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æ^�zÔ���A{, ��ÑX�z¾>b9Ù©O�,Dè��kÚJ�>b�¬. ÿþ
�¬�(
�!0>A5Ú9�5U; ïÄ
�(§Ýé�,ØÓDè���>b�¬�5U�K�. X ��û�(JL
² 1500 ◦C �(�>b�¬/¤
ü���MN. �z¾�9�Ç�� 8.60 W/(m·K), �¬�0>5U½. ·�
uy�, Y3+ Ú La3+ ��z¾>b�30>µþy�, ¿éTy�?1
Ån©Û.

'�c: Al2O3, >b, 9�Ç, 0>µþ

PACS: 77.22.Gm, 77.22.Ch, 74.25.fc

1 Ú ó

�X§¿�A�FÃî, ÉÚ����±Y
uÐng�5�É��¬�À. 3>f��¥,
u1�4+ (LED) ��>Ú!U��´9�{K,
ÙuÐ�8®Åìä�õ�¤Ù`³, ~X�>!
p�Ç!p�A�ÝÚÆ·�����`:, \
þNÈ�!þ�, �3�«L¡���A:, Ñ
¦ LED A^Fìõ�z, ¿�T��Jø
��
½¤��½|�ã. Ïd, Cc5é LED �¡�ï
Ä�5�É�IS	ÆöÚïÄìN�'5 [1−3].

DÚ LED õÇØ�, u9þk�, Ñ9¯KØ
�î, �I$^��>f^�ÔÊ<M>´�=
v±AG. ��XpõÇ LED �5��1, <M>
´�®Øv±AGÑ9�¦, põÇ LED Ñ\õ
Ç=k� 15%=�¤1, Ù{K=�¤9, eù

9þ�·�üÑ�	., ò¦ LED ¬â.¡§Ý
LplK�u1�Ç9u1Æ·. Ïd, LED �
Ñ9´'�. d>b¡�(¤�� LED Ä�, kÑ

95Z!Fp§!F���`:, ¤±, y3 LED
õêæ�>bÄ�Ñ9 [3].

Ñ9Ä���æ^�z¾á�, �´X A12O3

>b��(§ÝLp, ��¬âÉ~)�, K�á
��åÆ5U. �ü$�(§Ý, Ï~¬3�z¾
¥V\�þ�Dè�zÔ (X Y2O3, La2O3, Yb2O3,
Eu2O3 �), ùØ=�±ü$�z¾��(§Ý, w
ÍUõÙ�(5U, ���±UõÙ(�, ~�
¬âº�, ³��~�¬â��, Jp�z¾>b
�åÆ5U [4−7].

�öæ^DÚ�p§��{��ó², é�z
¾�,ØÓ�Dè��, �¤�z¾ÄÑ9Ä�>
b, ïÄÙ(�!0>5!9�5Ú0>µþA5.
��éì, ïÄ
9Ø�(�¬�9�A5.

2 ¢ �

� ¢ � ¤ ^ � � Ì � � © Û X � Al2O3,
Y2O3, La2O3, Ù n | � � X e: 1 � |
´ 99.2 mol% Al2O3 Ú 0.8 mol%�(ÏJ; 1�|
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´ 98.8 mol% Al2O3, 1 mol% Y2O3, 0.2 mol%�(
ÏJ; 1n|´ 98.8 mol% Al2O3, 1 mol% La2O3

Ú 0.2 mol%� ( Ï J. n | � � ¥ � � ( Ï J
´ SiO2 Ú Li2CO3, ü«Ô��m���'~´
1 : 1. ��Uì�g�zÆOþ'?1��, æ^
DÚ��>b��ó²��>b [8]. n«�¬�
g·Ü��u¥�-¥, ^ÃY¯U��¥�0
�, ¥� 24 h, òóZ��®"Lç. ,�, n«Ø
Ó®"Úà¯LU (PVA) þ!·Ü, ²LÅ(JE
â�, Ø�¤�»� 13 mm, þ� 3 mm ��¡/
.N, 2©O3 1300 ◦C, 1350 ◦C, 1400 ◦C, 1450 ◦C
Ú 1500 ◦C e�( 6 h, ��A|ØÓ�(§Ý��
¬. é'�¬� 1350 ◦C � 20 MPa 9Ø�(�V
\�(ÏJ� Al2O3 >b�¬.

æ^ X ��û�¤ (XRD, u�� Cu Kα)
?1�¬�¬N(�©Û. >bL¡²L�²!�
1�, æCÕ>4. �¬3ØÓªÇe�0>~ê
Ú�Ñæ^§�¬Ú{|©Û¤ (HP 4192A .{
|©Û¤) ?1ÿþ. 9�5U^ PPMS-9 nÜ

Ô5ÿþXÚÿÁ, 9�ÿÁ�ò>b¡��¤�
»� 5 mm, þ 2 mm, ÿÁ§Ý� 300 K.

3 ¢�(J9?Ø

3.1 ���(((���

ã 1 ´�,ØÓ���n| Al2O3 Ä>b�
¬3 5 �ØÓ�(§ÝÚ�§ 6 h eÿ�� XRD
û � ã Ì. d ã 1(a) � ± w Ñ, � ¬ / ¤ 
 α-
A12O3 �MN, ÏLéì PDF k¡, vk*	�
Ù¦,�. ã 1(b) � (c) ´©O�, Y3+ Ú La3+

� A12O3 � XRD û�ãÌ, ü«�,�>b�¬
Øuy�þ Y2O3 Ú La2O3 ,¸, vk*	�Ù¦
,�. ùL² Y3+ ½ La3+ ®²?\ A12O3 ¬�,
Óâ
Ù¥�� Al3+ � �, lÄ�/¤
ü
���MN. �),¸��Ï�U´¤^Dè�,
� A12O3 /¤ü��MN��3��þ��, �L
Tþ��Ü©, ±õ{�,�/ª�3.

ã 1 ØÓ�(§Ý� Al2O3 Ä>b XRD ã (a) X Al2O3; (b) � Y � Al2O3; (c) � La � Al2O3
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ã 2 ´ X A12O3 Ú © O � Y3+, La3+

� A12O3 n|�¬3 1500 ◦C �(� XRD ãÌ.
lã 2 �±wÑ, �¬���û�Ì¸þ�ßk
b, ùL²(¬ûÐ. 3Ó��(§Ýe, � Y3+

� A12O3 � ¬ � é  ó û � ¸ � k b. Ó �,
± (113) ¸�~, � Y3+ Ú La3+ ��¬Ñ�$
�Ý�� £ (ã 2 ¥J�¤«), û�¸ d �O�,
ù�U´¤�� Y3+ (0.9 Å) ½ La3+ (1.9 Å) lf
�»þ�uÓâ� Al3+ (0.5 Å) Úå�.

ã 2 1500 ◦C �(� Al2O3 ±9Ù� Y3+, La3+ >b�
XRD ã

L 1 1500 ◦C �(� Al2O3 ±9Ù� Y3+, La3+ >b�¬�~

êÚ¬�NÈ

�¬ a/Å c/Å V /Å3

Al2O3 4.771 13.018 296.30

� Y3+ � Al2O3 4.780 13.058 298.32

� La3+ � Al2O3 4.768 13.026 296.11

d XRD ãÌ, ÏLúªO�Ñn|�¬3�
�(§Ýe�¬�~êÚ¬�NÈ (�L 1). Ï�
¤^� α-A12O3 �¬áun�¬X, 3¾�zÔ¥
´�½��, ¤±¬�~ê a = b. ÏLé'¬�
~ê, uy��¬�¬�NÈ²L�ã�m�Â 
L§U��(§Ý�,pm©)ä, =�3�
�=C:. X A12O3 9� Y3+ ��¬3 1400 ◦C �
(�Ñy=C, �, La ���>b%´3 1450 ◦C.
Ù¥, � Y3+ � Al2O3 3 1500 ◦C �(����
¬�NÈ´ 298.3 Å3, �éÙ¦�¬´�p�. Ø
L���J�´, � Y3+ Ú La3+ �>b¡¬�
~êåÏÑ��, X Al2O3 ê�Ä�þªu

½. ù�U´Ï��,�Dè���lf�»ØÓ
u�5� Al3+, �(§ÝK?�ÚK�
¬�
�)�.

3.2 999���555UUU©©©ÛÛÛ

L 2 �Ñ
 1500 ◦C �(�n| Al2O3 Ä>
b�¬3¿§eÿþ�9�Ç. é'�±wÑ,
v k � , D è � � � Al2O3 � 9 � Ç � �, �
� 8.60 W/(m·K) �m, �, Y3+, La3+ � Al2O3,
Ù 9 � Ç © O ´ 2.02 Ú 3.15 W/(m·K), � é  
$. ��é'��¬, 1350 ◦C � 20 MPa 9Ø�
(�V\�(ÏJ��z¾>b�¬�9�Ç
� 24.93 W/(m·K).

éã 2 ¥z�«á�5`, 9�Ç��ÉÑ
É � V \ J þ � K �. � ¢ � \ \ � þ � V \
J Li2CO3 Ú SiO2 (�L 2), vk�,Dè��
� Al2O3 �V\J´ 0.4%�°þ, ²w�õuÙ
¦üö. �XV\JOõ, 3�½��S, é9�k
|, ùÌ�´duV\J�\\, ¦�¬��ÝO
\, í�Ç~�, lJp
 Al2O3 �9�Ç. ØL,
V\Jþ´kþ���, ?�ÚO\Jþ, ¬¦¬
.¥Àæ�þOõ, ¬.o�, ��¬��á�9
�Çeü [9]. ,	, �)9�Ç�É��Ï��±
le¡�Ïé. ��5`, 3V\Jþ�Ó��¹
e, �, Y3+ U
���p�9�Ç, ,lã 2
�±wÑ, ¥m� Y3+ � XRD ã�3 Y2O3 �,
¸, L² Al2O3 Ú Y2O3 ��AØ
�., �U/¤

 Y-Al-O zÜÔ, dazÜÔØäk�u5, N´
�È3¬./¤'�þ�¬m1��, ù
1�
��Ô�¬é�¬9�5U�)��K� [10]. Ó
�3� La3+ � XRD ã�uy La2O3 �,¸. �v
k�Dè��� Al2O3 �', �, Y3+, La3+ ��
z¾Ñ�3,�, ù�U´,����Ù9�Ç�
é�$��Ï.

L 2 >b�¬��,¤©�9�Ç

V\J°þ
�,Dè 9�Ç/

�¬ (SiO2 Ú Li2CO3 ��°þ W·m−1·K−1

�Ó'~)

9Ø�( Al2O3 0.4 wt% 0 24.93

Al2O3 0.4 wt% 0 8.60

Al2O3-Y2O3 0.2 wt% 1% 2.02

Al2O3-La2O3 0.2 wt% 1% 3.15

Ød�	, 9�Ç��É�Éõ«Ï��K�,
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�)�(§Ý!�§�m!�(í¨!¬�"�
�. 9Ø�(�¬���, äkép�9�Xê.

3.3 000>>>µµµþþþ

Al2O3 9Ù©O�,Dè�� Y3+ Ú La3+

�n|>b, 3ØÓ�(§Ýe�¿§0>ªÌ
� ε′ Ñ�XªÇ�,pÅìü$. ØÓ�(§
Ý¤�>b¡��é0>~ê εr ��Ø�, ��
��3 15—40, 0>�ÑÏf tan δ �'��, 
�ê��Ä�ªu½. �?�ÚïÄ>bá�
>5U, ·�én|>bu¿§, 50 ◦C, 100 ◦C,
150 ◦C, 200 ◦C, 250 ◦C, 300 ◦C, 350 ◦C, 400 ◦C,
450 ◦C, 500 ◦C, 550 ◦C Ú 600 ◦C ©O?1{|
Ì�ÿþ. 50 ◦C—350 ◦C �{|ÌCzØ²w, v
k�Ñ.

{|Ì©Û´^u&ÿ>bá�>5U��
«�{. Ù¥E{|�L«�

Z∗ = Z ′ + jZ ′′ = 1/(jC0ε
∗ω), (1)

Ù ¥ C0 � ý � 0 > ~ ê, ε∗ � E 0 > ~ ê,
ω(= 2πυ) ��ªÇ. ã 3 � 1500 ◦C �(� Al2O3

>b�¬3 550 ◦C ÿþ�{|Ì. ã 4 � 1500 ◦C
�(�� Y3+ � Al2O3 >b�¬3 600 ◦C ÿþ�
{|Ì.

ã 3 X Al2O3 >b3 550 ◦C eÿþ�{|ªÌ

lã 3 �ã 4 '�5w, � Y �, {|O��
�õ�:. ��ó, {|Ìêâã�±ïá3
ü�¿é RC >´����.�þ [11], Xã 3 ¥
��ã. ¬â (grain) >{ Rg Ú¬â>N Cg �L

pª�A=¬â�A,  Rgb Ú Cgb ©OL«¬
. (grain boundary) >{Ú>N, �L$ª�A=¬
.�A, ã 4 ¥ÿ:Ä�þ©Ù3 (Z ′, Z ′′) ²¡
��ã�lþ, ��%3 Z ′ ¶�e. d«�n��
��l�^ Cole-Cole E{|Ì5£ã [12], =

Z∗ = R/{1 + AR(jω)1−α}, (2)

Ù¥ A ´�~ê, α �^5ïþén��~µþ�
 l§Ý (α = 0 �n��~µþ). �� α > 0 L
²ã 3 Úã 4 ��¬3¤ÿþ�§Ýe�µþa
.´��~.�. duÙ¦§Ý�ÿ:©Ù��
u 1/4 ��±, Ã{½Ñ�l, Ïdvk�Ñ{|Ì
ã. lã 3 Úã 4 ¥�ã���>´�±wÑ, d
��¬¥��6>�Ç´�Eê, §Ø�U�E0
>~ê©m. ,	, U
Ó�JøE0>~êÚE
>�Ç�A��k��f; §��Ñyu¬N��
ª´�� ½WY. ±þü«�¹e�ª� ^$
ÄÑU�)D�>6� £>6 [13].

ã 4 � Y3+ � Al2O3 >b3 600 ◦C ÿþ�{|ªÌ

ã 5 � 1500 ◦C �(�� La3+ � Al2O3 >b
�¬3ØÓ§Ýeÿþ�{|Ì. Ón, éu¿§
eÿþ��, du�%3¢¶�e, ÏdTµþ
a.´��~.. éuã 5 ¥l 400 ◦C � 600 ◦C
ÿþ�{|Ì, 400 ◦C ÿÁ�3$ªNCm©Ñy
�ã*Ñ�, �XÿÁ§ÝÅì,p, ��*
Ñy��ÅìC�, ��3 600 ◦C �{|ÌLÞ
¤����~.µþa.��l. T$ª�*Ñy
�aqu “>4¹S” y� [14]. $ª*Ñ���
�Ü©L����¬.{	>N Cgb, ù´3¬�
>.?{	lf (�>f) >Ö1N�;.y�.
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Ïd�±íä, Úå Cole-Cole ã*Ñ��Ïé�
U´�XªÇCz, cÙ´3$ª��S, ¤�,
� La3+ ¤�
{	>6�Ì�Ï�, �ªÇü$,
ù«{	�^Ò�²w, lÑy*Ñy�. ã 5
¥ 550 ◦C ÿþ�{|Ìã��ã´T�.���
>´ã, >N Cgb Ò´�51�¤L��¬.{
	�>N. 2ö, l 400 ◦C � 600 ◦C ÿþ�{

|Ì, �XÿÁ§Ý�,p, �l�»C�, ùa
q�y�, 3ÃY (Na0.5Bi0.5)TiO3 >b¥��*
	� [15]. ,	, *Ñ����Ï�U´, �X§Ý
�,p, Ñy*Ñy���éA�ªÇ�Åì
,p, 3pª¥{	>Nu��{	�^Åì~
�, ���ªÇ���½þ��, �*Ñy�
��.

ã 5 � La3+ � Al2O3 >b3ØÓ§Ýeÿþ�{|ªÌã (a) ¿§; (b) 400 ◦C; (c) 450 ◦C; (d) 500 ◦C; (e) 550 ◦C;
(f) 600 ◦C
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3{|Ì¥, $ª�¥ª���µþ��´d
�m>ÖÚ>ó4fÚå� [16]. Æöé0>µ
þ�)ºJÑLéõ�., ÃX�^> (superpara-
electric), ó4fÀæ (dipolar-glass) �, ù
�.�
���£Ò´du�,���ÃS, »�
¬N�
���§ó4f�ü�, l/¤B�º��45
�fq [17]. ùaB�45�«3µþ.c>N¥
Ly��²w, X� Zr � BaTiO3 >b´��0>
µþ��Ï�� [18]. éu� Y3+ Ú La3+ � A12O3

>b�MN, du Y3+ (0.9 Å) Ú La3+ (1.9 Å) �l
f�»�u Al3+ (0.5 Å), Ïd^ Y3+ Ú La3+ ��
� Al3+ ¬��¬�ÆC. �X�(§Ý,p, �M
N��A�5�¿©, �õlf¤õ�,� Al3+

�5� �þ, A12O3 ¬N��§ü���,��
�ÃSÅì»�, �ªLyÑy0>µþy�.

4 ( Ø

�©æ^DÚ���A�{, ��ÑX�z
¾>b9Ù©O�,Dè��kÚJ�>b�¬.
ÿþ
�¬�(�!0>A5Ú9�5U; ïÄ

�(§Ý (1300 ◦C—1500 ◦C) éù
�¬5U
�K�. (JuyX Al2O3 ±9� Y3+ Ú La3+ n
|>bÑ�30>µþy�, ¿éÙ?1
Ån
©Û. �,�þ�(ÏJ� Al2O3 �9�Ç��

 8.60 W/(m·K), �puDÚ Al2O3 á��9�Ç.
Ïd^ Y3+ Ú La3+ ��� Al3+ ¬��¬�ÆC.
�X�(§Ý,p, �MN��A�5�¿©, �
õlf¤õ�,� Al3+ �5� �þ, A12O3 ¬
N��§ü���,���ÃSÅì»�, �ªÑ
y0>µþy�. $§9Ø�(� Al2O3 �¬9�
Çp� 24.93 W/(m·K), �±^upõÇ LED Ñ9
Ä¡.
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Influences of Y- and La-dopant on the thermal
conductive properties and dielectric relaxation

of Al2O3-based ceramics∗
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Abstract

Al2O3 ceramics doping with Y3+ and La3+ are synthesized by conventional solid state reaction method. The structures, thermal

conductivities properties and the effects of sintering temperature on the electrical properties of the samples are measured. X-ray

diffraction results indicate that all the ceramics are formed to be of pure solid solution when the samples are sintered at 1500 ◦C. Thermal

conductivities of Al2O3 ceramics reach up to 8.60 W/(m·K). All the ceramics show temperature-stable dielectric characteristics. Typical

dielectric relaxation behaviors are observed in Y- and La-doped Al2O3 ceramics, and the relaxation mechanism is also analyzed.

Keywords: Al2O3, ceramics, thermal conductivity, dielectric relaxation
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