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Abstract: Dy and Ce co-doped lanthanum zirconate composite (La1.7Dy0.3(Zr0.8CeZr0.2)2O7, LDCZ)

ceramic powders were prepared by the chemical precipitation method. XRD, SEM, differential Scanning

Calorimetry (DSC) and TG, were used to analyze the crystallogrphic phase, microstructure and the

phase stability of LDCZ. High-temperature dilatometer, DSC and laser thermal diffusivity methods

were used to analyze its thermal expansion coefficient (TEC), specific heat and thermal diffusivity. The

results show that the compositions of all prepared ceramic powders are in the range of the synthesis

of La2Zr2O7 with pyrochlore structure, the ceramic powders are amorphous mixed oxide at 120◦C,

the amorphous mixed oxide is converted to composite oxide when temperature is increased to 900◦C,

and the composite oxide is converted to single La2Zr2O7 with pyrochlore structure at 1200◦C. The

LDCZ powders keep the pyrochlore structure and there is no phase transformations for LDCZ at high

temperatures (∼ 1300◦C). The thermophysical results indicate that the thermal expansion coefficient of

the LDCZ ceramic is slightly higher than that of conventional Y2O3-8wt%ZrO2 (8YSZ) and the thermal

conductivity of the ceramic is 1.28–1.07W/m·K, it is 25% lower than that of La2Zr2O7, which indicates

that LDCZ may be an excellent material for preparing thermal barrier coatings.

Key words: La2Zr2O7; thermophysical properties; thermal barrier coating; rare-earth co-doped;

chemical precipitation methodP-KH
 2007–07–13, P"i,-KH
2007–09–075;eF
 ^L�g=��!P (76132017)~x6:
 

B (1974– ), M�=��TEG	 E-mail: ipezhm@yahoo.com.cn



568 " # F � f ! 23 i
1 njWU��bq�w�p 0%M\"�0�\�a0�\U{�2FM<7��%D_��p�2�IW 1700◦C, �| 0}
��QH�"d\��=�P�eI 1600◦C �"��2 [1,2]. Kr�yD���iz^�7PH� 6wt%∼8wt% w�
DM�-�w�Æ (8YSZ)[3,4] B[k<�2 1200◦C�:��2�\��W 8YSZ <-H3�QL6LP�
*w���W�P�11P��N�5x 0U{�2U�B/\�d{
Kr�C7T��=�PizH��n<g{+_"0�Æ^l [5,6]. Vassen � [7] �b�
SrZrO3 �BaZrO3 � La2Zr2O7 �`izPo�<?2 1200◦C :�La2Zr2O7(7_ LZ) 7?o�Æ���-b�p�EbR�B�`*�<7r\�:���=�PizH�


La2Zr2O7���=�PizH��nb��H9�A#�� Subramanian � [8] 
�2 La2Zr2O7%.4Lm_�� ZrO6 �<omb���oLm� La3+ tj2�$` ZrO6 mb��<oy7_
25x'_b�v<:� La3+ � Zr4+ u�*f�HW
s�`�ne
sq�
8| NASA9sD� Narottam � [9] J��C - VC?[(�0� Yb � Gd o�V/� La1.7Yb0.3Zr2O7 �
La1.7Gd0.15Yb0.15Zr2O7 �=�PizH��n��5QH La2Zr2O7 B � 30%�"
 La2Zr2O7 ���=�PizH����g{�xMsBn�_:5QH [10](9.1×10−6K−1). �" CeO2 f�H���_:5Q (13×10−6K−1), ;t Ce4+ � Zr4+f�HW�
s�`�dÆC� [11,12] J��h^*?[(� CeO2 V/� La2Zr2O7 �=�PizH��L�7C CeO2 V/m\� La2Zr2O7 ��_:5Q�\" 8YSZ ��_:5Q��7n��5Q��K��
�U�BB La2Zr2O7 ���5Q�;m\n�_:5Q�,e�Sy�0� Dy� Ce 7 La2Zr2O7 U^jV/��m\n�_:5Q�}7�U�BB n��5Q

2 Mk
2.1 NlL�qrAJ�l+-�BwX4I�\�w�&�̂ U>zF%�'/D�%
(�� Ce(NO3)2·6H2O(M,

w), La2O3(99.9%), Dy2O3(99.9%), ZrOCl2·8H2O(M,w), l^ (1.19), �S (0.91), $S�v (M,w),�
sS

2.2 Nl�|? La2O3 � Dy2O3 M9�"Wl^_�
Ce(NO3)2·6H2O � ZrOCl2·8H2O �"�S_��{b[0?VQ�~��}�%$_�jMD�<n��m,
?��~�6i�0��S (1:1) �%$_�}7�4h�D���.-b^*
�<������Æ�ww�)^*
��2J`�d_z[o5� pH P2 10.0�" [13]. �S�$S�v?^*2!U pH P� 7 }���+��2 120◦C :BwX4 12h��L�S���l�Y&��_�6/�U 1200◦C 	% 5h, �� LDCZ izPI
���[�� LDCZ izPI22�t_[%RzF 24h��2 40MPa:�jbX�H�\�w�&_" 1650◦C %L 10h, b&������W:��iz}o�~o�"�)bRM,

2.3 *^('J� SIEMENSD–500 X X )E�v/q)�7X)�HLmM,�M,v<� CuKα S)�e�'j 40kV, e�'" 250mA, �?B� 20∼75◦, �?[2� 5◦/min. � DSC S>�?��2 (Model NETZSCH DSC204, Ger-

many) M- La1.7Dy0.3(Zr0.8CeZr0.2)2O7 izPI� TG � DTA }E�L� XRD M,nbn\�H�-b�J�w�'���/�[*
10◦C/min, �2B��D� ∼1300◦C. J�YS?M- La1.7Dy0.3(Zr0.8CeZr0.2)2O7 �:2�W:2�;J��?'^M,n�sLm
y�\�_:� (Model NETZSCH DIL 402EP, Germany) M- La1.7Dy0.3(Zr0.8CeZr0.2)2O7 �Eb_:5Q��2B�� 100∼1000◦C, /�[*� 10◦C/min,wppJ�yfh~� 5mm×5mm×15mm. J� DSC S>�?��2M-0���2B��
30∼1000◦C, /�[*� 5◦C/min, wppJ�yfh~� φ10mm×1mm �)[�

J�)w3k? (Model NETZSCH LFA 427, Germany) M-
La1.7Dy0.3(Zr0.8CeZr0.2)2O7 ����5Q λ, �2B�� 30∼1000◦C, yfh~� φ10mm×1mm �)[�

2MFMr�7yf��3<U^\QsÆ
��* k uy��:g>2`�oÆ

k = Cp · λ · ρ (1)> (1) _� ρ �yf�:2
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3 914TB
3.1 R�+E#z�w � X ' C o ' 5 Y & � g x N G
La1.7Dy0.3(Zr0.8CeZr0.2)2O7 �&FJkS\K*�J}�~ 1 
?�~℄ La2Zr2O7 �o'Od�* �� [15].�� [8]  ��0 La2Zr2O7 #,2Jk℄��
ZrO6 �;nk`���nJk�La3+ si0�#_ ZrO6k`��;nx6℄�04w%℄_�u;8�La3+ � Zr4+ s	)e�FV	r�_�ld	rp���~ 1s9�I��e\(=0 1200◦C�# 5h ���� La1.7Dy0.3(Zr0.8CeZr0.2)2O7 gxNG XRD~h℄�;> La2O3 �ZrO2 �Dy2O3 �
CeO2 �o'R�NG�o'R% La2Zr2O7 �o'R�V�RAo'R�s0/�R8�T�Y&�
La1.7Dy0.3(Zr0.8CeZr0.2)2O7 gxNGe�#,2FJk�T-� Dy� Ce�Z	�)n�� La2Zr2O7�X℄℄�
3.2 I�?Y%& La1.7Dy0.3(Zr0.8CeZr0.2)2O7 +E℄
}�#odw� X 'Co'qQ�>z�q��05
La1.7Dy0.3(Zr0.8CeZr0.2)2O7 gxNG&Fy`��J�J}�~ 2 
?�~ 2 5��0 120◦C 8AvW3����
N� La�Dy �Zr� Ce�vu�&��q���vu�&KM�,`!+Y�u�&�	&�} XRD ~h℄s	;>�N��0.Z� 600◦C 5�
NÆ��f!+Vf��0.ZT 900◦C 5��� La �Dy �Zr� Ce �U	u�&�ap�q��0�.Z� La1.7Dy0.3(Zr0.8Ce-

� 1 La2Zr2O7 � La1.7Dy0.3(Zr0.8CeZr0.2)2O7 OH� XRD �i
Fig. 1 XRD patterns of La2Zr2O7 and

La1.7Dy0.3(Zr0.8CeZr0.2)2O7 ceramic powders

Zr0.2)2O7�XFe=Y`�Z 1200◦C	��q���gx
N� XRD~he�5��jHR�Y`���#,2Jk� La1.7Dy0.3(Zr0.8CeZr0.2)2O7. }~ 2 �som�ap�q��0.Z:NGJXZ��JXb	I�980kZ��Vo'R�0a�0.Z:8N�o'R�s05��
3.3 La1.7Dy0.3(Zr0.8CeZr0.2)2O7R�+E
8/#\$hw� DTA� TGqQ�0 1200◦C�q� 5h��� La1.7Dy0.3(Zr0.8CeZr0.2)2O7 gxNG0C� ∼

1300◦C8FJk��+_�J}9~ 3. }~ 3s	om�La1.7Dy0.3(Zr0.8CeZr0.2)2O7 � DTA{C!G��-�Rm>��� [13]�ma5��YSZ(Y2O3CK�+� ZrO2) 0 1214◦C qm>��_F5��-�R�5��k�F t′ LUEF t ��EF c�j1�J}5�� La1.7Dy0.3(Zr0.8CeZr0.2)2O7 g

� 2 ?{	r��19 La1.7Dy0.3(Zr0.8CeZr0.2)2O7hyOH� XRD �i
Fig. 2 XRD patterns of La1.7Dy0.3(Zr0.8CeZr0.2)2O7

ceramic powders heat-treated at different tempera-

tures

� 3 La1.7Dy0.3(Zr0.8CeZr0.2)2O7 hyOH� TG �
DTA |D
Fig. 3 TG and DTA analysis of La1.7Dy0.3(Zr0.8Ce-

Zr0.2)2O7 ceraimc powder



570 " # F � f ! 23 ixNG0C� ∼ 1300◦C �A�O�lP�f���#,2Jk�5�lZ�F�+_z� Jq�;�NxC��� YSZ.

3.4 La1.7Dy0.3(Zr0.8CeZr0.2)2O7R�=U#yD% >�NY�� La1.7Dy0.3(Zr0.8CeZr0.2)2O7 gxNGS\"QyE�Ey�u��y�yE56 24h,N\�!R�u�yEq���gxNG0 120 ◦CAvW3 10h��0 40MPai�8�i`V���X Z�u�%℄ 1650 ◦C#J 10h,��V9��xe��~8A�℄83O���3O�K*�SEMK* (9~ 4) 5�� La1.7Dy0.3(Zr0.8CeZr0.2)2O7 gx|nJkV9�w�XR=L+�gx|n�F590� 95.1%, 90� 6.13g/cm3.

3.5 IGv`Q�Z�℄8�L+� La1.7Dy0.3(Zr0.8CeZr0.2)2-

O7 gx|n�C_℄83O�J}�~ 5 
?�~℄ La2Zr2O7 � 8YSZ(8 wt% Y2O3-ZrO2) �C_℄83O�* �� [11].�~ 5 s	om� La1.7Dy0.3(Zr0.8CeZr0.2)2O7gx|n��℄83Oa�0�.Z:5��nnE���℄83Oa�0.Z:5��+\A�$GJk℄�\$6glg	a�0.Z:5��nnE�H�	�XnF.3s��:�on&5��0Z�8�X℄F.�'�
�:�℄83O5��% La2Zr2O7 ��℄83OF.F�La1.7Dy0.3(Zr0.8CeZr0.2)2O7 ��℄83O���<kZ�5��℄83O�� CeO2 T-kZ�
La2Zr2O7 ��℄83O�}~ 5�som�
�00 300◦C 	�5�La1.7Dy0.3(Zr0.8CeZr0.2)2O7 ��℄83O�<Z Jq�;�N℄��|xC�
8YSZ gx��℄83O��� 8&�;�N℄� gxN�OJ n��℄83O>aZ:W,�K#���
� 4 La1.7Dy0.3(Zr0.8CeZr0.2)2O7 hy� SEM >b
Fig. 4 SEM image of La1.7Dy0.3(Zr0.8CeZr0.2)2O7

ceramic

� 5 La2Zr2O7 � La1.7Dy0.3(Zr0.8CeZr0.2)2O7 �
8YSZ �D`^94P
Fig. 5 Linear thermal expansion coefficients of

La2Zr2O7, La1.7Dy0.3(Zr0.8CeZr0.2)2O7 and 8YSZ

3.6 !I`Q�f= (1) sK���3O�1_
;LmE��.� Cp ����3O λ. w� DSC R=�=��1L+� La1.7Dy0.3(Zr0.8CeZr0.2)2O7 �.��J}9~ 5. La2Zr2O7 �.�Od*t�� [11]. �~ 6 s9�.� Dy � Ce hT-�
La1.7Dy0.3(Zr0.8CeZr0.2)2O7 �.�F La2Zr2O7 /�����?�.�%�0`VW�C_p3�a�0�.Z:5��- Cp ∝ T , %�0�p3s�
(2) � (3) =5?�
Cp(La2Zr2O7) = 0.37421 + 1.91795× 10−4T−

2.94527×10−8T 2 (2)

Cp(La1.7Dy0.3(Zr0.8Ce0.2)2O7) = 0.31435+

2.67194× 10−4T−6.17586×10−8T 2 (3)

La2Zr2O7 � La1.7Dy0.3(Zr0.8CeZr0.2)2O7 ����3Ow�'u���L+�J}�~ 7 
?�~ 7 5��0LE�0A�O� La2Zr2O7� La1.7Dy0.3(Zr0.8CeZr0.2)2O7 ����3Oa�0�.Z:8N�%�0�p3s5?� Cp ∝

T−1, ���3Oa�0�.Z:8N�p3T�
La2Zr2O7 � La1.7Dy0.3(Zr0.8CeZr0.2)2O7 ����A�+r�`m\�j+���%�8O�8XgxE��W [14].ad�NL+�>z�08�.�����3O�O�	, La1.7Dy0.3(Zr0.8CeZr0.2)2O7�90�w�f= (1) s1_�� La1.7Dy0.3(Zr0.8CeZr0.2)2O7���3O��~ 8 
?� La2Zr2O7 ���3O*t�� [15].�~ 8 sK� La2Zr2O7 � La1.7Dy0.3(Zr0.8Ce-

Zr0.2)2O7 ���3Ola�0�.Z:e=�
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� 6 La2Zr2O7 � La1.7Dy0.3(Zr0.8CeZr0.2)2O7 1?{�19�/	
Fig. 6 Specific heat of La2Zr2O7 and La1.7Dy0.3-

(Zr0.8CeZr0.2)2O7 at various temperatures

� 7 La2Zr2O7 � La1.7Dy0.3(Zr0.8CeZr0.2)2O7 1?{�19�	��4P
Fig. 7 Thermal diffusivities of La2Zr2O7 and

La1.7Dy0.3(Zr0.8CeZr0.2)2O7 at various temperatures

� 8 La2Zr2O7 � La1.7Dy0.3(Zr0.8CeZr0.2)2O7 1?{�19�
	4P
Fig. 8 Thermal conductivities of La2Zr2O7 and

La1.7Dy0.3(Zr0.8CeZr0.2)2O7 at various temperatures��ad��
q"��!"IOJE�Xn�t�A+r`m�J}�+r��3Os�= (4) 5? [15]:

k =
1

3
Cv · ν̄ · l̄ (4)

=℄ Cv �+r�.+���� ν̄ �+rglZ0� l̄ �+r�glt�
�0���0	�� Cv  +�>1�s~YOq�� ν̄ O%	_D� E �90 ρ ��p�:�05 E O��J��{ ν̄ O|a�0�.�:1����sVW"� ν̄ ~�YO��{��8O8XgxE�℄�Xn���3O k  +��+rglt�
 l̄ a�0.Z:8N�z(
j+��0.Z�+r�D.P�3��d)3~�`m/)58� l̄ 8N���3O k 
8N��Ak�8O!"IOJE�0FZ�08��3Oa�0.Z:8��fz'��e�����3OA�~�;�NgxE��p:Q4L���~ 8 �som�.�
Dy � Ce hT-� La1.7Dy0.3(Zr0.8CeZr0.2)2O7F La2Zr2O7 ���3O<h���08r�0A�O� La1.7Dy0.3(Zr0.8CeZr0.2)2O7 ���3O� 1.28∼1.07W/m·K, F La2Zr2O7 ��� 25%	���fzA� .� Dy � Ce hT-53� La2Zr2O7 Xn℄��B (uv�), �V� uv��o�+r�'5s [6], }::�
La1.7Dy0.3(Zr0.8CeZr0.2)2O7 e�. La2Zr2O7 b����3O�p�� uv�58�V+r��'5s��
La1.7Dy0.3(Zr0.8CeZr0.2)2O7 e�. La2Zr2O7 b���3O� �_�YA� X�t	r�V�+r�'�+r�glt�
 l̄ �. n�'r�'r�%f'r (Zr) �'r� (91) �R�gE [15,16]. La2Zr2O7 ℄�n�'r La �'r��
138.9,: La1.7Dy0.3(Zr0.8CeZr0.2)2O7 ℄�T-n�'r Dy � Ce �'r�K8� 162.5� 140.1,<�
La1.7Dy0.3(Zr0.8CeZr0.2)2O7 ℄�+rglt�
N La2Zr2O7 ℄+r�glt�
�+r��'5s��V La1.7Dy0.3(Zr0.8CeZr0.2)2O7 ���3ON La2Zr2O7 ���3O�
4 9B

1. �e\(=Y&� La1.7Dy0.3(Zr0.8CeZr0.2)2-

O7 gxNG� 120◦C 5NG�!+Y��	vu�&� 900◦C 5j��U	u�&� 1200◦C 5j1�����\�#,2F�T-� Dy � Ce )	�n�� La2Zr2O7 �X℄℄�
2. La1.7Dy0.3(Zr0.8CeZr0.2)2O7 NG0C� ∼

1300◦C A�OlP�f���#,2Jk���



572 " # F � f ! 23 i+_���
3. CeO2 T-s<hkZ La2Zr2O7 ��℄83O��00 300◦C	�5�La1.7Dy0.3(Zr0.8CeZr0.2)2O7��℄83O�<Z 8YSZgx��℄83O�
4. La1.7Dy0.3(Zr0.8CeZr0.2)2O7 ���3O�

1.28∼1.07W/m·K,F La2Zr2O7 �� 25% 	���<Za
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