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ABSTRACT

Blue light-emitting phosphors having the excitation spectrum range of the medium-long ultraviolet (280 nm~400 nm) have been
prepared by solid state reaction method. As a starting material the natural alkaline feldspar powder produced from the domestic mine
field in Buyeo, Chungnam-do. The photoluminescence characteristics and crystal structures have been analyzed for the phosphor
samples. The powder mixture of the natural alkaline feldspar and the rare-earth oxide was calcined at 800~1000°C for 3~4 h in air.
The calcined samples were fully ground at room temperature and then heat-treated in the mild reducing gas atmosphere of 5%H,-
95%N, mixture at 1100~ 1150°C for 3~4 h. The natural alkaline feldspar material consists of the monoclinic orthoclase (KAISi;Oy)
and the triclinic albite (NaAISi;Og) phases. At the 0.5 wt%Eu,05 addition the PL spectrum showed the maximum intensity and with
further increase of Eu,0; the PL intensity decreased. The albite phase disappeared in the Eu,O; doped phosphors. The effect of the
co-doped activator on the PL characteristics have been also discussed.
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Fig. 1. XRD patterns of the natural alkaline feldspar
(0 wt%Eu,03) and the phosphor (0.5 wt% Eu,03)
prepared at 1150°C under the gas mixture of Hy/N,=5/9.
( % : orthoclase KAISi;Og ¥ : albite NaAlSi;Og)

EER DT

o2 o|FHA Ut} Orthoclased! KAISi;O4-2 ¥, albitet
¢l NaAlSi;Og} W2 FAEIth AAAe ol EAstE
XL orthoclased) albite7} 419 HHl2 EAlste Aoz
24 e, ¥ XRD ¥4 2= orthoclased] KAISi;Oq
Aol & 3 9= Aoz JeldT, albited] NaAlSi;Ox%
o] HlwA Y 34 13 FxE JEpdTh

A dde AAEFE 1944 0 wi%Ew0;2 FA])3}
0.5 W%Ew,0,2 #7183 A= (Fig. 1904 0.5 wi%
Eu,0:2 FAN2 XRD HE S Fig. 191 YeRi At 33
A ANEE 0.5 wi%Eu,0:9 A 4ze 4 ERES
1000°Cell A 4A17HE<E 7] FolA EAelg & 1150°C
A 3A1ZF B2 HyYN,=5/95 S E 7)ol Exg st
Aok F XRD #ES vaws] 2, F3AolME albiteld
(NaAlSi;Og: W Aol AE 3 3L, orthoclase’F(KAISi;Og:
*EANZG ¥ BEE Aol EAFE B & ok 24
ol thE Mgk A2 o] retveldg ol o &4
A 3(Fig. 3)° repl lct.

Fig. 2& 800°CollAl 4r17-5<t ti7] FollM EAEst o
< 1150°CoNA 3A1ZF B9 Hy/N,=5/95 8 E$17]914
23 FLA(0.5 wi%<Eu,0;< 10 wi%)e] XRD 3 Elo]
Th Euy0;%9] S7tll wpet gulo] E(albiteyde] 3&7 =
7t @A ZATE B ¢ AT o]AL Eu,0;9 YUt
o] F7igte] wigl {FEIF FA ol IE&IAE do,
20=32° F-Zo| A JEPG vk} 722 231 (second phase)2]
B AAst=9 A 7Ilsks AeE Azt

Orthoclase’ 3 (KAISi;Og: W EAS] 2.2 Si0, APdA)| 7}
33 WE-S A5 AME corner-sharingg 3T} 4T A

e Si o)L AHE] & 20-40%7F Ale] xFX|Ee) uwhel

Ak Ad B279E BAS] 98] KT 2 Na' o]c]
B gz Atole] WI-g7H(large oval-shaped cavities)oll i

50001 . I
-
. 40007 —n—0.5 W% i
= —0— 1.0 Wt%
= —x— 10 wi%
£
f -
s
=
¥
c
I
£

20 /degree

Fig. 2. XRD patterns of the natural alkaline feldspar phosphors

doped with 0.5 wt%Eu,O5( Il ), 1.0 wt%Eu,05( [J ),
10 wt%Eu,05(3%¢) fired at 800°C in air then at 1150°C

under the gas mixture of Hy/N,=5/95.
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Fig. 3. Refined XRD profiles by rietveld method for the natural
alkaline feldspar doped with 0.5 wt%Eu,0; fired at
800°C in air then at 1150°C under the gas mixture of

H,/N,=5/95.
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Fig. 4. PL spectra of xwt% Eu,O; doped alkaline feldspars
calcined at 800°C for 4 h in air and heat-treated at
1150°C for 3 h under Hy/N,=5/95. [x=0.1(A), 0.5(B),
1(C), 5(D), 103(E), 15(F), 20(G), 25(H)]

Table 1. Refined Structural Parameters for the Phosphor Sample Doped with 0.5 wt%Eu,0;

Analyzed phase: orthoclase

Lattice parameter a=8.9095(1), b=13.4108(2), c=7.3704(2)A, B=115.61(2), SG: C2/m

Atoms X y z B Occ.
0.80K/0.20Na" 0.2615(3) 0.0 0.1456(1) -1.8(1) 0.80/0.20
0.75Si"/0.25A1" 0.0047(2) 0.2187(2) 0.2426(2) -3.9(2) 0.75/6.25
0.75Si* /0.25A1" 0.7121(70) 0.0548(177) 0.3670(121) 3.5(22) 0.75/0.25
Ol 0.0 0.2332(5) 0.0 -72(2) 1.0
02 0.5809(1) 0.0 0.1854(2) -3.1(0) 1.0
03 0.7968(20) 0.0992(47) 0.2472(67) -3.5(0) 1.0
04 0.0662(43) 0.3240(53) 0.2954(79) 0.7(10) 1.0
05 0.1747(162) 0.0815(102) 0.3269(179) 5.4(56) 1.0

R-factors; Rp: 26.2, Rwp: 18.0, Rb: 4.3, Rf: 3.2
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Fig. 5. PL spectra of xwt% Eu,0; doped alkaline feldspars
calcined at 1000°C for 4 h in air and heat-treated at
1150°C for 3 h under Hy/N,=5/95. [x=0.1(A), 0.5(B),
1(C), 5(D), 10(E), 15(F), 20w(G), 25(H)]
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Fig. 6. PL spectra of the co-doped alkaline feldspars calcined at
1000°C for 4 h in air and heat-treated at 1150°C for 3 h
in  Hy/N,=5/95. [0.5 wt%Eu,03+0.5 wt%Dy,0; (A),
+0.5 wt%Sm,0; (B), +0.5 wt%TmCl;xH,0 (C), +0.5 wt%
Lu,03 (D)]
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Fig. 7. PL spectra of alkaline feldspars doped with 0.5 wt%REO
calcined at 800°C for 4 h in air and heat-treated at 1150°C
for 3h in HyN,=5/95. [REO=CeO,(A), Eu,04B),
PrCl;- 6H,0(C), Sm,05(D), Gd,O4(E), Gd,O5(F), TmCl,
- xH,O(G), Ho,05(H), LuyO5(D)]
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