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 Na2CO3 �� ��> �? 1/ 3���@ �A%B C� ��" ��,-

./ DE
 146%� �F
�. �GH IJ@ KL ��
 DE�� 5 wt%
 LiCl ��" MN,� #$%&'( �)*

��� �? 1/ 3���@ �A%B, C� ��" ��,- ./ DE� �O�� 37% PQ R�,S�. TU� H3BO3

��
 5�/ Y3BO6 VWX Y�%& Z� ���
 3���@ [\ ],>^�. �� ������ ��� ���
 8

' _)" �`,\ ,a, ��
 8' ! bU� cd,� efg@ �KN%&h ���
 3���@ �i>^�.

Abstract − The effects of various types of fluxes on the photoluminescence[PL] characteristics of Y2O3 : Eu phosphor par-

ticles were investigated in the spray pyrolysis. The Y2O3 : Eu particles prepared from solution with LiCl and Na2CO3 flux

materials had higher PL intensities than those prepared from solution without flux. In the direct preparation of Y2O3 : Eu phos-
phor at 900oC, the particles prepared from 5 wt% Na2CO3 flux solution had the highest PL intensity, which was equivalent to

146% of those prepared from solution without flux. In the post-treated Y2O3 : Eu, the particles prepared from 5 wt% LiCl flux

solution had the highest PL intensity, which was which was 37% higher than that of particles prepared from solution without

flux. However, the addition of 5 wt% H3BO3 flux material decreased the PL intensities of Y2O3 : Eu phosphor particles regard-

less of post-treatment because the Y3BO6 impurity phase was formed. In spray pyrolysis, flux materials improved the PL inten-

sities of Y2O3 : Eu phosphor particles by densifying the internal structure and eliminating the defects existing inside and

surface of particles.
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)*- ���� ./0 !1  �2�0 3& 45�6. ���� 7

�	 8 �9 !1� :; <= >?@0A, �B CD &E@+ F0

+G1	 ��& HI�+ JK LM& E&�N, ,OH� PMQD�

<R� )*- 9�� '�S  .TU VWX0 Y	 Z[\#] B

�H� ^_D �� ` ab��& c5�d, &� eW +G1� �W

fg�0 ,O0 �h ` <U 9i& gj?d ,O kl& mG@Q

N noS& pq�0 r� Is  t06[1-3].

uvwx&� yz	 {6 |�} a~7�  t0 ���� �9�

5��0A, Z[S& EW} E�  a��� ��- ���� .�

�, &� �9, aW ` %�' ��  Q� ,O� �9�0 a� ^a

W1	 [�& �0 ��� ��- ��� ,O� �9� � F0 !1

�� ��� CD ���+ F6[4-7].

a� ^aW1� �WX �9@g�0 ��� ,O0 U� !1� �

W �9} ,O� �W �g� CL[Cathodoluminescence] 7�  ��

N �y� 7�	 �g�0 3�� �j� F6. Kang r	 +G1�

X ���� %��B ` y�7� �G  VW [E@0 ��� a�

^aW1� #,�� ���� y�7�  �G��+O ��6[8-10].

+G1 r�X ��� ,O� %��B ` y�7�� �G  VW �
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E@0 ��0, ��� �� � EW@g 8 klB�� ��� � O

¡D� ¢£  #] ��\#] ^_D �H  ¤¥0 ¦�  � §.

¨©;, ,O¡D� ¢£Uª� «��� %��B  #?d, ����

��¬�� ­ aM, ��'® � F#$ -6.

+G1�X0 ��� �s& ¤	 {¯° ` �±D ²³´� �;&

/°N µ{¶&·° S¸T& CD &E}6[11-12]. a� ^aW1�

X0 ��� a�E�� ¹�@gº �R� a�E�� E»e S��

EW�& �� �2� Fg 45- eO� }6. Kang r	 a� ^a

W1� �- ��� ,O� ¼¢ �9� FgX ½�;&/° ` µ{

¶&·° �±D ²³ ��� ¹�¾��¿, �À &¬� Á	 �´�

H &¬�X# Y	 y�7�  ��0 ��� ,O� �9Â  {�

6[13-14]. 8ÃN ^_D �� �& ���� ¼¢ �9� Ä?�0 �

�� �- y�7� �G� -°� F�R�, ���� Å#� <= «

���U VWX0 ^_D ��& c5�6.

Æ Ç��X0 a� ^aW1� �WX �9} � ^_D ��  Q

È ��� ,O� y� 7�� FgX, ��� ��� JWX �¨{É

6. ���� y�7�	 ��� Ê´, ¹�K, �9\#, ^_D \#

` �H� :;X Ë	 Ì�  ��R� LiCl, H3BO3, Na2CO3 r� �

�� #,��, ���� �9- � 8 y�7�  �ÍW {É6.

2. � �

a�E�	 «´�� &·Î(&� Y) ` Ï�Ð(&� Eu)� ¸MÑ 

EW�� �9���d, LiCl, H3BO3, Na2CO3 r ��� ¹�K 

Y2O3: Eu 4K�� 5%� ��6. E�� Ò Ó#0 0.5 M� +��Ô

+, Eu� #ÕÓ#0 Ò E� Ó#� Ö�� 6%� ��6. ×Ø� �

E} ��� Table 1� Ù& �D��6. �� yL BÚ�0 1.7 MHz

� ÀÛÜ a��9U� &E��6. Z[U� \#� 900oC, ÝZU

�e �U� Ï³  2 l/min� ��  Þ, ß� Z[U ¬�X �´�H

	 3À�6. �9} ,O0 1,000oC ` 1,200oC�X 3�Hàá ^_

D ��  Qâ6. &Þ ã\ ³#0 aä 2 oC&6.

X � ªiU(X-ray diffractometer)� &EW ,O� %��9] G  a

å���d Scherrer !�æ� �W ,O� %�O <U� ¥���6. ,

O� �h0 ç� èO é�Ä(SEM, Scanning Electron Microscopy)  &

EW aå��6. ��� ,O� y�7�	 PL(Photoluminescence)  ê

��� ��� ¹�� ���� y�7�� ¡Ú0 Ì�  �Í��6.

3. �� 	 
�

Fig. 1	 900oC�X ¼¢ �9} Y2O3 : Eu ,O� y� 7�  Në

ì PL[photoluminescence] ví·î&6. y� ví·î	 254 nm Ü

B� O
�  �U �
���� �E�� ê����d ,OT	 �

� ¹� ��� ß°�& 612 nm�X �ï y�  Në¬ð6. ���

¹�K  Y2O3 : Eu 4K�� 5%� ��  Þ, Na2CO3 ��� ���

�B ñ�d, Na2CO3 ��� ¹�- Ä?� PL ò#0 ��� �E�

� ó	 Ä?� 146%� Wä-6. LiCl ` Na2CO3� Ä?]0 zD

H3BO3 ��� Ä?�0 ôõj y�7�& ��� ¹��� ó	 Ä

?{6 50% ö�@ð6. H3BO3 ¹��� Ä? ���X� ¦�  �

÷�� ø�+ noS� ùE- 3�� ��}6.

Fig. 20 900oC�X �9�� 1,000oC�X 3�Hàá ̂ _D ��  Q

È Y2O3: Eu ,O� PL ví·î&6. ^_D ��  QÚlX ����

y�7�	 50%�X 120% ú� �G@ð6. ¼¢ �9�]0 zD ̂ _

D ��  QÈ &��0 LiCl� y�7� �G ��� �B <= Nëû

�d &0 ��� ¹��� ó	 Ä?� J�WX 37% &G «�- 3&6.

Fig. 1. PL spectra of Y2O3 : Eu phosphor particles prepared at 900oC
by spray pyrolysis.

Table 1. List of samples used in the preparation of Y2O3 : Eu particles

Precursor Y nitrate+Eu nitrate(0.6 at% of total conc. 0.5 M)
Sample 1 Precursor+No flux
Sample 2 Precursor+5 wt% of LiCl (wt% of total Y2O3 : Eu)
Sample 3 Precursor+5 wt% of H3BO3

Sample 4 Precursor+5 wt% of Na2CO3

Fig. 2. PL spectra of Y2O3 : Eu phosphor particles prepared at 900oC
by spray pyrolysis and post-treated at 1,000oC for 3 hrs(2oC/min).

Fig. 3. PL intensities of Y2O3 : Eu phosphor particles prepared by spray
pyrolysis.
(P: Preparation, S: Annealing 9P10S3, P: 900oC, S: 1,000oC for 3 hr)
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Fig. 3	 X� 6ü ̂ _D 9���X� ��� ¹�� :ü Y2O3 : Eu

���� PL ò#T  Në¬ð6. 5 wt%� LiCl ��� ¹�- E�

���ý 900oC�X �9@g 1,000oC�X� ^_D ��  QÈ ,

O� �B Y	 PL ò#� Në¬ð0A &0 GþE ���� 88%�

Wä�0 3&6. Zl� H3BO3 ��� ¹�0 �9 \# ` ^_D

��� ß°�& ���� y�7�  <= ö��Ô6. noS� ùE

- H3BO3� �
�+0 ��� �E� ß°�& 1,000oC�X ^_D

� QÈ ,OT& ��� y� 7�  Nëÿ0A, & \#0 U�� +

G1�X� ^_D \#{6 200-300oC �# ¤6. &_î a� ^a

W1�X +G1� �W ¤	 ^_D \#�X ��� y�7�  f

  � F0 &Ï0 900oC�X fg� è�� ,OT& X��&<¯

<U� ���+ Y� Eu �a& ,O¬��X N��ý ���� ­

aM@g FU Þ�&6.

��� ¹�� ��� ,O� %��B� �Ú0 Ì�� JW �¨{

U VW Y2O3 : Eu,O� X� ªi ví·î  9�W{É6. Fig. 4�

X {�& LiCl �� ¹� ��� ß°�& �� o�- Y2O3 %� 

fðÛ  Pe� � F6. Na2CO3 ����ý# Ù	 %�� f  �

Fð�N, H3BO3� Ä?�0 ^_D �� 4, Y �a�� Z[� �W

noSe Y3BO6 G& L�@ð6. &Ã- noS& H3BO3 ��� 	

¾�0 E����ý �9} ���� y�7�  ö���0 ç5 �

ee 3&6[15].

Fig. 5� ��� ¹�� :ü Y2O3 : Eu ��� ,O� %�O <U�

Në¬ð6. ^_D \#� 1,000oC�X0 LiCl ��� �E- Ä?�

FgX ��� �E�� ó	 Ä?{6 %�O <U� 6� «�-6.

Zl� ^_D \#� 1,200oC* Ä?�0 ��� ¹�� ,O� %�

'#� 
6ü Ì�  �Ú� óÉ6. �, ��� ¹�� �- Y2O3 : Eu

���� y�Å# «�� *Z�e +G1�X]0 zD %�� «�

� �- 3& ç5- 5e& ¨�  � � F6. 5 wt%� LiCl ���

	¾�0 E����ý �9@g 1,000oC�X ^_D ��  QÈ ,

O� %�O <U� �B ñ�d, &0 GþE Y2O3 : Eu ���� 93%

� Wä-6.

��� ,O� ï >k0 Eu ���� ��' �#� Në¬0 U�

& @0 eO�¿, ��' �#� ½�$ oï� ï >k� �ú
�6.

a�^aW1� �W 900oC�X ¼¢ �9} Gd2O3 : Eu ,O0 3À

�#� Á	 �´ �H�� eW, 8 ���� �aõ ��'@� ó¨

X ��� ��' £� ùE� :ü y�7� �G& <= Nëû�N

[9], Æ Ç�� Y2O3 : Eu ,O� Ä?�0 ��� 	¾�� ó	 Ä?

� ��� ,O� ï>k� x=0.6563, y=0.3412� LiCl ��� ¹�-

Ä?(x=0.6565, y=0.3413)] Ù& ���� ��'� �aõ &�g�

6. :;X ��� #,� :ü Y2O3 : Eu ���� y� 7� �G	

���� ��']0 ß°� �6+ %¯ �  � F6.

Fig. 6	 ��� ��� 	¾�0 E����ý �9@g� Y2O3 : Eu

,OT� SEM ��&6. �� ,O0 900oC�X ¼¢ �9@g 1,200oC

�X 3�Hàá ^_D ��  Qâ6. Fig. 6(a)�X {�& ��� ¹

��� ó	 Ä?�0 ,OT& è���� ��  &�+0 F�.,

¬�� � �h&d *�0 ��� �h� �g� 3  � � F6. Z

l� ��� ¹�- Ä?�0[Fig. 6(b)-(d)], ,O� <U� ��� �E

�� ó	 Ä?� �WX ù	 3�� {¨ ,O ¬�� 9² � Ú�

- 3  � � F6. &0 ,O ¬��X ��� E�, ,O� �a E

W�� {6 ³& � �h� ,O� ���U Þ�&6. H3BO3 ���

¹�- E����ý �9} ,O� Ä?�0 noSe Y3BO6� eW

,OH� [�& *g� 3  Pe� � F6. Na2CO3 ��� 	¾�

0 E����ý �9} ,O� Ä?, �B ,O� <U� ù+, [�&

�0 ��- ��� Ú�- �9� ��0A, &0 ��� ¦� &
�,

E�� ¹�- Na2CO3 ��] Y ¸MÑ�� Z[� �W L�} Y �

M' �MÑ ��&/ ,OT& �L�� å"s�� ùE�� ¬��

��} �G� ,O� �9@ðU Þ�&6[16] .

��� Y2O3: Eu ���,O� %��, ï >k ` ,O� �h r�

�Ú0 Ì�  Ê�W � Þ, ��� ¹�- Ä?� FgX 37% �#�

Å# «�0 ��� ,O� %��&N �h �'� �Ú0 ¦� &
�

� 6ü 45- ¦�& ��¾  Nëì6. a� ^aW1� �WX �

9} 6%��� &�g� ��� ,O0 ,O ¬� �0 kl� Ë	

%sT  t06. &Ã- %s	 ���� y���  ö���0 �e

& }6. ��0 �9�� 4 ,O¬��X E���, &Ã- %s  �

Q�0 ¦�  -6. &0 ��� �- y�7� �G��� Y2O3: Eu

��� {60 Gd2O3 : Eu ���� FgX � <= NëN0 3��¿

#  !� � F6. 5%� LiCl ��� ¹��� 900oC�X ¼¢ ��

�� �9� Þ, Y2O3: Eu� Ä?0 ��� ¹��� ó	 ,O� �W

PL ò#� 17% «�- Zl, Gd2O3: Eu ,O� Ä?�0 PL ò#� 70%

&G «���6. &] Ù& Y2O3: Eu {6 Gd2O3: Eu�X LiCl ���

y�7� �G ��� � <= Në� 3	 a�^aW1� �WX �9

@0 Gd2O3: Eu ,O� �h7� Þ�&6. a� ^aW1� �WX �

9} Gd2O3: Eu ,O0 ,O ¬�� " � 6�� �9� ��d +\�

Fig. 4. XRD spectra of Y2O3 : Eu phosphor particles prepared at 900oC
by spray pyrolysis and post-treated at 1,000oC for 3 hr.
(2 oC/min)

Fig. 5. Crystallite sizes of Y2O3 : Eu phosphor particles prepared by spray
pyrolysis.
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�9\#�X0 ,O� �h� #= �g�0 7�  ��6. :;X

Gd2O3: Eu ,O� Ä? Y2O3: Eu� �W ,O ¬� %¾& Ë& ���

� LiCl ��� �- ¬� %¾ �Q ��� � <= NëNU Þ�&6.

4. � �

+G1�X ���� %� �B� Å# �G  VW �E@0 ���

a� ^aW1� #, Y2O3 : Eu ���� ¼¢ �9 ̀  ̂ _D��, �

�� ��� ,O� y� 7�, %�' ` ,O �h� �Ú0 Ì��

JW �¨{É6. ���0 �s& ¤+, a�E�e �E�� EW ®

� F0 LiCl, H3BO3 ` Na2CO3� �E��6.

a� ^aW1�X� ��0 +G1�X] Ù& ,O� %��B `

���� ��'��0 3 &
� ,O� �9� Ú��= � § . ¨

©;, ���� kl ` ,O ¬�� ���0 %s  �Q�0 ¦� 

¾��¿ ���� y� Å#� �G�$6. &Ã- 7�	 �Ã ��

×Ø� �W ß%@ð0A ,O� 6��*�$, &Ã- ��� ���

�& <= Nëû6.

� �

& '�	 2000(# �)-*21�þ� �W �a��@ðU� &�

+�/ ©6.
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