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æ^ù	, Raman, X ��û�ÿÁ©Û�{, ïÄ
 Al2O3 éÍ�zÔÀæ�(�ÚÛ¬�K�. (JL²,

Al3+ Ì�± [AlO4] �/ª� [SiO4] ±º��ë��ª�¤Ä��ä�e, Al2O3 ¹þ�O\, ¦�zÔÀæÄ�
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1 Ú ó

¹¬Ø�Àæ²�½§Ý9?n¬�)Û¬,
¹k�¬�Àæ¡�Àæ>b. Dè�,Í�z
ÔÀæ>b´±�zÔ�Ä�, Ó�ikDè�
,ÍzÔB�¬�Àæ>b, ù«Àæ>boäÍ
zÔ�$(fUþÚ�zÔ�pÅ�rÝ9­½
5, ´Cc5ïÄ�#.õUá�, C²�y²3
1Ï&!��-1ìÚn�w«�+�äkd3
�A^cµ [1,2]. 3Dèlf�,�Í�zÔÀæ
>b¥, ÛÑ�$(fUþÍzÔB�¬�þ!/
©Ùu�zÔÀæ�äÄ�, DèlfKÀJ5/
L8uÍzÔ¬�, ¦�ù«á�äk�pu1�
Ç, Tá���¬(�Úu15U®²��2�ï
Ä [3,4].

�zÔ�Ä�(�´û½�¬(�Ú���
Ì�Ï�, ��ÀæÄ���� Al2O3 é�zÔÄ
�(��K�É�
�5�õ�­À [5−7]. Mysen
� [5] é¾7�íLN�ïÄ@�, �NX¥ Al2O3

�u 10 mol%�, Al3+ �Ü±o� /ª?\n
��ä(�¥; � Al2O3 3 10—20 mol%�, Al3+

�3õ«(�ü� (�G!�G!óG), �±n�
�ä(��Ì. Hatta � [6] ïÄ
 Al2O3 3 SiO2-
Nd2O3 XÚ¥��©l�^, L² Al2O3 ¬~�

ØM5��Úü$�.§Ý. yä!� [7] ��

 Al2O3 é R2O-CaO-SiO2-F XÚ�¬Àæ(�9
Û¬K�, L² Al3+ ±o� ë��Àæ�7�
�ä(�¥, �X Al2O3 Ú\þ�O�, 1NÀæ
��ä(���\r¿�Ì¬�u)�A�UC.
�´, é Al2O3 ¹þ3Dè�,Í�zÔÀæ>b
¥�K�8cÿÃXÚïÄ.

7�íÀæ��Ä1ÌÌ��ûu�ä/¤
lf, �ä	Nlf�K�´g�� [8], �©¦^
ù	1Ì (infrared spectra, IR) Ú Raman 1Ì�©
ÛÿÁ�{5ïÄ�zÔÀæÄ���(�, ^ X
��û� (X-ray diffraction, XRD) EâïÄÀæ>
b¥�¬���Ú(�. ÏLUC Al2O3 3Í�z
ÔÀæÚÀæ>b¥�¹þ, éÙ�zÔÀæÄ�
��(�9ÙéÍzÔ�¬Û¬L§�K�?1

ïÄ.

2 ¢ �

3p§e��|¤� (49-x)SiO2—xAl2O3—
40PbF2 —10CdF2—1NdF3 (x = 0, 5, 10 Ú 15 mol%)
�Í�zÔÀæ, ©O·¶� 0Al, 5Al, 10Al, 15Al.
¤k���þ�pXÁJ. ����3 Pt l�¥,
3 1000 ◦C eLK 120 min, ,���3c�¥×�
e%, ���Ð�Í�zÔÀæ�¬. �¬3Øz
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§ÝNC²L 8 h 9?n, ��Àæ>b.
IR 1Ì^{I Nicolet úi)�� MAGNA-

560 . F p � C � ù 	 1 Ì ¤ ÿ þ, ÿ Á � �
� 400—4000 cm−1, ©EÇ� 4 cm−1, ×£gê
� 20, ^ KBr Ø¡{��. Raman Ìd RENISHAW
2000 Raman 1Ì¤�Ñ, ^Å�� 514 nm ��l
f-1ì-u. XRD Ì^ Cu q Kα � D/Max-2500
. X ��û�¤ÿþ. ¤kÿÁþ3¿§e?1.

3 ¢�(J�©Û

3.1 777���íííÀÀÀæææ¥¥¥777���ooo¡¡¡NNNÄÄÄ���üüü������
���ÄÄÄ���ªªª

7�o¡N�m�^��lf�x�, �âx
�ê8ØÓ7�íÀæ¥�7�o¡N�±©¤ 5
«, ^ÎÒ Qi L«, i L«o¡N¥x��ê8. 5
«7�o¡N�(�Xã 1 ¤«,  u�þ�¢

%¥L«�x�, �%¥L«x�, Ï~¡��ü
N!�àN!óG!�GÚeG7�o¡N.

7�íÀæ��ÄÌ (IR � Raman Ì) Ì�
5
uþã 5 « Si—O o¡N�SÜ�ÄÚ	Ü
�Ä. ± Q0 �~, �Ä�ª�kÊ« [9], �¹ 4 �
Äª, = ν1 é¡� �Ä!ν2 V­{¿��­�
Ä!ν3 n­{¿Øé¡� �ÄÚ ν4 n­{¿
¡S�­�Ä. �â Raman ¹5Ú IR ¹5�Ä�
½Â, Q0 � 4 ��ÄÑ´ Raman ¹5�, Ó� ν3

Ú ν4 �´ IR ¹5�.
�â:+�ä6§�� Q0 Ú Q4 áu Td :

+, Q1, Q3 áu C3v :+, Q2 áu C2v :+ [10]. :
+���L«�±�z�Ø��L«, Ø��L«
KéAT+±{��I�Ä�²Ä!=ÄÚ�Ä.
éu Td, C3v Ú C2v :+éA�7�o¡N, ÙØ
��L«9Ù²Ä!=Ä!�Ä�ª±9�â:
+A�IL�ä��Ä�� Raman ¹5½ö IR ¹
5�uL 1.

ã 1 Ê«7�o¡NÄ�(�ü� (a) Q0; (b) Q1; (c) Q2; (d) Q3; (e) Q4

L 1 ¹ØÓx�ê7�o¡N�Ø��L«Ú�Ä¹5©Û

[SiO4] Ø��L« Raman ¹5�Ä IR ¹5�Ä

Td (Q0,Q4) A1 + E + F1 + 3F2 A1 + E + 2F2 2F2

C3v (Q1, Q3) 4A1 + A2 + 5E 3A1 + 3E 3A1 + 3E

C2v (Q2) 5A1 + 2A2 + 4B1 + 4B2 5A1 + 2B1 + 2B2, A2 5A1 + 2B1 + 2B2

L 1 ¥ é ' � Ñ 
 ¹ k Ø Ó x � ê � ¤
k Si—O o¡N�Ä� Raman ½ IR ¹5, T(
J´©ÛÍ�zÔÀæ¥�zÔÄ�Àæ��(
��Ä:.

3.2 ÍÍÍ���zzzÔÔÔÀÀÀæææ��� IR ßßß���111ÌÌÌ

ã 2(a) ´ ¹ Ø Ó Al2O3 � À æ 3 400—
4000 cm−1 ��� IR ß�Ì, ã¥��|©�
Àæ3 1635, 3432 Ú 1395 cm−1 k�Ó�áÂ
¸, Ù¥ 1635 Ú 3432 cm−1 ´Y©f�A�¸,
1395 cm−1 ´ Nd3+ � 4F7/2 � 4F9/2 U?�á
Â. 770—1200 cm−1 ���áÂÌ�8áu¹Ø

Ó x � ê � 7 � o ¡ N � �   � Ä. � 
 ï Ä
�B, r 400—1000 cm−1 ���ß�Ì��, X
ã 2(b) ¤«. lã 2(b) ¥�±wÑ, ØÓ|©�
�¬3 473 cm−1 NCk�Ó�áÂ¸ (éAÅ
�), 8áu Si—O—Si ���­�Ä. �éuØ
¹ Al2O3 �Àæ�¬, ¹k Al2O3 �Àæ3 585
Ú 701 cm−1 ?Ñy
áÂ¸, 585 cm−1 �áÂ¸
�±8áu Si—O—Al ��­�Ä, 701 cm−1 N
C�áÂ¸�U8áu Al3+ ±o� N��À
æ�ä/¤N?\Àæ�ä(��� Si—O—Al
�� �Ä [11,12], `² Al2O3 �\\¦�ä(
�¥Ñy
 Si—O—Al �. lã 2 ��±wÑ, �
X Al2O3 ¹þ�O\, 473 cm−1 ?�¸rk~�

118102-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 118102

�ª³, 
 585 Ú 701 cm−1 ?�¸rÅìOr, L
² Si—O—Si ��~�Ú Si—O—Al ��Oõ, À
æ�äàÜ(�u)
UC. Al3+ ´�ä¥mNl
f, §�±± [AlO4] �/ª?u�ä(�¥, ��
±± [AlO6] �/ª?u�ämY. dþ¡�?Ø�
�, 3ïÄ�ÀæNX¥, Al3+ Ì�± [AlO4] �/
ª�3, �7�o¡N±º��ë��ª�¤Ä�
�ä�e. Al2O3 ¹þl 5Al3O2 � 15Al3O2 �U
CL§¥, ��áÂ¸�¸ vk²wCz, �v
kÑyÙ¦áÂ¸, L²vkÙ¦�)¤, Al3+ �
�3�ªÄ�vkUC.

ã 2 ØÓ Al2O3 ¹þÍ�zÔÀæ�ù	ß�Ì
(a) 400—4000 cm−1 ��; (b) 400—1000 cm−1 ��

3.3 ÍÍÍ ��� zzz ÔÔÔ ÀÀÀ æææ ¥¥¥ ��� zzz ÔÔÔ ÄÄÄ ��� ((( ���
���ïïïÄÄÄ

�âc¡�©Û, Al2O3 �\\¦Í�zÔÀ
æ�ä¥Ñy
 [AlO4], ¿��7�o¡N±º�
�ë��ª�¤Ä��ä�e, �´ØU�Ù)º

�X Al2O3 ¹þ�Cz, Í�zÔÀæ�äNX¥
�7�o¡NÄ�ü� Qi XÛCz, Àæ�ä(
�XÛCz�¯K, �I�ÏL Raman 1Ì�?�
Ú�©Û, l
é Al2O3 éÀæ(��K�k�\
�Ù�@£.

ã 3 514 nm -1-ueØÓ|©�Àæ� Raman 1Ì

ã 3 � 514 nm -1-ue�Í�zÔÀæ
� Raman 1Ì. 800—1200 cm−1 ��S�RamanÌ
¸´7�o¡N¥ Si—O �x��é¡� �Ä,

��X7�o¡N¥x�ê i ��O�, Qi ¥
�x�é¡� �Ä�ªÇ�O� [13−16]. lã 3
�±wÑ, 3Àæ�¬¥, 975 cm−1 � Raman ¸�
X Al2O3 ¹þ�O\�$ª��£Ä� 894 cm−1,
ù´Ï� Al �\\Úå
7�o¡Nü�(�
�Cz, ¦�Ä�)
ÆC. 1120 cm−1 ?�kb
�¸´ Raman 1Ì¤g��D(&Ò, Ø´�¬
� Raman &Ò.

é 800—1200 cm−1 ��� Raman Ì�?1p
d�/[Ü©¸, (½��ü�(�� �Ú¡È
'�, �uL 2.

L 2 ��7�o¡NÄ�ü�� �9¡È'�

Q0 Q1 Q2 Q3 Q0 : Q1 : Q2 : Q3

0Al 852 948 1003 1091 0.4 : 74.2 : 13.8 : 11.6

5Al 858 901 936 1068 10.6 : 1.7 : 77.8 : 10.0

10Al 871 911 942 1083 19.5 : 7.6 : 67.9 : 5.0

15Al 865 910 959 1022 29.2 : 31.8 : 35.8 : 3.2

lL 2 ¥�±wÑ, Ø¹ Al2O3 �Àæ¥�
3 Q0, Q1, Q2, Q3 o«(�ü�, 
vk Q4 ü
�. 3�©�ÀæNX¥, du [SiO4] o¡N?
u Pb2+, Cd2+, Nd3+ �lfå|��^e, Ùé
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¡5;�
»�, ¤±�äNX¥ Q4 Ä�ü�Ø
�3, Q0 ¹þé�, Ñy
�õ� Q1, Q2, Q3 Ä
�ü�.

�\\ 5Al2O3 �, Q1 (�ü�~�, Q2 ü�
ÓÌ�¤©. ù´Ï�\\�þ Al2O3 �kil
��3��¹e, Al3+ Äkö�il�/¤o¡
N [AlO4], [AlO4] �¹þ�õ� Q1 ü�ë�, /
¤ Si—O—Al �, ¦x�êO\, Q2 ü�¹þO�.
Q2 (�ü��O\¦Àæ�ä¥óG(�O\,
ùò��Àæ�äàÜÝÚÀæÅÝO\, l

³��¬�ÛÑ. 3ã 2 �ù	1Ì¥Ñy
8
áu Si—O—Al ��­Ú� �ÄáÂ¸, �y²

 Si—O—Al ���).

�X Al2O3 ¹þ�O\ (> 5%), Q2 Ú Q3 (
�ü�~�, Q0 Ú Q1 O\, `²�z7(��ü
NÚ�àN(�=C, 
ù«(��=C¬¦�z
ÔÀæ�äàÜÝÚÀæÅÝü$, (�C�Õt,
l
k|u�¬�ÛÑ, ¦�¬º���u Al2O3

¹þ� 5%�O�.

Al3+ ´�ä¥mNlf, §�±± [AlO4] �
/ª?u�ä(�¥, ��±± [AlO6] �/ª?
u�ämY. 3�©ïÄ�ÀæNX¥, Al3+ Ì�
± [AlO4] �/ª�3, 3Àæ¥\\�þ Al2O3 �
kil��3��¹e, Al3+ Äkö�il�/
¤o¡N [AlO4], Or�ä(�, � [SiO4] /¤±
º��ë��ª�¤Ä��ä�e. �´¾�f
�nd, ¤±3 [AlO4] ¥, k����f�>dv
k��¥Ú, 
�)>ÖØ²ï, ¦�� [AlO4] �
K>. �
�±¥5, 7Lk��>�lf5-�,
��´dw7áÚwè7álf5Ö�, X Na+,
Ca2+ 9 Ba2+, K+, Mg2+ �7álf, 3�©ïÄ
�ÀæNX¥, �Ud Pb2+, Cd3+ Ú Nd3+ 5¥
Ú [AlO4] ¤��K>, ±��>Ö²ï.

3�©ïÄ�Í�zÔÀæNX¥, Ø
 Si4+,
Al3+, O2− |¤�ä(�	, ��3 F−. �â©
z [11] �'���, F− k�Ü©�� O2− ?\À
æ�ä, E¤
7�o¡Nü�é¡5�»�, ¦
�¬=¦Ø\ Al2O3, 7�o¡N��U± Q0, Q1,
Q2 ½ Q3 /ª�3. ,�Ü© F− Ê33�äm
Y, �­7álf Pb2+, Cd2+ Ú Nd3+ �/¤#�
¬�. F− �� O2− ?\Àæ�ä, �f
Àæ�
�ä(�, ¦Àæu)
©�, Ù¥��L¹ Si4+

Ú Al3+, ,��L¹ Pb2+, Cd2+, Nd3+, 9?n�,
β-PbF2 ¬NÄklù��¥ÛÑ, /¤�iuÀæ

Ä�¥�ÍzÔ�¬.

3.4 ���zzzÔÔÔÄÄÄ���(((���éééÍÍÍ���zzzÔÔÔÀÀÀæææ>>>bbb
ÛÛÛ¬¬¬555UUU���KKK���

3Í�zÔÀæ¥, �zÔÀæÄ��(�é
ÀæÛ¬å­��^, �d�©3 440 ◦C §Ýeé
ØÓ Al2O3 ¹þ�Àæ?19?n, ��¹kÍz
Ô�¬�Í�zÔÀæ>b, ±d5©Û Al2O3 ¹
þéÛ¬�K�.

ã 4 440 ◦C 9?n^�eØÓ Al2O3 ¹þ�Àæ>b
� XRD Ì

ã 4 ´3 440 ◦C 9?n^�e, ��ØÓ|©
�Àæ>b� XRD Ì. lã 4 ¥�±wÑ, ãÌ¥
Ñy
eZé²w�û�¸, �X Al2O3 ¹þ�O
\, ��û�¸�¸ vkCz. �IO� β-PbF2

XRD IOÌã�é'�±wÑ, ¹ØÓ Al2O3 �
c°NÀæ¥/¤��¬þ� β-PbF2. XRD Ì�
��N £´duDèlf�,���¬¬�~
êC�¤� [17].

L 3 Àæ>b�¬¥ÍzÔ�¬�¬�~êÚ�¬º�

0Al 2.5Al 5Al 7.5Al 10Al

¬â��/nm 25.481 21.781 21.484 24.958 28.250
¬�~ê/nm 0.5904 0.5895 0.5908 0.5908 0.5902

�âÀæ>b� XRD û�êâ, �±O�Í
zÔ�¬�¬�~ê, �â�WúªÚ XRD û�
¸Ì°��±O�ÍzÔ�¬��, �ïÄ Al2O3

3ÀæÛ¬¥��^Jø¢��â. L 3 ´O
�����Àæ>b�¬¥ÍzÔ�¬��¬
º�Ú¬�~ê, �¬º��Ø���� ±4 nm,
¬�~ê�Ø���� ±0.0005 nm. �±wÑ,
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Al2O3 ¹þUCA�ØK�¬�~ê, `²ÍzÔ
�¬(��Ó. ��¬º�k��kC��O�
�ª³, ¹ 5Al2O3 �´��=ò:, 3c¡�ù	
Ú Raman 1Ì©Û¥®�, �\\ 5Al2O3 �, Al3+

± [AlO4] /ª�3, ¿� [SiO4] ±º��ë��
ª�¤Ä��ä�e, Or�ä(�, �ä¥óG
(���þO\¬¦�äàÜÝÚÀæÅÝO\,
l
³��¬�/¤. ¤±3Ó��9?n§Ý
e, �¬º�k��C��ª³. 3c¡� Raman
©Û¥, �X Al2O3 ¹þ�O\, Àæ��ä(�
l Q2 Ú Q3 � Q0 Ú Q1 =C, Q0 Ú Q1 ¹þO\,
�z7(��üNÚ�àN(�=C, Àæ�äà
ÜÝü$, C��éÕt, ÀæÅÝü$, k|u�
¬�/¤, ¤±�¬º�qk
��C��ª³.

4 ( Ø

�â7�o¡NÊ«(�ü��ù	¹5
Ú Raman ¹5, ÏL IR, Raman Ú XRD ©ÛïÄ
L²Í�zÔÀæ¥ Al3+ Ì�± [AlO4] �/ª
�3, ¿� [SiO4] ±º��ë��ª�¤Ä��ä
�e. Al2O3 ¹þ�UCØK��¬�(�, �þ
� Al2O3 äkOrÀæ�ä��^, ³�Û¬. �
´�X Al2O3 ¹þ�O\, Àæ�ä(�¥�7�
o¡Nü�(��üNÚ�àN=C, ÀæÅÝü
$, (�C��éÕt, qk|uÍzÔ�¬�/
¤. T(Jé7¾�íaÀæ>b���äk��
¿Â, �ï�p�Dèu1á�Jø
nØÄ:.
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Effects of Al2O3 on micro-structure and
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Abstract

The effects of Al2O3 on micro-structure and crystallization of oxyfluoride glass are investigated by infrared spectra, Raman

spectra and X-ray diffraction analyses. The results show that [AlO4] is connected with [SiO4] units by means of angle connection,

thereby forming the basic network of glass. When the content of Al2O3 increases, the structures of monomer and dimer increase in

oxide glass matrix. Under the condition, the size of nanocrystals has a minimum value, while the structure of nancrystals is not affected.
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