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^p§LK{��
± SiO2-B2O3-Al2O3-Gd2O3 �Ä�XÚ Ce3+ �,�Àæ�¬, ÿÁ�¬��Ý!b
	 —– ��ß�1Ì!b	-u1ÌÚÌ��ðc5U, ¿�r�Ü©ðc5UÚ PbWO ¬N9 BGO ¬N�'
�. X­ïÄ
ØÓ Ce3+ �,ßÝ� Gd3+ lf�¹þéÀæ�¬ðc5U�K�5Æ. (JL²: Àæ�¬ä
k����Ý; �¬� X ��-uu�1Ìu�¸ �Ñ3 390 nm �m, � Ce3+ lf��,ßÝ� 1.0 mol%(�
�©ê)!Gd2O3 ¹þ� 15 mol%�, Àæ�¬�u1¸rÝ�� BGO ¬Nu1rÝ� 90%; Ó��y
 Ce3+ l
fäkßÝd«�A; Gd3+ �±¯z Ce3+ lfu1, �´ Gd3+ lf���½ßÝ�, �
¬�)d«�A, ü$

 Ce3+ lf�u1. Ce3+ lf�, SiO2-B2O3-Al2O3-Gd2O3 XÚ�ðcÀæk"O�ðc¬N2�A^upU
Ôn¥.

'�c: �zÔÀæ, Ce3+ �,, UþD4, p�Ý

PACS: 29.40.Mc, 32.30.Rj, 32.30.Jc, 78.66.Jg

1 Ú ó

Cc5, ��,ðc¬Nduäkp�Ý!¯
ðc!FË�5UÐ�`:
3pUÔn9��
¤�+�2�A^ [1−3]. ðcÀæ�éu¬N5`
äk|©´N�!N´�º���!¤�$í�
A: [4−7]. �´, ÀæðcN��3�½�Û�5,
u15U�Ø9ðc¬N, ��Ý $, K��À
æðcN�2�¦^. ùéu^ÀæðcNO�ð
c¬N�)
�½�K�.

L�éðcÀæ�ïÄÌ�8¥3ÍzÔÀ
æ [8] Ú�zÔÀæþ. ÍzÔÀæäkp�Ý!
b	ß15UÐ�`:, �´, ÍzÔðcÀæF
Ëì5U�, äku1d«Ï
1ÑÑé$, ¤±
ÙA^É�4�/��. ­7á�zÔÀæ (HMO)
�ïÄÌ�8¥3± PbO �ÀæÄ�5O\Àæ
��Ý±UõÀæ�FË�5U, �´ù
Àæ�
1���´Ø¦X<¿, 
� PbO kÓ´�u, À
æL�L§¥I�î���o��, Ï
�O\


Àæ���¤�.
�©± SiO2-B2O3-Al2O3-Gd2O3 �Ä�XÚ,

Ù¥± Gd2O3 �ÀæÌ�Ä�Ø=UJpÀæ
�FË�5UÚÀæ�Ý, 
�Àæ¥� Gd3+

3,
�¹eé Ce3+ �u1k�Ð�K�. U
C Gd2O3 Ú Ce3+ lf��,ßÝL�
�1
Àæ�¬, ?1�Ý!b	 — ��ß�5U!
b	-u1Ì9ðc5U�ÿÁ, ¿r¢��¬
Ú PbWO ¬N9 BGO ¬N�'�, ©Û¤��(
J.

2 ¢ �

2.1 ���¬¬¬������

¢��¬��¤©�¹ SiO2, Al2O3, B2O3,
Gd2O3 Ú Ce2O3. ¤^���þ�©ÛXÁJ, Ù
¥ Al2O3 ± Al(OH)3 Ú\, B2O3 ± H3BO3 Ú\,

 Ce2O3 d CeF3 Ú\, Ù¦��þ±��zÔ/
ªÚ\. �[�¬|¤¤©�uL 1 ¥.
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L 1 Àæ�¬|¤9�Ý

SÒ ?Ò �¬|¤���' �Ý/g·cm−3

1 SBAG1 42SiO2-40B2O3-15Al2O3-2Gd2O3-1.0Ce2O3 2.778

2 SBAG2 40SiO2-39B2O3-15Al2O3-5Gd2O3-1.0Ce2O3 3.033

3 SBAG3 38SiO2-36B2O3-15Al2O3-10Gd2O3-1.0Ce2O3 3.489

4 SBAG4 35SiO2-34B2O3-15Al2O3-15Gd2O3-1.0Ce2O3 3.944

5 SBAG5 33SiO2-31B2O3-15Al2O3-20Gd2O3-1.0Ce2O3 4.378

6 SBAG6 27SiO2-27B2O3-15Al2O3-30Gd2O3-1.0Ce2O3 4.994

7 SBAG7 35.5SiO2-34B2O3-15Al2O3-15Gd2O3-0.5Ce2O3 4.006

8 SBAG8 34.5SiO2-34B2O3-15Al2O3-15Gd2O3-1.5Ce2O3 4.051

9 SBAG9 34SiO2-34B2O3-15Al2O3-15Gd2O3-2Ce2O3 4.099

±z�¬o­ 20 g O�Ñ¤I�«��3
z�¢�� ¬¥��þ, ,�^U²©O¡þ
�, �\çØïÄNc[ï�, ¿©·Ü�\\
�f�l�¥, òl��u±,§� 1500 ◦C �
7��>¬¥, 3r��í¨e�§ 40 min �
�\ý9L�Òc�¥, 3 480 ◦C ò» 2 h, 4
Ù�¬g,e%�~§, �Ñ�¬. ò�¬\ó
¤ 20 mm × 20 mm × 4 mm, ü�¡?1�1?n,
^u�Ý!b	 — ��ß�5U!b	-u1Ì
9ðc5U�ÿþ.

2.2 555UUUÿÿÿÁÁÁ���{{{

¤k5UÿÁÑ´3~§e?1. �Ý´^C
Ä��]2{ÿ½; b	 — ��ß�1Ì�ÿÁ
^ Perkin-Elmer Lamda35 1Ì¤; b	�-ue�
-u1Ì¦^F� Hitachi F-4500 .F1©11Ý
OÿÁ; 1��ÿÁ¤^���
þ�� 60, ÏL
ÿ½®�Uþ³ç���1>�A¸� �, ¿�
ü1>f¸�UÌ�ê�'�, 5ÿ½Uþ®��

³ç��3ðcN�ðc1, ²1>�O+=��
ÿ��1>f�êþ; ÿÁ X ��-u�u�1
Ì�ÿÁ^��: X ��+pØ´ 60 kV, 1>�O
+ (PMT) �pØ´ 800 V.

3 (J�?Ø

3.1 ÀÀÀæææ���¬¬¬���ÝÝÝ

Àæ�¬��ÝÿÁ(J�uL 1 ¥. dL 1
¥�êâ��, ¤��Àæ�¬��Ý�XÀæÄ
�XÚ¥ Gd2O3 �,ßÝ�O\
O\, dd�
�Àæ�¬�ÝO\�Ì�Ï�´duÄ�XÚ
¥ Gd2O3 ¹þ�O\ [9]. Ù¥Àæ�¬ SBAG6 �
�Ý®�� 5 g·cm−3.

3.2 bbb			 — ������ßßß���111ÌÌÌããã

ã 1 �ØÓ Ce3+ lfßÝ�ß�1Ìã, ã 2
�ØÓ Gd3+ lfßÝ�ßL1Ì. lã1Úã 2 �
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±��, Àæ�¬�b	��Å�3 350 nm �m.

d©z�� [9], Gd3+ lf� 4f—4f >f�[é
A�b	ßL��Å��3 312 nm, Ä�XÚ��
�Å��� 350 nm. �ù�b	Å����´dÄ
�XÚ¤û½�, 
 Gd3+ lf>f�[�áÂ�
�d¤CX [10].

dã 1 Úã 2 ½��, �X Ce2O3, Gd2O3 ¤©
�O\, ��Å��)
ù£. ù´duÀæXÚ
¥ Ce2O3, Gd2O3 �ßÝO\
Úå� [11]. Ce2O3,
Gd2O3 ���ßÝ�Czé�zÔÄ�Àæ¥�
lf��lf��rÝ�)K�, � Ce2O3, Gd2O3

ßÝ�O\, �lf��lf��rÝ~f, Ï


��Å�C�.

3.3 ÀÀÀæææ���¬¬¬ËËË������ÝÝÝ

k © z � � [9,12], À æ � Ë � � Ý � À æ
��ÝÚ�þáÂXêk'. Ë��Ý�O�
ª� Ix = I0 exp(−dmx), Ù¥ I0, Ix ©O´Ë
ì c � � 1 r, m � � þ á Â X ê, d � À æ
�Ý. �Ë�c�1r�'� I0/Ix = e �, �
� x = 1/µ = (dm)−1, d�Òr x �½Â�Àæ
�Ë��Ý L. âdO�ÑÀæ�¬��þáÂX
êÚË��Ý�uL 2 ¥.

L 2 Àæ�¬�Ë��Ý

�¬SÒ 1 2 3 4 5 6 7 8 9

�Ý/(g/cm3) 2.778 3.033 3.489 3.944 4.378 4.994 4.006 4.051 4.099

�þáÂXê/(cm2/g) 0.1005 0.1007 0.1013 0.1018 0.1027 0.1044 0.1011 0.1021 0.1023

Ë��Ý/cm 3.58 3.27 2.83 2.49 2.22 1.92 2.47 2.42 2.38

L 3 Àæ�¬1��

�¬SÒ 1 2 3 4 5 6 7 8 9 PWOII PWOI

1�� 15.75 16.56 17.39 18.45 20.46 35.20 10.38 7.53 3.45 27.61 14.09

ü1>f¸�ê 20.94 20.35 19.46 18.94 17.93 11.50 19.46 21.32 25.21 18.31 19.10

dL 2 ¥�êâ���: Àæ�¬��þá
ÂXê m Czé�, �lþ¡�O�ª��Àæ
�Ë��Ý���Ì�dÀæ�¬��Ý¤û½
�, 
3þ©¥®��Ä�¥ Gd2O3 ßÝ´K�
Àæ�¬�Ý�Ì�Ï�. dd�±�ÑÀæÄ�
XÚ¥ Gd2O3 ßÝ�JpØ=U¦Àæ�¬��
Ý��JpJp, 
�éUõÀæ�¬�FË�5
Uk|.

3.4 111������

é¤���Àæ�¬?11���ÿþ. ÿÁ
(J� PbWO ¬N?1'�, PWOII ´�Ïmu�
¬N, PWOI ´@Ï�E��¬. ÿÁ(JXL 3
¤«.

dL 3 ��, Àæ�¬¥� Ce3+ �,ßÝ
� 1.0 mol%�, Àæ1���p, $u 1.0 mol%�,
�UduÀæ¥ Ce3+ �,ßÝ$u1rÝ$

��1��$, pu 1.0 mol%�, du Ce3+ lf
�ßÝd«�A
��u1�Çü$, 1����
$. Ce3+ �,ßÝ� 1.0 mol%� 6 |�¬1��

þpu PWOI, �¬ SBAG6 �1��pu�Ïmu
� PWOII ¬N. lþãêâ¥��d«ÀæXÚ
¥ Ce3+ lf��,ßÝ� 1.0 mol%�, Àæ1�
���, ¤±ù«ÀæXÚ Ce3+ lf��Z�,
ßÝ� 1.0 mol%.

3.5 X ������---uuuuuu���111ÌÌÌ

ã 3 �ØÓ Ce3+ �,ßÝ� X ��-uu�
1Ì, X ��-uu�1Ì¸ �þ u 390 nm �
m, u�1Ì�¸�Ì�´du Ce3+ lf� 4f—
5d �[Úå�. kã��, Àæ�¬�u1¸r
Ý�X Ce3+ lf��,ßÝJp²wOr, u
1¸rÝ�r�Àæ�¬� Ce3+ lf�,ßÝ
� 1 mol%, 2O\ Ce3+ lf�ßÝ, �¬�u1
¸rÝ²weü. Úåù«y���Ï�U´,
3 Ce3+ lf��,ßÝ�$�, O\ Ce3+ lf
��,ßÝ, �±O\Ä�� Ce3+ lf�UþD
4 [13], l
Jp
u1rÝ; � Ce3+ lfßÝ�
u 1 mol%�, �X Ce3+ lfßÝ�O\, u1�

~f, ù�UÚ Ce3+ lfm-EÅÇJpk',

192901-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 192901

ddE¤ Ce3+ lfßÝ�d«, l
ü$
u1
rÝ. � Ce3+ lf��Z�,ßÝ� 1.0 mol%.
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ã 5 ØÓ Gd2O3 ¹þÀæ�¬ 4, 5, 6 � X ��-uu
�1Ì

ã 4 Úã 5 �ØÓ Gd2O3 ¹þÀæ�¬� X
��-uu�1Ì. u�1ÌÌ�k Ce3+ lf
� 4f—5d �[Úå� 390 nm �m�u1¸. lã 4

��, � Gd3+ lf��,ßÝ�u 15 mol%�,
Gd3+ lf�±k��r? Ce3+ lf�u1, �
X Gd3+ lfßÝ�O\, X ��-u�u�¸r
ÝOr²w. dã 5 ��, � Gd3+ lf��,ß
Ý�u 15 mol%�, �X Gd3+ lf�,ßÝ�J
p Ce3+ lf�u1�
~f. Ù�Ï�U´Àæ
¥� Gd3+ lf� Ce3+ lf�p¿�
��
u
1~f. Àæ�¬¥ Gd3+ lf�Z��\ßÝ
� 15 mol%.

3.6 ---uuu111ÌÌÌ

ã 6 � 390 nm u1��¬ 3, 4, 5, 6 �b	
-u1Ì, ã¥ÑLyÑ 220—360 nm �°�-u
¸. ã¥w«Ñ
 Gd3+ lf (270 nm) Ú Ce3+ l
f (340 nm) �A�-uÌ, �d 220—360nm �°
�-uÌ´du Gd3+ lfÚ Ce3+ lfA�-u
Ì�U\/¤�. dd��, ¹ Gd2O3 ��zÔ
Àæ¥ Gd3+ lf���k�/� Ce3+ lfD4
Uþ, ¯z Ce3+ lf�u1. lã 6 ¥��±�
Ñ Gd3+ lf� 6I U?' Ce3+ lf� 5d U?p.
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ã 7 � Ce3+ Ú Gd3+ lf�U?�[ÚUþ
D4«¿ã. lã¥�±wÑ, Ce3+ lf� 2F5/2

Ú 2F7/2 U?�m���å�~�, �±Cq@
� Ce3+ lf�-uòu) 5d—4f �[, l
u
Ñ�AÅ��1. � Gd3+ Ú Ce3+ lf�m�m
å·��, Ü© 6I U?� Gd3+ lfrUþD4
� Ce3+ lf� 5d U?, l
¦ Ce3+ lfu1r
ÝOr [14].
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ã 8 �¬ SBAG4 Ú BGO ¬N� X ��-uðc1Ì

Ce3+ Ú Gd3+ lf�mUþD4��Ç�û
u Ce3+ Ú Gd3+ lf�m�må, Ce3+ Ú Gd3+ l
fm�UþD4ÅÇ�X Ce3+ Ú Gd3+ lf�m
�må~�
O�. 
 Ce3+ Ú Gd3+ lf�m�m
å´d Ce3+ Ú Gd3+ lf��,ßÝû½� [15],
Ce3+ Ú Gd3+ lf�m�må�X Ce3+ Ú Gd3+

lf�,ßÝ�Jp
~�. ù´¦ Ce3+ lfu
1rÝOr��Ï. �¿Ø´ Ce3+ Ú Gd3+ lf
�,ßÝ�p Ce3+ lfu1rÝÒ�r. � Ce3+

Ú Gd3+ lf�,ßÝLp�, �
¬E¤ Ce3+

Ú Gd3+ lf�ßÝd«�A. ù�U´du Ce3+

lf���ßÝd«, 
� Gd3+ lf�,ßÝL
p�, Gd3+ lfl 6I U?�[�Ä�º��Uþ

3� Gd3+ lf�m�=£VÇO\, l
ü$

Uþ� Ce3+ lf=£, �� Ce3+ lfu1rÝ
ü$ [13].

ã 8 �Àæ�¬ SBAG4 Ú BGO ¬N� X
� � - u ð c 1 Ì � ' �. l ã ¥ � ± � �
� ¬ SBAG4 � u 1 ¸ � � BGO ¬ N u 1 ¸
� � 90%, Ï d � ± � Ñ Ce3+ l f � � Z �
, ß Ý 1.0 mol%, Gd3+ l f � � Z � , ß Ý
� 15 mol%. Ce3+ �, Gd2O3 ÄðcÀæk"
3pUÔn�+�¥¼�A^.

4 ( Ø

¢���
± SiO2-B2O3-Al2O3-Gd2O3 �Ä
�XÚ, UC Ce3+ lfÚ Gd2O3 �ßÝ��
 9
|Àæ�¬, ¿?1ðc5U�ÿÁ. (JXe:1)
�¬�Ë��Ý3 1.92—3.58 cm �m. �XÀæ
Ä�¥ Gd2O3 ßÝ�O\, Àæ�¬�ÝO\, �
�Àæ�¬Ë��Ý~�. �O\Àæ�¬Ä�
¥ Gd2O3 ßÝØ�UJpÀæ�¬��Ý, 
�U
¦Àæ�¬�FË�5U��Uõ. 2)Ce3+ �,ß
Ý� 1.0 mol%� 6 |�¬�1��þ`u PWOI
¬N, Àæ�¬ SBAG6 �1��pu PWOII ¬
N. Àæ�¬äkép��1��, 
÷vO�
ðc¬N��¦. 3)9 |Àæ�¬� X ��-u
u�1Ìu�¸ �Ñ3 390 nm �m, 
�Àæ
�¬ SBAG4 �u1¸rÝ�� BGO ¬Nu1r
Ý� 90%, � Ce3+ lf��ZßÝ� 1.0 mol%,
Gd2O3 �ZßÝ� 15 mol%, �äkép�u1�
Ç. 4) p Gd2O3 ßÝ��zÔÀæ¥ Gd3+ lf�
��k�/� Ce3+ lfD4Uþ, ¯z Ce3+ l
f�u1. nÜ±þ(J, Ce3+ lf�,� SiO2-
B2O3-Al2O3-Gd2O3 XÚ�ÀæðcNk"U
O
�ðc¬N3pUÔn¥��A^.
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Abstract

The SiO2-B2O3-Al2O3-Gd2O3 system based samples doping with rare earth Ce3+ ions (cations) are synthesized by high-

temperature melting method. The effects on their density, transmission and scintillating properties are investigated. The results indicate

that all the samples, especially those that have high densities, have good physical properties. The emission peak wavelengths of all

samples excited by X-ray are at 390 nm. Increasing the concentrations of Ce3+ and Gd3+ ions has a positive effect on luminescence

properties. However, when the concentration of Ce3+ ions arrives at 1 mol%, with the increase of the concentration of Ce3+, the

emission peak decreases. When Gd3+ ions concentration reaches a certain value scintillating properties decreases with Gd3+ ion con-

centration increasing. The X-ray-induced luminescence intensity of the sample of SBAG4 is about 90% that of BGO crystal. Gd3+

ions can sensitize the luminescence of Ce3+, the best concentration of Ce3+ ions is 1 mol% and the best concentration of Gd3+ ions is

15 mol%. These samples are attractive for some physical applications.
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