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|^LK¯|(Ü�>�lf�( (SPS), ��
 CuxAg1−xSbTe2(x = 0—0.3) �¬. ®" X ��û� (XRD)

©Û(Jw«, SPS ?n±c, ¹ Cu �¬/¤ NaCl .(���MN, 
�\\ Cu ��¬ÛÑ Ag2Te 1��. �â
9©ÛÚ XRD ÿþ(J, Cu �\\U
k�³� Ag2Te �ÛÑ, �Ó�¬3¯|�¬¥�)�þ�¬�. 3§Ý
,p� 540 K �m�, �¬�u)¬z, /¤ Sb7Te æ­�, ¿�ª=C¤ Sb2Te3 ­½�. é¯|�¬?1$§ SPS

¯�?n�, x = 0.1 �¬�¡%á�(��ü�zÜÔ, �´ x = 0.2, 0.3 ��¬©OÛÑ1�� Sb7Te Ú Sb2Te3.

duÛÑ1��, x = 0.2, 0.3 �¬�>�ÇO�, Seebeck Xê~�, 9�Ç�A,p, nÜ9>5Uü$. x = 0.1

ü��¬�õÇÏf�©z��� AgSbTe2 zÜÔ��. ��O��Ü7z�AOr
 Cu0.1Ag0.9SbTe2 zÜÔ�
(fÑ�, k�ü$
�¬�9�Ç. Ïd, ü��¬ Cu0.1Ag0.9SbTe2 LyÑ�Z�9>5U, 3 620 K �9>`
��� 1.

'�c: AgSbTe2, �­½, ¬N(�, 9>5U

PACS: 61.05.cp, 64.60.My, 73.50.Lw

1 Ú ó

�X���¬éU
I¦�FÃO\, U
á
"®¤��¥5¯K. |^9>á�� Seebeck �
AU
¢y¢9u>, �äkÉÚ���A:, Ï

9>á��ïÄ�CÉ�2�'5. 9>á�
´�«|^�NSÜ16f$Ä, ¢y9UÚ>
U���p=��õUá� [1,2]. Ï~^Ãþj
9>`� ZT 5£ã9>5U, ZT = S2σT/k, Ù
¥ Z �9¬�Ïê, S � Seebeck Xê, σ �>�
Ç, k �9�Ç, T �ýé§Ý [2]. 5U`É�9
>á�7Läkp� Seebeck Xê!p�>�Ç
±9�$�9�Ç. 8cp5U9>á��ïÄÌ
�8¥3±eü��¡: �´&¢9>5U`É
�#.zÜÔ (��´äkE,¬N(��ÄB
�{¿��N), ~X<GzÜÔ [3−6]!W¿��

¶ [7−10] Ú Zintl �zÜÔ [11−13] �; ,��´|
^B�(�½B�Y,�þf�AÚõ¬.Ñ�
5Jpá��9>5U [14,15], XB�� [16]!�¬
��� [17] Ú¬NB�EÜá� [18] �.

@3 20 ­V 60 c�, ÒmÐ
 p . AgSbTe2

z ÜÔ� 9 > 5 U ï Ä [19,20]. d u ä k ' �
$ � 9 � Ç (0.6—0.7 W·m−1K−1)[21,22] Ú � �
� Seebeck Xê (�� 200 µV·K−1)[23,24], �Ï±
5 AgSbTe2 ��É�ïÄö�­À. AgSbTe2 �
@�´ Ag2Te � Sb2Te3 Uì 1:1 �'/¤�z
ÜÔ [25−27], �´¢Sþü�zÜÔ=3 Ag2Te
� Sb2Te3 � � ' � u 1 � ¤ © ��S â �
3 [25,28]. AgSbTe2 ä k NaCl . ¬ N ( �, �
m +� Fm3̄m, Ù ¥ Ag Ú Sb ÃS Ó â Na �
¬ , 
 Te Ó â Cl � � [29]. Ä u AgSbTe2

� ` É 9 > 5 U, ï Ä ö � � O 
 � X � ¹
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k AgSbTe2 |©�äk NaCl .¬N(��p5U
9>á�, ~X (PbTe)m(AgSbTe2)({P� LAST-
m) Ú (GeTe)x(AgSbTe2)1−x({P� TAGS-x). �
â©z [18] ��, LAST-m äk4Z�9>5U,
m = 18 � � ¬ 3 800 K � � ZT � p � 2.2.
TAGS-x NX�9>5U��~`É, x = 0.80,
0.85 �¬3 800 K �� ZT ��u 1.5[30].

¦+ AgSbTe2 �9>5U`É, �§´¿§Ø
­½�, Ø|u¢S�9>A^ [31]. �â Ag2Te-
Sb2Te3 ���X�ã [32], AgSbTe2 zÜÔ=3p
§��3, ¿3 633 K �©)� Ag2Te Ú Sb2Te3.
k' Sb2Te3-Ag2Te Ú Sb2Te3-Ag2Te-Te �ã��
\ïÄL², äkî�zÆOþ'� AgSbTe2 9
åÆ­½zÜÔ¢Sþ¿Ø�3 [33]. ©z [34] Ï
L Na O�4�þ Ag, Ü¤
 Ag0.99Na0.01SbTe2.02

zÜÔ, ÙÌ�8�´ÏL\\ Na ±9 Te ��L
þ5Jp�lf��ÇßÝ, O�>�Ç, �ª¦
�á�� ZT �k��O\. 9>5UïÄ(JL
², Ag0.99Na0.01SbTe2.02 zÜÔ3 650 K �, ZT �
�� 1.5. ,
, duzÆ5�þ�É��, 
� Na
�¹þé�, Na ´ÄO� Ag ±9 Na ´Ä?\¬
�ÑJ±(½. Ó�, du Na áu1�Ìxw7
á��, äkér�7á5, 3�í¥4´u)�
z, é¢�ö�9Ü¤^��¦'�p, Ø|u¢
S)�ÚA^. Cu � Ag þ�1�Bx��, 5�
�C, Ïd Cu AT�N´�� Ag, ùØ=�±J
p>5U, 
���±|^Ü7z�Aü$9�Ç,
l
��nÜUõá�9>5U�8�. d	, Cu
�zÆ5��é­½¿�d��$, ÏdÜ¤L
§´u��, ¿U
ü$á�¤�. éu AgSbTe2

zÜÔ|^ Cu O� Ag �ó��ö�8ÿ��
��, �´©z [35] ��
|^ Cu �� Sb Ü¤

 Ag0.84Sb1.15Cu0.01Te2.16 zÜÔ, �, Cu Jp

16fßÝ¿N�
U�(�, ¦�¬�>�Ç
Ú Seebeck XêÑ��O\, �¬� ZT ���A
O� (3 550 K � ZT ��� 1.1). ,
,ÃØlz
Æ5��´>f(��Ý�Ä, Cu qAO� Ag 

Ø´ Sb.

�©l¢^5Ú²L5�Ý�Ä, Ï"|^Ó
Ìx� Cu ���þO� Ag, r AgSbTe2 zÜÔ­
½�¿§, ¢yTzÜÔ��9>á���^5,
¿k�ü$á��¤�. d	, ·�ÏL>Ñ$Ú
9D�5�ÿþ, ?Ø
\\ Cu é AgSbTe2 zÜ
Ô9>5U�K�.

2 ¢ �

¢ � æ ^ p X Ag(99.99%), Sb(99.999%),
Te(99.999%) Ú Cu(99.5%) �� �. U ì ¶ Â ¤
© CuxAg1−xSbTe2(x = 0.1—0.3) ¡���, 3ý
� (�� 1 × 10−2 Pa) ^�er���µ\�=
+. �=+ç���u³ªê6¬¥, �ú\9
� 1123 K. �(�LN¤©þ!, 3 1123 K �
§ 12 h, ��3Y¥?1|»?n. ��, 3§
Ý T = 773 K eò» 7 d. 9>5UÿÁ�¬
|^�>�lf�( (SPS) ����, �(ý�
Ý�� 5 × 10−3 Pa, �(Øå� 50 MPa, �(§
Ý� 390 ◦C, ,§�Ç�� 50 ◦C/min, �§�m
� 5 min. ¤��¬��é�Ý�� 96%.

|^ PANAlytical úi)�� X’Pert Pro . X
��û� (XRD) ¤ (Cu Kα1) é�¬?1Ô�©
Û. |^{I Thermal Analysis úi)�� DSC-
Q200 .96ª�«×£þ9 (DSC) ¤, ÏL DSC
{é�¬?1
9©ÛÚ�þ9Nÿþ. |^
ZEM-2 . 9 > 5 U ÿ Á C � ÿ þ > � Ç σ Ú
Seebeck Xê S. 9�Ç k ÏLúª k = ρλcp O
���, Ù¥ ρ, cp Ú λ ©O��¬��Ý!�
þ½Ø9NÚ9*ÑXê. 9*ÑXê|^�I
Netzsch úi)�� LFA-427 .-19�¤ÿþ.

3 (J9?Ø

3.1 ���|||¤¤¤ÚÚÚ¬¬¬NNN(((���

ã 1 ´LK¯| CuxAg1−xSbTe2 �¬� XRD
Ì. Xã 1 ¤«, x = 0.1, 0.2, 0.3 ��¬û�¸
Ñ�¡%á�(�� AgSbTe2 IOk¡ (JCPDS
No. 15-0540) �Î,�uyÙ¦,�û�¸, `²Ü
¤�n��¬þ�ü�. 
Ø\\ Cu � AgSbTe2

LK¯|�¬¹k�þ Ag2Te ,� (ã 1 ¥�Þ¤
�� Ag2Te û�¸), ù�©z [31] ����, =z
ÆOþ'� AgSbTe2 �¬Ï~J±/¤ü�, 
 
 ÛÑ1�� Ag2Te. þã XRD ©Û`² Cu �
��\\U
k�³� Ag2Te 1���ÛÑ, k
|u­½ AgSbTe2 zÜÔ. ã 1 �S�ãw«, �
X Cu ¹þ x �O\, û�¸�p�Ý��£Ä, =
¬�~ê~� (x = 0.1, 0.2, 0.3 ��¬¬�~ê a

©O� 0.60850, 0.60839, 0.60808 nm). ù´du Cu
O�
Ü© Ag, �8�  Cu+ ��» (0.077 nm)
�u8�  Ag+ ��» (0.115 nm), Ïd�X Cu
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¹þ�O\, CuxAg1−xSbTe2 �¬�¬�~êÅ
ì~�.

ã 1 LK¯| CuxAg1−xSbTe2 �¬� XRD Ì

�
ïÄLK¯| CuxAg1−xSbTe2 �¬�9
åÆ­½5, |^ DSC é�¬?1
9©Û, ¤�
(JXã 2 ¤«. lã 2 �±wÑ, éuØ¹ Cu
� AgSbTe2 �¬, 3ÿþ��S (¿§� 720 K),
Ø
3 T = 422 K NCuy Ag2Te � α-β �Cé
A�á9¸	, ��Ù¦á9¸Ú�9¸. ù�©

ã 2 LK¯| CuxAg1−xSbTe2 �¬� DSC ­�

z [36] ���Î, �� XRD Ì¥*ÿ��þü�
(� Ag2Te ,��(J��. 3ü§L§¥, DSC
­�þ�*ÿ��A� Ag2Te � β-α �C, ù�
U��CÄåÆk'. �,LK¯|¹ Cu �¬
� XRD Ìw«�ü�, �´9©Û(JL²ù

�¬�X§ÝCz�3E,�=CL§. Xã 2
� DSC ­�¤«, ,§L§¥ x = 0.1, 0.2, 0.3 �
�¬Ñ3 540 K NCÑy�²"��9¸, 
�d
L§�Ø�_=C.·�éTØ�_=C���¬
?1
Ô�©Û (,§� 573 K�¤ DSC ÿþ, �
�¬e%�?1 XRD ÿþ). Xã 3(a) ¤«, Ø¡
%á�Ì�	, n��¬Ñ�3 SbTe7 ,�. ��

ó, ,§ÿþ� DSC ­���9¸éAu¬z
��9L§, 
��©)ÚLz�á9L§Ã'.
�âTØ�_=CL§u)�§ÝÚ�9¸�f
��°�A:, ·�@�dØ�_=C´du¯
|?n���)�þ�¬�, 3,§L§¥�¬
�u)¬z�)�9�A. �âã 2 � DSC ­�,
x = 0.1 ��¬��q²{
ü�aq�_��

ã 3 �©O,§� T = 573, 720 K�¤ DSC ÿþ��¬
� XRD Ì (a) T = 573 K; (b) T = 720 K
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C, x = 0.2, 0.3 ��¬K²{
��q��´�
_��C. duù
�CÑaq�_L§, J±Ï
Lþã�Ô�©Û�{5(½�C��Ô. qd
u�¬p§eu)�z, �J±ÏL�  XRD ©
Û5�ä. ã 3(b) ´,§� 720 K�¤ DSC ÿþ
��¬� XRD Ì. lã 3(b) �±uy: x = 0.1 �
�¬Ø¡%á�Ì�	, �¹k�þ SbTe7 ,�;

 x = 0.2, 0.3 ��¬Ø
¡%á�Ì�	, ¹k�
õ� Sb2Te3 1��, �Ò´ SbTe7 =C� Sb2Te3.
ù`²���CØ´���_��C, 
´�\E
,. �â·��9©ÛÚÔ�©Û(J, Cu �\\
k|u³� Ag2Te 1���ÛÑ, �Ó�¬��¯
|L§¥�)�þ�¬�, ù
�¬�3,§L§
¥u)¬z/¤Ø­½zÜÔ SbTe7, ¿�U�ª
=C¤­½zÜÔ Sb2Te3.

éu SPS ���¬, ·��?1
Ô�©Û.
Xã 4 ¤«, x = 0.1 ��¬E�ü�, x = 0.2,
0.3 ��¬©OÛÑ1�� Sb7Te Ú Sb2Te3, ��
X Cu ¹þO\, 1��û�¸rÝwÍOr, `
²1���X Cu ¹þO\
,p. �âþã¢
�(J, ·�@�$§¯� SPS ?nU
k�³
� CuxAg1−xSbTe2 ��©), l
 x = 0.1 ��¬
¥�þ�¬�¿�u)¬z, �´Lþ� Cu O�
���¬�N´©), ¿��X Cu ¹þO\, 1�
�d Sb7Te æ­�=C� Sb2Te3­½�.

ã 4 SPS �� CuxAg1−xSbTe2 �¬� XRD Ì

3.2 >>>ÑÑÑ$$$555UUU

·�é SPS ����¬?1
>Ñ$Ú9D
�5UÿÁ. ã 5 ¤«� CuxAg1−xSbTe2 �¬�
>�Ç σ Ú Seebeck Xê S �§Ý T �Cz�¹.
lã 5(a) �±wÑ, x = 0.1 ��¬3¿§NC�

>�Ç σ = 4.7 × 104 S·m−1, �X§Ý T �,p,
σ Åì~�, � T > 470 K � σ Ä�ØC. ���
,� AgSbTe2 zÜÔ�', Cu0.1Ag0.9SbTe2 ü�
�¬� σ ²wO� [37]. �â©z [34] ��, |^
Ù¦��O� Ag   ¬���lf�ÇßÝO
�, l
¦>�ÇJp, ù�·��¢�(J��.
éu x = 0.2, 0.3 ��¬, >�Ç σ Jp�\wÍ,

� x = 0.3 ��¬>�Ç²wpu x = 0.2 �
�¬>�Ç. �Ï´�ùü��¬ÛÑ1��k
'. Sb2Te3 zÜÔ��>5U`u AgSbTe2, Ïd
�X Sb2Te3ÛÑ��Oõ, �¬��>5UJp.

ã 5 CuxAg1−xSbTe2 �¬�>�Ç σ Ú Seebeck Xê S

�§Ý T �Cz (a) >�Ç σ; (b) Seebeck Xê S

Xã 5(b) ¤«, ¤k�¬� Seebeck Xêþ�
��, `²�¬äk p .��N>Ñ$5�. 3ÿ
þ§Ý��S, Seebeck Xê�X§Ý�,p
O
�, Ó� Seebeck Xê�X Cu ¹þ�O\
~�,
ùÚþã>�Ç�Cz���. � T = 620 K �,
x = 0.1 �¬� Seebeck Xêp� 175 µV·K−1, �
��,� AgSbTe2 zÜÔ��. �'u x = 0.1 �
¬, x = 0.2, 0.3 �¬� Seebeck XêwÍeü, ù
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�>Ñ$5U�Cz�Î, �´du�©)E¤�.
�¬ÛÑ1�� Sb2Te3 ¦�zÜÔ�7á5Or,
>�ÇO��Ó����
 Seebeck Xê�ü$.

lã 6 �±wÑ, �¬�õÇÏf S2σ �X
§Ý�,p
O�. � T = 623 K �, x = 0.1 �
¬�õÇÏf S2σ = 9.5 × 10−4 W·m−1K−2, ��
�,� AgSbTe2 zÜÔ�õÇÏf�� [37]. é
u x = 0.2, 0.3 �ü��¬, du�©)��Ï, �
,äk�~p�>�Ç, � Seebeck Xê��A~
�, ¤±õÇÏfÑ$u Cu0.1Ag0.9SbTe2 ü��
¬�õÇÏf.

ã 6 CuxAg1−xSbTe2 �¬�õÇÏf S2σ �§Ý T �Cz

3.3 999ÑÑÑ$$$555UUU

Xã 7 ¤«, x = 0.1 �¬�9�Ç3 0.48—
0.62 W·m−1K−1 ��S. x = 0.1 �¬�9�Ç
3 ¿§e �� 0.57 W·m−1K−1, �§Ý T , p
� 470 K �, 9�Ç=� 0.48 W·m−1K−1, ù�'
©z [23,24] �����, AgSbTe2 zÜÔ�9
�Ç²w $. ·�@�|^ Cu O� Ag, �)
¤¢� “Ü7z�A”, ?�ÚOr
(fÑ�, l

ã 7 CuxAg1−xSbTe2 �¬�9�Ç k �§Ý T �Cz


k�ü$
�¬�9�Ç. 
 x = 0.2, 0.3 ��
¬du SPS L§¥ÛÑ Sb2Te3 ,�, ¦�>�Ç
�ÌÝ,p, E¤16f9�ÇO�, l
��o
9�Ç��AO�. du x = 0.3 �¬ÛÑ Sb2Te3

1���õ, Ïd9�Ç�²w��.

3.4 999>>>`̀̀���

ã 8 ¤«� CuxAg1−xSbTe2 �¬�9>`
� ZT �§Ý T �Cz. lã 8 �±wÑ: ¿
§e � ¬ � ZT � � $, � X§Ý T � , p,
ZT � Å ì O �. �§Ý , p � T = 620 K
�, Cu0.1Ag0.9SbTe2 � ¬ � ZT � �� 1.0. ¦
+ Cu0.1Ag0.9SbTe2 � ZT �'©z [38,39] ���
��, AgSbTe2 � ZT �Ñ$ (��,� AgSbTe2

zÜÔ�3 600 K � ZT ������ (1.2)[38,39]),
�´��,� AgSbTe2 zÜÔÏ~ÑØ´ü�, 

´¹k Ag2Te ,�. du Ag2Te 3 420 K �mu
) α-β �C, éuá��¢SA^�~Ø|. ·
�^ Cu �� Ag, ³�
 Ag2Te �ÛÑ. �â9©
Û(J, �¬��3 540 K ±e�§ÝØ¬u)
?Û�C½©)�A, � Cu0.1Ag0.9SbTe2 3 540 K
�� ZT �EU�� 0.8 ±þ, LyÑ�Ð�¥
$§9>5U. du SPS ¯�?nÚ Cu �\\,
Cu0.1Ag0.9SbTe2 �±3�$§Ýe­½�3, �"
3¥$§u>�+�¢yA^.

ã 8 CuxAg1−xSbTe2 �¬�9>`� ZT �§Ý T �Cz

4 ( Ø

�©ïÄ
 CuxAg1−xSbTe2(x = 0.1, 0.2, 0.3)
� ¬ � �­½ 5 ! ¬ N ( � Ú 9 > 5 U. 3 L
K¯|^�e, CuxAg1−xSbTe2 �¬U
/¤ä
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k NaCl .(���MN. XRD 99©Û(J`²,
Cu �\\U
k�³� Ag2Te �ÛÑ, �Ó�¬
3¯|�¬¥�)�þ�¬�. �X§Ý�,p,
�¬�u)¬z, )¤ Sb7Te æ­�, ¿3²{E
,�9åÆCz�/¤ Sb2Te3 ­½�. ,
3$
§ SPS ¯�?n^�e, ¦+ x = 0.2, 0.3 ��¬
©OÛÑ1�� Sb7Te Ú Sb2Te3, �´ x = 0.1 �
¬E�¡%á�(��ü��¬. `²3 SPS ¯
�?n�¹e\\�þ Cu ��k|u­½¿§
æ­�zÜÔ AgSbTe2, Ó�Lþ� Cu O��

���¬3$§eu)©)�A. duÛÑ�>

5U�Ð�1��, x = 0.2, 0.3 �¬>�ÇO�,
Seebeck Xê~�, 9�Ç�A,p, nÜ9>5U
ü$. éu Cu0.1Ag0.9SbTe2 ü��¬, Cu O� Ag
��>�ÇO�, Seebeck Xê~�, ÙõÇÏf
� AgSbTe2 �õÇÏf��. du Cu ��O��
Ü7z�A, Or
 Cu0.1Ag0.9SbTe2 zÜÔ�(
fÑ�, k�ü$
�¬�9�Ç. �§Ý� 620 K
�, Cu0.1Ag0.9SbTe2 zÜÔ� ZT ��� 1.0, Ly
Ñ`É�¥§9>5U, �"3¥§u>�+�¢
yA^.
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properties of Cu doped AgSbTe2
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Abstract

CuxAg1−xSbTe2 samples with x = 0—0.3 are prepared by a combined process of melt-quenching and spark plasma sintering

(SPS). X-ray powder diffraction (XRD) analysis indicates that single phase samples with the NaCl-type structure are obtained for the

Cu-doped samples before SPS treatment, whereas a small quantity of Ag2Te impurities coexist with the main cubic phase for the sample

without Cu. According to our thermoanalysis and XRD results, the substitution of Cu for Ag can effectively prevent the precipitation of

Ag2Te, but this also leads to the presence of a minor amorphous phase in the melt-quenched sample. The amorphous phase crystallizes

into Sb7Te metastable phase at about 540 K, which finally transforms into the stable Sb2Te3 compound. After the SPS treatment of the

melt-quenched sample, the sample with x = 0.1 remains a single phase with the face-centered-cubic crystal structure, while Sb7Te and

Sb2Te3 are precipitated as the second phases for the samples with x = 0.2 and 0.3, respectively. The electrical conductivity increases

and the Seebeck coefficient decreases with the addition of Cu due to the existence of the second phase in the samples with x = 0.2 and

0.3. Accordingly, thermal conductivities also increase with the addition of Cu, leading to the reduced thermoelectric performance of

the x = 0.2 and 0.3 samples. For the sample with x = 0.1, its power factor is comparable to that of the literature reported AgSbTe2

compound. As a result of so-called alloying effect, the phonon scattering effect is enhanced due to the partial replacement of Ag by

Cu, leading to the reduced thermal conductivity of the x = 0.1 sample. Therefore, the Cu0.1Ag0.9SbTe2 sample exhibits the promising

thermoelectric performance and a dimensionless thermoelectric figure of merit (ZT ) value of 1 is achieved at 620 K.
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