YRR o] EASHA Eof W7k
Alw)Z(mechano-chemical) &340l <]t v At XA
< BRke] 4o, 2 3 Tl o] Al B
E gl mE 9 o= <lal] FEA] WFa o]
A8t=7] AT 7).

2 AFere olet 2 Alx I e FFA
BEE Aeks NAdsh] flete] 24 FEdHeRE
willemite G334 EES T AEEE e
O] willemite 333 £%S MOD(metallo-organic de-
composition)Foll &3 T, EXE] &= 2 A4
A(Mn) %= 59 34 AE°] willemite B3A¢] 2
FEA B A vX= GEl dial aEsisn).

2. o3 Y

2.1. MODH9l| ¢]3}t willemite I4A] &2 $HA

Zinc acetate hydrate((CH,COO),Zn - H,0)2} /3|
Y52l manganese acetate hydrate(Mn(CH,COO), -
4H,0Y5 812l 2- ethylhexanoic acid(CgH,0,)5 ©]-83
o] g3AIZL) ol AEr}t L geldo] soape] AAE
= G4 BwRE] S8l &A% xylene(CH,(CH;),)S
el 722 FuRkE 7kt on, 80°ColA 4r7F &
Qb wrteHA FARol REAVE RUlES AAT &
ethyl silicate((C,H;0),S)5 #H7FI93L, tHAl 80°CeollA
IAIZF &<t kst

oA dojzl AugHL FAT F3E A H
& 100°CoIM 160°C7HA] 20°CH Z7MAZ1|A 8417
AZE AASHAL, AxE A|l5= 2z 800, 900, 1000,
1100°Cellr Exgatnom 7t 2&ollM 4A7F f4] £

Zinc acetate Manganese acetate
((CH3CO0)2Zn2H20) (Mn(CHsCOO)24H,0)

2-Ethylhexanoic acid
(CgH1602)

Xylene
(CsHa(CHa)2)

80T, 4 h
heating and stirring

Ethyl silicate
((C2Hs0)4Si)

80T, 4 h
heating and stirring

I
100~160C, 8 h

drying

I
800~1100C, 4 h

heat treatment
[

| Zn2Si04:Mn powder

Fig. 1. Flow diagram of MOD process for the willemite
(Zn,SiO, : Mn) phosphor powder.
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Fig. 2. TG-DTA curves of the willemite (Zn,SiO,: Mn) phosphor
powder prepared by the MOD process.
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Fig. 3. XRD patterns of the willemite phosphor powders prepared
by the MOD process and heat-treated at various temperatures.
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Fig. 4. SEM images of the willemite phosphor powders prepared by the MOD process and heat-treated at (a) 800°C, (b) 900°C,
(c) 1000°C, and (d) 1100°C, respectively.



60 Byeong Woo Lee, Seon Gil Lee and Hyun Cho

3. AlgZa o nE

3.1. MOD®ol| 2]3} willemite E3A] T4 2 FFEA

MOD®el 2Jal $E willemite F3A] S 10°C/
min®] £EF 1200°C7HA] $-&A)7|HA TG-DTA £4
st AZE Fig. 20 YERAUTE. 720l 400°C7HA] &
A= 50 % olde] 543 T Ahve IHE A=
o] &l R AA=E= 4 71016}1 925°CollA Zth
]E‘— 7~ak7w\g]_ 'O‘Od]:l]— B A B ,] X

peakS- A2

el willemite29] $Hdo] dojulal S HAETh
XRD 4] A3KFig. 3), 800°C = 900°CollA A 2]3t
A oAM= ZnO(Zincite) o] FE3staL 2 1000°C
ox dx7] g FFA| EZNAE ZnO peake] YER}
A ¢Fol willemite TUAFO 2] 3 A&
& 4 9o o]= Fig. 29 TG-DTA #4 data®}
Ashs A3E HoAFa ).

Willemite g4 £2<] 24 27] 2 942 #2s
7] Sl ZF *=EE FAEg gl sk SEM 4
S 39 2 AIE Fig. 4o YERNATE Willemite
o]l ks A=) o]HQl 800°C 2 900°CelA
At FE 9N ES] gk 87 Loy
Aojoj 2t Ao R Ay FFE FdsA] e
Hhol 1000°C 2 1100°ColA DAE)3E Eause 9=t
7 vl Fde S o] FaL AL Ht 974 0.5 um
ool HAIGH YRS FASAL U & A

A Mne| EF 54 A8 Qg PL 553
I B AoA A3 willemite FEA7F 520 nm
oo A4 uRgS eSS gRISIAL, Mn F= o
£ willemite 33A¢] WF EAFS H]_u_o]-oiE]- Z}z} 4,
6, 8, 10, 12mol%%] F== S willemite FFAE

N

F{

i)

Intensity (a.u.)

Mn (mol %)

Fig. 5. PL intensities of the willemite phosphor powders having
different Mn concentration prepared by the MOD process.
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heat-treatment temperature for the willemite phosphor powders
prepared by the MOD process.

v ZnO
v S0,

Intensity (cps)

. . R 1 A H T
20 30 40 50 60 70 80

26(deg.)

Fig. 7. XRD patterns of the willemite phosphor powders
prepared by the solid-state reaction process as a function of
heat-treatment temperature.
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Fig. 8. SEM images of the willemite phosphor powders prepared by the solid state reaction process and heat-treated at (a) 1000°C,
(b) 1100°C, (c) 1200°C, and (d) 1300°C, respectively.
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phosphor powders prepared by the solid-state reaction process
as a function of heat-treatment temperature.
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Fig. 10. PL intensity comparison for the willemite phosphor
powders prepared by the MOD and the solid-state reaction
processes; the powders were heat-treated at 1000°C.
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