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|^���A{��
 Sr Ú Ba O�� Ca2.955−xMxSi2O7: 0.045Eu2+ (M = Sr, Ba, x = 0.1—0.5) X�F1
®, |^��lf�»� Sr Ú Ba ��O� Eu �, Ca2.955−xMxSi2O7 ¥� Ca ��, ïÄ Sr Ú Ba O�é�¬(
�Úu1A5�K�. X ��û�ÿÁ(JL², �þ Sr Ú Ba O�Ø¬UCÄ��¬N(�, �¬E,�ü�¬
X.�O�c, Ca2.955Si2O7: 0.045Eu2+ �¬�u�¸3 574 nm �m, �X Sr ¹þ�O\, �¬�u�¸u)7£;

 Ba ¹þ3 x = 0.1—0.4 �Ø¬Úåu�¸ ��£Ä, � x = 0.5 �¬�u�¸u)7£. Ó�¹þ� Sr Ú Ba

Ü©O��¬¥� Ca ��, Ba O��¬�1ÌrÝ�r.

'�c: ���A{, 7�WF1®, 1�u1, 7£

PACS: 42.70.–a, 81.30.Mh, 61.10.–i, 78.60.HK

1 Ú ó

Dè7�íu1á�äkûÐ�zÆÚ9
½5, �1áÂUår, 3ì²!w«��¡äk
2�A^ [1]. ± Si-O o¡N�æ(�ü��Dè
�,7�íNXF1®äk9!zÆÚË�½
5p!-uÌ°!u�N´ÏL�(�N��A
:, ´x1u1�4+ (white light emitting diodes,

WLEDs) ��ÿÀF1á� [2]. Ó�, Dè��
���«ûÐ�-¹J, ÙA^�¦F1®�u1
5U��
²w�Uõ.

Dèlf�u11��ûuÓ¬��lf�
��5�, ±��¸�å�Z6�^. Eu2+ 3Ø
ÓÄ�zÜÔ¥�ù!É!71.�[®k�
'�©z��, u�¸� 514 nm �°u��´~
�� Eu2+ ÉÚu1 [3]. ®²ïÄÑ
��N´
Ü¤� Eu2+ ��u1¥%�7�íX��F1

® [4,5] (~Xuù1� Li2SrSiO4: Eu2+ ±9u71
� Sr3MgSi2O8: Eu2+), Ù¥7�W´ïÄ�õ�
�«, §äk`û�u15U.

7�Wäkõ«zÆ�'Ú´L�¬N(
�, X ï Ä ' � õ � CaSiO3, Ca2SiO4, Ca3SiO5,

A2DSi2O7(A = Ca, Sr, Ba; D = Mg, Zn), ±
9 Ca3Si2O7. 8 c ® ² é CaSiO3, Ca2SiO4,

Ca3SiO5, A2DSi2O7 (A = Ca, St, Ba; D = Mg, Zn)

?1
�þ�ïÄ. X Cui � [6] ïÄ
 Sr Ú Ba

��O�� CaSiO3: Eu2+, ��
 Eu2+ �,ß
Ý©O� 0.05, 0.05, 0.07 � CaSiO3: Eu2+, SrSiO3:

Eu2+ Ú BaSiO3: Eu2+ �Àæ>b�¬, ùn«�
¬©Ou�71!É1Ú�1. ù«Àæ>bá
��Ñ
± i\ªkÅä�u1�4+1Ñ
�!�95U��"�. Park � [7] ïÄ
 Sr O
�� Ca2SiO4: Eu2+, � Eu2+ ��,ßÝ� 0.2,

Sr2+ �O�ßÝ� 0.2 ���
u�prÝÉ
1 (520 nm) � Ca2−xSrxSiO4: Eu2+ �¬. �²
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Ú4�¸ [8] 3 2006 c��
5UûÐ¿�·uC
b	-u�x1 LED ^É1F1®á� Ca3SiO5:

Eu2+. wè7á7�í A2DSi2O7 (A = Ca, Sr, Ba;

D = Mg, Zn) áu���(�, �´Ù¬N(��
3é��O, ØÓ�¬N(�¦�§��u1A
5��Ø�Ó. 'u Ca3Si2O7 �u1�k�'�
�, Qian � [9] ��Ñ
uù1� Ca3Si2O7: Eu2+

� ¬, Park � [10] ï � Ñ 
 u É 1 � Ca3Si2O7:

Eu2+ �¬. Ca3Si2O7 (§��´Øu1�, I�
�\ Eu2+) Ä�3 250—450 nm �mA�ØáÂ
1 [10], u1´du1¥% Eu2+ �-u� 4f 65d1

�Ä� 4f7 ��[¤� [11]. 8c�,®²��
�

'u Ca3Si2O7 �(�Ú1ÌA5, �´ Sr Ú Ba

O�é Ca3Si2O7 �(�Úu1A5�K�, 8c
����'��. 3�©¥, ·�|^���A{
��
 Ca2.955−xMxSi2O7: 0.045Eu2+ (M = Sr, Ba,

x = 0.1—0.5) X�F1®, ïÄ
 Sr Ú Ba O�
é Ca2.955−xMxSi2O7: 0.045Eu2+ (�Úu1A5
�K�.

2 ¢ �

æ^p§��{��
 Ca2.955−xSrxEu0.045Si2O7

Ú Ca2.955−xBaxEu0.045Si2O7 ü�X��¬. Ü¤
��� SrCO3 (XÝ� 99%), CaCO3 (XÝ� 99%),

BaCO3 (XÝ� 99%), SiO2 (XÝ� 99%), Eu2O3

(X Ý� 99.9%). � ¬ ¿ © ï � � 3 1100 ◦C

� GSL1400X ý�+ªp§¬¥é�¬?1ý
�(, òý�(���¬2g?1ï�, ï�Ð
��¬æ^ 769YP-24B ®"Ø¡Å?1Ø¡ (�
» Φ = 10 mm). òØÐ¡��¬3 1400 ◦C e
?1�g�(, �(�Ï\�íÚ�í�·Üí
N (90%Ar + 10%H2).

|^ X ��û�¤ (XRD, Rigaku, D/MAX-

2500) ÿ þ 
 � ¬ � ¬ N ( �, | ^ F 1 1 Ì
¤ (Hitachi, F-7000) ÿþ
�¬�-u1ÌÚu
�1Ì.

3 (JÚ?Ø

Ca3Si2O7 Ä ��ü � ¬ X, ¤ á � m +
� P21/a, ¬ � ~ ê� a = 1.0557 nm, b =

0.8885 nm, c = 0.7858 nm[9]. ã 1 Ú ã 2

© O ´ Ca2.955−xSrxEu0.045Si2O7 (x = 0.1, 0.5),

Ca2.955−xBaxEu0.045Si2O7 (x = 0.1, 0.2, 0.3, 0.4,

0.5) ü�X��¬� XRD ã. lã 1 �±wÑ,Sr

¹þ�CzvkUCÌ�û�¸� �, ù`²Ä
�¬�Eáuü�¬X, ��
g�û�¸� �
Ek�É, ù`²�p¹þ� Sr O�é¬�(�
k��K�. dã 2 ��, �¬þ�ü�¬N(�,

� x 6 0.4 �, �¬vkÑy,�¸, � x = 0.5 �,

�¬Ñy
,�¸, 3ã¥^ * ÒIÑ. ù�,�
¸éA�Ô�� Ba1.3Ca0.7SiO4, dÔ���3�
U´Ï��(�cï�Ø
¿©¤�.

ã 1 Ca2.955−xSrxEu0.045Si2O7 (x = 0.1, 0.5) � XRD ã

� � � � � � � ��� �� 	 
 � �  � � � � � � ��� ��� ����� � � � � �  ! " # # $ � % ! & ' ( % ! % ) # * +  , -. � � �  ! - # # $ � % !  ' ( % ! % ) # * +  , -/ � � �  ! 0 # # $ � % ! 1 ' ( % ! % ) # * +  , -2 � � �  ! # # # $ � % ! ) ' ( % ! % ) # * +  , -3 � � �  ! ) # # $ � % ! # ' ( % ! % ) # * +  , -. 4 5 6 7 8
ã 2 Ca2.955−xBaxEu0.045Si2O7 (x = 0.1, 0.2, 0.3, 0.4, 0.5)

� XRD ã

ã 3 Ú ã 4 © O ´ Sr ¹ þ� 0.1 Ú 0.5

� Ca2.955−xSrxEu0.045Si2O7 �¬�-u1ÌÚu
�1Ì, -u�3 280—530 nm �m. � x = 0.1 �,

ØÓ-uÅ��u�¸�Ñ3 570 nm NC; � x =

0.5 �, ØÓ-uÅ��u�¸�Ñ3 525 nm N

144209-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 144209

C. �X Sr ¹þ�O\, u�¸u)7£, ù´
Ï� Sr2+ �lf�»' Ca2+ �lf�»�, Sr

��\¦�¬�)ä, �¬�u1´du1¥
% Eu2+ � 4f 65d1 � 4f7 G��[¤�,  Eu2+ �
5d G�?3	�, É	Ü�¸K���, Ù 5d U?
3�¤ü«G�, ©OPkØÓUþ, �X Sr ¹þ
�O�, ¬�)ä, ¬|�^¦ Eu2+ � 5d U?�
3�§Ý\�, l��u�¸7£ [12].

� � � � � � � � � � � � � � �� � �� � �� � �� � �
� � 	


 � �  � � � � �
 � �  � � � � � 
 � �  � � � � �
 � �  � � � � �
 � �  � � � � �� ��� ���� !
ã 3 Ca2.855Sr0.1Eu0.045Si2O7 �¬�-uÚu�1Ìã

� � � � � � � � � � � � � � �� � �� � �� � �� � �� � � � 	 
 � �  � � � � 	 � � � � � � �� 	 � � � � � � �� 	 � � � � � � �� 	 � � � � � � �� � �� ��� ��� ! "
ã 4 Ca2.455Sr0.5Eu0.045Si2O7 �¬�-uÚu�1Ìã

ã 5 ´ x = 0.1, 0.2, 0.3, 0.4, 0.5 �
Ca2.955−xBaxEu0.045Si2O7 �¬�-u1Ìã, -
u��� 250—500 nm, ù`²O����¬3C
b	«�U
��éÐ�-u [10]. � x = 0.1—0.4

�, �¬3 310 nm Ú 350 nm ?kü�²w�-
u¸; � x = 0.5 �, �¬�k��²w�-u¸,

¿�¸ u)7£, ù´du�X Ba ßÝ�O\,

Eu2+ � 5d U?3�C�wÍ, l¦áÂ-u1
�Å�C� [12].

ã 6 ´ x = 0.1, 0.2, 0.3, 0.4, 0.5 �
Ca2.955−xBaxEu0.045Si2O7 �¬3 450 nm -ue
�u�1Ìã. lã¥�±wÑ, � x = 0.1—0.4

�, �¬�u�¸�þ3 570 nm ?; � x = 0.5

�, u�¸�£Ä� 540 nm �m. ù�Cz��
Ï´du Ba ¹þ�$� (x 6 0.4), ¬N|Cz�
�, Eu2+ � 5d U?3��é�; � x > 0.4 �, �
X Ba ¹þ�O\, Eu2+ ±�¬N|�Czm©²
w, ¬�)ä, Eu2+ �¬N|u)3� [2,12], l
¦ Eu2+ � 5d U?3�\�, �ª��u�¸u)
7£ [12,13]. Ó�du Ba �>K5' Ca �>K5
�, � x > 0.4 �, �Klf>K5�åO\�¦�
Ä�¬��d5²w~f, ù�´u�¸7£�
��Ï [6]. lã 6 ��±w�, �X Ba ¹þ�O\
u1rÝk¤eü, ù´du�XO�ßÝ�O\
¬�¥�²ßÝÚ�²U?�ÝÑk¤eü, l
��u1rÝ~f [14].

� � � � � � � � � � � � � � � � � ��� � �� � �� � �� � �� � � �
	 
 �

�� �� �� �� ����� � � � � � � � � � � � � � � �  ! � � � " � # $ � % &� � � � � � & � � � � � � �  ! � � � " � # $ � % &� � � � � � ' � � � � � � (  ! � � � " � # $ � % &� � � � � � � � � � � � � "  ! � � � " � # $ � % &� � � � � � " � � � � � � �  ! � � � " � # $ � % &
ã 5 Ca2.955−xBaxEu0.045Si2O7 (x = 0.1, 0.2, 0.3, 0.4, 0.5)

�-u1Ìã

� � � � � � � � � � � � � � � � � ��� � �� � �� � �� � � �� � �� 	 
 �� �� ����� � � � � � � � � � � � � � � �  ! � � � " � # $ � % &� � � � � � & � � � � � � �  ! � � � " � # $ � % &� � � � � � ' � � � � � � (  ! � � � " � # $ � % &� � � � � � � � � � � � � "  ! � � � " � # $ � % &� � � � � � " � � � � � � �  ! � � � " � # $ � % &
ã 6 λex = 450 nm � Ca2.955−xBaxEu0.045Si2O7 (x = 0.1,

0.2, 0.3, 0.4, 0.5) �u�1Ìã
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� � � � � � � � � � � � � � ��� � �� � � � � � 	�� 
 � 	� � � � ��� ����� � � � � � � � � � �  ! " � # $ % " � " & �  ' � ( )* � � � � � � � � + � " � # $ % " � " & �  ' � ( )� � � � � � & � �  ! " � � $ % " � " & �  ' � ( )* � � � � � & � � + � " � � $ % " � " & �  ' � ( )

ã 7 λex = 450 nm � Sr Ú Ba O�þ©O� 0.1 Ú 0.5 ��
¬�u�1Ìã

ã 7 ´ Ca2.855Sr0.1Eu0.045Si2O7 Ú Ca2.855Ba0.1

Eu0.045Si2O7 ± 9 Ca2.855Sr0.5Eu0.045Si2O7 Ú
Ca2.855Ba0.5Eu0.045Si2O7 ü | � ¬ 3 450 nm -
u1e�u�1Ìé'ã. lã¥�wÑ, ^Ó�
¹þ� Sr Ú Ba Ü©O��¬¥� Ca ��, Ba O
�¤/¤�1ÌrÝ�r, ù�y��d>fÚ(
f�m��p�^nØ)º [15]. Ba2+ �»' Sr2+

�»�, ü«lf±�Ó¹þ©OO� Ca2+ �, ¬
N¥¤/¤�>f - (fXÚk�É, du>f -

(fXÚ�u1¥% Eu2+ �m�3�p�^ [16],

�¦ Eu2+ ��ÓU?�m�>f�[êþÑy�
É, Ba O��>f�[êþ�u Sr O��>f�
[êþ, l Ba O��u1rÝ�r.

4 ( Ø

æ ^ � � � A { � � 
 Sr Ú Ba O �
� Ca2.955−xMxSi2O7: 0.045Eu2+ (M = Sr, Ba, x =

0.1—0.5) X�F1®. XRD (JL², �þ� Sr

Ú Ba O�, éÄ� Ca3Si2O7 �¬N(�Ä�vk
K�, �¬E�ü�¬X; �X Sr O�þ�O\, �
¬�u�¸u)7£, u�¸�¤éA�rÝ�~
f; �X Ba O�þ�O\, u�rÝ~f, � x =

0.5 ��¬�u�¸7£. ^Ó�¹þ� Sr Ú Ba

Ü©O��¬¥� Ca ��, Ba O��¬�u�1
ÌrÝ�r.
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Abstract

A series of Ca2.955−xMxSi2O7: 0.045Eu2+ (M = Sr, Ba, x = 0.1—0.5) phosphors is prepared by solid-state reaction method.

The influences of Sr or Ba with larger radius substitution on the structure and luminescence properties for Ca2.955Si2O7: 0.045Eu2+

phosphor are investigated. The XRD results show that a small quantity of Sr or Ba substitution of Ca does not change the structure of

Ca3Si2O7 host which has a monoclinic crystal structure. Before the substitution, the emission peak is at about 574 nm. If the Ca2+

ions are substituted by Sr2+ or Ba2+ ions, the emission peak is blue shifted when the Sr or Ba concentration is 0.5. In addition, for the

same doping contents of Sr and Ba, the Ba doped phosphors have stronger emission intensity.

Keywords: calcium silicate phosphor, solid-state reaction method, photoluminescence, blue shift
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