
� 49�    � 2�                                   ��������	                                 Vol.49, No.2 

2020�      2�                        RARE METAL MATERIALS AND ENGINEERING                     February 2020 

 

�����2019-02-19 

���	����	
��
��2182007�������������������� !�"#$%&'� �CIT&TCD201704031� 


��
�(  )*+*1992 �,*-.,*��/01�23��4/5�6*�� 100124*789010-67392755*E-mail: 

sunyuan@emails.bjut.edu.cn 

 

Gd

3+

�� La

2

Mo

2

O

9

������	
� 

 

�  ����������	
� 

(��/01� 23��4/5�6*�� 100124) 

 

�  ��La

2

Mo

2

O

9

:;<=>?@A*BCD 580 EFGHI, α-β JK*LMNOCPQRSTUVWXY Gd

2

O

3

Z[ La

2

Mo

2

O

9

\]^_`a La

2-x

Gd

x

Mo

2

O

9

 (x=0.0~0.5)bcd*ef^Z[Gd

3+

g La

2

Mo

2

O

9

JhiPR?@A>NOU

jklm*no Gd

3+

Z[p>qr*JKst;uv\*w xx0.2yz{Y βJ|DUz{>?@An Gd

3+

Z[p>

qr}~��qr*���D x=0.2y�t�=*������*B�;z{>?@A��� 1 W/(m·K)U 

����La

2-x

Gd

x

Mo

2

O

9

�JhiP�?@A 

�������TQ174.75        ������A        �����1002-185X(2020)02-0545-05 

 

����La

2

Mo

2

O

9

����	
��
����

����

[1-6]

������La

2

Mo

2

O

9

�
�
���

������� !"�#$%&'

[1,3]

��#$%&

'()��*+,
-�.�/0���12�34

5 La

2

Mo

2

O

9

6789	+�:+;-�.�"<=>

?@ABCD�E WinterFGHIAJKL� 90.2%

� La

2

Mo

2

O

9

MN�-�.�OP�-�.Q 100 R

S� 0.82 W/(m·K)�Q 1000 RS� 0.95 W/(m·K)

[7,8]

�

BCTU+�VWXY�Z9JK��[���

[8]

�

\]�2^��7_`a-�.�bcdefg�h

ijk�JK[�f�lm9�� 

n2op�qr La

2

Mo

2

O

9

6s�1tu9�dv

]w�=>xy�La

2

Mo

2

O

9

zQ 580 R{|O} α-β

dv�~+;��d�v�
;��d

[4,5,9,10]

���

7dv]we�����v_qr���~0.46%

[10]

��

��e��������F���i9��qr��

E�
; βd La

2

Mo

2

O

9

���.� αd La

2

Mo

2

O

9




2 �T��

[1,5]

��S�e�-�����6s���

�����v_�z ¡��!"�6�¢:�£�

¤}¥¦��J��§¨�B©ª/«k���6 

s�12�¬k La

2

Mo

2

O

9

� α-βdve����6s

��*­0��=>OP��] A'® B'¯°��

±h�9¨¬kdv�O}�©
;��d²³´+

;

[9-15]

����°µ�
�¶·�(z¸¹,
�º

�e���-��i¤}CI�qr� 

12�#@»�] Gd

3+

¯°k�A\�¯°��

La

2-x

Gd

x

Mo

2

O

9

�x=0.0�0.1�0.2�0.3�0.4�0.5�¼

½��=>A7¾¿���dÀI�v_�Á<ÂA

¯°e���-�.�qr� 

��������

ÃÄMN�]ÅÆ¼dÇ6±k��È�És_

�Ê La

2

O

3

ËGd

2

O

3

�Ì MoO

3

Í��Î�W�© La

2

O

3

� Gd

2

O

3

Í�Q&ÏÏÐÑ 1000 RÒÓ 10 h��n

Ô�:ZÕ�Ö×Ø���Ù�ÒÓ^�ÚÛd6�

�ÎÜ La

2

O

3

ËGd

2

O

3

� MoO

3

�Ý·Þ�ßÙàá�

â<=ãäå^æç�©ä`è�È�ék¡[�Q

&ÏÏÐÑ 500 RÒÓ 12 h��ê MoO

3

ëO�ÒÓ

^�[ìMNí]îïðñË=ãËä`�òóék

¡[�Q&ÏÏÐÑ 900 RÒÓ 12 h�Á/ô7]w�

900 RÒÓ 2 ó^ðñ�Í��Ý·ßÙàá�õã

45 min�ö^�Í÷¤a� 200 MPaék¡ø�Q&

ÏÏÐÑ 1150 RÓ� 10 hù´HúMN� 

k�ù´�ÃÄMN�adûHÉs X¹üý¹

þ<Â�¡�þ����Bruker D8 Advance (Germany)�

Cu Kα����é� 40 kV���� 30 mA��	�

0.154 06 nm�
��
� 20°~80°�
��L� 4°/min�

�	� 0.02°� 

MN�����És
<���������þ

£�Hú�þ���� HORIBA Jobin Yvon, LabRAM 

HR Evolution�±���És��
�����	� 532 

nm���<�.�� 0.65 µm

-1

�
��T�
��

100~1000 cm

-1

��²?���"<��å����M

N�� 2 �\��D£�e�Hú���HúD
�



�546�                                           �;��234/5                                           � 49� 

20 s�
� 2 ó Ý�Húù´�����És

Lorentzian !T£��"#`��$Ü\�MN��

�"'Ë%LF&'� 

MN�-�.~�-(¸¾TË�-�ÌKLT

U�ÉsEÑ)*+,ù´- 

exp p

Cκ λρ=

                             �1� 

�:�κ

exp

�H�MN�-�.�W/(m·K)��λ�Hú

-(¸¾T�mm

2

/s��C

p

�����-�J/(g·K)��ρ

�MN�HúKL�g/cm

3

�� 

5./T:��-TU0U1�-23I4+,#

`ù´�d�TU���ßîa-��56

[16]

�ú»

?y�7�±78��93%

[17,18]

�-(¸¾TÉs�

�:¹±HI�Zsþ�� Netzsch LFA427-�þ�

HúMN�;<ì�=>� 10.0 mm�?L� 1.00 mm�

@5ÑxAB�L
�HúW�MNxACDCEF

G��2H�i��I§JK�H�]wQ
Ê�Ï

²�Ñ£��HúTUÉs Cape-LehmanL�#`ù

´-(¸TU�Hú;L�
�M;~600 R��N

200 R� 1 �;LD���;LDH 3 ó�Ü�B�

O�MN�KLÉsPQRSTÙ±Hù� 

k�ù´�ÃÄMN:n x=0.5 MNJKLU+

�~90.7%�p��VMNJKL�JQ 93%~96%oW�

~�ÏX.zYZqrMN-�.���MNJKL

\[d��\ÉsÑ¿)*

[17,18]

p]ù´�^JKM

N�-�.��£�e�- 

( )

exp

= 1 1.5κ κ φ�

                        �2� 

�:�κ��^JK��-�.�φ �MNÏX.� 

������	
�

���������	
��
���

_ 1 � La

2-x

Gd

x

Mo

2

O

9

¯°Ì`¯°MN� XRD

_��j β d La

2

Mo

2

O

9

abc<�28-0509�e��

h�de�Z9MN��üQ PDFc<fL�
!�< 

67°�Q#jc<CJ�gQ 44°Ë46°Ë58°h�9 3

��i�"Qc<:`aj�\]�£C�jd�b

c

[2,9,14,19]

de�OP��k=>lù´� XRD_�:

�mQB 3�"�2p��]j GoutenoireFGbc

�:
ý¹�

[2]

£�e�+,�h��I 44°Ë46°h

�� 2 �"67<ne6��222���320��A�

� 58°h��ý¹"Q:
�:��`a�e6�A�

��mQd6��iop�12�h���B 3 �"

�� La

2

Mo

2

O

9

�q$"��r°µd�"�~2h�

]s�#=>:\�¯°Õ�� Gd

3+

�
�X£·

La

2

Mo

2

O

9

�t�ø¡A La

2-x

Gd

x

Mo

2

O

9

¼½���`

¤}uvyY�Âed� 

 

 

 

 

 

 

 

 

 

 

 

� 1  La

2-x

Gd

x

Mo

2

O

9

Z[��Z[z{> XRD�� 

Fig.1  XRD patterns of doped and undoped La

2-x

Gd

x

Mo

2

O

9

 samples 

 

���~_ 1 uh�de�`¯°� La

2

Mo

2

O

9

MN�_�j¯°MNÁßYZwn���`¯°�

La

2

Mo

2

O

9

345� αd��j βdabc<Q#CJ�

`OPj GoutenoireFG=>� αd:
ý¹�de

6�x�tq$"�B*1���� α d La

2

Mo

2

O

9

�+;��d�eÎ�f+�� β d�
;��d�

eÎ�f
��yl��� r�z��gmQr�

����t{v��dv|�'}�dv�BC��

� 5�
Ld~��ù�d� XRD _�:�ý¹

"�"'Ì"ø��z�� 

\]���E2�yl� XRD _�u*9��

��8���E�αd���q$"zeP�/�¥�

�BC��8��9Q
<�.���Ñ��i��

´��A�è�=> Gd

3+

¯°e La

2

Mo

2

O

9

dv�¬

k�s��Ü 47°~48°�
!��¥�fyY��x

�q$"(321)£���e��E_ 2Z�� 

~_ 2 :h�de�`¯°MN�(321)"O}

AyY��¥�E_:��Z��QTn Kα

2

"qr

o^�7"�g�¥� 2�ý¹"������B�

�¥hi*~��t{v¶p�� eÎ��+ 

¡��B�y�e6�ad67*�� αd����

Gd

3+

¯°���Ý�7""øO}�¥�� ¡¢H

i�£ x=0.1S��¥""%�+��Q"ø{¤¥

9yYop��y2S¥mQ α d La

2

Mo

2

O

9

J£ x

¦0.2 S�"øY��nmQd6� Kα

2

"p�Áß

�kyY�¥"�~2]s��adXQ#�v�


eÎ���� βd�Bxy�Gd

3+

�
�¶·h�9

¨¬k La

2

Mo

2

O

9

� α-β dv�©
;��dÀI´

M;�º�§¨Adve La

2

Mo

2

O

9

6s�\©qr� 

ªC�A�º_ 2 :uh�OP��� Gd

3+

¯

°���Ý�(321)"O}AyY�«¬|­�BC 

20 30 40 50 60 70 80

 

 

x=0.5

x=0.4

x=0.3

x=0.2

x=0.1

 

x=0.0

I
n
t
e
n
s
i
t
y
/
a
.
u
.

Extra peaks

2θ/(°) 



� 2�                               (  )�9Gd

3+

Z[ La

2

Mo

2

O

9

>JhiP�?@A                             �547� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  � 1� XRD��(321)��1� 

Fig.2  Enlarged image of (321) peaks from XRD patterns in Fig.1 
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Abstract: La

2

Mo

2

O

9 

is expected to have an extremely low thermal conductivity. However, the α-β phase transition at 580 ºC seriously 

affects its performance and applications. In this work, a series of La

2-x

Gd

x

Mo

2

O

9

 (x=0.0~0.5) solid solution was prepared by doping 

La

2

Mo

2

O

9

 with Gd

2

O

3

, and the effect of Gd

3+

 doping on the phase stability and thermal conductivity was investigated. The results show 

that the phase transition of La

2

Mo

2

O

9

 is effectively suppressed with the doping of Gd

3+

 ions. The samples show a β-phase when xf0.2. 

Moreover, the thermal conductivity decreases firstly and then increases with the increase of doping content of Gd

3+

 ions, reaching a 

minimum value at x=0.2 at room temperature. The thermal conductivities of all samples are below 1 W/(m·K). 

Key words: La

2-x

Gd

x

Mo

2

O

9

; phase stability; thermal conductivity 
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