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æ^�Z�{Ü¤�,ßÝØÓÚ�(§ÝØÓ� CaWO4:Eu3+ X�F1N, ù
F1NÑäk Eu3+ lf�
A�F1u�. 3ØÓ§Ý�(�, pßÝ�,��¬ (Eu3+ �, 30 ½ 50 mol%) �¼����u1rÝ, $ßÝ
�,��¬ (�, 0.5—2 mol%) 3 800 ◦C �(���¼�`É�u1rÝ. ¢�(JL², Eu3+ lfpßÝ�,
� CaWO4:Eu3+ 3b	1-ue�¤�p�u1�F1®.

'�c: CaWO4:Eu3+, Judd-Ofelt nØ, �,ßÝ, 1�u1

PACS: 78.55.−m, 33.50.Dq

1 Ú ó

CaWO4 äkx¾¶(�, ´�«�uÑ7Ú
F1�g-¹F1á�, 3�\ Eu3+ lf�, §
=C��uÑpXÝù1�u1á�½�{�
á�, 2�A^u-1Ú�Æ���+� [1−3].
é CaWO4:Eu3+ ó, du Eu3+ lf�» (0.95 Å)
� Ca2+ lf�» (0.99 Å) �~�C, Eu3+ lf
�N´Ø�d�� Ca2+ lfÓâÙ� , 
� Eu3+ lf��þ�,¿Ø¬UC CaWO4 �¬
N(� [4].

¯¤±�, Dèlf��,ßÝéá��u1
5Uäk��K�. 3u1á�¥�\pßÝ
�Dèlf, du�,lf�m�ål á, 1Ì
UO�, ù��¡¦�,lfm´u)��µ
þ, ,��¡�¦-u3�,lfm[£��Ç
\�, N´��d«¥%, (J¬�fá��u1,
î�$�ÚåßÝd« [5,6]. Ïd, 3u1á�
¥, �,Dèlf (��-¹J½¯uJ) �¹þÏ
~�z©�A��ßÝ [7]. ~X, �ï#�|3ï
Ä CaWO4:Eu3+ F1®�uy�, 1 mol%� Eu3+

lf�¼�r�1�u1 [8]. d	, 3Ù¦�Ä�
á�¥�uy
aq�(J. Wang �uy Eu3+ l
f3 Ca2SiO4, Sr2SiO4 Ú Ba2SiO4 F1®¥��Z
�,ßÝþ� 1 mol%[9]. Á�A�uy Eu3+ lf
3 BaAl2Si2O8 F1®¥�, 3.5 mol%�, Ùu1
rÝ����� [10].

d	, 3u1á�¥�\pßÝ Eu3+ lf�,
3Ù-u�Æ·ÏmS, -uU�D4�Ç�'
Ë��Ç¯ 104 � [7]. ndDèlf�Ë��
Çq'�$ [7]. pßÝ�,� Eu3+ lf�±
áÂv
�-uU¢yË��[. 3 Eu3+ lf
pßÝ�,�¡, �
�|��
�'�ïÄó
�. ~X, ½ä��|ïÄuy SrMO4:Eu3+ F1
®3 800 ◦C ú�e��Z�,ßÝ� 15 mol%[11],
SrWO4:Eu3+ ��Z�,ßÝ� 20 mol%[6]. ��
ü�uy Eu3+ lf3 Gd2W2O9 Ú Gd2(WO4)3 B
�F1®¥��Z�,ßÝ� 20 mol%[12]. ù
(
JL², Eu3+ lf3u1á�¥��,ßÝ�±
Jp� 15—20 mol%, �ÑyßÝd«, ��¼�
��u1rÝ. ,, Eu3+ lf3u1á�¥�,
ßÝ�u 20 mol%�ïÄ�����. �©æ^�
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Z�{Ü¤ CaWO4:Eu3+ X�F1®, |^ J-O n
Ø¥�rÝëê Ω2 ïÄ�,ßÝÚ�(§Ýéu
1rÝ�K�. ¢�(JL², 30 ½ 50 mol%�,
� CaWO4:Eu3+ 3b	1-ue�¤�p�u1
�F1®.

2 ¢ �

2.1 ���¬¬¬ÜÜÜ¤¤¤

¤^zÆ�¬Ø Eu2O3(99.99%) 	Ù{þ�
©ÛX. æ^�Z�{�� CaWO4:Eu3+ F1N,
Ù¥ Eu3+ lf��,ßÝ©O� 0.5, 1, 2, 5, 8, 10,
15, 20, 30, 50 Ú 70 mol%.

äN¢�L§Xe: ò·þ Eu2O3 ��z, ^
�lfYDº¤YM�, \\·þ Na2WO4·2H2O,
²¿©M)� (pH = 8) 2\\ OP ZzJ 10 ml,
�C� 20 ml, à¯�U 0.5 g, ^å�� 20 min, �
�¤ A �. ,����M)·þ Ca(NO3)2·4H2O,
�¤ B �. ò B ��ú%\ A �¥, ^å�� 1 h
��xÚ]Z� (pH = 7). ²l%!�WÚ 100 ◦C
eZH 24 h �, òÜ©�¬3 600, 700, 800, 900
Ú 1000 ◦C e©Oú� 1 h, ��¤xÚ®".

2.2 ���¬¬¬���LLL���

æ^F�nÆ D/Max-2200 . X ��û�¤ÿ
½�¬�¬N(�. æ^F�>f JEM-1010 .ß
�>º*	�¬�/m. æ^Fá F-2500 .F1©
11ÝO (Xe ��-u1, ×£Å���: 220—
750 nm, \�ÚÑ�d¿°Ýþ� 5 nm, 1>�O
+>Ø� 700 V, ×£�Ý� 1500 nm/min) uÿ�
¬�F11Ì, {�1ÌÚ{�P~�. {�1
ÌÚ{�P~��ÿþ�{: ò�¬3 272 nm
-u1ì� 5 min �, '4ÑÑ1¹�, 2?1
1ÌÚP~��ÿþ.

3 (J9?Ø

3.1 ®®®NNN���(((���©©©ÛÛÛ

ã 1 � 800 ◦C � ( ^ � e Ø Ó � , ß
Ý CaWO4:Eu3+ � XRD ãÌ. dã��, �,ß
Ý� 1, 5 Ú 10 mol%�¬þ´ü��, Ùû�¸�
N%o�¬X CaWO4 � JCPDS k¡#41-1431 û
�ÌÎÜ, IOk�¬�ëê� a = b = 5.24 Å,

c = 11.37 Å. ®N�²þ¬âº���â Debye-
Scherrer �§O�

Dhkl =
Kλ

β cos θ
, (1)

Ù¥, Dhkl L«÷ [hkl] ���¬âº�, K = 0.9,
λ ´ Cu Kα Ë��Å�, β ´û����p
°. �â�§ (1) Ú3 2θ = 28.728◦ ?û��
� � p °, � , 1, 5 Ú 10 mol%� ¬ � ¬ â º
�� 205 nm �m. d	, dã��*	�n�
�,�¬�û����,ßÝÑkO��y�.
ù´Ï� Eu3+ lf�»' Ca2+ �Ñ�, dú
ª sin θ = λ

√
h2 + k2 + l2/2a ��, �IOk�

', �¬�û����,ßÝ�O\ÑkO�.

ã 1 800 ◦C �(eØÓ�,ßÝ CaWO4:Eu3+ � XRD ãÌ

Xã 1 ¤«, ��, 30 mol%�, �¬m©u
)�C; �, 70 mol%�, ¬�)²w��C. �
C��¬� X ��û�Ì�ü�¬X Eu2WO6

� JCPDS k¡#23-0980 û�ÌÎÜ, IOk�¬
�ëê� a = 16.73 Å, b = 11.22 Å, c = 5.48 Å,
β = 110.65◦. ��, 1, 5 Ú 10 mol%�¬�', �
, 70 mol%�¬�¬�u)²wCz, Ù�Ï�8
u, Eu3+ Ú Ca2+ lf����>Ö, 3pßÝ�
,�du�þ�>ÖÖ��^¬UC CaWO4 �¬
�(�, ���C�u).

ã 2 � 1 mol%Eu3+ �,� CaWO4 3 800 ◦C
�(�� TEM ì¡ (a, b). dì¡��, ®N¥
Ã5K/m, Ù®NâÝ3 1 �A��. ù�|
^ Debye-Scherrer �§O��(J�3����
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É, Ù�Ï´B�? CaWO4 :Eu3+ ¬â²p§�
(�¬u)ìà, �ª¬/¤��?�®N�â.

ã 2 800 ◦C �( CaWO4:Eu3+ (1 mol%) � TEM ì¡

3.2 ®®®NNN���uuu111555UUU

3.2.1 Eu3+ ��-u
ã 3 ´ØÓßÝ�, CaWO4:Eu3+ (800 ◦C �

() 3iÿÅ�� 614 nm �¼��-uÌ (ã 3(a))
Ú3-uÅ�� 395 nm ����u�Ì (ã 3(b)).
dã 3(a) ��, 3 220—350 nm ?¤k�¬þ¥
y���p�°¸, Ù�p¸ Ï�,ßÝ��
Ék¤ØÓ, §�áu CaWO4 Ä�¥ WO2−

4

ÒlfìS� 2 p >f?\¾ 5 d �;��>Ö
 £�[ (charge transfer transition)[13]. ¤k�¬

3 357—425, 440—497 Ú 520—550 nm ?©OÐ
yrÝØ��Ä¸, ù
¸8áu Eu3+ � f—f �
m�[. 3ã 3(b) ¥, À^ 395 nm ��-uÅ�,
ÏLé CaWO4 ¥�, Eu3+ lf���-u, ¢
y Eu3+ lflÄ� 7F0 �-u� 5L6 ��[. Ù
�[L§Xã 4 ¤«.

Eu3+:7F0 + hν(��1fUþ)

→ Eu3+:5L6(Ä�áÂ). (2)

¯¤±�, �Ë��[ (~X, õ(fµþ) �
6uÄ�á�¥���(fUþ. �âUY½n,
� p = ∆E/~ω 6 5 �, õ(fµþÓÌ�/ ,
Ù¥ p ´õ(fµþL§¥¤I��(fê, ∆E

´��U?m�UY, ~ω �Ä�á����(f
Uþ [14]. CaWO4 ��(fUþ� 915 cm−1[15], K
3 CaWO4 ¥ Eu3+ lf��U?m� p �´�O
��, Ù(JXã 4 ¤«. dã¥� p ���, >
fÌ�ÏLÃË��õ(fµþl Eu3+ lf�
-u� 5L6 ² 5D3, 5D2 Ú 5D1 ��-u� 5D0.
Ï Eu3+ -u� 5D0 �eC�Ä� 7F6 m� p �
� 13.5, K3ùü�U?mÃ{¢yÃË��õ
(fµþ. Ïd, >f¬l 5D0 -u�²Ë��
[�Ä� 7F4, 7F3, 7F2, 7F1 Ú 7F0, uÑ¥%Å�
� 580, 592, 614, 650 Ú 702 nm � Eu3+ lfA�
1Ì. 3ã 3(b) ¥I«Ñ�A�Ë��[L§.

ã 3 800 ◦C �(eØÓßÝ�, CaWO4:Eu3+ �-uÌ (a) Úu�Ì (b)
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ã 4 Eu3+ lf���-uÚË�/�Ë��[«¿ã

AO��5¿�´, 3 Eu3+ lf�Ë��[
¥, 5D0 → 7F1 �[ (592 nm) ´^ó4�[, Ù
u1Ä�ØÉ Eu3+ lf¤?�¸�K�, 5D0 →
7F4,6 �[´f�>ó4�[,  5D0 → 7F2 �
[ (614 nm) ´�(¯>ó4�[, Ùu1r�/É
� Eu3+ lf±�Û��¸�K�, Ïd3�Ná
�¥, Eu3+ lf���F1&�5&ÿ�Ná�
¥�Û�(�&E [7,16].

1) Eu3+ pßÝ�,éu15U�K�. �

ïÄ Eu3+ lf�pßÝ�,éu15U�
K �, ¢ � ¥ ± Ø Ó � ( § Ý e Ø Ó ß Ý � ,
� CaWO4:Eu3+ �ïÄé�, æ^é Eu3+ lf
���-u5ÿþ�¬�u�Ì. ÿþ(JL²,
� Eu3+ lf��,ßÝO\� (~Xã 3(b) ¤«),
¤k�¬�u�¸ A��u)Cz, u1rÝ
��,ßÝ%k��UC. ùL², �,ßÝ�O
\éu1rÝäk�½�K�.

�
ïÄù�K�, ·�©Oé�¬�A�
u1�?1È©, ¼�È©rÝ��,ßÝ�m
�'X�. dã 5 ��, 3 600—700 ◦C Ú 800—
1000 ◦C �(§Ý«mS, È©rÝ��,ßÝ�
3ü«ØÓ�Czª³. 3 600—700◦C «m, X
ã 5(a) ¤«, u1rÝ� Eu3+ lf�,ßÝ�O
\¥y±eA:: ¬ �,þ�u½�u 1 mol%�,
u1rÝþØÓ§Ý/~f. �,þ� 1 mol%�´
�4�:, ù��ï#�|�¢�(J�ÎÜ [8].
 �,þO\� 50 mol%�, u1rÝ����
�. ® UYO\�,þ, u1rÝ¬×�ü$, /
¤ßÝd«. � 600—700◦C «m�¢�(J�
', Xã 5(b) ¤«, Ø
 1 mol%E´�4�:	,
3 800—1000◦C «mS�¬���u1rÝ�$
�,þ��£Ä, =d 50 mol%~�� 30 mol%.

ã 5 ØÓ§Ý�(e CaWO4:Eu3+ u�ÌÈ©rÝ��,ßÝ�'X�
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ã 6 ØÓ�(§Ýe CaWO4:Eu3+ (1 mol%) �-uÌ (a) Úu�Ì (b)

ã 7 ØÓ�(§Ýe CaWO4:Eu3+ (1 mol%) u�ÌÈ©rÝ��(§Ý�'X
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¯¤±�, 3Dè�,ßÝ�p�zÜÔ¥,
�,Dèlfm�ål¬~�, lfm��p�
^Or, �)��µþ, ��zÜÔu1rÝÚu
1�Ç�ü$, ùÒ´ßÝd« [5,6]. �¢�¥, X
ã 5(a), (b) ¤«, 3�,ßÝp� 30 ½ 50 mol%�
¿��)ßÝd«, ��%*	��ru1y�.

ùp, ·�|^ Judd-Ofelt nØ¥�Ë��Ç,
ïÄu1Or��Ï. Ë��Ç AR ½Â� [17]

AR = Amd +
64π4ν3

Je2

3h
× 1

4πε0
× n(n2 + 2)2

9

×
∑

J=2,4,6

ΩJ〈5D0‖U (J)‖7FJ〉2, (3)

Ù¥, Amd �^ó4Ë��[�Ç, � Eu3+ ¤?�
Ä�Ã', ´�~ê; νJ ´>ó4�[�²þªÇ;
e ´>f>þ; h � Plank ~ê; ε0 �0>~ê; n ´
Ä��ò�Ç (CaWO4: n = 1.9185); ΩJ (J = 2, 4
Ú 6) ´rÝëê; < 5D0||U (J)||7FJ >2 ´�A�
[©þ�²��zÝ
�. Ïd, d (3) ª��, >
ó4�[ (5D0 → 7F2,4,6) �Ë��Ç AR ���
rÝëê Ω2,4,6 k'. �â Judd-Ofelt nØ, rÝë
ê ΩJ (J = 2, 4 Ú 6) �ÏL Eu3+ lf�u�Ì5
O�¼�. ��@�, �¯arÝëê Ω2 ��N�
, Eu3+ lf±�¬|�Û��¸, Ω2 ���N

á��d5�r, é¡5�$¶��, lf5�r,

é¡5�p [18]. >ó4�[�^ó4�[�rÝ
'�L«� [17]∫

IJ(ν)dν∫
Imd(ν)dν

=
e2

Smd
· v3

J

v3
md

· (n2 + 1)
9n2

×ΩJ · 〈5D0‖U (J)‖7FJ〉2, (4)

Ù¥,
∫

IJ(ν)dν Ú
∫

Imd(ν)dν ©O´ 5D0 → 7FJ

Ú 5D0 → 7F1 �[�1Ì¡È; Smd ´^ó4�
[Ì�rÝ; νmd ´^ó4�[�²þªÇ. ·�
¢�¥uy, � 5D0 → 7F2 �[�', 5D0 → 7F4,6

�[´f�>ó4�[, rÝëê Ω4,6 ��Ñ.
Ïd, �â (4) ª�O�ØÓßÝ�,�¬�r
Ýëê Ω2. L 1 w« 800 ◦C �(eØÓ�,ß
Ý CaWO4:Eu3+ �1ÌrÝëê Ω2. dL��, ë
ê Ω2 3 30 mol%�,�wy���, L² Eu3+ l
f?u�é¡¬|¥, �±��Ù¦lf�m�
34r��d�, ùé Eu3+ lf� 5D0 → 7F2 �
¯a�[´�~k|�. �âL 1 Ú (3) ª��,
3 800 ◦C �(e, � Eu3+ lf�, 30 mol%��
¬¬¥y���Ë��Ç. d	, 3 Eu3+ lf-u
�Æ·ÏmS, pßÝ�, Eu3+ lf�m-uU
�D4�Ç�'ÙË��Ç¯� 104 � [7], ùq(
�z� Eu3+ lfÑU
¼�v
�-uU¢y
Ë��[. Ïd, 3 CaWO4 Ä�¥, pßÝ�,�
¬E�¼��Z�u1, Øu)ßÝd«y�.

L 1 800◦C �(eØÓ�,ßÝ CaWO4:Eu3+ �1ÌrÝëê Ω2

�,ßÝ /mol% 0.5 1 2 5 8 10 15 20 30 50 70

Ω2/10−20 cm2 1.381 1.596 1.893 1.888 2.035 1.9651 2.011 2.096 2.295 2.045 1.480

d 	, 3 600—700◦C Ú 800—1000◦C ü �
� ( « m S, � � u 1 r Ý ¤ é A � � , ß Ý
d 50 mol%ü$� 30 mol%, Ù�Ï´�,ßÝ
�p$UC�¬��C§Ý, ¦�¬3ØÓ§Ý
�(��)ØÓ��. 3ØÓ��¥, rÝëê Ω2

¬u)Cz, ?K� Eu3+ lf>ó4�[�Ë
��Ç. ~X, 3 800 ◦C �(e, �, 30 mol%�
�¬m©dN%o�¬X� CaWO4 �ü�¬X
� Eu2WO6 =C, Xã 1 ¤«.

2) �(§Ýéu1rÝ�K�. ·��ïÄ

�(§ÝéØÓßÝ�,�¬u15U�K�.
ã 6 w« Eu3+ �,ßÝ� 1 mol%� CaWO4 3
ØÓ§Ý�(e�-uÌã 6(a) Úu�Ìã 6(b).
¢�¥, iÿÚ-uÅ�Xã¤«. lã 6(b) �
�, �(§Ýéu1rÝk�½�K�. ²O�u
y, Eu3+ A�¸�È©rÝ��A�(§Ý3�

, 0.5—2 mol%Ú 5—70 mol%�©O¥yü«Cz
ª³, Xã 7(a), (b) ¤«. 3�, 0.5—2 mol%�, �
¬�u13�(§Ý� 800 ◦C ��)���rÝ;
5—70 mol%�, u1rÝ��(§ÝÅìO�.

ùp, ·�± 1 mol%�, CaWO4 �~ÿÁ

�¬3ØÓ§Ý�(e� XRD, (JXã 8 ¤
«. � CaWO4 IOk PDF#41-1431 �', �X�
(§Ý�O\, CaWO4 (¬z§Ý�ÅìO\, ù
��¡k|u Eu3+ lfÓâ CaWO4 Ä�¬�
¥� Ca2+ � /¤u1¥%, ,��¡�k|
u Eu3+ lf3 CaWO4 ¬N¥�þ!©Ù.

d	, �â (4) ªO�
 1 mol%�, CaWO4

3ØÓ§Ý�(e�rÝëê Ω2, Ù(Jw«3
L 2 ¥. dL��, �X�(§Ý�O\, ëê Ω2

ÅìO�,�×�~�, �(§Ý� 800 ◦C ��
����. Ïd, d (3) ª��, 3 800 ◦C �(�,
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1 mol%�, CaWO4 ¬¥y���Ë��Ç.

L 2 ØÓ�(§Ýe CaWO4:Eu3+ (1 mol%) �1ÌrÝëê Ω2

�(§Ý /◦C 25 600 700 800 900 1000

Ω2/10−20 cm2 1.596 1.869 2.183 2.293 2.209 1.789

ã 8 ØÓ�(§Ýe CaWO4:Eu3+ (1 mol%) � XRD ãÌ

3.2.2 éÄ��-u
éÄ��-ukÏuïÄ-uU3u1á

�¥�DÑ. �u 30 mol%�, CaWO4 3 800—
1000 ◦C � ( « m S Ð y � Z � u 1 5 U (�
ã 5(b)), ÏdÀJ3 800 ◦C �(��¬ÿÁÙ
éÄ��-u.

ã 9 w« 800 ◦C �(� 30 mol%�, CaWO4

3 614 nm iÿe�-uÌã 9(a) Ú3 272 nm -
ue�u�Ìã 9(b). ���-u�' (�ã 3(a)
Úã 9(a)), �, 30 mol%�-uÌ¥°¸�rÝ
��u�, 1 mol%�°¸�rÝ. d	, u�Ì¥
Ø
3 592 Ú 614 nm ?Ðyü��r�Ä¸	,
3 431 nm ?�Ñy
���f�°¸, Xã 9(b)
¤«. ù�3 431 nm ?Ñy�°¸A8u CaWO4

Ä�¥ WO2−
4 ÒlfìS�>Ö £�[ [13].

l°¸�rÝ�$Ä¸�rÝ�é�p�ýÿ,
3 272 nm b	1�-ue CaWO4:Eu3+ (30 mol%)
¥l WO2−

4 lfì� Eu3+ lf�UþÑ$�Ç´
'�p�, ù�U´du3pßÝ Eu3+ �,e-
uU�D4�Ç�p��� [7].

duu�Ì¥�3 WO2−
4 lfì�>Ö £

�[Ú Eu3+ lf�A�u1, ÙEÜu1�ÏL
ÚÝ�m� (x, y) �I5L«. ÚÝ�I (x, y) �
L��

x =
X

X + Y + Z
,

y =
Y

X + Y + Z
,

z =
Z

X + Y + Z
, (5)
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ã 10 CaWO4:Eu3+ (30 mol%) Ä�Ú Eu3+ lfu1� CIE
1931 ôÚã (�ã¥ H IP)

Ù¥, X , Y Ú Z ´nÚ-y�. éäk1ÌõÇ©
Ù� I(λ) �nÚ-y��L«�

X =
∫ ∞

0

I(λ)x̄(λ)dλ,

Y =
∫ ∞

0

I(λ)ȳ(λ)dλ,

Z =
∫ ∞

0

I(λ)z̄(λ)dλ, (6)

Ù¥, λ ´üÚ1�Å�, x̄(λ), ȳ(λ) Ú z̄(λ) ´nÚ
��¼ê [19]. ã 10 � CaWO4 Ä�Ú Eu3+ lfu
1�ÚÝ�IO�(J (x = 0.292, y = 0.219),
^ H Ò L «. ( J L ², 3 272 nm - u e,
30 mol%�, CaWO4 �EÜu1¥yxÚ.

4 ( Ø

þ ã ¢ � 9 ? Ø ( J L ², p ß Ý �
, CaWO4(Eu3+ �, 30 mol%½ 50 mol%) ��v
ku)F1�ßÝd«y�, ��%¢y
�r�
1�u1¶é$ßÝ�, CaWO4 (0.5—2 mol%),
3 800 ◦C �(���¼`É�u1rÝ. Ïd�±
@�, 30 ½ 50 mol%�,� CaWO4:Eu3+ 3b	1
-ue�¤�p�u1�F1®.
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Effects of doping concentration and sintering
temperature on luminescence of CaWO4:Eu3+
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Abstract
The CaWO4:Eu3+ phosphors with different doping concentrations and different sintered temperatures are synthesized using the

microemulsion reaction method. After sintered at different temperatures, the samples with doping concentration of 30 or 50 mol%
can obtain the brightest characteristic emissions from Eu3+ ions. At 800 ◦C, moreover, the samples with doping concentrations of
0.5—2 mol% can emit the strongest light. It is therefore concluded that more intense emissions enable the CaWO4:Eu3+ phosphors
with high doping concentrations to have great potential to be used as efficient phosphors in the future.
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