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Effects of B2O3 composition for the photoluminescence and after-glow
charcteristics of SrAl2O4 : Eu+2,Dy+3 phosphors
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Abstract Both photoluminescence and the long-phosphorescent properties for SrAl2O4 : Eu+2,Dy+3 phosphor powder synthesized
by the solid phase reaction were investigated as a function of B2O3 composition (0~10 wt%). The highest emission
wavelength (520 nm) of photoluminescence spectra was not affected by B2O3 concentration. The highest emission intensity
was obtained by the concentration of 3 wt% B2O3. After the removal of the Xenon lamp excitation (360 nm), also, the
excellent long-phosphorescent property of the phosphors was obtained by the concentration of 3 wt% B2O3, although the
decay times for all phosphors decreased exponentially.

Key words SrAl2O4 : Eu+2,Dy+3 phosphor, Solid phase reaction, Flux, B2O3, Photolurninescence, Emission wavelength,
Long-phosphorescent, Decay time
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º £ [B(flux)�B B2O3~ ³ê¢ 0~10 wt%ræ æz�Î SrAl2O4: Eu+2,Dy+3
ê Ëº7 ;7Ú¢ �ç>w»b� �

W� ê, B2O3~ Î&ïö V� Ö;ßW" Ëº7 »7Òò�B &Ë 7º� B7 5 Ëº7 ßWj �Ò~&
.
SrAl2O4: Eu+2,Dy+3

ê ;7Úº B2O3~ ³êö &êì� 520 nm 2Ëj �& B72Ëb� ~º B7Ê¿Þ"j ¾æÚî
�, 3 wt%~ B2O3 ³êöB �& B7;ê¢ ¾æÚî
. �Ò� SrAl2O4 : Eu+2,Dy+3 ;7Ú~ º7;ê �� B2O3~ ³ê
ö Z&~² �*ö V¢ Î� �òöB æ> �>'b� 6²~&b¾, B2O3~ ³ê& 3 wt%� ãÖö B7~ 6�³ê
& ·f �ÚÂ Ëº7ßWj ¾æÚî
.

1. B �

Ëº7 »7Òòº �·7�¾ *� �ö ~� �V

ö.æ¢ »'~� � ö.æ¢ N�� êöê Ë�*

B7~º ;7Ú�� ¢7êò �ö "� �Ï>� ®
.

��� »7W Ëº7 ;7Úº æ.ræ ôf ��&

>¯>Ú zb�, ß® �zbê z�bj ÎÚÖ;

(host)b� ~º ;7Úº Úê'b� ôf ��& >¯

>î
[1]. ��¾ ZnS : Cu(�ï), CaS : Bi(Ó¶ï) �

~ &�'� »7W ;7Úº �zbê� ÎÚÖ;� z

�'b� ®n;~� ¶�Fö ~� ª�>V £�, �

Ö" >ê& &~>º �~ 
Ï'� �öB~ ^B6

r^ö "� 
ÚÏb� ÒÏ� B�>Ú z
. V¢B

«¾~ »7Òòö j~� �>ê, Ëº7ßW öò j

î¢ z�'Á~ã'b�ê n;� ºÏ~ î�Ú »7

Òò, ß® Özbê Ëº7 »7Òò~ BB� .
®

º�B
.

SrAl2O4: Eu+2,Dy+3
º SrOf Al2O3~ z�b� stuffed

tridymite ��~ SrAl2O4 ÎÚÖ;ö ¦�B(activator)

5 �¦�B(co-activator)� Euf Dyj '' êw�Î

;7Ú�B .Vöº "� Î*f r�F&(cathode-ray

tube, CRT) �ö wÏ~�¶ ��>î
[2-5]. ��¾ �

"ö SrAl2O4 ��öê MAl2O4(M = Ba, Sr, Ca, Mg)~

ÎÚÖ;ö �Æ~�Nj ¦�B� doping� ;7Ú&

†Corresponding author
†Tel: +82-54-760-1631
†Fax: +82-54-760-1639
†E-mail: yklee@uiduk.ac.kr



124 Young-Ki Lee and Gi-Seog Eom

ZnS : Cu, CaS : Bi �~ ;7Úö j~� Ëº7 »7Ò

ò�B Ö>� ßWj <� ®º ©b� ��>Ú "�

f ?f »7W ;7Ú~ "B Ïê� ¢7êòº b�,


� ;7Ú~ �Vöb�Bê wÏ &ËW� �² V&

B
[6-8]. V¢B ¢�, ��j j�� �� Fê�öB

º z�'Á~ã'b� n;� ºÏ~ î�Ú »7Òò,

ß® Özbê Ëº7 »7Òò~ BBö ;N¢ &~�

®b�, jÞ� ;7Ú~ B7 *ç �«öê ôf �K

j VÞ�� ®
. 6� �ÚöBê "¾ö Özbê »

7W ;7Ú, ß® MAl2O4¢ ÎÚÖ;b� ~� �Æ~

ö²¢ doping� ;7Úö &� ��¢ �·~� V�

~ �zbê�
 z�'b� 
Ö n;~� Ëº7 ßW

6� Ö>� »7W ;7Ú~ �Wöº *Ï�ò� W"

¢ �vî
. ��¾ jçræ �
 Òò~ «{� B7

5 Ëº7 z�î¾ �«" B7ßWö �~º �� &

æ B �¶
, ß® ;7Ú ªö B� 5 ;7Ú~ �^

��& B7 5 Ëº7 ßWö �~º 'Ë" &NB ¦

ª~ Úê'� {ã� 
Ö ¦�� 
;�
.

¢>'b� ;7Úº Nê, �*, ª*V �~ �W�

�öò jî¢ ÎÚÖ;ö Î&>º ¦�B, �¦�B,

[B(flux) �ö V¢ � ßW� �² ²ÖB
. �7ö

B [Bº ²W7ö ÎÚÖ;~ Ö;WËj /ê�B ;

7Ú~ ßWj BF~V *~� Î&~º bî��, ¢

>'b� [B~ [6� ²WNê�
 Ôf bîf «¶

WË 5 ³ê¢ /ê~� [6� ¸j>� � Î"& ·


. ß® ZnSê ;7Úö ®ÚB [B�B ô� ÒÏ>

º NaCl, CaCl2 �~ "zbf >wNê¢ 6²�B Î

ÚÖ;~ «¶WËöò jî¢ ÎÚÖ;ö ¦�B 5 �

¦�B~ {Öj /ê�B B7ÎNj BF�
� rJ

^ ®
. V¢B � ��öBº [6� 450oC� jv'

Ôf B2O3¢ SrAl2O4: Eu+2,Dy+3 ;7Ú~ [B(flux)�

B Î&~�, B2O3& SrAl2O4: Eu+2,Dy+3 ;7Ú~ B7

ßW" Ëº7ßW �ö �~º 'Ëj �Ò~&
. �

Ò� B2O3~ ³ê¢ 0~10 wt%ræ æz�B �ç>w

»b� �W� ê, B2O3 ³êö V� SrAl2O4: Eu+2,Dy+3

;7Ú~ B7 5 Ëº7ßWj ¦Æ~� �'~ [B

(flux) ³ê¢ êÂ~�¶ ~&
.

2. 
þO» 5 Ë~

Sr-Al-Oê ;7Ú~ ÎÚÖ;� stuffed tridymite �

�~ SrAl2O4¢ �W~V *~� 99.99 % �ç~ �B

ê SrCO3f Al2O3 ªö(−325#)j ÒÏ~&�, ¦�B

(activator) 5 �¦�B(co-activator)�º 99.9 % �ç~

Eu2O3f Dy2O3 ªö(−325 mesh)j '' ÒÏ~&
.

�Ò� ÎÚÖ;~ «¶WË" ¦�B 5 �¦�B~ {

Öj /ê�B B7ÎNj BF�Êº [B(flux)�Bº

B2O3(99.99 %, −352 mesh)~ ªöj ÒÏ~&
.

b& � ��öBº Sr-Al-Oê ;7Ú �W� �'

�W� SrCO3: Eu2O3: Dy2O3: Al2O3= 0.9850 : 0.0025 :

0.0050 : 1~ ¢;� �Wj(mol ratio)� ïï� ê, 0~

10 wt%ræ B2O3¢ æz�Î öòªöj &j~&
.

&jB ªö�òº r��¾ ï¶ÒBöB b�� ê,

ªö�ò~ jÖOæf �
 Î"'� b�j *~� r

��¾ ball mill³ö öêR" �þ Ë«~� 24�*

ÿn Û�b�j ÷¯~&
. �Ò� �FB öêRj

B�~V *~� 130oCöB 24�* ��� ê r��¾

�Þ³ö Ë«~� ~öWª*VöB ²W�V
. �ç

>wÏ �ò�º b�ªöj �&� ÒÏ~�¾, _f b

�ªöj 200 kg/cm2
� ¢»&{~� pelletç(13 mmφ)b

� W;~� ÒÏ~&
. �ç>wf r��¾Â2~ >

ç;&ç�¢ ÒÏ~&�, 98 %Ar + 2 %H2~ b�&Ê

¢ >w�ö ê«~� ~öWª*VöB SrCO3~ ª�

>w� j*® ¢ÚÂ 
r ÎÚÖ;� �W>ê� 800oC

öB 2�* ÿn Fæ� ê 1300oC, 3�* ÿn 
�~

&
. �WB ;7Ú~ Ö;�� 5 >wWf ¢�

Rigaku(")Ò~ X-F ².Ë~(XRD)¢ ÒÏ~&
. �

r ÒÏ� X-F~ targetº CuKα�î�, 30 kV-30 mA

~ ÿ¢��öB X-F ². ªCj ~&b�, ².Ë~

ö ¦OB computer¢ �Ï~� G;B ².NZb�¦

V �ò~ Ö;��¢ G;~&
. �Ò� ªö�ò~

;ç 5 ³êªCf "Ò*¶*�ã(SEM)" WDS

(wavelength-dispersive spectrometers)¢ �Ï~� ªC

~&
. 6� �ç>w»b� �WB SrAl2O4: Eu+2,Dy+3

;7Ú~ 7�' ßWf Fig. 1~ Î�êf ?f PL G

; Ë~¢ �Ï~&
. �r B7 Ê¿Þ"j áV *�

�V7b�º He-Cd laser~ 325 nm 2Ëj ÒÏ~&�,

laser�¦V OÂ>º ®jº� 2Ëj �� "V *~�

325 Z� R"jV¢ laser :� �ö J~~&
. 6�

Fig. 1. Block diagram of photoluminescence system.
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laser7� «Ò>º ã� çöº �V7j �³�B "V

*~� light chopper(Rofin, 7500)¢ J~~&b�, �

light chopper~ "2>¢ lock-in Ã�V~ ^� �^

� �Ï~&
. �r �V7~ ^Vº 30 mW�îb�,

� ^Vº �òö «Ò>V ç* laser7 ^V ¦ÂV

(Spectra Physics 404)� G;~&
. �òöB OÂ>º

PL�^º "�2®� ÷³~� .6�Òº 0.75 nm�

�ïzË~(SPEX, 1702)� ª7~&º�, � �ïz Ë

~º computerzB �ÿV(SPEX, CD2A)ö ~~� 2

Ë �*(ç)� �ÿB
. �ïz Ë~ö ~~� ª7B

PL�^º 7ÃV&(photomultiplier(PM) tube)ö ~~�

7�' �^& *V' �^� :2º�, ��� 7ÃV

&~ r�öº −1200 V~ ç~ �*{j �&~&
.

7ÃV&öB *V' �^� :2� 1N Ã�B PL �

^º lock-in ªCV(EG & G, 5206)ö ~� �« Ã�

>º� �öB Þ/B light chopper~ "2>¢ ^�

�^� ~� � ^��^f PL �^f~ *çN�&

lock-in ªCVö ~� ÿ�>Ú, � ÿ� Ã�B �^¢

jÆ��/:æ^æ~V¢ �ö ��V� PL Ê¿Þ"j

ªC~&
.

3. 
þÖ" 5 �V

¢>'b� [B(flux)º ²W7ö ÎÚÖ;~ «¶W

Ëöò jî¢ ÎÚÖ;ö ¦�B 5 �¦�B~ {Öj

/ê�Úb�� ²ï~ ¦�B 5 �¦�B& �ÎN~

B77�(luminescence center)j ;W�b�� B7ÎN

� BFB
� rJ^ ®
.

Fig. 2º [B� B2O3~ ³ê¢ 0~10 wt%ræ æz

�B 1300oC, 3�*~ ¢;� ²W��öB �W�

SrAl2O4: Eu+2,Dy+3
ê ;7Ú �ò
~ SEMÒê Ö"�


. ÒêöBf ?� B2O3~ ³êö Z&~² �WB ;

7Ú ªö
f �^� «¶
� w÷B ��� ;ç�î

�, ªö «êº B2O3~ ³ê& Ã&Nö V¢ 6N Ã

&>Ú B2O3& Î&>æ pf �ò[Fig. 2(a)]ö j~�

7 wt% Î&B �ò[Fig. 2(d)]~ ãÖ �~ 2V ;ê�

80µm ;ê¢ ¾æÚî
. �º �W*~ öòªö «ê

& 5~10µm ;ê�îrj �J~� B2O3& Î&>æ

pf �ò¢æ¢ê 1300oC, 3�*~ �ç>w7ö «¶


*~ �¦'� ²Ö 5 «¶WË� *&~² ¢ÚÒr

j ~��
. �Ò� � ¢^öº ¾æ¾®æ pb¾

1000oC �~~ �WNêöBº öòªö" �~ FÒ�

�V~ 
Ö ®��� ;ç�îb¾, 1200oC �çöB

¦V �¦'� ²Ö 5 «¶WË� *&~² ¢ÚÒrj

r > ®î
. ��� B2O3 Î&ö V� ªö«ê~ �

&zº [B�B Î&� B2O3& �ç>w� Ï�>Ú

«¶
~ �j"�¾ ²*� Ï�~ê� �Ë�b��

«¶ç^*~ {Ö>wj /ê�VV r^�¢� �'

B
.

Fig. 2. SEM photographs for SrAl2O4 : Eu+2,Dy+3 phosphor synthesized with various B2O3 content at 1300oC for 3 hr in Ar/H2 atmo-
sphere. (a) 0 wt% (b) 1 wt% (c) 3 wt% (d) 7 wt%.
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Fig. 3(a)º B2O3~ ³ê& 5 wt%� �ò[Fig. 2(c)]¢

�VN� &V� SEM Òê��, Fig. 3(b)º Fig. 3(a)

öB öb� ��� ¦ª~ �Wj SEMö ¦OB WDS

¢ �Ï~� ªC� Ê¿Þ"" ��¦V Ö;B ' ö

²~ ªN(mol%)j ê�� ¾æÞ ©�
. �âöBf

?� ~¾~ ªö «¶öB Sr, Al 5 O~ ö²��ö

ê ¦�B 5 �¦�B� Î&� Euf Dy~ Â]� b

�f �þ SEM &Vj *~� �ò~ ��ö z+�

Au& ¦Â>î
. �º 1300oC~ �ç>wö ~~�

SrAl2O4: Eu+2,Dy+3 ;7Ú& £² �WF > ®b�, 6

� �[Fig. 3(b)]öB r > ®º:f ?� b� ªö�

ò~ b�jf �~ ÿ¢� �Wj~ ;7Ú�îº�,

�º �ç>w7ö Î& ö²~ ÃB 5 �¦'� ÞC

*ç �� �~ ¢Ú¾æ p~rj ~��
.

¢>'b� ;7Ú~ B7ßWf ÚÊ 2Ë~ �ö ~

~� "� �V>�, 6� ÚÆ� ïz~ �b� B7~

º&¢ �VÊ¿Þ"" B7Ê¿Þ"j G;�b�� £

² �Ò� > ®
.

Fig. 4º [B� B2O3~ ³ê¢ 0~10 wt%ræ æz�

B B�� ªöç~ ;7Ú �ò¢ 325 nm 2Ë~ He-

Cd laser� �V�Ê�B G;� B7Ê¿Þ"j ¾æÞ

©�
. �r ªöç �òº 2Ë~ C'6 Ò�ö �;

�B çN(300 K)öB 120 nm/min~ "Ò³ê� 400 nm

öB 700 nmræ "Ò~� B7Ê¿Þ"j G;~&
.

�âöBf ?� B2O3~ ³êö Z&~² SrAl2O4:

Eu+2,Dy+3 ;7Ú�ò~ B7Ê¿Þ"f «¾~ »7Ò

ò� ZnS : Cu~ B72Ë(530 nm)" �~ ?f ��ï

B7'�� 520 nm(2.384 eV)¢ �& B72Ëb� ~º

450~650 nm~ �9f B7Ê¿Þ"j ¾æÚî
. ��

� 520 nm~ B7f stuffed tridymite ��~ SrAl2O4

~ Væö doping�Î ¦�B� Eu2+
~ 4f65d1

� 4f7 Â

�ö ~� ßû'� B7[2-3]��, 520 nm 2Ë~ �&

B7;êº B2O3~ ³êö ~�~� æz>î
. �Ò�

Ö;W� �ÚÂ �Ö;ÚöBº ¢>'b� sharp�

B7Ê¿Þ"j ¾æÚº� >~�, Fig. 4~ 520 nm

(2.384 eV) B7Ê¿Þ"~ >~�f Î� �òöB

90 nm �ç~ 
Ö 9f B7Ê¿Þ"j ¾æÚî
. �

º SrAl2O4: Eu+2,Dy+3 �ò& <� ®º Ö;Ö�
ö

~� ò
Úæº pf &*
 Ò�öB ¢Ú¾º B7"

G;�ò& �Ö;Ú& jò ªöç~ Ö;«¶�V r

^�¢ ÒòB
. ��� pf &*
f Eu+2 5 Dy+3
�

N
� SrAl2O4 Ö;~ Sr 6º Al ¶Ò(site)ö 
Ú&

º ~~; Ö�ö ~� &*, Eu+2
¾ Dy+3

& Ï¶ Ò�

ö 
Ú&º �«; Ö�ö ~� &*, �Ò� 
Ö;Ú

~ Ö;«êö ~� &* � �� &æ ãÖ¢ �J�

> ®bæ� �
 &*
ö ~� B7
� ��'b�

¾æÂ Ö"¢� �'B
. 6� B2O3~ ³êö Z&~

² Î� �òöB B7Ê¿Þ"~ j&�Wj {�� >

®º�, �º SrAl2O4~ Ö;7ö dopingB Dy+3
& 6


� B7bV(luminescence center) ��j �b�� ¾

æÂ Ö"¢� .GB
.

Fig. 3. SEM photograph and EDX spectrum for SrAl2O4:
Eu+2,Dy+3 phosphor sample [in Fig. 2(c)] synthesized at 1300oC
for 3 hr, respectivelly. The WDS spectrum is obtained at posi-

tion which marked with the white circle on Fig. 3(a).

Fig. 4. 300 K PL spectra as a function of B2O3 content (wt%)
for SrAl2O4 : Eu+2,Dy+3 phosphor synthesized at 1300oC for 3 h

in Ar/H2 atmosphere.
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Fig. 5(a)º B2O3¢ 3 wt% Î&~� B�� SrAl2O4:

Eu+2,Dy+3 �ò~ B7Ê¿Þ"b�, �âöBf ?�

520 nm�
 Ë2Ë'�öB B7Ê¿Þ"~ j&�Wj

{�� > ®
. �Ò� Fig. 5(b)º Fig. 5(a)¢ b� ª

Ò� Ö"�B, 7ÏB 2B~ b�& 580 nm(2.138 eV)

f 520 nm(2.384 eV)~ 2Ëb� Â]~² ªÒ>�,

580 nm~ B7�
º 520 nm~ B7� æV'ªj r

> ®
. Takasaki �ö ~~� Eu+2
~ d-f Â�ö ~�

B7f 520 nm~ *~öB b�& &V>º >�, 580

nm ¦"~ b�º Dy+3
~ f-f Â�ö ~� ©�¢� ~

&
[3]. V¢B, SrAl2O4: Eu+2,Dy+3 ;7Úº Eu+2
ö ~

� d-f Â�f Dy+3
~ f-f Â�ö ~~� 580 nmf 520

nm~ *~öB B7b�& &VB ©�¢ �'B
.

Fig. 6f Fig. 4�¦V B2O3~ ³êö V� 520 nm

(2.384 eV) 2Ë~ �& B7;ê æz¢ ¾æÞ ©b�

�& B7;êº B2O3~ ³êö �² ~�~�, 3 wt%

~ B2O3 ³êöB �& B7;ê¢ ¾æÚî
. ��¾

B2O3~ ³ê& z× Ã&Nö V¢ 6N 6²~�, ß®

7 wt% �çöBº /Ï� 6² ãËj ¾æÚî
. �º

[B�B B2O3& Î&B �ò~ ãÖ, ÿ¢� �WNê

¢� �æ¢ê B2O3& Î&>æ pf �òö j~�

SrAl2O4 �¢ç ;Wj *� >wNê& ç&'b� &

~>Ú ÎÚÖ;~ «¶WË(Fig. 2 ̂ �)öò jî¢ ¦

�B 5 �¦�B~ {Öj /ê�B Eu+2
¾ Dy+3

& �

ÎN~ B77�(luminescence center)j ;W�b��

B7ÎN� BFB ©b� 6�B
. ��¾ 5 wt% �

ç~ B2O3& Î&B ãÖ, �VöB ¾æÚæ p~æò

X-F ªC Ö" ÎÚÖ;� SrAl2O4 ��ö 20.8o
f

67.3o ¦"öB Aluminum Borate(AlBO3) z�bö �

�>º Â]� ².b�& {�>îb�, B2O3~ ³ê&

Ã&Nö V¢ AlBO3~ ².;êº z× Ã&~&
.

V¢B [B�B B2O3 Î&ïf AlBO3~ �Wj ÛB

~� SrAl2O4 �¢ç� �WF > ®º ;ê~ jN�

'.® �.� jº& ®bæ� 3 wt% ;ê& :²ç

~
.

Fig. 7f �·7" FÒ� Wï7j OÂ~º Zenon

Î*� 10ª ÿn �V�Î 
r, zç�öB B2O3~

³êö V� 520 nm 2Ë~ B7ö &� º7ßWj ¾

æÞ ©�
. �âöBf ?� º7;êº Î� �òö

B �*ö V¢ æ> �>'b� 6²~&b¾, B2O3&

Î&B �ò
 Îv B2O3& Î&>æ pf �ò�


1200.& ã"B êöê ¸f º7;ê¢ ¾æÚî
.

�º [B�B Î&� B2O3& SrAl2O4: Eu+2,Dy+3
ê ;

7Ú~ Ëº7ßW BFö 
Ö Î"'ªj ~��
.

6� B2O3~ ³êö V� º7;êº Fig. 4f 6~ B

7;ê �ÿ" FÒ~² B2O3~ ³ê& Ã&Nö V¢

6N Ã&>Ú 3 wt%öB �& ;ê¢ ¾æÚî�, �

�ç~ ³êöBº J®J 6²>º ³ê ~�Wj ¾æ

Úî
. �Ò� Î� B2O3 ³êöB �~ FÒ� º7~

6�³ê(decay time)¢ ¾æÚÚ 500. ê~ º7;ê

º 90. êö G;B º7;ê~ 1/6 ;ê� /Ï~²

Fig. 5. 300 K PL spectrum for SrAl2O4: Eu+2,Dy+3 (a) phos-
phor synthesized with 3 wt% B2O3 at 1300oC for 3 h in Ar/H2

atmosphere, and (b) shows 300 K PL fitting spectra for
SrAl2O4: Eu+2,Dy+3 phosphor.

Fig. 6. Variation of the maximum PL intensity as a function of
B2O3 content (wt%) for SrAl2O4: Eu+2,Dy+3 phosphor synthe-

sized at 1300oC for 3 h in Ar/H2 atmosphere.
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6²>îb¾, � �ç~ ã"�*öBº �R zzB
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