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999ØØØ������ (AgSbTe2)100−x-(GeTe)x ÜÜÜ777���999>>>555UUU
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á�­:¢�¿, �® 100083 )

( 2011 c 5 � 13 FÂ�; 2011 c 11 � 1 FÂ�?Uv )

± Pb ®!Te ®!Ag ®!Ge ®��á�, 3ý�í¨eÜ¤ (AgSbTe2)100−x-(GeTe)x (x = 80—90) (TAGS-x)

Ü79>á�, X ��û� (XRD) ©ÛL², 9Ø�(�Ü7äk$§!/(�. ÏL9Ø�({ò TAGS ®"
��¤¬Ná�, $^ XRD Ú×£>fw�ºéá��Ô�¤©!¬N(�Ú/m?1
L�. æ^�6o&
�{ÿ½�¬�>�Ç, ��¬üà�§�� 1—4 ◦C ��¹eÿþ Seebeck Xê. ÏLá�9>5UÿÁ, ïÄ

 30—500 ◦C§Ý��SØÓ|©�¬5Uëê�Cz. (JL², ¤��� TAGS 9>á�äkB�(�, Ù5
U�X|©�Cz
Cz, TAGS-80 äk�Ð�9>5U, 3 530 ◦C �äk�p9>`� (ZT = 1.80).

'�c: 9>á�, (AgSbTe2)100−x-(GeTe)x Ü7, 9Ø, 9>5U

PACS: 72.15.Jf, 84.60.Rb, 81.20.Ev

1 Ú ó

CAc, �XU
�ÅÚ�¸¯K�FÃî�,

9>á����«ÃÀ/�ÉÚU
á�, ®�5
�õ/Úå<��'5. 9>á�´�«|^9>
�A¢y9UÚ>U��=��õUá�. §�3
u>!�e!ð§��Ú§Ýÿþ�+�Ñk­
��A^ [1,2]. Jpá�9>5U´9>+�ïÄ
�9:. á��9>5UÌ�dÃþj5U�ê,

=9>`� ZT ?1L� (ZT = α2σT /κ, Ù¥ α

´ Seebeck Xê, σ ´>�Ç, κ ´9�Ç, T ´ý
é§Ý)[3]. (AgSbTe2)100−x-(GeTe)x (TAGS) Ü7,

Ï~^ TAGS-x 5L«, ù´�«�A^u 400—

900 K � p .¥§9>á�. du p . PbTe á��
3�
Øv�? (Xp§�­!Å�5U�Ú=�
�Ç$�), Ïd�^ TAGS á�5�O p . PbTe.

��`û� p .¥§9>á�, l 20 ­V 60 c
�Ðm©, TAGS 39>Uþ=��A^�¡ÒÚ
å
<��2�,�. Rosi � [4] uy AgSbTe2 ä
kép���Ý, l
äk�� Seebeck Xê. 3
���ïÄ¥, <�ÁãÏL�LÜ7z5ü$

á��9�Ç, quy
,	ü�ékdå���
�9>á�NX (AgSbTe2)-(GeTe) Ú (AgSbTe2)-

(PbTe). éu TAGS NX9>á�, du� GeTe ¹
þ x 0u 0.75 � 0.90 �m�, �3~§!�(�
�p§á�(�=C�y�, ù«y��@�¬
K�á��­½5. ,
, ©z [4] �Ñ� GeTe

¹þ x = 0.90, T = 377 ◦C �, TAGS á��9>
`� ZT ≈ 1, p GeTe ¹þ TAGS á��ïÄÚ
å
<��'5. Skrabek Ú Trimmer[5] ïÄ
Ø
Ó x �� TAGS á��9>5U, uy� x = 0.8,

0.85 �9�ÇÑyâü, �´�A�>�ÇÚ See-

beck Xê%vku)âC, 3 750 K �, ZT �©
O� 1.4 Ú 1.5. �´, du TAGS-80 �Å�5U
��, Ï
<�ÀJ¦^ TAGS-85. 20 ­V 70 c
�, {II[Ê�ÊUÛÒ|^ TAGS á��� p

.§�>������&ÿ^Ó �§�>³.

TAGS-x ØN´ÏLÊÏ��,Eâ5¼�`�
�9>5U, ïÄ(JL² [6], ÏL�,�«�
�, ½Lþ Te ½ Te ØvÑØUwÍJp½ü$
Ù9>5U, ùÓ��¦�Ù5UØ´É�¸K
�
P~. 
��� [7] ïÄ
æ^¯�v�{
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��� (Ge1−ySnyTe)x-(AgSbTe2)100−x, (JL²
õÇÏf�
'Ø� Sn ��¬��. Zhang � [8]

ÏLÅ�Ü7z��B�(�� (AgSbTe2)100−x-

(GeTe)x, æ^ÏL�>�lf¯��({?1�
(, ïÄuyÅ�Ü7zL§¥�í¨^���
K�Ù9>5U, ¿�á��9>5U¿vk¼
�²w�Uõ. w��� [9] æ^�>�lf¯
��({ïÄ
 (Ag36.5Sb55.8Te200)97.5-(GeTe)2.5

3 45—278 ◦C §Ý��S�9>A5, uyd
uX AgSbTe2 �â��3��ü$
á��9
�Ç, 3 45—278 ◦C ���Sá��9�Ç�
± 3 0.8 W/mK � m, ¿ 3 278 ◦C � ¼ � � p
9>`�� 0.69, Ù5U� Ag36.5Sb55.8Te200 k
¤Jp. 

�� [10] �æ^9Ø�({ïÄ

 (AgySb2−yTe3−y)20-(GeTe)80 (y = 0.6—1.4) �
w�(�Ú9>A5, ÏLß�>fw�º (TEM)

©Ûuy�3Ì¬!$�Ý¬.±9�kV�f
mY�B�(�, ù
ÑUk�/O\Ñ�, l

��ü$
Ù9�Ç, 3 30—500 ◦C �§Ý��
S��¬9�����3 1.62 W/mK �m, ?�Ú
Jp
Ù9>5U, 3 y = 0.8, 450 ◦C �¼��p
9>`�� 1.51 �p9>5U. �¢�æ^ý�
Ü¤!9Ø�({�� TAGS 9>á�, XÚïÄ

 (AgSbTe2)100−x-(GeTe)x (x = 80—90) �w�(
�Ú9>5U, ��
�± ��ØÓ�ïÄ(J.

2 ¢ �

TAGS ���©�ü�Ú½, Äkæ^pX Ag,

Sb, Te Ú Ge 7 á ®, U ì z Æ O þ ' � �, ò
�Ð��3çØïÄ¥·Üþ!�3ý�eÜ
¤ TAGS. ,�òÜ¤��¬Ná�3 Ar í¨e»
�¤®, 3§Ý� 550 ◦C!Øå� 25 MPa � Ar í
¨e9Ø�( 2 h, ,��¬¯�e%.

> � Ç σ ^ I O o & � { 3 ý � e ÿ ½.

3§� ∆T � 1—4◦C e, ÿ½�¬�§�9>
Ä ³ ∆E, � â ∆E-∆T ' X ­ � � � Ç ( ½
Seebeck Xê α. �¬��þ½Ø'9N cp ^�
9{ÿ½, 9*ÑXê λ ^-1�6{uý�eÿ
½. �â¢ÿ��þ½Ø'9N cp, *ÑXê λ 9
�Ý d, ^úª κ = cpλd O���9�Ç κ. �â

úª κe = LσT (Ù¥ L ´âÖ[~ê) O�á��
>f9�Ç κe, 2|^ κ = κe + κph ¦�á��(
f9�Ç κph.

3 (J9?Ø

3.1 ÔÔÔ������///mmm©©©ÛÛÛ

ã 1 ´9Ø�(�¬Ná��¬ TAGS-80

� XRD Ì. dã 1 �±wÑ, Ù¬z§Ý�p,

Ü¤'�ûÐ. � PDF IOk¡'éuy, �¬
� GeTe ���¸ ��©�C, Óá!/¬X. û
�¸ �k¤ l´Ï� Ag, Sb �\\��
Ü
© Ge � �, u)
¬�ÆC, �¬N(�a.¿
vkUC. ã 1 ¥IÑ
�¬ TAGS-80 �Ì�û�
¸�¬¡�ê, §�¤éA� 2θ �� JCPDS IO
k 85-0349 �Ñ�û��Ä�­Ü, �k
�~[
��,¸, �U´d¤© ÛE¤. lã 1 ��±
wÑ, û�¸�¸.�°, `²|¤¬â'�[�.

ã 1 9Ø�(��¬ TAGS-80 � XRD Ì

ã 2 ¤«��¬ TAGS-80 Ú�¬ TAGS-85 ä
�/m� SEM ì¡. lã 2 �±wÑ, �¬ä�
¥y�GÚ�FG, äkéÐ��G¬N(�, í
���, �¬��, Ó�3¡�G¬âm�Y,X
�þ�[�¬â, º��B�?½��?. d	�
�w�, ü«�¬¥þkôÚ����G(� (A

«) ÚôÚ�f��xÚØ5K¬â (B «) |¤.

^UþÚÑÌ¤ (EDS) é A «Ú B «¤©9Ù¹
þ?1UÌ©Û, (J�uL 1. lL 1 ��, A «
¥ GeTe ¹þ²wpu B «, A «éA� x �©O
´ 88 Ú 79, = A «pu�©�' x = 85, 
 B «
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$u�©�'. d	, B «¥� Te Ú Ag �¹þ�
²wpu A «, `²�¬��*¤©©ÙØþ!,

=�3¤© Ûy�, ù� XRD �©Û(J��.

ã 2 �¬ TAGS-80 Ú�¬ TAGS-85 �ä� SEM ì¡ (a)

�¬ TAGS-80; (b) �¬ TAGS-85

ã 3 �¬ TAGS-80 Ú�¬ TAGS-85 � FE-SEM ì¡ (a) �
¬ TAGS-80; (b) �¬ TAGS-85

L 1 EDS O��� A «Ú B «�¤©�¹þ

Te Ag Ge Sb x

A « 52.85 4.13 37.62 5.40 88

B « 49.36 5.23 34.34 11.07 79

ã 3 ¤«��¬ TAGS-80 Ú�¬ TAGS-85 �
|u�×£>fw�º (FE-SEM) ì¡. lã 3 �
±wÑ, �¬ TAGS-80 d5K��/� 200 nm ±
e��¬â|¤, �¬ TAGS-85 d 100 nm ±e�
Cq¥/�B�¬â|¤, üö¬â�/m�Ø¦
�Ó�Ñ�B�º�, =�¢�^�e�����
�¬þäkB�(�, ù�(J�þã°z XRD

Ì�(J��.

3.2 999>>>555UUU©©©ÛÛÛ

ã 4 ¤«�ØÓ|©� TAGS �¬�>�
Ç σ!Seebeck Xê α ÚõÇÏf�§Ý T �C
z­�, ã 4(a) Ú (b) Ó���Ñ
©z [10] ��
��¬ TAGS-80 �>�Ç σ!Seebeck Xê α �§
Ý T �Cz­�.

lã 4(a) �±wÑ: ØÓ|©�¬�>�Ç
²wpu©z [10] �(J, >�Ç σ þ�X§
Ý T �,p
kü$, ��L¥m§«��½�
�>�Ç σ m©Ñk,p, ��2UYü$; 
�
� (AgSbTe)100−x-(GeTe)x ¥ x ��O�, 3¥m§
«,p�ÌÝO�, 3 x = 83 �O\�ÌÝ��,

¿�m©,p�§Ý� x ��O\¥~��ª³.

Äk, þãy�`² TAGS NXá��r{¿��
N. Ùg, �â>�Çúª σ = neµ (Ù¥ n ´16
fßÝ, e Ú µ ©O´>f>þÚ16f[£Ç) �
�, n Ú µ �Cz¬K�>�Ç σ. dd��, 3�
$§Ýã�§Ý,p, ¬�¥"�!¬��Ä±9
16f�p�^é16fÑ�²wOr, ¦á��
16f[£Çeü, 
��-uc16fßÝA�
ØC, l
E¤>�Ç σ �§Ý T �,p
eü.

Ï�� GeTe ¹þ�O\, �¬�>�ÇLyÑk
O\�eü�Czª³, ¿�¤k�¬�>�ÇÑ
' x = 80 �p, `²� x ��O�, �¬�16f
ßÝ,p, = GeTe �\\k|uJp TAGS �1
6fßÝ. �§Ý�L¥m§« (250—300 ◦C) �
�½��, ��¬�>�ÇÑk,p, LyÑ��
N��-u�16fßÝ n m©O\��J, ��
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ã 4 ØÓ|©�¬�>�Ç σ!Seebeck Xê α ÚõÇÏf α2σ �§Ý T �Cz (a) >�Ç σ; (b) Seebeck Xê α; (c) õ
ÇÏf α2σ

§ÝUY,p, 3 350 ◦C �m�¬�>�Çq­
#m©eü. �â©z [11] ��, �¬ TAGS-85 3
§Ý� 250—300 ◦C �u)¬�=C, >�Ç,p.

�´�©�ïÄ(J%L², �|¤�¬3 250—

350 ◦C �mÑu)
ØÓ§Ý�¬�=C, 
�¬
�=Cu)3�½§Ý��S, 
Ø´3,�A½
§Ý. �Ï��´��¬�¤©©ÙØþ!, =�
�¬¥Ñ¹kêþØ�� TAGS-85 ¤©, l
E¤
ØÓ|¤� TAGS Ñku)¬�=C�A�. ,�
��Ï´u)¬�=CI�v
�UþÚ�m, Ï
d3,/ð§ÿÁù��²ïG�e?1�¬�=
C7,ò3�½�§Ý��SâU�¤.

lã 4(b) �±wÑ, ��¬� Seebeck Xê α

²w$u©z [10] �¢��, þ�§Ý T �,p

O�, 
�ê��©�C. ù´du�§Ý,p, ¬
N�¬��Ä\ì, O�
16f�mÚ¬�é1

6f�Ñ�VÇ. Ï��â Yuefei[12] �nØ, ��
Ná�� Seebeck Xê α �ÙÑ�Ïf r Ú16
fßÝ n �m�'X�Cq/L«�

α ≈ r + ln
1
n

, (1)

= Seebeck Xê α �Ñ�Ïf r ¤�', �16f
ßÝ n ¤�'. Ïd�>�Ç�Cz5Æ�éA,

3 T = 250—300 ◦C§«, �¬� Seebeck Xê�
m��åC�, Ù¥�¬ TAGS-80 � Seebeck Xê
�§Ý T �,pO\�¯, � x �O�, Seebeck

Xê α �§Ý T �O\ÌÝC�, ��� GeTe ¹
þ x �O\�¬� Seebeck Xê¥yÑkC��ª
³. 3�©¢�¤ÿÁ��p§Ý?, �¬ TAGS-

80 � Seebeck Xê�p� 180 µV/K.

lã 4(c) �±wÑ, õÇÏf α2σ �§Ý T �
,p
O�, 3 T = 30—300 ◦C§«S, �§Ý T
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�,p α2σ Cz�ú, 3 T > 300 ◦C �, Cz��
²w, 3 T = 450 ◦C �, �¬ TAGS-85 �õÇÏf
���p� 2.81 mW/m·K2. �¬ TAGS-80 �õÇ
Ïf α2σ �Czª³ØÓuÙ¦|©, 3 350 ◦C

�CzwÍ, 3 530 ◦C ������, ��õÇÏ
f� 6.11 mW/m·K2.

3.3 999���ÇÇÇ

9D�L§´á�SÜ�UþDÑL§, �U
þDÑ¿Ø´÷X�^��lÔN��àD�,
�à, 
´æ^*Ñ�/ª, 3DÑL§¥¬��
���k¤ l [13].

9>á��9�Ç κ Ì�ÏL>f$Ä (>f
9�Ç κe) Ú(f$Ä (¬�9�Ç κph) üÜ©|
¤, = κ = κe + κph. á��>f9�Ç�±ÏLe
� Wiedemann-Franz ½Æ��:

κe = LσT. (2)

éu{¿��Ná�, âÔ[~ê L = 2.00 ×
10−8 WΩ·K−2. Ïd, �â¤ÿ��>�ÇÚ9�
Ç�±©O¦Ñ�¬�o9�Ç!>f9�ÇÚ
(f9�Ç. ã 5 �Ñ
�¬ TAGS-80 ���9�
Ç�§Ý�Cz'X.

ã 5 �¬ TAGS-80 �9�Ç κ �§Ý T �Cz

l ã 5 � ± w Ñ, 9 Ø � ( { � � � �
¬ TAGS-80 �,äkB�(�, �á��9�Ç
E,ép, o9�3 4.1—4.89 W/m·K �m, �pu
©z [8, 9] �¢�(J (1.2—1.6 W/m·K), 3$§
eÙÌ�d(f9�Ç|¤, �§Ý,p>f9�
ÇÅìÓ|�/ . Ù�Ï´�§Ý,p3��
-u��^e16fßÝ,p, 
(f9�ÇcÙ

3 300 ◦C ��×�eü, eü��Ï´�§Ý,
p¬�Ñ�Or, ¿�3 300 ◦C �má�u)¬
�=C��¬�Ñ��	O�, l
��(f9�
Ç¯�eü [11]. 9>á�Ïäk�$�9�Ç, â
U�ªJpÙ ZT �, 316f (>f!�Ç) ßÝ
�$�, 9>á��>f9�Ç��A�$, Ïd
>f9�Ç3o�9�Ç¥¤Ó°�Ø�, á�¥
9D��ý�Ü©´(f��z, ½=¬��Äé
9D�åÌ��^. �©�ïÄ(J`², ¤ïÄ
� TAGS �¬¦+PkB�(�!k¬�=Cu
), �´p�16fßÝE,¬����á�9�
Ç�ü$.

3.4 999>>>`̀̀��� ZT

�â9>`�úª ZT = α2σT /κ, O�Ñ�
¬ TAGS-80 �§Ýe� ZT �. ã 6 �Ñ
Ù ZT

��§Ý T �Cz'X. lã 6 �±wÑ, �§
Ý�,p ZT �3 400 ◦C �c��3�ú,p,

3 T > 450 ◦C �� ZT �×�,p, 3 T = 530 ◦C

����p� (ZT = 1.80). ù´®k����p
�.

ã 6 �¬ TAGS-80 �9>`� ZT �§Ý T �Cz

4 ( Ø

æ^ý���Ü¤!9Ø�({����

 (AgSbTe2)100−x-(GeTe)x (x = 80—90) 9>á
�, XÚïÄ
Tá��w�(�Ú9>5U. 9
Ø�(�/¤��Ý�p�B��G(�� TAGS

¬Ná�. �|¤�¬�>�ÇÚ Seebeck Xê
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3 250—350 ◦C �§Ý��SÑu)
ØÓ§Ý
�âC, 3�(§Ý� 500 ◦C �^�e, äk�Ð
�9>5U, 3 T = 530 ◦C �, �¬ TAGS-80 �
õÇÏf��, � 6.11 mW/m·K2. �¬ TAGS-80

� ZT ����§Ý�,p
,p, 3ÿÁ��p
§Ý T = 530 ◦C �äk�p� ZT � (1.80). �,,

á�3d§Ý���Å�5U9ÙA^cµk�
?�Ú&?.
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Thermoelectric properties of (AgSbTe2)100−x(GeTe)x
fabricated by hot pressing method

Huo Feng-Ping Wu Rong-Gui Xu Gui-Ying† Niu Si-Tong

( Key Laboratory of New Energy Materials of Beijing, School of Material Science and Engineering,

University of Science and Technology Beijing, Beijing 100083, China )
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Abstract

Using pure metal Ag, Te, Ge and Sb powders as raw materials, (AgSbTe2)100−x-(GeTe)x (x = 80—90) (TAGS) are synthesized

by vacuum reaction. X-ray diffraction (XRD) analysis results show that after sintering the alloys each have a rhombohedral structure.

TAGS power is sintered by hot pressing method. Their phase compositions, crystal structures and morphologies are characterized by

XRD and scanning electron microscope analysis methods. Their electric conductivities are measured by direct current method. Their

Seebeck coefficients are measured when a temperature difference (∆T = 1—4 ◦C) is applied along two ends of sample. Through

testing the thermoelectric properties of materials, the variations of different performance parameters of the sample are investigated in

a temperature range of 30—500 ◦C. The results show that the sample is nano crystals is its thermoelectric properties change as the

composition changes. We can see that TAGS-80 has a good thermal performance, with ZTmax = 1.8 at 530 ◦C.

Keywords: thermoelectric material, alloy of (AgSbTe2)100−x-(GeTe)x, hot pressing, thermoelectric properties

PACS: 72.15.Jf, 84.60.Rb, 81.20.Ev
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